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Abstract 

Diabetic retinopathy (DR) is a microvascular complication that 

causes blindness. DR management is costly and accompanied with adverse 

effects. Peperomia pellucida (L.) Kunth is traditionally used for 

inflammation, but its effects on DR remain unexplored. This study aimed to 

elucidate the regulatory mechanism of P. pellucida against high glucose 

and glycation induced stress in human retinal pigment epithelial cell line 

(ARPE-19). P. pellucida was macerated with methanol, and fractionated 

with hexane, chloroform, ethyl acetate, n-butanol and water. Semi-

quantitative colorimetric assays indicated that the ethyl acetate plant 

fraction demonstrated potent antioxidant, anti-inflammatory and anti-

glycation activities, alongside significant (p<0.05) higher α-amylase and α-

glucosidase inhibitory activities when compared to the standard anti-

diabetic drug, acarbose. Both ethyl acetate fraction and crude methanolic 

plant extract significantly (p<0.05) restored the ARPE-19 cell viability 

under high glucose and glycation stress. High glucose and glycation 

induced the nuclear factor kappa B (NF-κB) p65 and signal transducer and 

activator of transcription 3 (STAT3) signalling pathways with significant 

(p<0.05) increase of gene (1.22-31.30 folds) and protein (1.39-7.79 folds) 

expression for angiogenic and inflammatory markers, including interleukin 

8 (IL-8), matrix metalloproteinase 2, monocyte chemoattractant protein 1, 

receptor for AGE, and vascular endothelial growth factor in ARPE-19, as 

determined via reverse transcription real-time polymerase chain reaction 

and western blot. Conversely, the gene and protein (0.12-0.56 folds) 

expression of glutathione peroxidase were significantly reduced due to the 

suppression of peroxisome proliferator-activated receptor gamma (PPAR-γ). 

P. pellucida did not alter the biomarkers’ gene and protein expression 

under normal glucose condition except for IL-8 (0.75-0.89 folds). Although 

in vivo brine shrimp toxicity analysis revealed that crude methanolic 
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extract and ethyl acetate fraction were mildly toxic, in vitro cell viability 

findings showed that they were non-cytotoxic towards ARPE-19. Dillapiole, 

2,4,5-trimethoxystyrene, β-caryophyllene, β-santalene, methyl 9-

octadecenoic acid and methyl pheophorbide-a were among the 

predominant phytochemicals identified in the crude methanolic extract via 

spectroscopic and spectrometric techniques. Notably, methyl 

pheophorbide-a was identified for the first time in P. pellucida. The current 

findings support P. pellucida as an alternative therapeutic source to 

mitigate high glucose and glycation-induced stress in DR by regulating the 

NF-κB p65, PPAR-γ and STAT3 signalling pathways. 
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Chapter I 

Introduction 

Diabetes mellitus (DM) is a metabolic syndrome characterised by 

chronic high blood glucose level due to the impairment of insulin 

production, secretion or action (Kharroubi and Darwish, 2015). DM is 

generally classified into type 1 and type 2 DM, in addition to specific types 

such as gestational DM (American Diabetes Association, 2022; Kharroubi 

and Darwish, 2015). If the symptoms of DM persist over a long time, it 

could affect other vital organs and lead to the development of 

microvascular complications such as nephropathy, neuropathy and 

retinopathy (Kharroubi and Darwish, 2015; Papatheodorou et al., 2018). 

The risk of developing microvascular complication increases with the 

duration of DM (Papatheodorou et al., 2018). Most importantly, 

microvascular complications are associated with high morbidity and 

mortality among the patients suffering from DM (Papatheodorou et al., 

2018). This is largely due to the significant loss of function in the blood 

circulatory system, excretory system, nervous system and vision 

(Kharroubi and Darwish, 2015). 

 

1.1 Diabetic retinopathy (DR) 

Diabetic retinopathy (DR) is the most common diabetic 

microvascular complications in both developing and developed countries 

(Nentwich and Ulbig, 2015). From year 2021 to the period between 2030 

and 2045, the number of patients suffering from DM is expected to rise by 

16 % to 30 % (International Diabetes Federation, 2022). In Malaysia, the 

prevalence of DM is projected to increase from 18.3 % in 2019 to 31.3 % 

by 2025 (Akhtar et al., 2022). A rise in diabetic microvascular complication 



2 

 

cases including DR is inevitable following the rise in DM prevalence. As 

vision is one of the most important senses that occupies a great proportion 

of cognitive function, its deterioration would significantly impact the 

patient’s quality of life (Ho et al., 2022b). When compared to other diabetic 

microvascular complications, DR is more likely to cause severe cognitive 

decline among the DM patients (Floch et al., 2013). Considering the 

challenges for the management of DR, more attention should be devoted to 

discovering alternative medical solution for DR. 

 

1.2 Problem statement  

The management of DR requires a long-term commitment, and this 

may pose emotional and financial burdens on the affected individuals 

(Coney, 2019). According to Goldhaber‐Fiebert et al. (2010), the expenses 

incurred on patients with DR are three times higher than those without 

developing the complication. Besides, there is currently no effective 

treatment for DR. Apart from the high cost, the current management of DR 

using anti-vascular endothelial growth factor (VEGF) agent fails to produce 

promising therapeutic response, not to mention the need for periodic 

administration of the drug (Wang and Lo, 2018). Current treatment via 

laser photocoagulation produces undesired side effects due to its 

destructive nature (Maniadakis and Konstantakopoulou, 2019). The use of 

laser photocoagulation is only effective when used with other treatment 

approaches, which are usually accompanied with adverse effects 

(Maniadakis and Konstantakopoulou, 2019).  
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1.3 The nature-based therapeutic approach   

The application of natural resources such as medicinal plants in the 

management of DR could be a safer and cost-effective approach due to 

their origin and abundance in the nature (Sofowora et al., 2013). Among 

the medicinal plants, Peperomia pellucida (L.) Kunth has been 

demonstrated to exhibit different biological activities including anti-

diabetes, anti-cancer, anti-inflammatory, antioxidant and blood pressure 

reducing effects（Alves et al. 2019). More importantly, P. pellucida has 

been recently reported to inhibit glycation, a biochemical process 

implicated in the development of DR (Ho et al., 2022a). The herbal plant 

has long been part of the diet for local communities and a traditional 

remedy for inflammatory-related illnesses such as conjunctivitis, 

gastrointestinal disorders, respiratory tract disorders and kidney infections 

(Ho et al., 2022b). Previous scientific evidence has collectively suggested 

that P. pellucida could be a potential therapeutic ingredient for 

inflammatory diseases (Alves et al., 2019). To date, there is a lack of 

effective nature-based therapeutic method to manage DR. Although the 

plant has been traditionally used to treat many inflammation-related 

complications (Amarathunga and Kankanamge, 2017), there is no report 

on its usage in alleviating DR. Based on a series of past evidence on the 

plant’s anti-inflammatory effect, P. pellucida is considered a potential 

therapeutic source for the management of DR (Ho et al., 2022b). Whether 

P. pellucida could be utilised as an anti-retinopathy agent remains to be 

elucidated. 
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1.4 Research question 

 Although P. pellucida has been used traditionally for the treatment 

of inflammatory-related illnesses, it remains unclear about its underlying 

mechanism in regulating the inflammatory and angiogenic processes 

involved in the development of DR. Such therapeutic effect could be 

stemmed from the biological activities of the plant, in which the presence 

of bioactive compounds assumes a major role (Yahia et al., 2020). Several 

phytochemicals have been recently discovered in P. pellucida but their roles 

in human health have not been determined (Alves et al., 2019). There is 

currently no effective strategy to manage DR as laser photocoagulation 

therapy merely slows down the progression of DR while most patients show 

poor compliancy towards anti-VEGF agents (Boyd et al., 2013; Yang et al., 

2016). All the above unsolved issues have led to the following research 

questions: 

i. Does P. pellucida display anti-retinopathy effect such as anti-

glycaemic, anti-glycation, anti-inflammatory and antioxidant 

activities with low toxicity? 

ii. Could P. pellucida ameliorate high glucose-induced oxidative-

glycation damage in human retinal pigment epithelial cell line 

(ARPE-19) by modulating the expression of genes and proteins 

involved in nuclear factor kappa B (NF-κB) p65, peroxisome 

proliferator activated-receptor gamma (PPAR-γ) and signal 

transducer and activator of transcription 3 (STAT3) signalling 

pathways? 

iii. What are the phytochemicals present in P. pellucida that 

contribute to the aforementioned functional activities listed in i and 

ii? 
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1.5 Hypotheses 

This study hypothesises that: 

 i. P. pellucida exhibits potent anti-glycaemic, anti-glycation, 

anti-inflammatory and antioxidant activities with low toxicity. 

ii. P. pellucida could ameliorate high glucose-induced oxidative-

glycation damage in ARPE-19 by modulating the mediators involved 

in NF-κB p65, PPAR-γ and STAT3 signalling pathways. 

 iii. P. pellucida contains different classes of phytochemicals that 

contribute to the different functional activities listed in (i) and (ii). 

  

1.6. Study aims and objectives 

This study aims to investigate the underlying regulatory mechanism 

of P. pellucida extract against high glucose-induced oxidative-glycation 

cellular damage in APRE-19 model. The following three objectives are 

formatted to achieve the study aim: 

i. To identify the solvent fraction of P. pellucida crude 

methanolic extract that yields phytochemical content with low 

toxicity and potent anti-glycaemic, anti-glycation, anti-inflammatory 

and antioxidant activities.  

ii. To elucidate the underlying modulatory mechanism of the P. 

pellucida solvent fraction on the expression of genes and proteins 

within NF-κB p65, PPAR-γ and STAT3 signalling pathways via an in 

vitro ARPE-19 model. 
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iii. To identify and characterise the phytochemicals in P. 

pellucida extract, which contribute to the functional activities listed 

in (i) and (ii). 
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Chapter II 

Literature review 

2.1 Diabetes mellitus (DM) 

DM is one of the largest global health emergencies in the 21st 

century (Fan, 2017). The prevalence of DM has increased worldwide over 

the past few decades (Fan, 2017). It is also the ninth major cause of 

morbidity worldwide with an approximate 10 percent of the working adults 

living with DM (International Diabetes Federation, 2022). It is estimated 

that 537 million adults aged from 20 to 79 years old are suffering from DM, 

of which 90 % of the cases belong to type 2 DM (International Diabetes 

Federation, 2022). In low- and middle-income countries, more than 75 % 

of adults are living with DM (International Diabetes Federation, 2022). In 

Malaysia, DM is one of the most prevalent chronic metabolic syndromes 

affecting an approximate 20 % of total working adult population 

(International Diabetes Federation, 2022; Ministry of Health Malaysia, 

2017). As of 2021, it was worth noting that there are approximately 2 

million undiagnosed DM cases in Malaysia (International Diabetes 

Federation, 2022).  

The widespread of DM and its complications has contributed 

tremendously to the disability and mortality worldwide and this has posed 

a major threat to the global health (International Diabetes Federation, 

2022). In 2021, DM alone has resulted in an estimated 6.7 million deaths, 

which is equivalent to 1 death in every 5 seconds (International Diabetes 

Federation, 2022). According to Punthakee et al. (2018), DM is defined as 

a heterogeneous metabolic disease characterised by the manifestation of 

hyperglycaemia due to the impairment of insulin secretion, defective insulin 

action or both. Hyperglycaemia is the most common indicator of the 

disease, which arises due to insulin deficiency in both type 1 and type 2 DM. 
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Hyperglycaemia is also commonly accompanied with weight loss, blurred 

vision as well as increased thirst and urination (American Diabetes 

Association, 2022). Insulin deficiency in type 1 DM occurs as a result of the 

autoimmune destruction of pancreatic beta cells (Canadian Diabetes 

Association, 2018). In rare cases, type 1 DM can occur in an idiopathic 

manner when there is insulin deficiency but an absence of autoimmune 

response, whereby such cases are mostly inherited (American Diabetes 

Association, 2022). On the other hand, type 2 DM is characterised by either 

predominant insulin resistance with relative insulin deficiency or 

predominant insulin deficiency with relative insulin resistance (Canadian 

Diabetes Association, 2018).  

The other specific types of DM can be induced by drugs, genetic 

anomalies or as a secondary manifestation to viral infections and 

pathological conditions such as endocrinopathies (American Diabetes 

Association, 2022). Besides, they are characterised by the abnormal 

production of hormones that antagonise the action of insulin (American 

Diabetes Association, 2022). Gestational DM refers to glucose intolerance 

that develops during the period between 24th and 28th week of pregnancy 

(American Diabetes Association, 2022). Typically, gestational DM is 

resolved after labour (American Diabetes Association, 2022). However, the 

term can also be applied to DM that persists after pregnancy (American 

Diabetes Association, 2022). There is also other specific form of DM that 

has been suggested, which can be accompanied by certain underlying 

health condition. According to de la Monte and Wands (2008), the term 

type 3 DM is used to refer to the abnormal glucose utilisation in the 

cerebrum of individuals with Alzheimer’s disease. Similar features of type 1 

and type 2 DM are observed in type 3 DM, but they are only confined in the 

brain (de la Monte and Wands, 2008). This could serve as a causative 



9 

 

mechanism of neurodegeneration and potentially contributing to the 

development of the neurodegenerative condition (de la Monte and Wands, 

2008). Regardless of the types of DM, genetic and environmental 

predispositions play an important role in the pathogenesis of DM. 

Furthermore, the classification of DM based on age-groups is obsolete as 

both type 1 and type 2 DM can occur in adults and children (American 

Diabetes Association, 2022). In DM, chronic hyperglycaemia is positively 

correlated with specific long-term microvascular complications affecting the 

retina, kidneys, nervous system, in addition to an increased risk for 

cardiovascular diseases.  

 

2.2 Diabetic Retinopathy (DR) 

2.2.1 Background 

DR is a major diabetic microvascular complication and a common 

cause of vision loss among the working-age population (Lee et al., 2015a). 

Globally, an approximate one-third of patients suffering from DM are 

affected by the vision-threatening DR (Lee et al., 2015a). DR also affects 

more than 45 % of type 2 DM patients worldwide (Calderon et al., 2017; 

Papatheodorou et al., 2018) while in Malaysia, the prevalence of 

developing DR among type 1 and type 2 DM patients were 12.3 % and 

22.3 %, respectively (Ali et al., 2016). In Malaysia, as much as 7.1% of 

the diabetic population is impacted by the advanced stage of proliferative 

DR (PDR). (Ali et al., 2016). The incidence of developing DR between 5 

years and 25 years after the diagnosis of DM ranges from 25 % to 90 % 

(Cecilia et al., 2019).  

DR is characterised by progressive damage to the retinal 

vasculature (Nentwich and Ulbig, 2015). Based on the International Clinical 
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Disease Severity for DR, DR can be classified into non-proliferative DR 

(NPDR) and PDR (Ting et al., 2016). NPDR is the early asymptomatic stage 

of the disease, and it features increased vascular permeability and capillary 

occlusion in the retinal vasculature (Wang and Lo, 2018). NPDR can be 

further subcategorised into mild, moderate and severe cases based on the 

presence of diabetic macular edema (DME) (Tarr et al., 2013). In NPDR, 

fundus photography is applied to detect haemorrhages, microaneurysms as 

well as hard exudates in the retina (Wang and Lo, 2018). On the contrary, 

neovascularisation is the hallmark feature of the advanced stage PDR that 

may progress to vision impairment due to vitreous haemorrhage and 

retinal detachment (Stitt et al., 2016; Wang and Lo, 2018).  

DME is a condition caused by the accumulation of fluid at the 

macula region of retina due to the breakdown of blood-retinal barrier (BRB), 

in which the retinal pigment epithelium (RPE) has an essential role (Wang 

and Lo, 2018). RPE is a monolayer of pigmented cells found between the 

photoreceptor layer and choroidal vasculature (Senanayake et al., 2020). 

It possesses a vital role in the maintenance of photoreceptors as well as 

supporting the functional integrity of the choroidal vasculature (Zhou et al., 

2020a). Besides, RPE is involved in filtering excess light to mitigate photo-

oxidative stress, immune regulation and nutritional supplementation in the 

retina (Kang et al., 2019). The RPE is also an integral part of the BRB due 

to its tight cell junction (Kang et al., 2019). In DR, the leaky and fragile 

newly-formed blood vessels in microaneurysms fail to constitute an 

efficient BRB, leading to the breakdown of BRB (Abcouwer and Gardner, 

2014). This is followed by the distortion of visual images and deterioration 

of visual acuity, a result of the accumulation of fluid at the macula (Wang 

and Lo, 2018). 
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2.2.2 Pathophysiology 

 The classic pathophysiological mechanisms leading to the 

development of DR involve the dysregulation of biochemical pathways (Safi 

et al., 2014). This includes the polyol pathway, protein kinase C (PKC) 

pathway and hexosamine pathway (Safi et al., 2014). Besides, the non-

enzymatic formation and interaction of advanced glycation end product 

(AGE) with the receptor for AGE (RAGE) also contributes to the progression 

of DR (Tarr et al., 2013). These abnormalies in biochemical processes 

collectively give rise to the occurrence of oxidative stress in the retina (Li 

et al., 2017). Subsequently, oxidative stress triggers cellular inflammatory 

responses through the activation of transcription factors and inflammatory 

signalling pathways that induce the gene and protein expression of pro-

inflammatory and angiogenic mediators (Al-Kharashi, 2018).  

 

2.2.2.1 Polyol pathway 

 One of the theories associated with the development of DR is the 

polyol pathway (Lorenzi, 2007). The physiologic function of polyol pathway 

is to maintain the level of circulating glucose (Yan, 2018). In DM, excess 

glucose is converted to sorbitol by aldose reductase (AR), a rate-limiting 

enzyme in the pathway (Yan, 2018). AR is expressed in human retina, in 

which glucose homeostasis takes place (Lorenzi, 2007). The enzyme 

utilises the reduced nicotinamide adenosine diphosphate (NADPH) as a 

cofactor (Safi et al., 2014). Under high glucose environment, this process 

is accelerated and eventually results in the depletion of NADPH (Yan, 2018). 

Under normal physiological condition, NADPH is required by the glutathione 

reductase to convert glutathione into reduced glutathione, an antioxidant 

that counters oxidative stress (Yan, 2018). As a result, the depletion of 
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NADPH could contribute to the imbalance of redox homeostasis in human 

retina (Yan, 2018). 

  In addition, the excessive production of sorbitol may impart 

osmotic damage to the retina (Tarr et al., 2013). Hence, this precedes the 

second reaction in the polyol pathway, which involves the conversion of 

sorbitol to fructose by the enzyme sorbitol dehydrogenase (Mathebula, 

2015). The process is accompanied by the conversion of co-factor 

nicotinamide adenosine dinucleotide (NAD+) into reduced nicotinamide 

adenosine dinucleotide (NADH) (Mathebula, 2015), resulting in an 

increased NADH/NAD+ ratio (Yan, 2018). The accumulation of NADH has 

been implicated in the development of DM due to the inhibition of insulin 

release from pancreatic β-cells (Lamson and Plaza, 2002). Besides, the 

overproduction of NADH could impair the mitochondria as the organelle is 

responsible to recycle NADH and mitigate the pseudohypoxic condition (Yan, 

2018). Subsequently, this triggers the formation of reactive oxygen species 

(ROS) in the mitochondrial electron transport chain when NADH is being 

oxidised to form NAD+ by the enzyme NADH oxidase (Yan, 2014). The final 

product of polyol pathway, fructose would undergo phosphorylation to form 

fructose-3-phosphate, which is further degraded into 3-deoxyglucosone 

(Yan, 2018). These two products have high glycation potential that are 

capable of producing more AGEs (Tarr et al., 2013). Besides, fructose could 

undergo structural modification in a process known as Heyns reaction to 

produce additional AGEs (Cecilia et al., 2019). Ultimately, AGE induces 

oxidative stress and pro-inflammatory response in the retina, leading to 

the development of DR (Safi et al., 2014). 

 

2.2.2.2 Hexosamine pathway 



13 

 

 The hexosamine pathway is derived from the glycolytic pathway, in 

which glucose is utilised for energy production during cellular respiration 

(Queiroz et al., 2019). The activation of hexosamine pathway results in the 

production of uridine diphosphate N-acetylglucosamine, which is a 

substrate and vital component for the post-translational modification of 

transcription factors through protein glycosylation (Kowluru and Mishra, 

2015; Queiroz et al., 2019). In DM, ROS inhibits a key enzyme, 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in the pathway (Li et 

al., 2017). The inhibition of GAPDH causes diversion of a glycolytic 

metabolite, fructose-6-phosphate to the hexosamine pathway (Kowluru 

and Chan, 2007). Upon activating hexosamine pathway, the other enzyme 

glutamine fructose-6-phosphate amidotransferase converts fructose-6-

phosphate into glucosamine-6-phosphate and subsequently forms 

glucosamine-1-phosphate (Buse, 2006). Finally, through the addition of 

uridine, uridine diphosphate N-acetylgalactosamine and cytidine-5′-

monophospho-N-acetylneuraminic acid are the final products that form part 

of the components of glycoproteins, glycolipids and gangliosides (Buse, 

2006). The glycosylation process is induced by the substrate, uridine 

diphosphate N-acetylglucosamine via the modification of serine threonine 

residues with O-linked β-N-acetylglucosamine (Buse, 2006). The 

hexosamine pathway may lead to the glycosylation and activation of the 

NF-κB p65 transcription factor, which assume a major role in initiating 

inflammation and apoptosis in the retina (Li et al., 2017). The post-

translational modification of stimulating proteins by the substrate could 

initiate the transcription of angiopoietin 2 through the binding of gene 

promoter (Yao et al., 2007). The increased production of this protein is 

associated with the loss of pericytes, which contribute to the development 

of DR (Yao et al., 2007). In addition, the inhibition of GAPDH by ROS could 
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result in the accumulation of glyceraldehyde-3-phosphate, thereby leading 

to the accumulation of AGE precursors and synthesis of AGE (Beisswenger 

et al., 2003). 

 

2.2.2.3 Protein kinase C (PKC) pathway 

 The PKC is an enzyme that falls under the serine/threonine family of 

kinase enzymes (Prakash et al., 2008). It is present in various body tissues 

except the brain and peripheral nerve tissues (Prakash et al., 2008). The 

β1, β2 and delta isoforms of PKC are specifically linked to the development 

of DR (Prakash et al., 2008; Tarr et al., 2013). PKC catalyses the 

phosphorylation of proteins involved in signal transduction, such as NF-κB 

p65 and signal transducer and activator of transcription 3 (STAT3) (Tarr et 

al., 2013). The phosphorylation of these transcription factors give rise to 

pathological features, including angiogenesis and inflammation (Tarr et al., 

2013). The overactivation of the PKC pathway is associated with disruption 

in the retinal haemodynamics, which may subsequently lead to the 

development of DR (Prakash et al., 2008). In DM, hyperglycaemia 

promotes glucose flux through the glycolytic pathway and increases the de 

novo synthesis of diacylglycerol, the activator of PKC (Tarr et al., 2013). 

Subsequently, it triggers the activation of downstream signal transduction 

pathway. For instance, the activation of NF-κB p65 and STAT3 signalling 

pathways induces the expression of pro-inflammatory genes, such as 

interleukin 8 (IL-8) and monocyte chemoattractant protein 1 (MCP-1) that 

cause detrimental effects in the retinal vasculature through angiogenesis, 

leukostasis, increased vascular permeability and alteration of extracellular 

matrix in the retinal endothelium (Prakash et al., 2008; Tarr et al., 2013). 

Angiogenesis occurs as a result of an increased production of angiogenic 
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factors, such as matrix metalloproteinase 2 (MMP2) and VEGF and this 

eventually leads to neovascularisation, a main feature of PDR (Prakash et 

al., 2008; Tarr et al., 2013). Leukostasis and alteration of basement 

membranes in the retinal endothelium may affect the retinal blood flow and 

cause capillary occlusion, which increases the likelihood of vascular leakage 

(Fu et al., 2016; Tarr et al., 2013). Furthermore, the regulatory domain of 

PKC is made up of zinc fingers that are susceptible to oxidation (Kowluru 

and Chan, 2007). The zinc fingers are composed of two zinc atoms and six 

cysteine residues, which activate PKC when modified by ROS (Cosentino-

Gomes et al., 2012). Hence, DM-induced oxidative stress could activate 

PKC pathway due to oxidative modification of PKC by ROS (Cosentino-

Gomes et al., 2012; Kowluru and Chan, 2007). The above evidences 

collectively describe how DM-induced PKC pathway could affect the retinal 

vasculature. 

 

2.2.2.4 Advanced glycation end product (AGE) 

 Glycation is a post-translational modification process during which 

sugar is covalently bonded to proteins present in the human body (Fournet 

et al., 2018). This structural modification could alter the biological role of 

proteins on various important metabolic processes (Fournet et al., 2018). 

Unlike the glycosylation process, which synthesises glycoproteins, glycation 

is both a physiological and pathological process (Fournet et al., 2018). The 

formation of AGE during glycation is strongly associated with the 

development of DR (Fournet et al., 2018). 

 Glycation can occur both exogenously in the extracellular matrix as 

well as endogenously in the cytoplasm or even organelles (Fournet et al., 

2018). The final product of the process, AGE is formed via the non-
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enzymatic reaction of reducing sugars with proteins (Tarr et al., 2013). 

This chemical reaction is a common manifestation in DM as persistent high 

blood glucose level accelerates the glycation process (Fournet et al., 2018). 

Generally, the formation of AGE can be divided into initial, propagation and 

advanced phases (Yeh et al., 2017). 

 In the initial phase, covalent bond is formed between the carbonyl 

group of reducing sugar and a free amino group of the protein (Fournet et 

al., 2018). Schiff base, Amadori products and Heyns-Carson products are 

the precursors of AGE that are initially formed (Tarr et al., 2013). The 

precursors of AGE could alter the protein structure and promote the 

glycation process (Tarr et al., 2013). Schiff base is formed through a 

reversible process that involves the release of a water molecule (Fournet et 

al., 2018). Schiff base will then undergo irreversible isomerisation (Fournet 

et al., 2018). Subsequently, this gives rise to the formation of Amadori 

product and Heyns-Carson product, which are formed from aldoses and 

ketoses, respectively. An example for such product is the fructosamine 

(Fournet et al., 2018).  

 In the propagation phase, Amadori product and Heyns-Carson 

product are involved in the retro-aldol reaction, during which the 

precursors undergo fragmentation to form aldehydes and dicarbonyl 

compounds (Fournet et al., 2018). These compounds, which include glyoxal, 

methylglyoxal and 3-deoxyglucosone (Yeh et al., 2017) would undergo 

further fragmentation to form glycation intermediaries that eventually react 

with other proteins to produce AGEs in the advanced stage (Fournet et al., 

2018). They also promote glycation by reacting with other amino groups 

(Fournet et al., 2018). Furthermore, AGEs have fluorescence properties; 

pentosidine is a common example of fluorescent cross-linking AGE that is 

formed irreversibly from glycoxidation (Yeh et al., 2017). Imidazolium 
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dilysine is an example of minor non-fluorescent cross-linking AGE (Yeh et 

al., 2017). Other non-fluorescent and non-crosslinking AGEs includes N-ε-

carboxymethyl-lysine and N-ε-carboxyethyl-lysine (Gkogkolou and Böhm, 

2012). 

 Just like any other bioactive mediators, AGEs exert its effect via the 

ligand-receptor interaction, which initiates a cascade of downstream signal 

transduction pathways that results in the generation of pathological 

responses (Ramasamy et al., 2011). The interaction of AGE with RAGE is 

the key reaction that leads to pathological events through the activation of 

pro-inflammatory signalling pathways (Logan and Storey, 2018). For 

instance, this could lead to retinal dysfunction through angiogenesis, 

inflammation and the breakdown of BRB (Xu et al., 2018). RAGE is an 

immunoglobulin superfamily of transmembrane receptor that is expressed 

in many cell types including RPE (Jensen et al., 2015). It is composed of 

three protein domains: extracellular domain, hydrophobic transmembrane-

spanning domain and a highly charged cytoplasmic domain (Chuah et al., 

2013). The cytoplasmic domain is the part of the receptor that are 

responsible for intracellular signalling (Chuah et al., 2013). The 

extracellular domain is composed of a variable-type domain and two 

constant-type domains. The binding of ligands such as AGEs to the 

variable-type domain of the extracellular domain activates RAGE and 

induce subsequent oxidative stress and pro-inflammatory responses 

(Jensen et al., 2015). Genetic polymorphism in RAGE could influence the 

development of DR by altering the expression of RAGE (Ng et al., 2012). 

According to Ng et al. (2013a), the 2245G/A RAGE polymorphism, in which 

nucleotide variation occurs at the intron 8 region, is associated with the 

development of DR. In addition, the progression of DR can be influenced by 

the increased activity of pro-inflammatory mediators, reduced sRAGE level 
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and deteriorating antioxidant status due to the characteristic low plasma 

GPx activity in different RAGE polymorphisms (Ng et al., 2013a).  

  The expression of RAGE is found to positively correlate with the 

level of pro-inflammatory response (Chuah et al., 2013). According to 

Chuah et al. (2013), there are numerous ways that the interaction of RAGE 

and its ligands can contribute to pro-inflammatory response. Firstly, RAGE 

is commonly expressed in epithelial cells including RPE as well as immune 

cells such as neutrophils and macrophages (Wang et al., 2016). Hence, the 

ligands that bind to RAGE are known to be associated with the production 

of pro-inflammatory mediators involved in acute and chronic immune 

responses (Orlova et al., 2007). Methylglyoxal, a major AGE precursor, is 

down-regulated by the enzyme glyoxalase. Interestingly, the expression of 

the enzyme is suppressed by the expression of RAGE (Reiniger et al., 

2010). Therefore, a forward feedback loop is formed as the overproduction 

of AGEs could up-regulate the expression of RAGE, which subsequently 

down-regulate the expression of glyoxalase, leading to the continuous 

generation of pro-inflammatory response (Schmidt, 2015). 

 RAGE could also function as an adhesion receptor for leukocytes by 

interacting with leukocyte β2 integrin macrophage-1 antigen (Chuah et al., 

2013). Pro-inflammatory responses induced by AGE-RAGE interaction 

mostly depends on the activation of NF-κB p65 transcription factor and its 

subsequent downstream pro-inflammatory genes, which may induce the 

innate and adaptive immune responses (Safi et al., 2014). For instance, 

the activation of NF-κB p65 signalling pathway induces the secretion of 

pro-inflammatory (IL-8, MCP-1) and angiogenic (MMP2, VEGF) mediators 

(Liu et al., 2017; Martin et al., 2009). The subsequent binding of pro-

inflammatory and angiogenic mediators to their receptors may induce 

apoptosis and amplification of inflammatory and angiogenic responses via 
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the production of mediators (Liu et al., 2017). Zong et al. (2010) had 

demonstrated that the hyperglycaemic-induced up-regulation of RAGE 

could lead to the generation of pro-inflammatory responses in retinal Müller 

glial cells involved in the progression of DR. The accumulation of AGEs and 

advanced lipoxidation end products are associated with Müller glial 

dysfunction in rat model of DR (Curtis et al., 2011).  

 On the other hand, sRAGE is the C-terminal truncated form of RAGE 

that lacks the transmembrane domain (Juranek et al., 2016). There are 

two distinct forms of sRAGE. The first form is the endogenous secretory 

RAGE, which is mainly synthesised as a splice variant from a truncated 

RAGE messenger ribonucleic acid (mRNA) (Miranda et al., 2018). The 

second form, cleaved RAGE is mainly produced from the proteolytic 

cleavage of RAGE via MMPs and A Distintegrin and Metalloprotease (Jensen 

et al., 2015; Schmidt, 2015). The sRAGE acts as a competitive inhibitor to 

prevent the binding of ligands to RAGE (Juranek et al., 2016). The 

production of sRAGE acts as a feedback regulation of RAGE signalling 

(Koyama et al., 2007). In other words, sRAGE serves as a decoy by 

preventing the binding of AGE to RAGE, thereby minimising the activity of 

RAGE (Schmidt, 2015). In addition, the production of sRAGE could be a 

good prognosis to DM complications. A study conducted by Miranda et al. 

(2018) showed that an increase production of sRAGE attenuated the AGE-

RAGE mediated DM complications through the sequestration of AGEs. 

Besides, sRAGE level was reported to increase with the duration of DM as a 

counterbalance response to the formation of RAGE (Ng et al., 2013b). 

Interestingly, patients suffering from DM and proliferative DR also 

demonstrated higher sRAGE/pentosidine ratio than NPDR, which makes 

sRAGE/pentosidine an ideal measure of risk factor for DR (Ng et al., 2013b). 

Nevertheless, other studies have found low sRAGE level in patients 
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suffering from type 2 DM (Nadali et al., 2021; Wang et al., 2018). This 

may also suggest an increased susceptibility to inflammation and vascular 

complications (Nadali et al., 2021). 

 

2.2.2.5 Oxidative stress 

 Oxidative stress is a condition in which the production of ROS 

exceeds the free radicals-neutralising capacity of antioxidants (Velasquez, 

2015). The production of ROS is an inevitable process in the midst of 

maintaining the normal physiological function of the cell (Birben et al., 

2012). Under normal physiological condition, ROS such as superoxide 

anions and hydrogen peroxides are inevitably generated from cellular 

respiration via the electron transport chain (Kowluru and Chan, 2007; Li et 

al., 2017). ROS are highly reactive radicals containing at least an oxygen 

atom and they are capable of independent existence with one or more 

unpaired electrons (Patel et al., 2018). ROS could interact with other 

molecules in redox reactions in order to achieve a stable state (Calderon et 

al., 2017). This in turn induces oxidation of the target molecules (Calderon 

et al., 2017).  

 Oxidative stress affects the functionality of biomolecules such as 

carbohydrates, proteins, lipids and deoxyribonucleic acid (DNA), which 

subsequently alters the body’s homeostatic process and resulting in 

pathological outcomes (Cutler, 2005). Oxidative stress is another classical 

pathological mechanisms that lead to the occurrence of DR, and it could 

occur as a result of the activation of polyol pathway, PKC pathway, 

hexosamine pathway and RAGE signalling (Li et al., 2017). Oxidative stress 

is also associated with the disruption of retinal tight junctions that form the 

BRB, leading to increased retinal permeability (Kang et al., 2019). 
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Additionally, oxidative stress plays a significant role in RPE injury by 

decreasing the mitochondrial function of the cells (Baek et al., 2016). 

 The retina is highly susceptible to oxidative stress due to abundance 

of polyunsaturated fatty acids and its high demand for oxygen (Kowluru 

and Chan, 2007). This criteria also gives rise to increased rate of glucose 

oxidation, which further accelerates oxidative stress (Kowluru and Chan, 

2007). Oxidative stress is associated with increased apoptotic events in the 

retina due to the activation of pro-apoptotic mediators by ROS (Mohammad 

et al., 2015). A previous study has shown that the suppression of ROS in 

the retinal capillary by antioxidants could revert apoptosis as well as 

mitochondrial dysfunction in the retina of DM animal models (Coucha et al., 

2015). Furthermore, ROS may also activate redox kinases and NF-κB p65 

transcription factor that induce the expression of pro-inflammatory genes 

and proteins implicated in the development of DR (Liu et al., 2017). 

 On the other hand, eukaryotic cells are equiped with antioxidant 

defense system that protects the cells against the adverse effect of ROS 

(Jo et al., 2020). Excessive ROS are neutralised by the antioxidant defense 

system to maintain the normal physiological functions (Kowluru and Chan, 

2007). In addition to non-enzymatic antioxidants obtained solely from the 

diet, intracellular antioxidant enzymes form the enzymatic antioxidant 

defense system within cells, aimed at mitigating the impact of oxidative 

stress on the body (Birben et al., 2012). GPx is an important antioxidant 

enzyme that is produced as part of the cellular enzymatic defense system 

(Birben et al., 2012). This may highlight the importance of GPx as a first-

line antioxidant defense to protect ARPE-19 against oxidative stress caused 

by high glucose and glycation (Ighodaro and Akinloye, 2018). Under 

physiological condition, harmful hydrogen peroxides and lipid peroxyl 

radicals were rendered harmless by converting them into water via GPx 



22 

 

(Ighodaro and Akinloye, 2018). The activity of GPx in the retina was 

significantly lowered under the influence of high glucose and AGE (Cepas et 

al., 2020; Shi et al., 2019). Besides, the levels of GPx were significantly 

lower in DM and DR patients when compared to healthy control, implying 

the connection of GPx and oxidative stress to the development of DR (Ng 

et al., 2013b). 

 Lipid peroxidation is the generation of lipid peroxyl radicals due to 

the attack of free radicals on cellular lipids whereby high peroxidation rate 

causes significant damage to cell membranes and disrupt cellular function 

(Nam, 2011). Lipid peroxidation generates products that are capable of 

forming adducts with DNA and proteins, thereby disrupting the 

physiological functions of these biomolecules (Nam, 2011). Subsequently, 

the dysfunctional biomolecules may lead to pathological consequences 

(Nam, 2011). Some products of lipid peroxidation are mainly reactive 

aldehydes such as γ-ketoaldehydes, 4-hydroxy-2-alkanals and 

malondialdehyde (Nam, 2011). Cell apoptosis is also induced when the rate 

of radicals production overwhelms the cellular repair capacity (Velasquez, 

2015). In addition, the mitochondrial transcription factor A responsible for 

the transcription of mitochondrial DNA, may undergo ubiquitinylation under 

oxidative stress (Calderon et al., 2017). This eventually down-regulates the 

transcription of mitochondrial DNA, causing mitochondrial dysfunction in 

RPE (Calderon et al., 2017). Interestingly, GPx serves as a first line 

antioxidant defence against lipid peroxidation (Ighodaro and Akinloye, 

2018). This may underscore the therapeutic significance of restoring GPx 

levels. Interestingly, the enzyme GPx plays a crucial role as the primary 

defense mechanism against lipid peroxidation (Ighodaro and Akinloye, 

2018). By neutralising ROS and reducing lipid peroxides, GPx helps 

maintain the integrity of cell membranes and protects against oxidative 
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damage (Ighodaro and Akinloye, 2018). Therefore, restoring GPx levels 

could be therapeutically significant in mitigating the harmful effects of 

oxidative stress and preserving cellular health. 

 Excessive oxidative stress can disrupt the balance of pro-

inflammatory signalling pathways, leading to aberrant activation and the 

generation of inflammatory responses (Mittal et al., 2014). In 

hyperglycaemia, ROS is generated as a result of PKC-induced activation of 

the enzyme NADPH oxidase (Mittal et al., 2014). The enzyme participates 

in the oxidative reaction, which involves the transfer of electrons to oxygen 

atoms, producing ROS (Mittal et al., 2014). ROS may activate the NF-κB 

signalling pathway, which induces cellular inflammatory response and 

further exaggerates oxidative stress through the production of ROS 

(Prakash et al., 2008; Tarr et al., 2013). The excessive generation of ROS 

could cause localised oxidative stress in the retina, thereby resulting in 

inflammation and tissue injury (Prakash et al., 2008; Tarr et al., 2013). 

 

2.2.2.6 Inflammation 

 Inflammation is widely acknowledged for its association with the 

development of retinal abnormalities, which is usually accompanied by 

disrupted retinal permeability (Al-Kharashi, 2018). Retinal inflammation is 

an indirect result of the production of pro-inflammatory mediators (Tarr et 

al., 2013). Pro-inflammatory mediators, such as cytokines and chemokines, 

can induce a state known as leukostasis (Deshmane et al., 2009). In 

leukostasis, circulating leukocytes adhere to the retinal endothelial cells 

and become trapped within the retina vasculature (Wang and Lo, 2018). 

Leukocyte adhesion may increase the permeability of retinal vasculature 

and lead to the breakdown of BRB (Adamis and Berman, 2008; Joussen et 
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al., 2004). The accumulation of leukocytes in the vasculature could impair 

blood flow and disrupt tissue perfusion, thereby leading to tissue damage 

and retinal inflammation (Al-Kharashi, 2018). Apart from being an 

important clinical manifestation, retinal inflammation plays a substantial 

role in the progression of DR and may ultimately lead to visual impairment 

(Rübsam et al., 2018).  

 The synthesis of pro-inflammatory mediators is an indirect cause for 

inflammatory response. Inflammation can result from the catalytic action of 

pro-inflammatory enzymes such as cyclooxygenases (COXs), xanthine 

oxidase (XO), lipoxygenases and hyaluronidase. For instance, COX-1 and 

COX-2 catalyse the production of pro-inflammatory prostaglandins during 

acute inflammation (Ricciotti and Fitzgerald, 2011). These prostaglandins 

modulate vascular permeability and recruitment of immune cells to the site 

of injury (Ricciotti and Fitzgerald, 2011). COX-1 is constitutively expressed 

in most tissues and involved in homeostatic functions, while COX-2 is 

inducible and is upregulated in response to inflammatory stimuli (Gacche et 

al., 2011). On the other hand, xanthine oxidase (XO), the enzyme involved 

in the metabolism of purine bases and subsequent synthesis of uric acid 

(Abu Bakar et al., 2018). Excessive uric acid levels can lead to the 

formation of urate crystals, which can accumulate in the joints, causing 

features like inflammation and pain as observed in gout (Abu Bakar et al., 

2018). XO could also promote the expression of inflammatory cytokines 

through the production of ROS (Abu Bakar et al., 2018).  

 Lipoxygenases catalyse the production of pro-inflammatory 

mediators, such as leukotrienes (Wisastra and Dekker, 2014). Leukotrienes 

are potent chemoattractants for leukocytes and contribute to the 

recruitment of immune cells to sites of inflammation (Wisastra and Dekker, 

2014). Additionally, these mediators can induce hyperpermeability of blood 
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vessels, leading to the leakage of fluid and proteins into surrounding 

tissues, which further amplifies the inflammatory response (Wisastra and 

Dekker, 2014). Furthermore, The enzyme hyaluronidase facilitates the 

degradation of hyaluronic acid (HA), a key component of the extracellular 

matrix (Buhren et al., 2016). The enzymatic breakdown of HA disrupts the 

structural integrity of tissues and promotes inflammation by releasing 

inflammatory mediators and increasing vascular permeability (Buhren et al., 

2016). Moreover, the degradation of HA by hyaluronidase has been 

associated with the induction of angiogenesis (Buhren et al., 2016).  

 Besides, transcription factors are important elements in the cell that 

control cell growth, proliferation, differentiation (Al-Kharashi, 2018). The 

generation of inflammatory response is also controlled by transcription 

factors, which function as master regulator for the gene and protein 

expression of pro-inflammatory and angiogenic factors (Al-Kharashi, 2018). 

Through the intricate regulatory network of transcription factors, they exert 

tight control over the expression of inflammatory mediators (Al-Kharashi, 

2018). Dysregulated transcription factor activity can lead to aberrant 

inflammatory signalling and contribute to the pathogenesis of inflammatory 

diseases (Tarr et al., 2013). Several important transcription factors have 

been linked to the development of DR (Tarr et al., 2013). The NF-κB p65, 

PPAR-γ and STAT3 were some notable transcription factors that regulate 

inflammatory response.  

 NF-κB is a family of structurally related transcription factors that are 

sequestered by the inhibitor of NF-κB (IκB) family of inhibitory proteins 

with ankyrin repeats, rendering them in an inactive state in the cytoplasm 

(Sun et al., 2013). The NF-κB family consists of five members, namely the 

NF-κB1 (p50), NF-κB2 (p52), RelA (p65), RelB and c-Rel (Sun et al., 2013). 

The activation of NF-κB p65 is commonly associated with the transcription 
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of wide range of genes and proteins participated in inflammation (Liu et al., 

2017). This can be achieved through a cascade of reactions mediated by 

various signalling molecules in a process known as a signalling pathway 

(Liu et al., 2017). The NF-κB signalling pathway can be subdivided into 

canonical and non-canonical (Lawrence, 2009; Sun et al., 2013). The 

canonical pathway is initiated by a broad class of receptors such as IL 

receptors, toll-like receptors and RAGE (Liu et al., 2017). The binding of 

ligands to these receptors would result in the degradation of IκB through 

phosphorylation by the IκB kinase (IKK) (Lawrence, 2009). Subsequently, 

this leads to the phosphorylation and activation of NF-κB p65 (Lawrence, 

2009). The activated NF-κB p65 proteins form dimers and translocate into 

the nucleus, where it binds to specific DNA elements and activates the 

transcription of target genes involved in inflammation (Liu et al., 2017). 

Unlike canonical pathway, the non-canonical pathway responds to specific 

ligands for TNF receptor such as lymphotoxin β (Lawrence, 2009). Besides, 

the activation of non-canonical pathway depends the degradation of p100, 

the precursor protein of p52 (Liu et al., 2017). In this pathway, the NF-κB 

inducing kinase and IKK phosphorylate p100 for further ubiquitinylation 

and degradation (Liu et al., 2017). The process ultimately leads to the 

nuclear translocation of activated NF-κB proteins with mature p52 and RelB 

components (Lawrence, 2009).  

 Regardless of the canonical and non-canonical pathways, binding of 

the transcription factor to the DNA element κB enhancer in the nucleus 

may lead to the gene and protein expression of pro-inflammatory (IL-8, 

MCP-1) and angiogenic (VEGF, MMP2) mediators (Liu et al., 2017). IL-8, a 

member of the C-X-C chemokine family, is a soluble protein that plays a 

crucial role in initiating pro-inflammatory responses (Singh et al., 2013). 

The C-X-C family of cytokines are structurally characterised by a single 
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amino acid sandwiched between two cysteine amino acids, hence the term, 

‘C-X-C’ (Matsushima et al., 2022). IL-8 is commonly secreted by epithelial 

cells, endothelial cells, lymphocytes and neutrophils during inflammation 

(Singh et al., 2013). IL-8 assumes a critical role in the early phase of 

inflammation by promoting the activation and recruitment of neutrophils 

and basophils to the injured tissue (Silva, 2010). During retinal injury, 

neutrophils are among the frontline of immune responders (Deliyanti et al., 

2022). The accumulation of neutrophils in the retina could further 

aggravate inflammation by recruiting more leukocytes (Deliyanti et al., 

2022). Besides, depleting neutrophil count is associated with reduced 

incidence of vascular leakage and neovascularisation in the retina 

(Deliyanti et al., 2022). Hence, IL-8 could serve as an important biomarker 

in the management of DR.  

 On the other hand, MCP-1 is another chemotactic cytokine that 

belongs to the C-C cytokine family (Deshmane et al., 2009). Unlike IL-8, 

the structure of MCP-1 is characterised by two adjacent cysteine amino 

acids (Deshmane et al., 2009). MCP-1 plays a crucial role during 

inflammation by promoting the recruitment and infiltration of monocytes 

and macrophages (Singh et al., 2021). In the early and late phases of 

inflammation, MCP-1 contributes by directing the migration of monocytes 

to the site of injury (Deshmane et al., 2009). In the immune system, 

monocyte is an important leukocyte that conducts regular monitoring of 

body tissues for pathological matters (Deshmane et al., 2009). Upon 

activation, monocytes are differentiated into macrophages that infiltrate 

the body tissues to scavenge the disease-causing agents (Yang et al., 

2014). Besides, monocytes also activate the T-lymphocytes for sustained 

immune defense (Yang et al., 2014). Hence, monocyte plays a pivotal role 

in the innate and adaptive immune systems (Kratofil et al., 2017). Both IL-
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8 and MCP-1 serve as an important indicator for early and late phases of 

inflammatory responses (Kratofil et al., 2017). 

 The STAT3 signalling pathway is also widely known for its 

implication in inflammation via the expression of pro-inflammatory 

mediators such as IL-8 and MCP-1 as well as the angiogenic mediators, 

VEGF and MMP2 (Fan et al., 2013; Zegeye et al., 2018). Similar to the NF-

κB p65 signalling pathway, the STAT3 signalling pathway can also be 

subdivided into canonical and non-canonical pathways (Bharadwaj et al., 

2020). The canonical pathway of STAT3 is activated upon the binding of 

ligands such as cytokines or hormones to their receptor (Sethi et al., 2014). 

Subsequently, this leads to the phosphorylation of tyrosine residues in the 

cytoplasmic portion of the receptor by Janus kinase (JAK) (Bharadwaj et al., 

2020). This process eventually recruits and activates cytoplasmic STAT3 

proteins (Sethi et al., 2014). The activated STAT3 proteins dimerise and 

translocate to the nuclear region, where the transcription of target genes is 

initiated upon binding to the promoter region (Bharadwaj et al., 2020). The 

non-canonical pathway of STAT3 is characterised by its activation at the 

endoplasmic reticulum and mitochondria (Bharadwaj et al., 2020). The 

activation of NF-κB p65 and STAT3 signalling pathways was recognised for 

signalling the up-regulation of angiogenic and pro-inflammatory mediators 

in DR (Tarr et al., 2013). Interestingly, both NF-κB p65 and STAT3 could 

also interact together to amplify the mutual inflammatory response 

(Bharadwaj et al., 2020). Nevertheless, STAT3 signalling pathway can be 

antagonised by the SOCS protein in a negative feedback loop to hinder 

further STAT3 activation (Chen et al., 2016).  

 Among the SOCS family of proteins, SOCS1 demonstrates the 

highest potency as a regulatory protein (Liau et al., 2018). This was 

achieved by the binding of SOCS1 protein to the tyrosine domains of 
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STAT3, which obstructs the phosphorylation of JAK (Bharadwaj et al., 

2020). In ARPE-19, the expression of SOCS1 can be induced in high 

glucose environment through the JAK-STAT3 signalling pathway (Chen et 

al., 2016). It was previously demonstrated that SOCS1 plays a 

fundamental part in regulating inflammation in DR (Chen et al., 2016). 

Likewise, the PPAR-γ nuclear receptor has been known to elicit anti-

inflammatory response in ocular tissues (Zhang et al., 2015a). Hence, 

PPAR-γ gene expression could serve as a potential anti-inflammatory 

marker when investigating the modulatory effects of plant extract on 

inflammation in the retina.  

 PPAR-γ represents the superfamily of PPAR nuclear receptors along 

with other two isoforms, PPAR-α and PPAR-β (Heming et al., 2018). Among 

the PPAR nuclear receptors, the modulatory role of PPAR-γ is not only 

limited to glucose homestasis, insulin sensitivity and lipogenesis (Zhang et 

al., 2015a). PPAR-γ is also involved in the regulation of immune system as 

evident by the gene and protein expression of PPAR-γ in inflammatory cells 

(Heming et al., 2018). In recent studies, PPAR-γ has even been linked to 

eliciting anti-inflammatory response by suppressing the production of 

angiogenic and pro-inflammatory mediators (Heming et al., 2018; Zhang 

et al., 2015a). Furthermore, the activation of PPAR-γ has been associated 

with reduced incidence of angiogenesis and retinal dysfunction (Gui et al., 

2020), suggesting its potential role in the management of DR (Gui et al., 

2020). Interestingly, the nuclear receptor could operate in the absence of a 

ligand apart from the classical activation of transcription factors that 

requires the binding of ligands such as 15-hydroxyeicosatetraenoic acid 

(Zhang et al., 2015a). Upon the activation of PPAR-γ, PPAR-RXR 

heterodimers react with specific PPAR response element in the nucleus to 

trigger anti-inflammatory responses (Heming et al., 2018). For instance, 
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the activation of PPAR-γ competes with NF-κB p65 for the promoter regions, 

thereby resulting in diminished expression of pro-inflammatory and 

angiogenic mediators. However, phosphorylation of the ligand binding 

domain by protein kinase C may interfere with the activation of PPAR-γ 

(Brunmeir and Xu, 2018). Efforts in mitigating inflammatory response by 

targeting the phosphorylation of PPAR-γ remain a potential approach for 

the management of DR (Frkic et al., 2021). 

 

2.2.2.7 Overexpression of angiogenic factors 

 Neovascularisation is both a physiological and pathological process 

that could facilitate the development of DR (Tarr et al., 2013). It is also the 

key attribute in the advanced stage PDR (Wang and Lo, 2018). According 

to Johnson and Wilgus (2014), neovascularisation encompasses both the 

de novo formation of new blood vessel (vascularigenesis) and formation of 

blood vessel from preceding blood vessels (angiogenesis). In DR, 

inflammation promotes neovascularisation in the retina (Rezzola et al., 

2020). The new blood vessels that formed in this process is usually 

dysfunctional and leaky, which subsequently leads to the breakdown of 

BRB (Abcouwer and Gardner, 2014). Ultimately, visual impairment occurs 

as a result of the accumulation of fluid in the macula region of the retina 

(Wang and Lo, 2018). Besides, angiogenesis is a critical process in 

inflammation, as it provides oxygen and nutrients to inflamed tissues and 

facilitates the recruitment of immune cells to the site of injury (Johnson 

and Wilgus, 2014).  

 The role of angiogenic factors such as VEGF and MMP2 is well-

documented in the development of DR (Tarr et al., 2013). The expression 

of angiogenic factors promotes neovascularisation and vascular 
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permeability, which causes haemodynamic changes in the retina (Tarr et 

al., 2013). Furthermore, increased leukocyte adhesion has been reported in 

patients suffering from DR due to the overproduction of angiogenic factors 

in the retina (Ismail et al., 2012; Wang and Lo, 2018). The angiogenic 

factors are capable of interacting with leukocyte integrins and thus they are 

important mediators secreted for leukocyte adhesion and transmigration in 

the retinal vasculature (Al-Kharashi, 2018; Kong et al., 2018). As a result, 

they are associated with vascular leakage in the retina of patients suffering 

from DR (Wang et al., 2010).  

 VEGF is a family of growth factor proteins consisting of VEGF-A, 

VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth factor (Apte et al., 

2019). Apart from the virally encoded VEGF-E, VEGF-A predominates over 

the remaining four VEGF proteins in the regulation of angiogenesis in 

human (Apte et al., 2019). Angiogenesis is induced by the binding of VEGF 

to its main receptor, the VEGF receptor 2 (Apte et al., 2019). VEGF 

undertakes a vital role on vascular development by promoting the 

proliferation of endothelial cells following the degradation of vascular 

matrix proteins by MMP2 (Hazzaa et al., 2020; Quintero-Fabián et al., 

2019). Dysregulated angiogenesis is often associated with the development 

of fragile and leaky blood vessels in DR (Apte et al., 2019). There were 

numerous studies surrounding the involvement of VEGF in the development 

of DR (Tarr et al., 2013). In DR, the expression of VEGF is up-regulated by 

the activation of PKC due to an increased glucose flux (Tarr et al., 2013). 

The administration of anti-VEGF also remains the standard of care for DR 

patients to prevent vision loss (Wang and Lo, 2018). By targeting VEGF, 

anti-VEGF drugs can inhibit the growth of abnormal blood vessels in the 

retina and reduce vascular leakage, thereby preserving vision and 

preventing further deterioration of visual acuity in DR patients (Wang and 
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Lo, 2018). However, the administration of anti-VEGF therapy is 

accompanied by side effects (Wang and Lo, 2018). 

 On the other hand, MMPs are a family of zinc-dependent 

metallopeptidases and angiogenic factors that plays an integral part in 

angiogenesis (Hazzaa et al., 2020). Among the MMPs, the MMP2 is involved 

in the degradation of collagens in the retinal vascular matrix to facilitate 

the development of new blood vessels (Nikolov and Popovski, 2021). The 

subsequent process is then regulated by VEGF (Quintero-Fabián et al., 

2019). In DR, MMP2 has been demonstrated to induce mitochondrial 

dysfunction and destruction of blood vessels in the retina (Mohammad and 

Kowluru, 2010). Besides, the expression of MMP2 is also regulated by the 

transcription factors NF-κB p65 and STAT3 (Lan et al., 2009; Xie et al., 

2004). Thus MMP2 serves as one of the significant angiogenic indicators in 

the progression of DR. According to Bandyopadhyay and Rohrer (2012), 

the up-regulation of MMP2 is positively correlated with the expression of 

VEGF, which collectively contribute to neovascularisation in DR. The 

sustained formation of AGE and subsequent AGE-RAGE interaction in DM 

promotes the activation of transcription factor NF-κB p65, and ultimately 

increases the expression of angiogenic mediators, VEGF and MMP2 (Kong 

et al., 2018; Safi et al., 2014).  

 

2.2.3 Management of DR 

The current management of DR relies on laser treatment and 

pharmacological approach that mitigates angiogenesis and inflammation. 

According to Wang and Lo (2018), the intravitreal injection of anti-VEGF is 

the gold standard for managing DR as it provides better visual outcomes 

compared to other approaches. However, the anti-VEGF therapy is only 
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partially effective towards DME (Duh et al., 2017). The visual improvement 

benefitted by the majority patients from this approach is not clinically 

significant (Wang and Lo, 2018). Furthermore, the administration of anti-

VEGF therapy is not without potential side effects. Common side effects 

include transient ocular discomfort, intraocular inflammation, and increased 

intraocular pressure (Wang and Lo, 2018). Additionally, long-term use of 

anti-VEGF agents may lead to adverse effects such as retinal atrophy and 

macular atrophy (Wang and Lo, 2018). Due to the short half-life, frequent 

intravitreal injection of anti-VEGF agent is required and this could lead to 

endophthalmitis and retinal detachment (Wang and Lo, 2018).  

The laser photocoagulation precedes the anti-VEGF therapy as the 

mainstay treatment for DR (Fong et al., 2007). Laser photocoagulation 

works by promoting the oxygen uptake of retinal epithelium (Fong et al., 

2007). By reducing retinal hypoxia, laser photocoagulation helps to 

stabilize and regress abnormal blood vessels in the retina, thereby 

preventing further vision loss (Fong et al., 2007). Due to the destructive 

nature of high energy laser, this can cause collateral damage to 

surrounding retinal tissue, leading to potential complications such as 

permanent vision loss, night blindness and reduced peripheral vision (Fong 

et al., 2007). Additionally, laser therapy may not be suitable for all patients, 

particularly those with DME or PDR (Wang and Lo, 2018).  

Corticosteroid is another pharmacological agent administered 

intravitreally to treat DME, owing to its potent anti-inflammatory and anti-

angiogenic properties (Cunningham et al., 2008). When administered 

intravitreally, corticosteroid can effectively suppress angiogenesis, reduce 

retinal edema and alleviate inflammation, thereby improving visual 

outcomes in patients suffering from DME (Cunningham et al., 2008). The 

usage of intravitreal steroid is also associated with adverse effects such as 
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retinal detachment, vitreous haemorrhage and endophthalmitis 

(Cunningham et al., 2008). Due to the associating side effects, which are 

similar to the symptoms of PDR, the advent of anti-VEGF agent and laser 

treatment has gradually replaced corticosteroid for the treatment of DME 

(Cunningham et al., 2008).  

 

2.3 Human retinal pigment epithelial cell line (ARPE-19) 

 Retina is the main target tissue that is susceptible to the damaging 

effect of inflammation in DR (Juel et al., 2012). In the retina, RPE is 

responsible for regulating the human eye immune system for overall visual 

health (Juel et al., 2012). Specifically, RPE plays a pivotal role in 

safeguarding other ocular tissues against pathological events while forming 

an effective BRB (Juel et al., 2012). The ARPE-19 is commonly employed 

as a cellular model of RPE in in vitro experimental studies (Hellinen et al., 

2019). ARPE-19 is a spontaneously arising cell line, which is derived from 

the primary RPE cell culture (Hellinen et al., 2019). Under normal 

physiological condition, ARPE-19 cell culture displays hallmark stable 

monolayer of cobblestone morphology with microvilli and tight cell 

junctions (Hellinen et al., 2019). Among the cellular models of RPE, ARPE-

19 is the most preferable for experiments due in part to its superiority in 

reproducibility and broad cell passage range (Hellinen et al., 2019). Most 

importantly, ARPE-19 mimics the genotypic and phenotypic characteristics 

of the human primary RPE cells in such a way that the similar experimental 

outcomes are reproducible with in vitro studies (Dunn et al., 1996). 

Gene expression study shows that differentiated ARPE-19 expresses 

RPE-specific genes that are involved in the regulation of visual cycle such 

as the RPE-specific 65 kDa protein, cellular retinaldehyde-binding protein, 
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lecithin retinol acyltransferase and retinol dehydrogenases (Samuel et al., 

2017). The cell line also expresses various inflammatory cytokines, 

chemokines and receptors in response to inflammatory stress (Mateos et 

al., 2015). For instance, cytokine-stimulated ARPE-19 could promote the 

expression of IL-8 and MCP-1 via the activation of NF-κB p65 and STAT3 

signalling pathways (Mateos et al., 2015; Patel et al., 2012a). Besides, the 

secretion of the angiogenic factors, VEGF and MMP2 by ARPE-19 could 

explain the increased vascular permeability and neovascularisation in the 

retina during PDR (Hellinen et al., 2019; Mateos et al., 2015). According to 

Puddu et al. (2012), the expression of RAGE and VEGF in ARPE-19 can be 

induced by the presence of high glucose and AGE. Furthermore, the 

expression of PPAR-γ in ARPE-19 may partake in mitigating the 

inflammatory response in ocular tissues (Mateos et al., 2015). As a result, 

studies using ARPE-19 could provide valuable insights into the 

pathophysiology of DR and facilitate the development of novel therapeutic 

strategy.  

 

2.4 Medicinal plants 

In Malaysia, medicinal plants are traditionally used by rural 

community to treat various ailments (Milow et al., 2017). This practice is 

rooted in the belief in the therapeutic properties of these plants (Milow et 

al., 2017). The therapeutic properties of medicinal plants are related to 

their biological activities, encompassing effects like anti-aging, anti-diabetic, 

anti-cancer, anti-inflammatory and anti-microbial actions (Xu et al., 2017). 

The biological activities of medicinal plants can be attributed to the natural 

occurrence of specific types of phytochemicals, each exerting distinct 

biological effect (Xu et al., 2017). Phytochemicals are a diverse group of 
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secondary metabolites produced by plants primarily for defence against 

biological and environmental stressors (Müller and Junker, 2022). Beyond 

their defensive role, they may also mediate plant growth, reproduction, 

and interaction with other organisms in their ecological niche (Müller and 

Junker, 2022). These compounds can influence seed germination, root 

development, flower pigmentation and even serve as signalling molecules 

in communication and defence mechanisms (Müller and Junker, 2022). The 

major classes of phytochemicals encompass a wide array of chemical 

structures and biological activities, including alkaloids, naphthalenes, 

phenolic compounds, phenylpropanoids, and terpenoids, each contributing 

to the diverse biological action of plants and their adaptation to diverse 

environmental conditions (Do et al., 2014).  

According to Eddouks et al. (2014), the modern therapeutic drugs 

used in current medical practice are derived from 7000 natural compounds 

that can be found in natural products such as plants and microorganisms. 

The presence of antioxidative phytochemical constituents in medicinal 

plants could protect human body against the harmful effect of oxidative 

stress and prevent the development of metabolic diseases (Do et al., 2014). 

These compounds have served as valuable sources of inspiration for drug 

discovery and contributed significantly to the pharmaceutical industry 

(Eddouks et al., 2014). Hence, it is evident that the natural compounds 

found in medicinal plants are capable of treating various illnesses. For 

instances, the in vitro and in vivo anti-diabetic activities of Orthosiphon 

aristatues were linked to its therapeutic use in diabetes management 

(Abdullah et al., 2020). Additionally, Ficus deltoidei, a flowering plant 

native to Southeast Asia, displayed anti-glycation properties in a study 

conducted in Malaysia (Dom et al., 2020). Furthermore, the decline in drug 

efficacy and increasing likelihood of contraindications from the use of 
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synthetic drugs has led to the increasing usage of herbal medicine over the 

years (Eddouks et al., 2014). Herbal medicines offer a promising 

alternative, as they are often perceived as safer and more tolerable due to 

their natural origin and complex chemical compositions (Eddouks et al., 

2014). The holistic approach of herbal medicine, which emphasizes the 

synergy among multiple bioactive compounds within plant extracts, may 

provide enhanced therapeutic benefits and reduced risk of adverse effects 

compared to single-target synthetic drugs (Eddouks et al., 2014). 

 

2.4.1 Peperomia pellucida (L.) Kunth 

2.4.1.1 Nomenclature and taxonomy 

 Peperomia pellucida (L.) Kunth, a medicinal plant classified under 

the Piperaceae family, is widely distributed in the tropical and subtropical 

regions (Ooi et al., 2012). As the plant is native to Americas, it is 

commonly known as pepper elder and shiny bush (Amarathunga and 

Kankanamge, 2017). The binomial nomenclature of P. pellucida is followed 

by the abbreviations ‘L.’ and ‘Kunth’. The former, ‘L’ is used to specify Carl 

Linnaeus as the naming authority while the latter ‘Kunth’ indicates Carl 

Sigismund Kunth as the first person who published the plant’s name 

(Mathieu and Posada, 2006). Another scientific name, Peperomia pellucida 

(L.) H. B. K., can be seen in numerous publications in South America. The 

abbreviation ‘H. B. K.’ was used to indicate Humboldt, Bonpland and Kunth 

as the authors who published the taxonomic information of the plant in the 

book “Nova Genera et Species Plantarum” in year 1816 (Alves et al., 2019). 

Figure 2.1A and 2.1B depict the respective aerial part and whole plant of P. 

pellucida. 
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Figure 2.1. The physical form of Peperomia pellucida (L.) Kunth. (A) the aerial part; (B) the whole plant. 
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2.4.1.2 Botanical description 

P. pellucida is a slender and annular herb, which is usually grew in 

clump (Roslida and Aini, 2009). The plant could grow up to about 50 

centimetres in length (Roslida and Aini, 2009). The plant is succulent and 

light green in colour (Amarathunga and Kankanamge, 2017). They either 

appear as erected, ascending, decumbent or freely branched stems to which 

the petioles that connect the leaves are usually 2 cm long (Amarathunga 

and Kankanamge, 2017). P. pellucida is characterised by smooth, heart-

shaped, ovoid or triangular-shaped leaves, which grow to around 3 cm in 

length (Melo et al., 2016). The upper surface of the leaves is medium green 

in colour while the lower surface is comparatively lighter in colour 

(Majumder et al., 2012). Besides, the plant also features dot-like seeds that 

are attached to the fruiting spikes, which arise from the leaf axils. The 

spikes are slender, solitary, terminal or leaf-opposed and they could be up to 

6 cm long and 2 mm in diameter when they reach full maturity (Flora of 

North America, 2020). The fruiting spikes emit mustard-like scent if 

pulverised (Ibe-Diala et al., 2021). P. pellucida also has suborbicular-shaped 

flowers, which are short-stalked and loosely arranged whereby the flowers 

normally possess two stamens where the ovary is ellipsoid and the stigmas 

are pubescent (Amarathunga and Kankanamge, 2017). In addition, the 

fruits are minute, round to oblong in shape, reticulate and appears dark 

brown in colour when mature (Amarathunga and Kankanamge, 2017). 

 

2.4.1.3 Geographical distribution 

P. pellucida is native to tropical North and South America 

(Amarathunga and Kankanamge, 2017). It is now widely cultivated and 

naturalised throughout the tropical regions of other continents such as Africa 
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and Asia (Bayma et al., 2000). The plant flourishes during rainy periods as 

well as in loose and humid loamy soil in nurseries and under the shade of 

trees (Roslida and Aini, 2009). Besides, P. pellucida is usually a terrestrial 

and epiphyte but it can occasionally be a lithophyte, which blooms 

throughout the year (Amarathunga and Kankanamge, 2017). P. pellucida 

can also be found along the coast of Asia and the Americas at a sea level of 

about 200 to 2000 meters (Flora of North America, 2020). Figure 2.2 shows 

the geographical distribution of P. pellucida in the tropical and subtropical 

regions of the world. 

 

2.4.1.4 Ethnomedicinal uses 

As a traditional medicinal plant, the aerial parts of P. pellucida can be 

converted into decoction to treat various inflammatory complications such as 

conjunctivitis and diabetes (Alves et al., 2019). The decoction could serve as 

a remedy for snake bites due to its anti-microbial properties (Felix-Silva et 

al., 2017). P. pellucida is also used to treat fever due to its anti-pyretic 

characteristic, which is comparable to aspirin (Khan et al., 2008). The 

essential oil from this plant demonstrates anti-fungal and anti-helminthic 

activities, enhancing its therapeutic potential in combating fungal infections 

and parasitic infestations (Kanedi et al., 2019; Verma et al., 2014). 

Commercial plant powder derived from P. pellucida is also available for 

maintaining general well-being (Ebay, 2024). These diverse medicinal 

properties underscore the value of P. pellucida as a natural remedy for 

addressing various health ailments across different regions. Despite being 

widely used as a traditional medicine, the scientific evidence surrounding its 

therapeutic properties remains scarce. Table 2.1 shows the application of P. 

pellucida for medicinal and non-medicinal purposes in different parts of the world. 
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Figure 2.2. The geographical distribution of P. pellucida in the tropical and subtropical regions of the world.
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Table 2.1: The different parts of P. pellucida used in different countries for 

medicinal and non-medicinal purposes. 

Country Part Purposes Reference 

Malaysia Whole plant Decoction is used as a 
treatment for rheumatism. 

Ibrahim and 
Hamzah (1999) 

Whole plant is used to 

reduce blood glucose level. 

Hamzah et al. 

(2012) 

India Whole plant  
 

Plant juice is used to treat 
digestive problems. 

Kalita et al. 
(2015) 

Decoction is used as a 

treatment for rheumatism. 

Chithra and 

Geetha, (2016) 

Paste is used for burns 
relief. 

Bose (2011); 
Buragohain et 

al. (2011) 

Leaves Paste is used for skin cuts 
and wounds. 

Kalita et al. 
(2015) 

Aerial parts To relieve stomach ache, 

joint pain and headache. 

Bordoloi et al. 

(2017) 

Leaves 
and 

stem 

To treat urinary disorder 
and fever. 

Gogoi and 
Zaman (2011) 

Young 
shoots 

Flavouring agents. Bharali et al. 
(2017) 

Indonesia Aerial 

parts 

To relieve dizziness, 

headache, fever, 
stomachache. 

Waty et al. 

(2017) 

Bangladesh Whole 

plant 

To treat diarrhea. Rahmatullah et 

al. (2010) 

Leaves Paste made from the whole 

plant is used to relieve 

snake, insect or reptile bites 
as well as fever. 

Das et al. 

(2013) 

Dominician 

Republic 
and New 

York City 

Aerial 

parts, 
leaves 

Aerial parts are used asflu 

relief. Leaves are used for 
the treatment of vaginal 

infections and asthma. 

Vandebroek et 

al. (2010) 

DR Congo Leaves Consumed as part of diet. Termote et al. 
(2010) 

Papua New 

Guinea 

Leaves,

whole 
plant 

Leaves have antidepressant 

properties acne relief. 
Whole plant is used to treat 

fever and headache. 

Koch et al. 

(2015) 

Suriname Whole 
plant 

Use as herbal bath for 
general well-being. 

Ruysschaert et 
al. (2009) 

Leaves 

and 
stem 

Made into juice for the 

treatment of conjunctivitis. 

Kartika et al. 

(2016) 

Nigeria Leaves Athletes’ foot. Uzodimma 

(2013) 

Trinidad Whole 
plant 

Infusion or decoction is 
used to provide relief to cold 

and cough. 

Clement et al. 
(2015) 
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2.4.1.5 Phytochemistry 

Phytochemicals that contribute to the functional activities of P. 

pellucida have been reported to be found in different parts of the plant 

(Table 2.2), including the leaves, roots and stems (Alves et al., 2019). The 

leaves and stems collectively constitute the aerial part of the plant. The 

type of phytochemicals is essential to determine the possible therapeutic 

properties of each plant part (Ho et al., 2022b). For instance, the 

phytochemicals with significant functional activities of P. pellucida are 

concentrated in the aerial part of P. pellucida, including anti-angiogenic, 

anti-hyperglycaemic, anti-inflammatory, anti-microbial and blood pressure 

lowering properties (Alves et al., 2019). The phytochemical composition of 

P. pellucida can also be classified based on their volatility (Alves et al., 

2019). Most of the predominating compounds found in the plant fall under 

the phenylpropanoid and terpenoid categories of non-polar volatile 

compounds. For terpenes, monoterpenes and sesquiterpenes are found 

abundantly in the leaves and stem of the plant (Okoh et al., 2017). The 

leaf is mainly composed of d-limonene and β–caryophyllene whereas 

linalool, d-limonene, α-terpineol and β-caryophyllene are the major 

terpenoid constituents of essential oil in the stem of P. pellucida (Okoh et 

al., 2017). According to Verma et al. (2014), the major predominant 

phytochemicals found in the whole plant of P. pellucida are constituted of 

dillapiole, a phenylpropanoid with a mixture of sesquiterpenes such as β-

caryophyllene and carotol. 
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Table 2.2. The phytochemicals present in different parts of P. pellucida. 

Part of plant Compounds Reference 

Leaves D-limonene and β -
caryophyllene, 

Okoh et al. (2017) 

Carotol, dillapiole 

and β -caryophyllene 

Verma et al. (2014) 

γ-gurjunene, 1,10-di-epi-
cubenol, (E)-

caryophyllene and 
dillapiole 

Oliveira et al. (2017) 

Apiol, phytol, n-

hexadecanoic acid and E-
2-tetradecen-1-ol 

Narayanamoorthi et al. 

(2015) 

Phytol, 2-naphthalenol, 

hexadecanoic acid, 9,12-
octadecadienoic acid and 

patuloside A 

Khan et al. (2010); Wei 

et al. (2011) 

Stem 
 

Linalool, d-limonene, α-
terpineol and β-

caryophyllene 

Okoh et al. (2017) 

Carotol, dillapiole, trans-
β-guaiene and (E)-

caryophyllene 

Oliveira et al. (2017) 

Aerial part 3’,4’, dihydroxy-3-5-
dimethoxy flavone-7-O-β-

rhamnose, β-

caryophyllene, 
germacrene D, dillapiole 

and pellucidin A 

Bayma et al. (2000); 
François et al. (2013); 

Kurniawan et al. (2016)  

Roots Dillapiole, apiole, 
and β-caryophyllene 

Verma et al. (2014) 

Whole plant Carotol, dillapiole, 

pygmaein and β-
caryophyllene 

Verma et al. (2014) 

Dillapiole, carotol and (E)-

caryophyllene 

De Lira et al. (2009) 

Stigmasterol, analogue 

pheophytin, β-sitosterol-

D-glucopyranoside, 
piperidine-based alkaloid, 

vitexin, isoswertisin 
sesamin peperomins A, B, 

C and E 

Fachriyah et al. (2018); 

Hartati et al. (2015); 

Pappachen (2013); Xu 
et al. (2006) 
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Along with dillapiole, the apiole is another volatile constituent 

detected in the essential oil from the root part of P. pellucida (Verma et al., 

2014). De Lira et al. (2009) has reported that the essential oil of P. 

pellucida was mainly composed of dillapiole, carotol and (E)-caryophyllene. 

β-caryophyllene was also found to be the major phytochemicals along with 

germacrene D and dillapiole in the aerial part of the plant (François et al., 

2013). Oliveira et al. (2017) has reported the presence of γ-gurjunene, 

1,10-di-epi-cubenol, (E)-caryophyllene and dillapiole in the leaves as well 

as carotol, dillapiole, trans-β-guaiene and (E)-caryophyllene in the stem of 

P. pellucida. According to Narayanamoorthi et al. (2015), the leaves of P. 

pellucida consisted of apiole, phytol, n-hexadecanoic acid and E-2-

tetradecen-1-ol. The non-volatile compounds identified in P. pellucida were 

mainly polar due to their strong intermolecular forces (Alves et al., 2020; 

Dračínský, 2017). For instance, pellucidin A is a non-volatile, argon dimeric 

carbon compound that was first discovered in the aerial part of the plant 

(Bayma et al., 2000). Recent study has discovered that 2,4,5-

trimethoxystyrene, another phenylpropene is the precursor of pellucidin A 

and it was isolated along with dillapiole from the leaves of P. pellucida (de 

Moraes and Kato, 2021). Besides, a xanthone glycoside called patuloside A 

has been found to exhibit significant anti-bacterial activity in the leaves of 

P. pellucida (Khan et al., 2010).  

Vitexin, a flavones glycoside isolated from the whole plant of P. 

pellucida, displayed blood pressure lowering properties (Ho et al., 2022b). 

Another flavonoid compound, 3’, 4’, dihydroxy-3-5-dimethoxy flavone-7-O-

β-rhamnose, which is known to exhibit anti-angiotensin converting enzyme 

activity, has been isolated from the aerial part of the plant (Kurniawan et 

al., 2016). The flavones, isoswertisin, was isolated together with 

methylenedioxylignans sesamin along with peperomins A, B, C, E and five 
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other novel compounds which include two secolignans, two tetrahydrofuran 

lignans and dihydronaphthalenone from the whole plant (Xu et al., 2006). 

Furthermore, Hartati et al. (2015) had isolated pheophytin, a derivative of 

the chlorophyll pigment from the whole plant of P. pellucida. Moreover, an 

alkaloid with a piperidine-based structure was isolated from the entire part 

of P. pellucida by Fachriyah et al. (2018). The alkaloid extract possessed 

anti-xanthine oxidase activity even higher than that of P. pellucida ethanol 

(EtOH) extract. Figures 2.3 and 2.4 illustrate some common 

phytochemicals in Fischer projections that were previously discovered in P. 

pellucida. 

 

2.4.1.6 Nutritional and mineral compositions  

Apart from the phytochemical constituents, P. pellucida is also rich 

in nutrients especially lipids (Alves et al., 2019). Both saturated and 

unsaturated fatty acids are examples of lipids found extensively in the 

leaves of P. pellucida (Ho et al., 2022b). According to Teoh et al. (2021), 

the 9-octadecenoic acid is the major unsaturated fatty acid reported in the 

aerial part of the plant whereas the saturated fatty acid n-hexadecanoic 

acid was identified in the leaf plant extract of P. pellucida (Wei et al., 2011). 

Besides, phytosterol is a class of chlolesterol-like lipid commonly found in 

plants (Hartati et al., 2015). For instance, the stigmasterol and β-

sitosterol-D-glucopyranoside are some phytosterols isolated from the EtOH 

extract of P. pellucida along with pheophytin (Hartati et al., 2015). The 

presence of both lipids and chlorophyll derivatives may underscore P. 

pellucida as a promising candidate for the management of inflammatory 

conditions. 
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Figure 2.3. The Fischer projections of some common phytochemicals detected in P. pellucida. (A) Terpenes. (B) 

Peperomins. 
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Figure 2.4. The Fischer projections of some common phytochemicals detected 

in P. pellucida. (A) Phenylpropanoids. (B) Polyphenols. (C) Fatty acids. (D) Sterol. 

(E) Naphthalenes. (F) Glycosides. 
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On the other hand, the succulent characteristic of P. pellucida also 

imparts high moisture content to the plant (Ooi et al., 2012). The high level of 

ash content could be attributed to the significant amount of mineral content in P. 

pellucida (Ooi et al., 2012). Potassium is the richest source of mineral in the 

plant, followed by calcium, iron, sodium, zinc and copper (Ooi et al., 2012). 

Besides, Egwuche et al. (2011) also reported minute amount of magnesium and 

manganese in P. pellucida. The low sodium to potassium ratio may suggest P. 

pellucida as an ideal dietary source for hypertensive patients while the high 

calcium and iron content of the plant is suitable for calcium and iron 

supplementation, respectively (Park et al., 2016). In addition, the low zinc to 

copper ratio in P. pellucida could potentially lower the risk for cardiovascular 

disorders (Ooi et al., 2012). The phytochemical, nutritional and mineral profiles 

collectively suggest that the consumption of P. pellucida is beneficial in the 

pharmacological and nutritional aspects. Table 2.3 has summarised the 

nutritional and mineral compositions of P. pellucida. 
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Table 2.3. The nutritional and mineral compositions of P. pellucida. 

Category Nutritional and mineral 
contents 

Reference 

Saturated fatty acid 9-octadecenoic acid Teoh et al. (2021) 

Unsaturated fatty acid N-hexadecanoic acid Wei et al. (2011) 

Phytosterols Stigmasterol Hartati et al. (2015) 

β-sitosterol-D-

glucopyranoside 

Minerals Calcium Ooi et al. (2012) 

Copper 

Iron 

Potassium 

Sodium 

Zinc 

Magnesium Egwuche et al. (2011) 

Manganese 

 

2.4.1.7 Biological activities 

2.4.1.7.1 Anti-diabetic activity 

To date, several papers have highlighted the potential anti-diabetic 

effect of P. pellucida. A study conducted by Hamzah et al. (2012) has 

demonstrated a reduction of blood glucose in alloxan-induced 

hyperglycaemic mice fed on diet supplemented with P. pellucida. Similarly, 

Susilawati et al. (2017) showed that 8,9-dimethoxy ellagic acid from the 

leaf extract of P. pellucida could lower blood glucose by up to 33.7 % in 

mice model. Another study conducted by Sheikh et al. (2013) also revealed 

similar hypoglycaemic result in oral glucose tolerance test upon the 

consumption of P. pellucida extract when compared to the control mice 

group. According to Ho et al. (2022a), the ethyl acetate fraction of P. 

pellucida displayed strong inhibitory activities on the carbohydrate-
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hydrolysing enzymes, α-amylase and α-glucosidase, even greater than the 

standard drug acarbose. The inhibition of these enzymes is crucial to 

reduce the spike in blood glucose level (Ho et al., 2022a). 

An experiment conducted on sucrose-induced hyperglycaemic rats 

showed 58.15 % reduction in blood glucose upon fed with 40 mg/kg of P. 

pellucida EtOH extract (Salma et al., 2013). Another study found that 40 

mg/kg of P. pellucida EtOH and hexane fractions were able to reduce the 

blood glucose by 54.57 % and 51.25 %, respectively (Togubu et al., 2013). 

In India, an interesting docking study by Akhila et al. (2016) showed the 

strong ability of P. pellucida extract to inhibit AR when compared to the 

standards flavonoid and quercetin. AR is a rate-limiting enzyme of polyol 

pathway which is critical in the development of DM microvascular 

complications among the DM population (Tarr et al., 2013). In Malaysia, 

phytochemical screening test conducted by Raman et al. (2012) showed 

that the crude methanolic extract of P. pellucida contained phytochemical 

compounds such as alkaloids, saponin and flavones. These studies have 

highlighted the potential of P. pellucida as a therapeutic agent for 

managing diabetes. 

 

2.4.1.7.2 Anti-inflammatory activity 

 The carrageenan-induced oedema test is commonly used to 

evaluate the in vivo anti-inflammatory activity of a compound. It is based 

on the release of histamine and serotonin from the biological model within 

three hours after the injection of carrageenan thereby causing an 

oedematous response (Antônio and Souza Brito, 1998). Prostaglandins, 

bradykinins and leukotrienes are the mediators involved in the secondary 

phase of oedematous response after three hours (Antônio and Souza Brito, 
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1998). In a study conducted by Parise-Filho et al. (2011), the 

phytochemicals, dillapiole and phytol isolated from P. pellucida attenuated 

carrageenan-induced paw oedema within two hours of induction. This 

indicated that both phytochemicals inhibited histamine and serotonin in the 

primary phase of inflammation (Antônio and Souza Brito, 1998). Besides, 

phytol was also shown to suppress the secondary phase of oedematous 

response (Silva et al., 2019).  

In another study, the aqueous extract of the aerial part of P. 

pellucida was reported to display anti-inflammatory activity based on its 

inhibition against prostaglandin synthesis mechanism in rat and mouse 

models (Arrigoni-Blank et al., 2004). Significant anti-inflammatory activity 

was found in the petroleum ether extract of the plant with marked 

reduction of carrageenan-induced hind paw oedema in rat model after four 

hours of carrageenan induction (Mutee et al., 2010). This suggested the 

suppression of prostaglandins in the event of inflammation as well (Mutee 

et al., 2010). This finding could be beneficial to the management of DR in 

which inflammation plays a crucial part of the pathogenic process. A study 

carried out by Parawansah et al. (2016) demonstrated that P. pellucida 

EtOH extract inhibited xanthine oxidase activity with IC50 of 19.5 µg/ml. 

Furthermore, the non-polar hexane fraction of P. pellucida strongly 

inhibited the pro-inflammatory enzymes, lipoxygenase, COX-1 and COX-2. 

All the above evidence suggested that P. pellucida possessed the anti-

inflammatory activity against DR. 

 

2.4.1.7.3 Antioxidant activity 

 The antioxidant activity of P. pellucida has been evaluated in 

numerous studies. 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radicals 
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scavenging assay is commonly employed to assess the antioxidant activity 

of a sample (Nagarajan et al., 2017). Based on Wei et al. (2011), the 

methanolic leaf extract of P. pellucida displayed significant DPPH radical 

scavenging activity with an inhibition of 30 % at a concentration of 0.625 

μg/ml. The same study also showed the presence of phytol, 2-naphthalenol, 

hexadecanoic acid and 9, 12-octadecadienoic acid which were responsible 

for the antioxidant activity of the plant (Wei et al., 2011). In another study 

conducted by Mutee et al. (2010), the concentration of the plant required 

to scavenge 50 % of the DPPH radicals was even lower at 0.08 μg/ml. 

According to Okoh et al. (2017) and Oloyede et al. (2011), the antioxidant 

properties of P. pellucida extend beyond its reactivity towards DPPH, 

encompassing other free radicals like 2,2'-azino-bis(3-ethylbenzothiazoline-

6-sulfonic acid) (ABTS), hydrogen peroxide, and lipid peroxyl radicals. 

Furthermore, an increase in superoxide dismutase and catalase activities 

and a decrease in thioltransferase and thioredoxin reductase activities 

observed in the rat liver after treatment of P. pellucida methanolic extract 

suggested a good antioxidant response from P. pellucida extract against 

oxidative stress (Beltran-Benjamin et al., 2013). The extraction of 

antioxidants with methanol, n-butanol and ethyl acetate using reflux 

method yielded higher DPPH radical scavenging activity and ferric-reducing 

power compared to those found in maceration method where the ethyl 

acetate extract displayed the highest total phenolic content and antioxidant 

activity (Phongtongpasuk and Poadang, 2014). These findings suggested 

the potential of P. pellucida in mitigating oxidative stress which is linked to 

the development of DR. 
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2.4.1.7.4 Anti-angiogenic activity 

The anti-angiogenic activity of P. pellucida has been previously 

determined via ex vivo chorioallantoic membrane assay in which the crude 

methanolic plant extract displayed mild inhibition against blood vessel 

formation (26.81 %) as compared to the standard quercetin (60.24 %). 

The anti-angiogenic activity of the plant has been associated to alkaloids, 

phenolic compounds, tannins, carbohydrate derivatives and sterols 

(Camposano et al., 2016). Another study applying in vivo duck embryo 

chorioallantoic membrane assay reported a reduction in blood vessels 

branch points in the chorioallantoic membrane of duck embryo after 

administration of P. pellucida EtOH extract (Briones, 2019). According to 

Buhren et al. (2016), the substrate of hyaluronidase, HA, has been shown 

to possess anti-angiogenic properties, inhibiting blood vessel formation. 

Therefore, the potential of P. pellucida herbal tea to inhibit hyaluronidase 

enzyme activity, responsible for breaking down HA, suggests a possible 

anti-angiogenic activity of the plant (Ng et al., 2021). The studies 

mentioned above collectively offer compelling evidence supporting P. 

pellucida as a potential source of anti-angiogenic compounds. Such findings 

suggest that the plant could hold promise for managing neovascularization 

in DR. 

 

2.4.1.7.5 Anti-microbial activity 

 Past research has provided substantial evidence regarding the 

antimicrobial properties of P. pellucida against Gram-positive, Gram-

negative bacteria and fungi. In Malaysia, The methanol leaf extract of P. 

pellucida demonstrated inhibitory effects against Escherichia coli and 

Pseudomonas aeruginosa, with a minimum inhibitory concentration (MIC) 
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of 31.2 μg/ml (Wei et al., 2011). Besides, it inhibited Klebsiella sp. and 

Salmonella sp. at concentration of 62.5 μg/ml and 125 μg/ml, respectively 

(Wei et al., 2011). On the other hand, the EToH extract was assessed 

against Staphylococcus aureus, Enterococcus faecalis, Bacillus cereus, 

Salmonella typhi, Proteus mirabilis, and E. coli using the disc diffusion 

technique (Igwe and Mgbemena, 2014). However, the extract displayed 

notably high MIC values, suggesting its lack of activity against the tested 

bacteria. The antifungal activity of P. pellucida against Aspergillus sp. has 

also been described previously, attributing to the presence of apiole (Alves 

et al., 2019). Patuloside A, the xanthone glycoside from P. pellucida, 

exhibited significant activity against the Gram-positive Staphylococcus 

aureus and Gram-negative Shigella dysenteriae with MIC values ranging 

from 8 to 64 μg/ml (Khan et al., 2010). 

 

2.4.1.7.6 Blood pressure lowering activity 

The blood pressure reducing effect of P. pellucida could be valuable 

in addressing DR due to a connection between the intraocular pressure and 

systemic blood pressure. This relationship involves the β-2 receptors, 

which are responsible for the production of aqueous humour in the eyes 

(Machiele et al., 2022). For instance, the aqueous extract of P. pellucida 

was found to target the nitric-oxide signalling pathway and exert blood 

pressure reducing effects such as bradycardia and vasodilation in rodents 

(Nwokocha et al., 2012). Diet supplemented with methanolic extract of P. 

pellucida consisting of glycosides and alkaloids reduced the overall blood 

pressure and heart rate by targeting the β–2 receptors in rat models 

(Fasola and Adeboye, 2015). In another study, 3’,4’,dihydroxy-3-5-

dimethoxy flavone-7-O-β-rhamnose detected in P. pellucida exhibited high 
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angiotensin-converting enzyme inhibitory activity (IC50 = 3.59 µg/mL) 

when compared to the standard drug captopril (IC50 = 7.72 µg/mL) 

(Kurniawan et al., 2016). Its enzyme inhibitory activity was found to 

increase (IC50 = 3.44 µg/mL) in the ethyl acetate plant fraction, possibly 

due to the synergistic interactions among the phytochemicals 

(Hajimehdipoor et al., 2014). The presence of 5,6,7-trimethoxy-4-(2,4,5-

trimethoxyphenyl)-3,4-dihydronaphthalen-1(2H)-one in P. pellucida, which 

displayed high affinity towards angiotensin-converting enzyme, further 

supports the blood pressuring lowering activity of the plant (Ahmad et al., 

2019). The enzyme binding ability of this compound (–6.78 kcal/mol) was 

comparable to captopril (–6.36 kcal/mol). Furthermore, a flavone glycoside 

detected in P. pellucida also displayed blood pressure lowering activity, 

probably due to its inhibitory action on angiotensin-converting enzyme 

(Pappachen, 2013). The above findings collectively suggest that the blood 

pressure lowering activity of P. pellucida could be crucial in the 

management of DR. 

 

2.4.1.8 Toxicity studies 

The cytotoxicity of P. pellucida has been previously evaluated with 

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) assay 

in malignant tissues, including the breast adenocarcinoma (Pejin et al., 

2014), cervical carcinoma (Pappachen and Chacko, 2013; Pejin et al., 

2014), colon carcinoma (Narayanamoorthi et al., 2018; Pejin et al., 2014), 

hepatic carcinoma (Pappachen and Chacko, 2013), promyelocytic 

leukaemia and prostate cancer-3 cell lines (Li et al., 2019; Pejin et al., 

2014). Besides, normal tissues such as embryonic kidney tissues and 

human foetal lung fibroblast have also been subjected to cytotoxicity test 
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with P. pellucida samples (Pappachen and Chacko, 2013; Pejin et al., 

2014). Intriguingly, the methanolic extract of P. pellucida was shown to 

display low cytotoxicity towards the normal embryonic kidney cell line 

when compared to the other malignant cell lines (Pappachen and Chacko, 

2013). The terpene, phytol previously isolated from P. pellucida, were toxic 

towards other malignant tissues but not for normal human foetal lung 

fibroblast cell line (Pejin et al., 2014). In contrast, cytotoxicity towards 

colon carcinoma and breast adenocarcinoma was observed for P. pellucida 

extract (François et al., 2013; Narayanamoorthi et al., 2018). Previous in-

vitro studies have collectively suggested that P. pellucida is safe to be 

applied to ARPE-19 as it was toxic against most cancerous cell lines but 

non-toxic towards the normal human cell lines. 

The toxicity of P. pellucida has also been assessed with in-vivo 

biological models. For instance, it was found that the polar aqueous plant 

fractions did not cause significant death rate among the brine shrimp 

population (Oloyede et al., 2011). In another study, the EtOH extract of P. 

pellucida also showed significant toxicity towards the brine shrimps (Htun 

et al., 2018). Despite that, a previous study has suggested that both 

aqueous and EtOH plant extracts were mildly toxic towards the brine 

shrimps (Bibanco et al., 2016). In an in-vivo toxicity study conducted on 

mice model, the application of P. pellucida methanolic extract did not result 

in toxicological manifestation (Waty et al., 2017). Likewise, the aqueous 

extract of P. pellucida was also not toxic to the mice up to a dosage of 

5000 mg/kg (Sheikh et al., 2013). Furthermore, liver damage was not 

observed in rats exposed to P. pellucida extract, in which the hepatic vein, 

histopathology and biomarkers such as alanine phosphatase and alkaline 

phosphatase were monitored (Kartika et al., 2016). However, the rats 

experienced mild liver fibrosis after a fortnight-long treatment with P. 
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pellucida methanol extract (Kartika et al., 2016). The irritability of P. 

pellucida extract towards ocular tissues has been evaluated with ex-vivo 

hen’s egg chorioallantoic membrane test (Mckenzie et al., 2015). It was 

found that the plant extract could prevent sodium dodecyl sulfate  

(SDS)-induced haemorrhage in the blood capillary (Bork et al., 1997). In 

addition, the ethnobotanical use of P. pellucida to alleviate ocular 

inflammation also did not result in serious adverse effects, except for 

allergy in some rare cases (Ho et al., 2022b). All the above evidence based 

on in-vivo and ex-vivo studies confirmed the safety profile of P. pellucida in 

animal models. 



59 

 

Chapter III 

Methodology 

3.1 List of materials and equipment 

 The list of materials, chemical reagents and equipment utilised for 

plant processing and extraction as well as experiments for phase 1, phase 

2 and phase 3 studies were provided in Appendix A1 and A2, respectively. 

 

3.2 Plant processing 

 The plant processing step served as the primary phase in preparing 

the P. pellucida samples for subsequent phases of studies. It consisted of 

several key stages: fresh sample collection, plant sample authentication, 

sample cleaning and grinding, plant maceration and fractionation, as well 

as sample preparation for analysis. 

 

3.2.1 Fresh sample collection 

 Approximately 10 kilograms of fresh P. pellucida were harvested in 

Selangor and Federal Territory of Kuala Lumpur, Malaysia, between 

September 2019 and December 2019. The plant samples were gathered 

specifically from humid loamy soil located at multiple shady and humid 

areas to reduce the variability of physical and chemical traits that may be 

resulted from the impact of geographical and environmental factors 

(Robinson et al., 2022). Among the different types of soil, loamy soil 

displays the highest level of moisture and nutrient retention while attaining 

the equilibrium of sandy, clay and silt properties (Vittum, 2009), which 

makes loamy soil the ideal soil type for maintaining the chemical and 
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moisture contents of P. pellucida. The list of locations where the P. 

pellucida was collected, was shown in Table 3.1. 

Table 3.1. The list of locations where P. pellucida was collected. 

No. Location Coordinate 

1 Bandar Damai Perdana, Cheras, 

Federal Territory of Kuala Lumpur 

3°02'59.1"N 

101°44'06.3"E 

2 Jalan Pelanduk, Kuala Lumpur, Federal 

Territory of Kuala Lumpur 

3°08’17.7”N 

101°42’52.9”E 

3 Rimba Ilmu Botanic Garden, Kuala 

Lumpur, Federal Territory of Kuala 

Lumpur 

3°07'51.3"N 

101°39'28.8"E 

4 Taman Rasa Sayang, Cheras, Selangor 3°04’17.1”N 

101°45’22.0”E 

5 Taman Sri Aman, Cheras, Selangor 3°04'18.7"N 

101°45'31.4"E 

6 University of Nottingham Malaysia, 

Semenyih, Selangor 

2°56'45.5"N 

101°52'26.4"E 

 

3.2.2 Plant sample authentication 

A complete whole plant of P. pellucida, which consisted of the leaves, 

fruiting spikes, stem and roots was rinsed with running water and shade 

dried under well-ventilated condition (25 ± 2°C). The dried plant sample 

was embedded on an A4-sized paper and sent to the Rimba Ilmu Botanic 

Garden of University of Malaya for plant authentication purpose. A voucher 
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specimen (KLU50130) of P. pellucida was deposited at the University of 

Malaya Herbarium. 

 

3.2.3 Sample cleaning and grinding 

 Upon sampling, the aerial part of P. pellucida was immediately 

washed with distilled water to remove soil and other impurities. As the 

presence of water molecules in the plant matrix could prevent the 

extraction of phytochemicals (Chaves et al., 2020). The plant was then 

shade-dried under well-ventilated condition (25 ± 2°C) to eliminate the 

interference of water in the subsequent extraction process (Chaves et al., 

2020). This was followed by grinding of the dried plant sample into coarse 

powder with a mechanical grinder. The fine powder (<125 µm) was 

separated with a strainer with mesh size of 100 (equivalent to 125 µm 

openings). Grinding increases the surface area by reducing the size of the 

particles (Rezazi et al., 2017). This would promote the diffusion of 

phytochemicals into solvents during the extraction process (Rezazi et al., 

2017). The powder was stored at -20°C until plant maceration and 

fractionation. 

 

3.2.4 Plant maceration and fractionation 

 Approximately 1 kg of coarse plant powders were macerated with 

absolute methanol in a solid-solvent ratio of 1:10 for 3 days at room 

temperature on an orbital shaker set to 100 rpm (Ho et al., 2022a). 

Methanol was selected as the extraction solvent as polar solvents are 

highly effective for the extraction of phytochemicals (Chaves et al., 2020). 

According to Abu et al. (2017), the plant antioxidants extraction yield of 
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methanol was greater than EtOH, making it the solvent of choice for plant 

extraction. Besides, the boiling point of methanol is lesser than EtOH 

(Helmenstine, 2019). Hence, heat-labile compounds are more likely to be 

preserved during the extraction process. The methanol extract was filtered 

with No.1 Whatman filter paper and concentrated under reduced pressure 

at 40°C to obtain crude methanolic extract. Two grams of crude methanolic 

extract was dissolved in 60 ml of distilled water and fractionated 

successively in an increasing order of polarity with equal volume of 

hexanes, chloroform, ethyl acetate and n-butanol. According to Nawaz et 

al., (2020), this is also known as serial exhaustive extraction technique. 

This method served as the preliminary large-scale separation of 

phytochemical compounds from crude methanolic extract (Nawaz et al., 

2020). The solvents were selected based on polarity index with equal 

difference as solvent polarity could influence the solubility of 

phytochemicals (Nawaz et al., 2020). Each plant fraction was filtered and 

concentrated under reduced pressure at 40°C to obtain the dried plant 

fractions. The solvent-free extracts were stored in air-tight glass containers 

at -20°C until analysis. Figure 3.1 outlines the overall steps of plant 

processing. 
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Figure 3.1. Procedure of plant sample processing. 

 

3.2.4.1 Extraction yield 

The extraction yield (%) of crude methanolic extract and plant 

fractions was calculated as follows: 

Crude methanolic extract (%) =   

 

Plant fraction (%) =   

 

3.2.5 Sample preparation for analysis 

The sample stock was prepared by dissolving the solvent-free 

extracts (10 mg/ml) in 5 % dimethyl sulfoxide (DMSO). For phase 1 

analysis, the sample stock was diluted to the desired concentration with 

distilled water, ensuring that the final concentration of DMSO did not 

exceed 0.5 %. 
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3.3 Phase 1: Quantification of biological activities and 

phytochemicals 

3.3.1 Phytochemicals 

3.3.1.1 Total phenolic content (TPC) 

3.3.1.1.1 Principle 

 The Folin-Ciocalteu assay is based on the reduction of the 

heteropolyphosphotungsate–molybdate by the phenolic compounds to form 

the blue phosphotungsteic-phosphomolybdenum chromophore. This assay 

is widely used to determine the TPC in biological sample (Jadhav et al., 

2012). The sodium carbonate solution imparts the alkalinity required by 

the phenolic compounds to be dissociated into phenolate anions (Jadhav et 

al., 2012). The phenolate anions are responsible for the reduction process 

(Jadhav et al., 2012). The absorbance of the blue chromophore formed will 

be measured at 750 nm (Singleton and Rossi, 1965). 

 

3.3.1.1.2 Procedure 

The determination of TPC was based on the method described by 

Singleton and Rossi (1965) with slight modifications. The reaction mixture 

consisted of 10 % Folin-Ciocalteu solution and 1 mg/ml sample. The 

reaction mixture was incubated for 3 minutes in the dark at room 

temperature. Following the addition of 10 % sodium carbonate solution, 

the mixture was incubated for 1 hour in the dark at room temperature and 

the absorbance was measured at 750 nm against the sample blank with a 

microplate reader. Gallic acid solution was used as the standard. The TPC 
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of plant extract was expressed as miligram gallic acid equivalent per gram 

of sample (mg GAE/g).  

TPC level (mg GAE/g) =  

 

3.3.1.2 Total flavonoid content (TFC) 

3.3.1.2.1 Principle 

 The aluminium chloride method is a common semi-quantitative 

technique to determine the TFC in biological sample (Pontis et al., 2014). 

This assay is based on the formation of yellow acid complex from the 

reaction between aluminium ions and ketone or hydroxyl groups in 

flavones and flavonols (Bag et al., 2015). The reagent also forms acid 

complex with the ortho-dihydroxyl groups of flavonoids (Bag et al., 2015). 

The absorption of the yellow complex formed will be measured at a 

wavelength of 415 nm (Lee et al., 2011). 

 

3.3.1.2.2 Procedure 

 The determination of TFC was based on the method described by 

Lee et al. (2011) with minor modifications. The reaction mixture consisted 

of 1 mg/ml sample, distilled water, 95 % EtOH, 1 M potassium acetate and 

10 % aluminum chloride. The reaction mixture was incubated for 30 

minutes in the dark at room temperature. The absorbance was measured 

at 415 nm against the sample blank with a microplate reader. Quercetin 

solution was used as the standard. The sample and 10 % aluminum 

chloride solution were replaced by distilled water for negative control and 
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sample blank, respectively. The TFC of plant extract was expressed as 

miligram quercetin equivalent per gram of sample (mg Qct/g). 

TFC level (mg Qct/g) =  

 

3.3.1.3 Tannin content 

3.3.1.3.1 Principle 

 Tannins are high molecular weight polyphenols that are present in 

most plants (Soares et al., 2020). As tannins are classified as phenolic 

compounds, the method of determining the tannin content involves the 

application of TPC assay (Siddhuraju and Manian, 2007). The method also 

takes advantage of the high affinity of PVPP towards tannins (Mahlo and 

Chauke, 2012). Centrifugation aids in the separation of PVPP-tannin 

complex from the supernatant, which will be subjected to TPC 

determination (Siddhuraju and Manian, 2007). The TPC difference between 

the samples treated with and without PVPP denotes the amount of tannins 

that are present in the sample (Siddhuraju and Manian, 2007). 

 

3.3.1.3.2 Procedure 

 The determination of tannin content was carried out according to 

the method described by Ng et al. (2020). Ten milligrams of PVPP were 

incubated with 1 mg/ml of sample (500 µL) at 4°C for 15 minutes. After 

the mixture was centrifuged at 15000 x g for 10 minutes, the supernatant 

was used for the determination of TPC. The difference of TPC between the 

sample and negative control was equivalent to the amount of tannins that 

were present in the sample. For negative control, PVPP was replaced with 
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distilled water. Tannic acid was used as the standard. The tannin content of 

plant extract was expressed as miligram tannic acid equivalent per gram of 

sample (mg TAE/g). 

Tannin content (mg TAE/g) =  

 

3.3.1.4 Saponin content 

3.3.1.4.1 Principle 

 The determination of saponin content with vanillin-sulphuric acid 

method is based on the oxidation of saponins present in the biological 

sample by sulphuric acid (Le et al., 2018). The reaction between the 

oxidised saponins and vanillin gives rise to the formation of red-purplish 

complex that can be measured at 560 nm (Le et al., 2018).  

 

3.3.1.4.2 Procedure 

 The saponin content of sample was measured using the vanillin-

sulphuric acid method described by Le et al. (2018). Briefly, twenty-five 

microliters of sample (1 mg/ml) were incubated with 4 % vanillin dissolved 

in EtOH and 72 % sulphuric acid at 60°C for 15 minutes. The mixture was 

then cooled to room temperature for 5 minutes before the absorbance was 

read at 560 nm against the sample blank with a microplate reader. Quillaja 

saponin was used as the standard. The saponin content of plant extract 

was expressed as miligram quillaja saponin equivalent per gram of sample 

(mg QSE/g). 

Saponin content (mg QSE/g) =  
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3.3.1.5 Alkaloid content 

3.3.1.5.1 Principle 

 The measurement of alkaloid content with bromocresol green 

method is based on the formation of yellowish complex from the reaction 

between bromocresol green and nitrogen-containing alkaloids in the 

sample (Zhang et al., 2016a). The pH of the reaction is balanced with the 

use of potassium hydrogen phthalate, an acidic salt (Zhang et al., 2016a). 

The non-polar yellow complex that forms can be extracted with chloroform, 

from which the absorbance was measured (Zhang et al., 2016a).  

 

3.3.1.5.2 Procedure 

 The determination of alkaloid content was performed based on the 

bromocresol green method described by Zhang et al. (2016a) with slight 

modifications. Briefly, one part of sample (1 mg/ml) was mixed with five 

parts of citrate buffer solution (pH 5.4). Then the mixture was 

homogenised with working reagent comprising of 0.5 mg/ml of 

bromocresol green and 10 mg/ml potassium hydrogen phthalate. After the 

addition of chloroform, the mixture was shaken vigorously for 30 seconds 

and incubated at room temperature for 50 minutes. The absorbance of the 

chloroform layer was read at 416 nm with a microplate reader. Berberine 

chloride was used as the standard. The alkaloid content of plant extract 

was expressed as miligram berberine chloride equivalent per gram of 

sample (mg BCE/g). 

Alkaloid content (mg BCE/g) =  
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3.3.2 Antioxidant activities 

3.3.2.1 Ferric-reducing antioxidant power (FRAP) 

3.3.2.1.1 Principle 

 The FRAP assay measures the ability of an antioxidant to reduce 

ferric ion into ferrous ion (Fe2+) in the presence of 2,4,6-tripyridyl-s-

triazine. This assay is based on the single electron transfer (SET) 

mechanism (Cerretani and Bendini, 2010). The ionising potential is used to 

gauge the antioxidant capability in the SET mechanism in which the lower 

the ionising potential, the easier the electron will be transferred to the 

radicals (Liang and Kitts, 2014). The reaction is maintained at a low acidic 

condition to enhance the redox potential (Cerretani and Bendini, 2010). 

This is accompanied by corresponding reduction in ionization potential that 

facilitates the transfer of hydrogen atom (Cerretani and Bendini, 2010). 

The absorption of the Fe2+-coloured product formed from the reduction will 

be measured at a wavelength of 593 nm to determine the ferric-reducing 

ability of the antioxidant (Cerretani and Bendini, 2010). 

 

3.3.2.1.2 Procedure  

 The FRAP assay was performed according to the method described 

by Benzie and Strain (1996) with minor modifications. The reaction mixture 

consisted of 1 mg/ml sample and FRAP reagent. The FRAP reagent was 

prepared from 300 mM sodium acetate buffer (pH 3.6), 10 mM 2,4,6-

tripyridyl-s-triazine solution prepared in 40 mM hydrochloric acid and 20 

mM ferric chloride hexahydrate in a ratio of 10:1:1. The reaction mixture 

was incubated at room temperature for 4 minutes and the absorbance was 

measured at 595 nm with a microplate reader against a sample blank. 
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Ferrous sulphate heptahydrate was used as the standard. The FRAP value 

of plant extract was expressed as mmol Fe2+ equivalents per gram of 

sample (mmol Fe2+/g). 

FRAP level (mmol Fe2+/g) =  

 

3.3.2.2 DPPH radical scavenging activity 

3.3.2.2.1 Principle 

 The DPPH radical scavenging assay is an antioxidant assay based on 

the SET mechanism that measures the capacity of an antioxidant in 

scavenging the stable free radical, DPPH (Liang and Kitts, 2014). The DPPH 

radical is characterised by its deep violet colour as a result of delocalization 

of spare electron over the molecular structure which makes the molecules 

less likely to dimerise (Kedare and Singh, 2011). In DPPH radical 

scavenging assay, the nitrogen atoms in the purple DPPH radicals were 

reduced to form non-radical diphenylpicrylhydrazine upon accepting a 

hydrogen atom from the sample with antioxidant properties (Kedare and 

Singh, 2011). Ultimately, this process renders a colourless reaction 

(Kedare and Singh, 2011). 

 

3.3.2.2.2 Procedure  

 DPPH radical scavenging assay was performed according to 

Gerhäuser et al. (2003) with minor modifications. The reaction mixture 

consisted of 1 mg/ml sample and 100 µM DPPH reagent. The reaction 

mixture was incubated at room temperature in the dark for 15 minutes. 

The decrease of absorbance was monitored every 15 minutes for 2 hours at 
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515 nm with a microplate reader. Ascorbic acid was used as the standard. 

The sample was replaced with distilled water as negative control. The DPPH 

radical scavenging activity of plant extract was expressed as the half-

maximal inhibitory concentration (IC50) in mg/ml, which was derived from 

the DPPH radical scavenging activity (%) calculated as follows: 

DPPH radical scavenging activity (%)=  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.2.3 ABTS radical scavenging activity 

3.3.2.3.1 Principle 

 The 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 

(Trolox) equivalent antioxidant capacity assay is based on the hydrogen 

atom transfer mechanism which measures the scavenging ability of 

antioxidants against ABTS radical cation (ABTS°+), a blue chromophore 

(Liang and Kitts, 2014). Unlike DPPH radicals, which is sensitive towards 

acidic condition, Trolox equivalent antioxidant capacity assay can be 

applied to reaction wider range of pH (Ou et al., 2002). Prior to this assay, 

the ABTS°+ is generated from the reaction between ABTS salt and an 

oxidising agent, potassium persulfate (Shalaby and Shanab, 2013). The 

decolorization of green colour ABTS indicates the quenching of the radical 

cations by sample antioxidants (Ilyasov et al., 2020).  

 

3.3.2.3.2 Procedure 
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The Trolox equivalent antioxidant capacity assay was performed 

according to Re et al. (1999) with minor modifications. The ABTS reagent 

was prepared from 7 mM ABTS diammonium salt and 140 mM potassium 

persulfate. The mixture was incubated in the dark at room temperature for 

16 hours. The mixture was then diluted with distilled water in a volume 

ratio of 1:30. The reaction mixture consisted of 1 mg/ml sample and 2.45 

mM ABTS reagent. The reaction mixture was incubated at room 

temperature for 1 minutes. The decrease of absorbance was monitored at 

734 nm with a microplate reader. The sample was replaced with distilled 

water as negative control. Trolox was used as the standard. The ABTS 

radical scavenging activity of plant extract was expressed as IC50 in mg/ml, 

which was derived from the ABTS radical scavenging activity (%) 

calculated as follows: 

ABTS radical scavenging activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.2.4 Lipid peroxidation inhibitory activity 

3.3.2.4.1 Principle 

 The thiobarbituric acid-reactive species assay is commonly used to 

estimate the capacity of biological sample in inhibiting lipid peroxides 

(Upadhyay et al., 2014). In this assay, the egg-yolk homogenate serves as 

the lipid substances from which lipid peroxides are produced (Upadhyay et 

al., 2014). The ferrous sulphate induces lipid peroxidation in 

polyunsaturated fatty acids and yields malondialdehyde, which 

subsequently reacts with thiobarbituric acid to produce a pinkish-red 

chromogenic product (Upadhyay et al., 2014). The product is then 
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extracted with n-butanol and the resulting absorbance is measured 

spectrophotometrically at 532 nm (Upadhyay et al., 2014). 

 

3.3.2.4.2 Procedure 

 This assay was based on thiobarbituric acid-reactive species assay 

described by Upadhyay et al. (2014) with minor modifications. The reaction 

mixture consisted of 10 % egg homogenate, 1 mg/ml sample, distilled 

water and 0.07 M ferrous sulphate. The reaction mixture was incubated for 

30 minutes at room temperature. Next, 20 % acetic acid and 0.8 % 

thiobarbituric acid in 1.1 % sodium dodecyl sulphate and 20 % TCA were 

added, vortexed, and heated in a boiling water bath for 60 minutes. After 

cooling, n-butanol was then added and centrifuged at 3000 rpm for 10 

minutes. Ascorbic acid was used as the standard. For negative control, 

sample was replaced with distilled water. The absorbance of the 

supernatant was measured at 532 nm against n-butanol. The lipid 

peroxidation inhibitory activity of plant extract was expressed as IC50 in 

mg/ml, which was derived from the lipid peroxidation inhibitory activity (%) 

calculated as follows: 

Lipid peroxidation inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.2.5 Antioxidant index (AI) 

 According to Puttaraju et al. (2006), the AI was used to categorise 

the antioxidant potential of biological sample. To determine the AI of each 

plant extract, the mean of relative percentage values derived from the 4 
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antioxidant assays; namely the FRAP, DPPH, ABTS and lipid peroxidation 

inhibitory assays were used to determine the AI. The highest value in each 

assay was converted to 100 while the remaining lower values were 

converted based on the numerical scale. Based on the percentage values, 

the plant extracts were graded into very high (76-100 %), high (51-75 %), 

moderate (26-50 %) and low (0-25 %) AI fractions. 

 

3.3.3 Anti-inflammatory activities 

3.3.3.1 Cyclooxygenase (COX) 1 and 2 inhibitory activities 

3.3.3.1.1 Principle 

 COXs are myeloperoxidases superfamily of fatty-acid oxygenases 

that catalyses the production of prostaglandins that are involved in the 

generation of fever and pain during inflammation (Rouzer and Marnett, 

2009). COXs are bifunctional as the enzymes exert both the COX and 

peroxidase effects (Rouzer and Marnett, 2009). COXs oxidise the substrate 

AA via its tyrosyl radical to synthesise prostaglandin G2 and the peroxidase 

reduces prostaglandin G2 to Prostaglandin H2 which is the precursor of 

thromboxane and prostacyclin (Rouzer and Marnett, 2009).  

 

3.3.3.1.2 Procedure 

COXs inhibitory assay was performed according to Gacche et al. 

(2011). The assay was used to evaluate the peroxidase activity by 

measuring the generation of oxidised N, N, N’, N’-tetramethyl-p-

phenylenediamine (Cayman Chemical, 2020). The reaction mixture 

consisted of 0.1 M Tris-hydrochloric acid (pH 8.0), sample (0.5 mg/ml), 

0.046x diluted hemin and 0.25x diluted enzyme (COX-1 or COX-2). The 

plate was gently agitated for few seconds and incubated at room 



75 

 

temperature for 5 minutes. The colorimetric substrate solution was then 

added, followed by 1.1 mM AA. The plate was gently agitated for few 

seconds and incubated at room temperature for 2 minutes. The absorbance 

was measured at 590nm against the sample blank with a microplate reader. 

Distilled water and buffer were used to replace the sample and enzyme for 

reagent blank and sample blank, respectively. Acetylsalicylic acid was used 

as the standard. For negative control, sample was replaced with water. The 

COX inhibitory activity of plant extract was expressed as percentage 

inhibition (%) calculated as follows: 

COX inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.3.2 5-Lipoxygenase (LOX) inhibitory activity 

3.3.3.2.1 Principle 

 Lipoxygenases are a family of enzymes that catalyse the oxidation 

of polyunsaturated fatty acids which consist of the Z, Z-pentadienyl 

fragment in their structure (Peters-Golden and Brock, 2003). 

Lipoxygenases can be classified into LOX, 8-lipoxygenase, 11-lipoxygenase, 

12-lipoxygenase and 15-lipoxygenase with their common substrates being 

the arachidonic acid (AA) and linoleic acid depending on the origin of 

lipoxygenases (Butovich and Lukyanova, 2008). Linoleic acid is the 

substrate for the LOX of plant origin, also known as the lipoxidases 

(Butovich and Lukyanova, 2008). The final product that forms from the 

oxidation of linoleic acid is known as hydroperoxyoctadecadienoic acid 

(Butovich and Lukyanova). The LOX inhibitory activity increases with the 

concentration of the plant extracts (Butovich and Lukyanova). This was 
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accompanied with corresponding decrease in the production of 

hydroperoxyoctadecadienoic acid, which will be indicated by the reduced 

absorbance (Butovich and Lukyanova). 

 

3.3.3.2.2 Procedure 

 LOX inhibitory assay was based on the method as described by 

Perera et al. (2016) with minor modifications. The reaction mixture 

consisted of 1 mg/ml sample and 165 U/ml LOX dissolved in 100 mM 

sodium phosphate buffer (pH 8.0). The reaction mixture was incubated at 

37°C in the dark for 10 minutes. Ten millimolar sodium linoleic acid 

dissolved in Tween® 20 were then added to the reaction mixture. The 

change in absorbance was monitored every minute for 10 minutes at 290 

nm against the sample blank with a microplate reader. The sample and 

sodium linoleic acid were replaced by distilled water for negative control 

and sample blank, respectively. Quercetin solution was used as the 

standard. The LOX inhibitory activity of plant extract was expressed as IC50 

in mg/ml, which was derived from the LOX inhibitory activity (%) 

calculated as follows: 

LOX inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.3.3 Xanthine oxidase (XO) inhibitory activity 

3.3.3.3.1 Principle 

 XO is an enzyme that catalyses the hydroxylation of hypoxanthine 

to xanthine, and subsequently to uric acid (Kostić et al., 2015). XO has 
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been implicated in the development of metabolic syndrome through its 

involvement in oxidative stress and inflammation (Feoli et al., 2014). In 

this assay, the xanthine served as the substrate for XO and the oxidation 

of xanthine was monitored kinetically at 295 nm (Noro et al., 1983). 

 

3.3.3.3.2 Procedure 

 XO inhibitory assay was performed according to Quy and Xuan 

(2019) with slight modifications. The reaction mixture was consisted of 1 

mg/ml sample, 100 mM sodium phosphate buffer (pH 7.5) and 1 U/ml XO 

dissolved in the same buffer. The reaction mixture was incubated at room 

temperature for 15 minutes, followed by the addition of 8 mM xanthine. 

The absorbance was monitored kinetically every minute for 30 minutes at 

295 nm against the sample blank with a microplate reader. Quercetin 

served as the standard. For negative control, the sample was replaced with 

distilled water. For sample blank, the enzyme was replaced with buffer. The 

XO inhibitory activity of plant extract was expressed as IC50 in mg/ml, 

which was derived from the XO inhibitory activity (%) calculated as follows: 

XO inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.3.4 Hyaluronidase inhibitory activity 

3.3.3.4.1 Principle 

  Hyaluronidases are a family of enzymes involved in the degradation 

of HA via the hydrolysis of hexosaminidic β-1,4 bond between N-

acetylglucosamine and glucuronic acid (Cavallini et al., 2013). HA is one of 

the essential components in the extracellular matrix that are known to 
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involve in the attenuation of inflammatory responses (Buhren et al., 2016). 

HA is also capable of preventing the formation of blood vessels in addition 

to its ability in immunosuppression (Buhren et al., 2016). The 

hyaluronidase inhibitory assay is based on the enzymatic cleavage of HA, 

producing N-acetylglucosamine (Wilkinson et al., 1996). The calcium 

chloride solution acts as an enzyme stabilising agent (Ma et al., 2006). An 

intermediary product forms upon heating of N-acetylglucosamine with 

alkaline tetraborate (Wilkinson et al., 1996). The reaction between the 

intermediary product and p-dimethylaminobenzaldehyde gives rise to the 

generation of purple coloured product (Wilkinson et al., 1996). 

 

3.3.3.4.2 Procedure 

 The hyaluronidase inhibitory assay was performed according to 

Perera et al. (2016) with slight modification. The reaction mixture consisted 

of 1 mg/ml sample and 4200 U/ml hyaluronidase, both dissolved in acetate 

buffer (100 mM, pH 3.6). The reaction mixture was incubated at 37ºC for 

20 minutes. Then 12.5 mM calcium chloride was added and the reaction 

mixture was incubated at 37ºC for 10 minutes. After that, 12 mg/ml 

sodium hyaluronate was added and incubated at 37°C for 40 minutes. This 

was followed by the addition of 0.9 M sodium hydroxide and 0.2 M 

disodium tetraborate. After incubating in boiling water bath for 3 minutes, 

67 mM p-dimethylaminobenzaldehyde was added. The reaction mixture 

was incubated at 37ºC for 10 minutes. Then the absorbance was measured 

at 585 nm against the sample blank with a microplate reader. Tannic acid 

served as the standard. For negative control, the sample was replaced with 

acetate buffer. For sample blank, the enzyme was replaced with buffer. The 

hyaluronidase inhibitory activity of plant extract was expressed as IC50 in 
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mg/ml, which was derived from the hyaluronidase inhibitory activity (%) 

calculated as follows: 

Hyaluronidase inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.3.5 Anti-inflammatory index (AII) 

 The AII was used to categorise the anti-inflammatory potential of 

biological sample and it was derived from the AI formulated by Puttaraju et 

al. (2016). The mean of relative percentage values of the plant extracts in 

the 5 anti-inflammatory assays; namely, the COX-1, COX-2, LOX, XO and 

hyaluronidase inhibitory assays were used to determine the AII. The 

highest value in each assay was converted to 100 while the remaining 

lower values were converted based on the numerical scale. Based on the 

percentage value, the plant extracts were graded into very high (76-

100 %), high (51-75 %), moderate (26-50 %) and low (0-25 %) AII 

fractions. 

 

3.3.4  Anti-glycaemic activities 

3.3.4.1 α-glucosidase inhibitory activity 

3.3.4.1.1 Principle 

 α-glucosidase is an enzyme that catalyses the breakdown of 

carbohydrates such as starch and disaccharides, thereby leading to the 

elevation of blood glucose level (Telagari et al., 2015). In this assay, α-

glucosidase catalyses the hydrolysis of the substrate, 4-nitrophenyl α-D-

glucopyranoside and this results in the formation of glucose and the yellow 
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product p-nitrophenol (Sulistiyani et al., 2016). The reaction is terminated 

by alkaline sodium carbonate solution and the released p-nitrophenol 

(Kazeem et al., 2013).  

 

3.3.4.1.2 Procedure 

 α-glucosidase inhibitory assay was performed according to Sancheti 

et al. (2011) with slight modifications. The reaction mixture consisted of 

0.1 M sodium phosphate buffer (pH 7.0), 1 mg/ml sample and 40 U/ml α-

glucosidase solution dissolved in buffer. The reaction mixture was 

incubated at 37°C for 10 minutes. 4-nitrophenyl α-D-glucopyranoside was 

added and the reaction was further incubated at 37°C for 30 minutes. Next, 

0.2 M sodium carbonate solution was added to the reaction. The 

absorbance was measured at 410nm against the sample blank. Acarbose 

served as the standard. For sample blank, the enzyme was replaced with 

buffer. For negative control, sample was replaced with distilled water. The 

α-glucosidase inhibitory activity of plant extract was expressed as IC50 in 

mg/ml, which was derived from the α-glucosidase inhibitory activity (%) 

calculated as follows: 

α-glucosidase inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.4.2 α-amylase inhibitory activity 

3.3.4.2.1 Principle 

 α-amylase is another carbohydrate-metabolising enzyme found in 

the saliva and pancreatic juice and it is responsible for the initial digestion 

of complex carbohydrates into oligosaccharides and disaccharides 



81 

 

(Oyedemi et al., 2017). In this assay, potato starch serves as the substrate, 

which is hydrolysed by α-amylase into maltose, a reducing sugar (Oyedemi 

et al., 2017). The presence of reducing sugars converts the orange colour 

of 3,5-dinitrosalicylic acid reagent into brick-red colour (Hsiao et al., 2019).  

 

3.3.4.2.2 Procedure 

α-amylase inhibitory assay was performed according to Manaharan 

et al. (2012) with minor modifications. The reaction mixture consisted of 

sodium phosphate buffer (100 mM, pH 7.0), 1 mg/ml sample and 40 U/ml 

α-amylase dissolved in phosphate buffer. The reaction mixture was 

incubated at 37°C for 20 minutes. Next, 1 % potato soluble starch solution 

was added and incubated at 37°C for 30 minutes. Following this was the 

addition of working reagent containing 3,5-dinitrosalicylic acid (10 mg/ml), 

potassium sodium tartrate tetrahydrate (300 mg/ml), sodium hydroxide 

(0.2 M) and distilled water. The reaction was incubated at 95°C for 10 

minutes. The absorbance was measured at 540 nm against the sample 

blank. Acarbose was used as the standard. For sample blank, the enzyme 

was replaced with buffer. For negative control, sample was replaced with 

distilled water. The α-amylase inhibitory activity of plant extract was 

expressed as IC50 in mg/ml, which was derived from the α-amylase 

inhibitory activity (%) calculated as follows: 

α-amylase inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.5 Anti-glycation activities 

3.3.5.1 AGE formation inhibitory activity 
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 AGE formation inhibitory assay was performed according to Hung et 

al. (2017) with slight modifications. The reaction mixture consisted of 10 

mg/mL bovine serum albumin in 50 mM sodium phosphate buffer (pH 7.4), 

1 M D-glucose and 1 mg/ml sample (10 mg/ml for aqueous fraction 

dissolved in distilled water,) which was incubated at 80°C for 7 days. The 

glycated material was then analysed with three assays: AGE fluorescence 

analysis, Amadori product analysis and dicarbonyl compound analysis. 

Aminoguanidine was used as standard. 

 

3.3.5.2 Total AGE inhibition 

3.3.5.2.1 Principle 

 The current assay analysis employed the fluorescent properties of 

AGEs to determine the inhibitory activity of plant extract against 

fluorescent AGEs (Zhang et al., 2011). The fluorescence is measured at 

excitation and emission wavelength of 370 nm and 440 nm, respectively 

(Zhang et al., 2011). 

 

3.3.5.2.2 Procedure 

The assay was based on the method described by Zhang et al. 

(2011) with slight modifications. The glycated material incubated with plant 

extract were mixed with 1 g/ml trichloroacetic acid. The mixture was then 

centrifuged at 15000 rpm for 4 minutes at 4°C. The supernatant was 

discarded and the pellet was dissolved in phosphate-buffered saline. The 

AGE fluorescence intensity (FI) was measured at excitation wavelength of 

360 nm and emission wavelength of 450 nm. The total AGE inhibitory 



83 

 

activity of plant extract was expressed as IC50 in mg/ml, which was derived 

from the AGE formation inhibition (%) calculated as follows: 

 

FI extract and FI blank refer to the respective fluorescence intensity of the 

sample and negative control. 

 

3.3.5.3 Amadori product inhibition 

3.3.5.3.1 Principle 

 This assay analyses the formation of Amadori products by 

estimating the ability of the formed Amadori products in reducing the 

nitroblue tetrazolium chloride (NBT) reagent (Bohlooli et al., 2016). The 

reduction process generates tetrazinolyl radical NBT+ (Bohlooli et al., 2016). 

The radicals are subsequently disproportionated to form purple coloured 

formazan dye (Bohlooli et al., 2016).  

 

3.3.5.3.2 Procedure 

The Amadori product analysis was performed according to Hung et 

al. (2017) with slight modifications. The reaction mixture consisted of 

glycated material and 0.3 mM NBT reagent in 0.1 M sodium carbonate 

buffer (pH 10.35). The reaction mixture was incubated at room 

temperature for 15 minutes. The absorbance was measured at 530 nm 

against blank. For blank, the NBT reagent was replaced with distilled water. 

The Amadori product inhibitory activity of plant extract was expressed as 

percentage inhibition (%) calculated as follows: 
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Amadori products formation inhibition (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.5.4 Dicarbonyl compound inhibition 

3.3.5.4.1 Principle 

 This assay is based on the reaction between the acidic hydrazide 

group of Girard’s reagent T and dicarbonyl compounds (Wheeler, 1968). 

The reaction forms hydrazone derivatives, which are soluble in water due 

to the presence of quartenary ammonium cation in the structure of the 

hydrazone (Mitchel and Birnboim, 1977). 

 

3.3.5.4.2 Procedure 

This assay was performed according to Hung et al. (2017) with 

slight modifications. The reaction mixture consisted of glycated material, 

0.5 M Girard’s reagent T solution and 0.5 M sodium formate (pH 2.9). The 

reaction mixture was incubated at room temperature for 1 hour and the 

absorbance was measured at 295 nm against blank. Glyoxal was used as 

the standard. For blank, the Girard’s reagent T solution was replaced with 

distilled water. The dicarbonyl compounds inhibitory activity of plant 

extract was expressed as percentage inhibition (%) calculated as follows: 

Dicarbonyl compounds formation inhibition (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 
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3.3.5.5 Aldose reductase (AR) inhibitory activity 

3.3.5.5.1 Principle 

 AR is the rate-limiting enzyme in polyol pathway and it has been 

implicated in the formation of AGEs as well as oxidative stress, both of 

which are risk factors in the development of DR (Tarr et al., 2013). In this 

assay, the NADPH acts as the cofactor for the AR that catalyses the 

reduction of the substrate, DL-glyceraldehyde (Del Corso et al., 2000). The 

corresponding oxidation of NADPH results in yellow decolourization (Del 

Corso et al., 2000).  

 

3.3.5.5.2 Procedure 

AR inhibitory assay was performed according to Manaharan et al. 

(2012) with slight modifications. The reaction mixture consisted of 0.1 M 

sodium phosphate buffer (pH 6.2), 20 U/ml AR, 3 mM NADPH, 1 mg/ml 

sample and 5 mM DL-glyceraldehyde. The decrease in absorbance over a 

period of 10 minutes was measured at 340 nm. Quercetin served as the 

standard. For negative control, sample was replaced with distilled water. 

The AR inhibitory activity of plant extract was expressed as IC50 in mg/ml, 

which was derived from the AR inhibitory activity (%) calculated as follows: 

AR inhibitory activity (%) =  

Acontrol and Asample refer to the respective absorbance of the negative 

control and sample. 

 

3.3.5.6 Anti-glycation index (AGI) 

 The AGI was derived from the AI formulated by Puttaraju et al. 

(2016) and it was used to rank the anti-glycation potential of plant extracts. 

The mean of relative percentage values of the plant extracts derived from 

the 4 anti-glycation assays; namely, the aldose reductase inhibitory assay, 
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total AGE inhibition, Amadori product and dicarbonyl compound analysis 

were used to determine the AGI. The highest value in each assay was 

converted to 100 while the remaining lower values were converted based 

on the numerical scale. Based on the percentage value, the plant extracts 

were graded into very high (76-100 %), high (51-75 %), moderate (26-

50 %) and low (0-25 %) AGI fractions. 

 

3.3.6  Toxicity evaluation 

3.3.6.1 Principle 

 The brine shrimp toxicity assay determines the ability of the 

biological sample to cause lethality in the brine shrimp, Artemia salina 

within 24 hours (Wu, 2014). The number of surviving nauplii will be 

counted after 24 hours to determine the toxicity of the sample (Sarah et al., 

2017). 

 

3.3.6.2 Procedure 

 The brine shrimp toxicity assay was performed according to 

Asaduzzaman et al. (2015) with slight modifications. Three grams of brine 

shrimp eggs was hatched into nauplii with constant oxygen supply and light. 

After 48 hours, the test sample was mixed with saltwater containing 10 

nauplii. Potassium dichromate was used as the standard. For negative 

control, DMSO was mixed with brine containing 10 nauplii. After 24 hours, 

the number of survived nauplii was counted. The toxicity of the plant 

extract was expressed as 50 % lethality concentration (LC50) in mg/ml 

based on the percentage of mortality for nauplii calculated as follows: 

 

Po and Pc refers to observed mortality and control mortality, respectively. 
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3.4 Phase 2: In vitro cellular mechanistic study 

3.4.1 Preparation of AGE 

3.4.1.1 Principle 

 The formation of AGE is a non-enzymatic reaction between the 

reducing sugars and proteins (Fournet et al., 2018). AGE can be taken up 

by the body system either through diet or formed endogenously under 

normal physiological condition (Nowotny et al., 2018). In DM, the 

formation of AGE is accelerated due to the spike in blood glucose level 

(Fournet et al., 2018). However, the process occurs at a slow rate at 37°C 

(Bhatwadekar and Ghole, 2005). For the rapid synthesis of AGE, the 

reaction can be experimentally accelerated by increasing the temperature 

to 50°C (Bhatwadekar and Ghole, 2005). 

 

3.4.1.2 Procedure 

The preparation of AGE was performed as described by Sun et al. 

(2017). The bovine serum albumin (1 mM) was incubated with D-glucose 

(1 M) in 0.01 M PBS at 50°C for 30 days. Then the clear brown AGE 

solution was dialysed against PBS to remove free unbound glucose. The 

dialysed AGE solution was lyophilised, resulting in brown powder. 

  

3.4.2 Cell culture and sample treatment 

 The ARPE-19 were cultured as described by Arumugam et al. (2020) 

with slight modifications. The cells were grown in basal Dulbecco's Modified 

Eagle's Medium/Nutrient Mixture F12 cell culture medium supplemented 

with L-glutamine (2.5 mM), fetal bovine serum (10 %), penicillin-
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streptomycin (1 %) and glucose (17 mM) in a 5 % CO2 incubator at 37°C. 

The cell culture medium was replaced with fresh medium every second day. 

Upon 70-80 % confluence, the cell culture was passaged by dissociating in 

0.05 % trypsin-ethylenediaminetetraacetic acid solution (pH 7.4). Cells at 

passage 24 to 27 were utilised for experiments. For moderately high 

glucose induction studies, ARPE-19 were grown for 48 hours in basal 

medium containing 34 mM glucose. For high glucose induction studies, 

ARPE-19 were grown for 48 hours in the basal medium containing 68 mM 

glucose. For normal glucose AGE induction studies, cells were grown in 

basal media containing AGE (200 µg/ml) for 48 hours. For high glucose 

AGE induction studies, high glucose basal medium (34 mM or 68 mM 

glucose) containing AGE (200 µg/ml) were used. For cell treatment, cells 

were serum-starved in serum-free media for 24 hours to synchronise the 

cell cycle and reduce the interference from serum proteins in the cell 

culture medium. Cell treatment with P. pellucida crude methanolic extract 

or ethyl acetate fraction was continued for 48 hours. To prepare the P. 

pellucida crude methanolic extract (0.75 mg/ml, 1.5 mg/ml, 3 mg/ml) or 

ethyl acetate fraction (1 mg/ml, 2 mg/ml, 4 mg/ml) for cell treatment, 10 

mg/ml of stock sample dissolved in 1 % DMSO was injected into the cell 

culture medium through a 0.22 µM syringe filter. The final concentration of 

DMSO in the working medium did not exceed 0.5 %. 

 

3.4.3 Plant cytotoxicity evaluation 

3.4.3.1 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium 

bromide (MTT) cell viability assay 

3.4.3.1.1 Principle 
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 MTT cell viability assay is a direct colorimetic assay used to measure 

the metabolic activity of cell culture (Ghasemi et al., 2021). The assay is 

based on the reduction of MTT, a tetrazolium salt by the enzymes 

reductase and dehydrogenase located in the mitochondria of metabolically 

active cells (Ghasemi et al., 2021). The reduction results in the formation 

of purple insoluble formazan crystals which are dissolved in a solubilising 

reagent such as DMSO and EtoH (Kim et al., 2007). The absorption 

spectrum of purple solution, which directly corresponds to the intracellular 

MTT reduction by viable cells is measured at 570 nm (Kim et al., 2007).  

 

3.4.3.1.2 Procedure  

The MTT cell viability assay was based on the method described by 

Arumugam et al. (2020) with minor modifications. ARPE-19 cells were 

seeded in 96-wells plates at a density of 2.5 x 104 cells per well and 

treated with P. pellucida crude methanolic extract and ethyl acetate 

fraction. After incubation at 37°C for 48 hours in the 5 % CO2 incubator, 

cells were treated with 100 μl of MTT (0.5 mg/ml) in serum-free medium 

for 4 hours. The formazan crystal was solubilised with 100 μl of DMSO. The 

absorbance was measured at 570 nm. The cell viability (%) and cell death 

(%), which derived the IC50 in mg/ml was calculated as follows: 

(i) Cell viability % =   

 

(ii) Cell death % =  

 

A treated sample and A untreated control refer to the respective 

absorbance of the sample and negative control. 
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3.4.4 Genes expression 

 This step aimed to investigate the expression of genes involved in 

pro-inflammatory and anti-inflammatory signalling pathways within ARPE-

19, as part of the second objective of the study to elucidate the underlying 

modulatory mechanism of P. pellucida. The genes involved in inflammatory 

response include the pro-inflammatory markers, IL-8, MCP-1 and RAGE as 

well as the angiogenic markers, MMP2 and VEGF. The intracellular 

antioxidant marker, GPx assumes a critical role in the antioxidant defense 

system to prevent oxidative stress, which directly contributes to 

inflammation. In addition, the activation of STAT3 could induce the gene 

expression of SOCS1, which serves as a negative feedback regulator of 

STAT3 signalling pathway. These genes were regulated by the transcription 

factors NF-κB p65, PPAR-γ and STAT3.  

 

3.4.4.1 RNA extraction 

3.4.4.1.1 Principle 

The guanidinium thiocyanate-phenol-chloroform extraction of RNA is 

based on the phase separation of intracellular RNA, DNA and organic 

components such as protein and lipids (Toni et al., 2018). In this method, 

deactivation of nucleases, denaturation of protein and disruption of cell 

membranes were achieved with guanidinium thiocyanate-phenol solution 

(Shen, 2019a). The addition of chloroform, an organic solvent separates 

the cell lysate into aqueous layer, interphase layer and organic layer 

containing the RNA, DNA and organic matters, respectively (Shen, 2019a). 

Isopropanol is used to precipitate the RNA in the aqueous phase prior to 

the removal of isopropanol with EtOH of lower (Shen, 2019a). After drying, 

the RNA purity is assessed by measuring the absorption spectrum at 
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230nm, 260nm and 280nm (Toni et al., 2018). The absorption spectrum of 

RNA peaks at 230nm whereas organic matters absorb light at the 

wavelength of 260nm and 280nm (Toni et al., 2018). An optimal 

absorbance ratios for 260nm/230nm and 260nm/280nm should exceeds 

2.0 (Toni et al., 2018). The extracted pure RNA is often subjected to the 

treatment of deoxyribonuclease to remove genomic DNA that may 

otherwise present in the sample (Kipp et al., 2013). 

 

3.4.4.1.2 Procedure 

 RNA extraction was performed with the guanidinium thiocyanate-

phenol-chloroform extraction method as described by the manufacturer’s 

instruction for TRIzol reagent. ARPE-19 was grown to 80-90 % confluence 

on a 100 mm cell culture dish and washed with 1X PBS twice. The cells 

were lysed with 1 ml of TRIzol reagent and incubated for 5 minutes in a 2 

ml eppendorf tube. Then 200 µl of chloroform was added and mixed well 

by gently shaking the tube. After 15 minutes of incubation, the tube was 

centrifuged at 12000 x g for 15 minutes to promote phase separation. The 

aqueous layer was aliquoted into a new tube before mixing with 500 µl of 

isopropanol. After centrifuged at 12000 x g for 10 minutes, the isopropanol 

was discarded. The RNA pellet was washed with 1 ml of EtOH and 

centrifuged at 8000 x g for 5 minutes. After discarding the EtOH, the RNA 

pellet was air-dried and dissolved in 30 µl of distilled water. The 

concentration and purity of RNA sample was analysed with a Nano-Drop 

spectrophotometer based on the absorbance ratio of 260nm/230nm and 

260nm/280nm. RNA with 260nm/230nm and 260nm/280nm ratios of 2.0 

or higher was subjected to treatment with ribonuclease-free 

deoxyribonuclease by following the manufacturer’s instruction of a 
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commercial kit. One unit of deoxyribonuclease was added to 2 µg of RNA in 

a 10 µL reaction consisting of 40 mM Tris-hydrochloric acid, 10 mM 

magnesium sulphate and 1 mM calcium chloride. The reaction was 

incubated at 37°C for 30 minutes and it was terminated with the addition 

of 2 mM ethylene glycol tetraacetic acid. The deoxyribonuclease was then 

inactivated at 65°C for 10 minutes.  

 

3.4.4.2 Reverse transcription and complementary DNA (cDNA) 

synthesis 

3.4.4.2.1 Principle 

 In reverse transcription and cDNA synthesis, the RNA molecule is 

reversibly converted into cDNA (Mo et al., 2012). The transcription of DNA 

results in the production of RNA molecules, which serve as the carrier for 

decoding genetic information into proteins (Harries, 2019). In various 

downstream transcriptomic analyses, the conversion of RNA into cDNA is 

necessary for the quantitative measurement of genetic copies, such as 

real-time polymerase chain reaction (qPCR) (Mo et al., 2012). The process 

is initiated by oligodeoxythymine primer and the addition of nucleotides to 

RNA molecules, which is facilitated by the enzyme reverse transcriptase 

(Mo et al., 2012).  

 

3.4.4.2.2 Procedure 

The deoxyribonuclease-treated RNA was subjected to reverse 

transcription and cDNA synthesis following the manufacturer’s instruction 

for the commercial high-capacity cDNA reverse transcription kit. First-

strand cDNA was synthesised in a 20 µL reaction consisting of 2 µg of RNA, 
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50 units of reverse transcriptase, 4 mM deoxynucleotide mix and 1X 

random primers. The reaction was carried out on a Bio-Rad T-100 thermal 

cycler (California, USA) with the following conditions: Primer annealing and 

activation of reverse transcriptase at 25°C for 10 minutes; reverse 

transcription at 37°C for 120 minutes and termination of reaction at 85°C 

for 5 minutes. 

 

3.4.4.3 Reverse transcription real-time polymerase chain reaction 

(RT-qPCR) 

3.4.4.3.1 Principle 

Polymerase chain reaction (PCR) is a popular molecular biology technique 

used to determine gene expression (Krohn et al., 2014). However, PCR is 

generally used for the qualitative detection of target gene expression 

(Krohn et al., 2014). On the other hand, qPCR is a highly efficient and 

upgraded PCR method that enables real-time monitoring and quantitative 

measurement of target gene expression (Mo et al., 2012). The SYBR green 

based method is one of the two qPCR methods and it is based on the 

binding of intercalating SYBR green dye to newly synthesised double-

stranded DNA in PCR (Mo et al., 2012). Upon binding, the PCR products 

release fluorescent signal, which is detected by the camera equipped in the 

real-time thermocycler (Mo et al., 2012). There are two working 

mechanisms of qPCR, one-step and and two-step qPCR (Wacker and 

Godard, 2005). In the one-step method, gene-specific primers are used in 

reverse transcription and synthesis of cDNA, which is directly subjected to 

qPCR (Wacker and Godard, 2005). Thus this method is less time 

consuming and allows the handling of more samples (Wacker and Godard, 

2005). On the other hand, the two-step method has a separate reverse 
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transcription and qPCR procedures, which provide greater flexibility on the 

primer of choice. (Wacker and Godard, 2005). 

 

3.4.4.3.2 Procedure 

Gene expression was evaluated with a commercial SYBR green qPCR 

kit according to the manufacturer’s instruction. The target genes, NF-κB 

p65, PPAR-γ, STAT3, MCP-1, IL-8, GPx, VEGF, MMP2, RAGE and SOCS1 in 

the reverse transcribed cDNA, were amplified with respective gene-specific 

forward and reverse primers (Table 3.1). Briefly, each of forward and 

reverse primers (0.4 μM) was mixed with 1 μg of cDNA template in a 20 µL 

reaction with 3 mM magnesium chloride. The qPCR reaction was carried out 

on a Bio-Rad CFX Connect Real-time PCR Detection System (California, 

USA) with the following conditions: Initial denaturation and polymerase 

activation at 95°C for 2 minutes; 40 cycles of 3-step cycling reactions, 

which consist of denaturation at 95°C for 5 seconds, primer annealing at 

60°C for 10 seconds and extension at 72°C for 20 seconds. The 

amplification specificity was verified with melting curve analysis. The 

quantitative expression of the genes was determined by using 2–∆∆Ct 

method in which the relative gene expression level was normalised to the 

housekeeping genes, β-actin and glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH). 
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Table 3.2. The forward and reverse primer sequences for the genes of 

interest. 

Gene Forward primer (5’-3’) Reverse primer (5’-3’) 

β-actin AGA GCT ACG AGC TGC CTG AC AGC ACT GTG TTG GCG TAC AG 

GAPDH CAT GAG AAG TAT GAC AAC AGC C AGT CCT TCC ACG ATA CCA AAG 

NF-κB p65 GCG AAT GGC TCG TCT GTA GT GTA TCT GTG CTC CTC TCG CC 

PPAR-γ GGA GCC CAA GTT TGA GTT TGC GAA ATG TTG GCA GTG GCT CAG 

STAT3  GGG TGG AGA AGG ACA TCA GCG GTA A GCCGACAATACTTTCCGAATCC 

MCP-1  GAA TCA CCA GCA GCA AGT GT GAG TGT TCA AGT CTT CGG AGT T 

IL-8 TTG GCA GCC TTC CTG ATT TC TGG TCC ACT CTC AAT CAC TCT CA 

GPx AGT TCG GAC ATC AGG AGA ATG GCA TCA CCA TTC ACC TCG CAC TTC TCA 

VEGF CCC ACT GAG GAG TCC AAC AT TTT CTT GCG CTT TCG TTT TT 

MMP2  TGC TGG AGA CAA ATT CTG GA GAT GGC ATT CCA GGC ATC 

RAGE  GAT GGA AAC TGA ACA CAG GC GTT GGA CTT GGT CTC CTT TC 

SOCS1 CAC GCA CTT CCG CAC ATT C CGA AAA AGC AGT TCC GCT GG 

 

3.4.5 Proteins expression 

Together with gene expression study, this study was to fulfill the 

second objective of the study. In addition to the markers involved in gene 

expression, including NF-κB p65, PPAR-γ, STAT3, IL-8, MCP-1, MMP2, 

VEGF, RAGE, GPx and SOCS1, the activation of transcription factors were 

determined by evaluating the protein expression of phosphorylated NF-κB 

p65 and STAT3. On the other hand, the investigation also considered the 

phosphorylation of PPAR-γ, which rendered the nuclear receptor in an 
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inactive form. The current study also monitored the inhibition of RAGE-

induced inflammatory response by P. pellucida through the protein 

quantification of sRAGE, an AGE antagonist. 

 

3.4.5.1 Cell lysis 

3.4.5.1.1 Principle 

 The extraction of whole cell lysate is focused on obtaining the total 

protein content in the cell membrane and protoplasm following the 

disruption of cell membrane with detergents (Winter and Steen, 2011). 

Radioimmunoprecipitation assay lysis buffer is the most commonly used 

reagent for whole cell lysis and solubilization of proteins (Winter and Steen, 

2011). It contains a combination of ionic and non-ionic detergents to 

efficiently disrupt the cell membrane and separate the soluble proteins 

from insoluble cellular components (Jain et al., 2021). Protease and 

phosphatase inhibitors are often added into radioimmunoprecipitation 

assay lysis buffer to prevent the degradation of protein and achieve the 

highest protein yield (Jain et al., 2021). 

 

3.4.5.1.2 Procedure 

 The preparation of cell lysate extract was performed according to 

the method by Winter and Steen (2011) with slight modification. Briefly, 

the cells were grown to 80-90 % confluence on a 100 mm cell culture dish 

and washed twice with cold PBS. Then the cells were detached from the cell 

culture dish with a cell scraper. After centrifuged at 250 x g for 5 minutes 

at 4°C, the supernatant was discarded and the cell pellet was suspended in 

100 μl of ice-cold radioimmunoprecipitation lysis buffer. The suspension 
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was incubated on ice for 60 minutes followed by centrifuging at 16000 x g 

for 15 minutes at 4°C. The supernatant, which contains the soluble cell 

lysate extract was stored at -80°C until experiment.  

 

3.4.5.2 Nuclear and cytoplasmic proteins extraction 

3.4.5.2.1 Principle 

Similar to cell lysate extraction, the extraction of nuclear and 

cytoplasmic protein is focused on obtaining the intracellular proteins (Merck, 

2023). Rather than extracting a single component, the nuclear and 

cytoplasmic extraction is a two-step procedure that involves the disruption 

of cell membrane and nuclear membrane to isolate the localised proteins 

from the cytoplasmic and nuclear fractions, respectively (Ogawa and 

Imamoto, 2021). 

 

3.4.5.2.2 Procedure 

 The extraction of nuclear and cytoplasmic proteins was performed 

using commercial nuclear protein extraction kit according to the 

manufacturer's instructions. The cells were washed twice with cold PBS and 

remove from the cell culture dish with a cell scraper. After centrifuged at 

250 x g for 5 minutes at 4°C, the supernatant was discarded and the cell 

pellet was disrupted with the addition of 250 μl of ice-cold cytoplasmic lysis 

buffer. The suspension was incubated on ice for 15 minutes followed by 

centrifuging at 250 x g for 5 minutes at 4°C. The supernatant was 

discarded and the cell pellet was suspended in 100 μl of ice-cold 

cytoplasmic lysis buffer. After centrifuged at 8000 x g for 5 minutes at 4°C, 

the supernatant was transferred to a pre-chilled tube as cytoplasmic lysate 
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and stored at -80°C until experiment. The insoluble pellet fraction, which 

contains crude nuclei, was suspended in 100 μl of ice-cold nuclear 

extraction buffer. The suspension was incubated on ice for 60 minutes and 

then centrifuged at 16000 x g for 5 minutes at 4°C. The resulting 

supernatant, which contains the nuclear protein was stored at -80°C until 

experiment.  

 

3.4.5.3 Cell culture supernatant proteins precipitation 

3.4.5.3.1 Principle 

 Protein precipitation is a common technique used for the extraction 

of secretory protein from cell culture supernatant (Paré et al., 2016). 

Among the protein precipitation methods, the trichloroacetic acid-

deoxycholate method often resulted in consistently high protein yield 

recovery from large volume samples (Paré et al., 2016). In this method, 

sodium deoxycholate serves as an ionic detergent that lyses remnant of 

cells in the cell culture supernatant by disrupting the hydrophobic 

interactions within the lipid membrane (Keane et al., 2016). The secretory 

proteins were then aggregated and precipitated with the use of 

trichloroacetic acid and acetone (Paré et al., 2016).  

 

3.4.5.3.2 Procedure 

 The extraction of cell culture supernatant protein was performed 

based on the protein precipitation method using trichloroacetic acid and 

sodium deoxycholate as described by Paré et al. (2016). Two percent 

sodium deoxycholate solution was added to 40 ml of cell culture 

supernatant at a final concentration of 0.02 %. After incubating on ice for 
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30 minutes, trichloroacetic acid was added into the mixture at a final 

concentration of 7.5 % and mixed well. The precipitated proteins were 

centrifuged at 15000 x g for 20 minutes at 4°C after incubating on ice for 

60 minutes. The supernatant was then discarded before the protein pellet 

was washed with 10 ml of ice-cold acetone twice by incubating at -20°C for 

5 minutes. Centrifugation at 15000 x g for 5 minutes at 4°C was done in 

between washes. After the supernatant was discarded during the second 

wash, the protein pellet was air-dried in the fumehood for 30 minutes 

before being dissolved in 100 μl of radioimmunoprecipitation buffer. The 

cell culture supernatant protein was stored at -80°C until experiment. 

 

3.4.5.4 Proteins quantification 

3.4.5.4.1 Principle 

 The bicinchoninic acid (BCA) protein quantification assay is a 

copper-based colorimetric assay based on the formation of protein-cupric 

ion complex (Otieno et al., 2016). Under alkaline condition, the cupric ion 

is reduced to cuprous ion, which reacts to form BCA-cuprous ion complex 

(Shen, 2019b). The quantity of BCA-cuprous ion complex formed is directly 

proportional to the quantity of protein (Otieno et al., 2016). A change from 

green colour to purple colour complex is caused by the chelating action of 

cuprous ion by two molecules of BCA. The absorbance of purple BCA-

cuprous ion complex is measured at 562 nm (Otieno et al., 2016). In 

comparison to other assays, BCA assay is suitable for quantifying 

detergent-containing protein samples (Shen, 2019b). 

 

3.4.5.4.2 Procedure 
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 The quantification of protein in whole cell lysate, cell culture 

supernatant, nuclear and cytoplasmic fractions was performed with the 

BCA protein quantification assay method as described by the 

manufacturer’s instruction for BCA assay kit (Thermo Fisher Scientific, 

2020). Briefly, ten microliter of protein sample was mixed with 200 μl of 

BCA working reagent and incubated at 37°C for 30 minutes. For blank, the 

sample was replaced with distilled water. The absorbance was measured at 

562 nm against blank. Bovine serum albumin was served as the standard 

(0–2000 μg/mL). The protein concentration was determined from the 

standard curve. 

 

3.4.5.5 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) 

3.4.5.5.1 Principle 

 SDS-PAGE is a proteomic technique used to separate proteins on a 

polyacrylamide gel with electric current (Manns, 2011). The denaturation of 

proteins with anionic detergent prior to SDS-PAGE imparts nett negative 

charge to the protein samples (Manns, 2011). This enables the negative 

charged proteins to migrate to the opposite charged electrode as a function 

of their molecular size (Nowakowski et al., 2014). Smaller protein tends to 

migrate at a higher rate when compared to its large counterpart on a 

polyacrylamide gel (Nowakowski et al., 2014). The rate of migration is also 

affected by the concentration of polyacrylamide which determines the gel 

pore size (Manns, 2011).  

 

3.4.5.5.2 Procedure 
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 The protein samples (30 µg) were resolved with SDS-PAGE as 

described by Mazur et al. (2023). Briefly, 4X protein loading buffer with 

10 % β-mercaptoethanol was diluted four times with thirty micrograms of 

protein sample. Then the protein sample was heated at 95°C for 5 minutes 

and centrifuged at 16000 x g for 15 minutes at 4°C. The protein sample 

was loaded into the wells on the stacking gel (4 %) and resolved on a 

resolving gel (8-12 %) at 90 V until the front dye almost reaches the end 

of the gel. 

 

3.4.5.6 Western blot 

3.4.5.6.1 Principle 

Western blotting is a highly specific proteomic technique that 

detects target protein from a complex mixture of proteins (Mahmood and 

Yang, 2012). This technique is commonly used as a continuation of SDS-

PAGE to transfer the separated proteins onto a nitrocellulose or 

polyvinylidene difluoride membrane by means of electric current (Kurien 

and Scofield, 2015). The target protein on the membrane is then detected 

and captured with specific antibodies (Mahmood and Yang, 2012). The 

antibodies may be tagged with fluorescent dye for subsequent visualising 

step (Kurien and Scofield, 2015). Alternatively, enzyme-conjugated 

antibodies are utilised with a chromogenic substrate that reacts to produce 

a luminescent signal (Kurien and Scofield, 2015). 

 

3.4.5.6.2 Procedure 

 The resolved proteins were proceed for western blotting and 

antibody probing as described by Sethi et al. (2014) with slight 
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modification. The resolved proteins on the gel was subjected to electro-

transfer onto a polyvinylidene difluoride membrane at 350 mA for 60 

minutes. After the membrane was blocked with PBS containing 5 % non-fat 

dry milk and 0.1 % Tween® 20 for 2 hours, it was probed with the protein-

specific primary antibodies (Table 3.2) diluted in PBS containing 5 % non-

fat dry milk and 0.1 % Tween® 20 overnight at 4°C with gentle agitation. 

The blot was then washed twice with PBS containing 0.1 % Tween® 20 for 

15 minutes and incubated with horseradish peroxidase-conjugated 

secondary antibody (Antibody titer= 1:10000) in PBS containing 5 % non-

fat dry milk and 0.1 % Tween® 20 for 1 hour at room temperature with 

gentle agitation. After washing, the blot was exposed to chemiluminescent 

substrate and visualised with the signal accumulation mode on a Bio-Rad 

ChemiDoc MP imaging system (California, USA). Densitometric analysis of 

the bands was performed with the ImageJ software (National Institute of 

Health, Maryland, USA). The relative protein expression level was 

expressed as fold change relative to the internal control, β-actin.  
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Table 3.3. The primary antibodies targeting the proteins of interest. 

Protein Antibody 

titer 
Type of samples Brand of antibody 

β-actin 1:10000 Cell lysate extract, cell 

culture supernatant, nuclear 

and cytoplasmic fractions. 

St John’s Laboratory 

(London, UK) 

NF-κB p65 1:1000 Nuclear and cytoplasmic 

fractions. 

GeneTex (California, 

USA) 

Phosphorylated-

NF-κB p65 

1:500 Nuclear and cytoplasmic 

fractions. 

St John’s Laboratory 

(London, UK) 

PPAR-γ 1:1000 Nuclear and cytoplasmic 

fractions. 

Thermo Fisher Scientific 

(Massachusetts, USA) 

Phosphorylated-

PPAR-γ 

1:500 Nuclear and cytoplasmic 

fractions. 

St John’s Laboratory 

(London, UK) 

STAT3  1:1000 Nuclear and cytoplasmic 

fractions. 

GeneTex (California, 

USA) 

Phosphorylated-

STAT3 

1:1000 Nuclear and cytoplasmic 

fractions. 

GeneTex (California, 

USA) 

MCP-1  1:1000 Cell culture supernatant. St John’s Laboratory 

(London, UK) 

IL-8 1:1000 Cell culture supernatant. GeneTex (California, 

USA) 

GPx 1:1000 Cell lysate extract. St John’s Laboratory 

(London, UK) 

VEGF 1:1000 Cell culture supernatant. St John’s Laboratory 
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(London, UK) 

MMP2  1:1000 Cell culture supernatant. St John’s Laboratory 

(London, UK) 

RAGE  1:1000 Cell lysate extract. St John’s Laboratory 

(London, UK) 

SOCS1 1:1000 Cell lysate extract. GeneTex (California, 

USA) 

 

3.4.5.7 Soluble RAGE (sRAGE) quantification 

3.4.5.7.1 Principle 

 Enzyme-linked immunosorbent assay (ELISA) is a sensitive 

immunoassay commonly used for the quantification of specific proteins via 

antibody-antigen interaction (Sakamoto et al., 2018). In this assay, the 

captured antibody specific to the protein of interest is coated onto the well 

of microplate (Anagu and Andoh, 2022). The protein of interest should 

contain more than one antigenic site for antibody binding (Anagu and 

Andoh, 2022). The first antigenic site of target protein in the complex 

protein mixture is captured by the coated antibody (Anagu and Andoh, 

2022). This is followed by the binding of enzyme-labelled antibody to the 

second antigenic site (Anagu and Andoh, 2022). Enzyme-substrate reaction 

follows the addition of chromogenic substrate, which leads to development 

of colour for colorimetric measurement (Sakamoto et al., 2018). 

 

3.4.5.7.2 Procedure 
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The quantification of sRAGE secreted by ARPE-19 cells was 

performed with sandwich ELISA by following the manufacturer’s instruction 

of a commercial kit. The cell culture supernatant (30 µg/100 µL) was 

incubated with the captured anti-sRAGE primary antibodies located on the 

96-wells microplate. After incubating at 37°C for 90 minutes, the content in 

the wells were discarded and the wells were washed twice with wash buffer 

by using a squeeze bottle. The microplate was incubated at room 

temperature for 2 minutes in between washes. Then biotin-labelled 

antibody solution (100 µL) was added to the well and incubated at 37°C for 

60 minutes. After washing the plate for 3 times, horseradish peroxidase-

streptavidin conjugate solution (100 µL) was added and incubated at 37°C 

for 30 minutes. Ninety microliters of 3,3 ′ ,5,5 ′ -tetramethylbenzidine 

substrate solution was then added after the wells were washed for 5 times. 

The microplate was incubated at 37°C for 20 minutes in the dark. The 

reaction was then terminated by adding 50 µL of 0.2 M sulphuric acid into 

the wells. The absorbance was measured at 450 nm with a microplate 

reader against the sample blank. The human sRAGE provided in the kit was 

served as the standard (0-1000 pg/mL). The total sRAGE (pg/ml) in ARPE-

19 was calculated as follows: 

Total sRAGE (pg/ml) =  
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3.5 Phase 3: Identification of phytochemicals 

3.5.1 Purification of phytochemicals  

3.5.1.1 Thin-layer chromatography (TLC) 

3.5.1.1.1 Principle 

 TLC is a low cost and rapid chromatographic technique capable of 

separating a complex mixture of chemical compounds (Santiago and 

Strobel, 2013). Due to its reproducibility, TLC is commonly used for 

phytochemical profiling and to determine the purity of isolated compound 

(Santiago and Strobel, 2013). In TLC, a thin layer of silica gel on the 

aluminum or glass plate serves as the stationary phase (Gillings, 2021). 

Through capillary action, the solvent which acts as the mobile phase 

transports the samples upward through the plate (Gillings, 2021). The 

compounds are separated based on their affinity towards the stationary 

and mobile phases (Gillings, 2021).  

 

3.5.1.1.2 Procedure 

 TLC was performed to determine the phytochemical profile and 

identify suitable solvent system for the subsequent purification of 

phytochemicals from P. pellucida crude methanolic extract. The aluminium 

TLC plate serves as the stationary phase while the solvent system 

chloroform-hexanes (1:1) serves as the mobile phase. A horizontal line was 

drawn about 5 mm from the bottom of the plate using pencil. A piece of 

filter paper was used as a wick to saturate the developing chamber with 

solvent vapours. The solvent was poured into the chamber about 5 mm in 

depth. The crude methanolic extract was dissolved with chloroform at a 

concentration of 10 mg/ml and spotted onto the drawn line with a capillary 
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spotter. The TLC plate was placed at a 30° angle in the chamber with the 

top facing upwards. It was carefully taken out using forceps once the 

solvent front had migrated approximately 10 mm from the top of the plate. 

The TLC plate was left to dry before being visualised under short-wave 

(254 nm) or medium wave (315 nm) ultraviolet light. Several TLC spots 

were only visible under the ultraviolet light, hence these spots were circled 

with pencil. The retention factor (Rf) values were determined by dividing 

the distance travelled by the spot (mm) with the distance travelled by the 

solvent (mm). The solvent system that yielded a Rf value of less than 0.25 

was selected as the mobile phase. 

 

3.5.1.2 Silica gel column chromatography 

3.5.1.2.1 Principle 

 The working mechanism of silica gel column chromatography is 

similar to that of TLC but with a higher sample loading capacity (Srivastava 

et al., 2021). As the name of the technique suggests, column 

chromatography involves the packing of stationary phase, silica gel in a 

glass column (Singh et al., 2021). Prior to separation, the sample is 

adhered onto the stationary phase either as concentrated solution or 

preadsorbed solid (Poole, 2003). Rather than capillary action, the 

separation of components is achieved through the gravitational migration 

of a suitable mobile phase to the lower end of the column (Srivastava et al., 

2021). The movement of mobile phase is facilitated by the vacuum 

generated at the bottom of the column (Poole, 2003). The separation 

results in the formation of discrete phytochemical bands, which are eluted 

out from the column with the mobile phase (Srivastava et al., 2021). 
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3.5.1.2.2 Procedure 

Silica gel column chromatography was performed based on the 

method described by de Moraes and Kato (2021) with slight modifications. 

One-third of the glass column was packed with dry silica gel and 

conditioned with chloroform-hexanes (1:1), which served as the mobile 

phase. Sodium sulphate was then added on top of the silica gel layer as 

drying agent to remove moisture from the solvent. The silica gel layer was 

covered with solvent during the whole process to avoid being dried out. 

The crude methanolic extract (15 g) was dissolved in the mobile phase and 

introduced on top of the sodium sulphate layer with glass pasteur pipette. 

After the sample was entirely adsorbed onto the silica gel layer, two-third 

of the column was refilled with the mobile phase. This step was critical to 

prevent dilution of the sample. The semi-purified fractions (250 ml each) 

were collected in rotary flasks by eluting with a gradient of chloroform-

hexanes (50:50-100:0), chloroform-methanol (99:1-80:20) and absolute 

EtOH. Similar semi-purified fractions were pooled based on TLC profiling 

and concentrated with rotary evaporator. 

 

3.5.1.3 Preparative radial chromatography (PRC) 

3.5.1.3.1 Principle 

 PRC is a efficient chromatographic technique which utilises 

centrifugal force to separate a complex mixture of phytochemicals present 

in plant matrix (Agrawal and Desai, 2015). The spinning rotor in the 

Chromatotron® generates centrifugal force which propels the eluting 

mobile phase through a layer of sorbent coated on a circular glass 

(Muhammad et al., 2013). The sorbent such as silica gel with gypsum and 

alumina acts as a stationary phase (Muhammad et al., 2013). The mixture 
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of compounds are separated into circular bands as the mobile phase elutes 

the sample through the stationary phase (Agrawal and Desai, 2015). The 

factors affecting the separation of mixture with PRC include the rate of 

rotation, the thickness of silica as well as the polarity and flow rate of 

mobile phase (Agrawal and Desai, 2015). 

 

3.5.1.3.2 Procedure 

The semi-purified fractions were subjected to further purification 

with PRC using Harrison Research Chromatotron® 7924T (New Jersey, USA) 

as described by de Moraes and Kato (2021) with slight modifications. The 

semi-purified fractions were dissolved in chloroform and applied onto silica 

gel near the center of the rotating rotor. The samples were eluted with 

mobile phases of different solvent systems such as chloroform-hexanes, 

diethyl ether-hexanes or dichloromethane-hexanes. The separated bands 

were visualised under the 254 nm and 315 nm ultraviolet light. Similar 

fractions were pooled based on TLC profiling. 

 

3.5.2 Characterisation of phytochemicals 

3.5.2.1 Nuclear magnetic resonance (NMR) spectroscopy 

3.5.2.1.1 Principle 

 NMR spectroscopy is a non-destructive characterisation technique 

that applies radio frequency energy to the isotopes of atomic nucleus of 

hydrogen-1 (1H) and carbon-13 (13C) to determine the atomic resonance 

frequency according to its chemical structure (Stark et al., 2016). The 

application of radio frequency energy to the molecule will change the 

nuclear spins of 1H and 13C, thereby creating a magnetic field (Stark et al., 



110 

 

2016). The electrons in an atom either oppose or circulate along the 

direction of magnetic field, generating an induced magnetic field at the 

nucleus (Stark et al., 2016). Furthermore, the electron density around the 

nucleus differs across molecules, which results in varying strength of 

electron shielding (Louro, 2013). Electron shielding affects the magnetic 

field experienced by the nucleus and the radio frequency wave required for 

the nucleus to achieve resonance (Louro, 2013). As a result, different types 

of phytochemicals display varying degree of chemical shift, which is 

expressed in parts per million (ppm) (Louro, 2013). 

 

3.5.2.1.2 Procedure 

 1H NMR and 13C NMR spectroscopy were carried out with the Bruker 

Ascend 400 MHz NMR spectrometer (Massachusetts, USA). The semi-

purified fractions were dissolved in deuterated chloroform (CDCl3) 

containing 0.03 % (v/v) tetramethylsilane and silver foil as stabilisers. 

Tetramethylsilane was also served as the internal standard. The semi-

purified fractions (10 mg/ml) were added into either thin walled or heavy 

walled NMR tube depending on the sample yield. Heavy walled NMR tubes 

were used for fractions with low sample concentration (<10 mg/ml) to 

minimise dilution of the sample. The NMR data were processed with the 

program MestreNova version 14.2.1-27684. The scale was adjusted to the 

tetramethylsilane signal as 0.00 ppm. 

 

3.5.2.2 Ultraviolet-visible (UV-Vis) spectroscopy 

3.5.2.2.1 Principle 
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 The UV-Vis spectroscopy is another characterisation method which 

is based on the compound absorption of UV-Vis light with the wavelength 

ranging from 180 to 750 nm (Rakhee et al., 2018). This spectroscopic 

method takes advantage of the presence of functional groups or 

chromophores in phytochemicals for identification (Daéid, 2019). The 

chromophores absorb UV-Vis light of specific wavelength and undergoes 

excitation from the ground state (Rakhee et al., 2018). The resultant 

spectrum then aids in the identification of compounds. According to Beer 

Lambert law, the concentration of sample is directly proportional to the 

absorption of light by the chromophores at a specific wavelength (Daéid, 

2019). 

 

3.5.2.2.2 Procedure 

UV-Vis spectroscopy was carried out on a Shidmazu UV-2600 UV-Vis 

spectrophotometer (Kyoto, Japan). The semi-purified fractions (0.2 mg) 

were dissolved in 10 ml of absolute EtOH in the volumetric flask. The 

quartz cuvette was two-third filled with the dissolved sample and inserted 

into the cuvette holder of the UV-Vis spectrophotometer. The absorbance 

was measured with a spectral ranged between 200 nm and 700 nm. The 

absolute EtOH served as the blank. The UV-Vis data was processed with 

the LabSolutions UV-Vis program version 1.1.  

 

3.5.2.3 Fourier-transform infrared (FTIR) spectroscopy 

3.5.2.3.1 Principle 

FTIR spectroscopy is a useful spectroscopic technique that utilises 

electromagnetic wave in the infrared region to detect different functional 
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groups present in the phytochemicals (Mallakpour et al., 2020). The 

transparent zinc selenide crystal with high refractive index is used as the 

infrared sampling optics as it is highly resistant to a diverse range of 

chemicals (Perkin Elmer, 2014). The atoms in the functional groups 

undergo excitation to a vibrational state either through stretching and 

bending upon exposure to the infrared radiation of a specific wavelength 

(Shojaei et al., 2018). The FTIR spectrum is the result of the intensity and 

frequency of vibrations among the bonds of atoms which produces the 

absorption peak (Daéid, 2019). 

 

3.5.2.3.2 Procedure 

 The FTIR analysis of purified fractions was carried out on a Perkin 

Elmer Spectrum 400 FTIR spectrometer (Massachusetts, USA). Fifty 

microliters of sample (10 mg/ml) was dissolved in chloroform and placed 

on the zinc selenide crystal located in the center of sample platform. After 

the sample was fully dried, the metal compression bar was lowered to 

press the sample against the crystal. Then the FTIR spectrum of sample 

was measured at a range of 450–4000 cm-1. The spectrometer was blanked 

with an empty platform prior to analysis. The FTIR spectral data was 

processed and analysed with the Spectrum 10 spectroscopy software 

version 10.4.3. 

 

3.5.2.4 Liquid chromatography-mass spectrometry (LC-MS) 

3.5.2.4.1 Principle 

 LC–MS is a powerful metabolomic analytical technique used for 

separation and identification of polar phytochemicals (Mukherjee, 2019). 
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The coupling of the separation ability of liquid chromatography with the 

mass analysis capability of electrospray ionization mass spectrometry 

(ESIMS) makes LC-MS a highly sensitive and selective tool for compound 

identification (Tilvi et al., 2014). The eluted compounds in chromatographic 

separation will be ionised by high electrical voltage in the metal capillary 

(Chappell et al., 2021). The ionised molecules passages through the 

magnets and are resolved based on their m/z ratio in the mass 

spectrometer (Chappell et al., 2021). The signals are then detected by the 

detector, which results in the mass spectrum that displays the m/z of the 

compound (Chappell et al., 2021). 

 

3.5.2.4.2 Procedure 

 Mass analysis of the semi-purified compounds and identification of 

polar compounds were performed on the Agilent Technologies 1290 Infinity 

LC system (California, USA) equipped with a binary pump. For mass 

analysis, the LC system was interfaced with the Agilent Technologies 6490 

triple quadrupole (QqQ) mass spectrometer with electrospray ion source 

(California, USA). Full-scan mode with m/z range of 100 to 1000 was 

performed with a fragmentation voltage and source temperature of 140 V 

and 300°C, respectively. The sample (20 ppm) was dissolved in methanol 

and the injection volume was 2 µl. The stationary phase, Agilent ZORBAX 

Eclipse XDB-C18 HPLC column (2.1 x 100 mm, 1.8 µm) was maintained at 

40°C. The mobile phase, acetonitrile-water (6:4) was delivered at a total 

flow rate of 1.4 ml/min. LC-QqQ-MS post-run analysis was performed with 

the Agilent MassHunter software version B.07.00. 

 For the identification of polar compounds in P. pellucida, the LC 

system was interfaced with the Agilent Technologies 6520 Accurate-Mass 
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quadrupole time-of-flight (QToF) mass spectrometer with dual electrospray 

ion source (California, USA). Positive and negative ionization were used to 

acquire the data with m/z range of 100 to 3200. Full-scan mode was 

performed with a fragmentation voltage and source temperature of 125V 

and 300°C, respectively. The sample (1000 ppm) was dissolved in EtOH 

and the injection volume was 2 µl. The stationary phase, Agilent ZORBAX 

Eclipse XDB-C18 HPLC column (2.1 x 150 mm, 3.5 µm) was maintained at 

25°C. The mobile phase, 0.1 % formic acid in water (A) and 0.1 % formic 

acid in acetonitrile (B) was delivered at a total flow rate of 0.5 ml/min and 

a total time of 30 minutes in the following settings: 0 to 20 minutes, 5 % B; 

20 to 30 minutes, linear gradient from 5 % to 100 % B. LC-QToF-MS post-

run analysis was performed with the Agilent MassHunter software version 

B.07.00. The mass spectrum of the compounds was matched against the 

METLIN metabolomics Database and Library (Metlin_AM_PCDL-N-

170502.cdb) for the identification of polar compounds (Sana et al., 2008). 

Briefly, the compounds that are present in the solvent blank were omitted 

from sample analysis. The shortlisted compounds meeting the criteria of a 

database (Db) score or molecular formula generator (MFG) score of 90 % 

or higher, and falling within the range of -2 to +2 for Diff(Db.ppm) or 

Diff(MFG.ppm) values were selected. 

 

3.5.2.5 Gas chromatography-mass spectrometry (GC-MS) 

3.5.2.5.1 Principle 

 GC–MS is an efficient metabolomic analytical method employed to 

detect non-polar volatile compounds (Rockwood et al., 2018). It is based 

on the specific retention time, elution and mass fragmentation pattern of 

each individual constituent in a complex mixture of compounds (Mani et al., 
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2017). GC-MS begins with the separation of gaseous mixture of 

compounds through the analytical column under high temperature 

(Rockwood et al., 2018). The individual compounds are fragmented into 

ions in the MS ionising chamber after eluting from the column (Mani et al., 

2017). The fragments with specific mass to charge ratio are then detected 

by the electron multiplier in the detector (Mani et al., 2017). This produces 

a mass spectrum that displays the relative abundance of the individual 

compounds with different mass to charge (m/z) ratio (Rockwood et al., 

2018). 

 

3.5.2.5.2 Procedure 

The identification of non-polar volatile compounds in P. pellucida 

crude methanolic extract was performed with GC-MS on Shimadzu GCMS-

QP2010 Ultra (Kyoto, Japan) equipped with Rtx 5MS silica capillary column 

(30 m × 0.25 mm × 0.25 μm). One microliter of sample (20 ppm) was 

dissolved in dichloromethane and injected splitless with the autosampler 

and subjected to GC-MS analysis under the programmed temperature of 

60–250°C with a thermal ramp rate of 3°C per minute. The flow rate of 

carrier gas helium was 1.6 ml/min with linear velocity of 46 cm/s and 70 

eV electron ionization. The temperature of injector, ion source and transfer 

line was 250°C for the Shidmazu gas chromatograph GC-2010 Plus (Kyoto, 

Japan). The mass spectrum was recorded at a mass scan range of 30–400 

m/z with 70 eV electron ionization. GC-MS real-time and post-run analysis 

were performed with the Shimadzu GCMSsolution software version 2.6. The 

compounds were identified by comparison of mass spectrum and RI of 

known compounds in the National Institute of Standards and Technology 

library. 
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3.6  Statistical analysis 

All experiments was performed in triplicate and the data was 

expressed as mean ± standard deviation. The normality of the data 

distribution was evaluated prior to the data analysis. Statistical significance 

of the mean values among the samples was determined by using unpaired 

T-test and one-way ANOVA with Tukey post test. Pearson’s linear 

correlation test was used to determine the correlation between the 

biological activities and phytochemicals. Principal component analysis (PCA) 

was carried out to evaluate the variables that were responsible for the 

variation in biological activity. P-values of less than 0.05 was considered 

statistically significant. All data was analysed by using GraphPad Prism® 

for Windows® version 8.4.3 and XLSTAT 2018 software for Microsoft Excel 

program (Addinsoft Inc., New York, U.S.). 
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Chapter IV 

Results 

4.1 Phase 1: The biological activities and phytochemicals of P. 

pellucida 

4.1.1 Plant extraction yield 

 In this study, the extraction yield of P. pellucida crude methanolic 

extract was determined to be 14.22 % of the coarse plant powder. On the 

other hand, the extraction yield of plant solvent fractions ranged from 

0.99 % to 5.93 % (Table 4.1). The yield of plant fractions decreased in the 

following order: hexane > aqueous > ethyl acetate > chloroform > n-

butanol, which was different from the solvent polarity trend as followed: 

aqueous > n-butanol > ethyl acetate > chloroform > hexane. The above 

contrasting findings clearly showed that both non-polar (hexane) and polar 

(aqueous) fractions gave the highest extraction yield among the solvent 

fractions derived from P. pellucida crude methanolic extract. Nevertheless, 

low extraction yield was also observed for the non-polar chloroform fraction. 

Both ethyl acetate and n-butanol fractions of medium polarity also 

displayed relative low extraction yield when compared to the aqueous and 

hexane fractions. Interestingly, the extraction yield of ethyl acetate fraction 

was higher than that of chloroform fraction. The lowest extraction yield was 

observed in the n-butanol fraction. 

 

4.1.2 Phytochemicals 

The TPC of P. pellucida crude methanolic extract and solvent 

fractions ranged from 10.29 mg GAE/g to 24.10 mg GAE/g, in which non-

polar chloroform fraction and moderately-polar n-butanol and ethyl acetate 
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fractions displayed relatively high TPC (Table 4.1). This were preceded by 

the polar crude methanolic extract and aqueous fraction, respectively. The 

lowest TPC was found in the non-polar hexane fraction. On the other hand, 

the TFC of P. pellucida fractions spanned from 4.88 mg Qct/g to 25.91 mg 

Qct/g. The n-butanol fraction showed the highest TFC, followed by the 

hexane fraction. Both ethyl acetate and aqueous fractions exhibited relative 

similar TFC. This was followed by the crude methanolic extract, which 

demonstrated a 15 % lower in TFC than the ethyl acetate and aqueous 

fractions. Despite the high TPC, the chloroform fraction displayed the 

lowest TFC. On the contrary, non-polar hexane fraction with low TPC 

contained significant amount of TFC. 

In this study, the tannin content of P. pellucida solvent fractions 

ranged between 0.06 mg TAE/g and 1.04 mg TAE/g while the alkaloid 

content of P. pellucida varied from 3.07 mg BCE/g to 44.27 mg BCE/g. 

Among the plant solvent fractions, chloroform fraction showed the highest 

level of tannins (1.04 mg TAE/g) and alkaloids (44.27 mg BCE/g). The 

tannin content was preceded by the ethyl acetate fraction with 0.40 mg 

BCE/g. The crude methanolic extract, hexane and n-butanol fractions 

shared similar tannin content. The lowest tannin content was observed in 

the aqueous fraction. Except chloroform fraction, a similar alkaloid level 

was found in the remaining solvent fractions. Furthermore, P. pellucida 

solvent fractions showed a wider range of saponin, from 4.15 mg QSE/g to 

249.43 mg QSE/g. The highest saponin content was detected in the 

moderately polar ethyl acetate fraction, followed by n-butanol (79.65 

QSE/g) fraction. Both non-polar hexane and chloroform showed similar 

level of saponin content (34.01-36.60 mg QSE/g), which was twice the 

amount observed for crude methanolic extract (19.06 mg QSE/g). The 

lowest saponin content was shown by the aqueous fraction. 
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Table 4.1. The extraction yield, total phenolic, flavonoid, tannin, saponin and alkaloid content of P. pellucida crude 

methanolic extract and fractions. 

P. pellucida extracts Extraction yield 

(%) 

TPC (mg GAE/g) TFC (mg Qct/g) Tannin content (mg 

TAE/g) 

Saponin content (mg 

QSE/g) 

Alkaloid content (mg 

BCE/g) 

Crude methanolic 

extract 

14.22 ± 3.7a 16.69 ± 0.48a 10.36 ± 0.41a 0.13 ± 0.07a 19.06 ± 5.69a 10.53 ± 1.82a 

Hexane fraction 5.93 ± 3.06b** 10.29 ± 0.52b**** 21.39 ± 0.68b**** 0.21 ± 0.01a 36.60 ± 7.91b* 15.41 ± 1.80a 

Chloroform fraction 1.08 ± 0.83c*** 22.04 ± 1.28c**** 4.88 ± 0.67c*** 1.04 ± 0.15b* 34.01 ± 4.91b* 44.27 ± 2.61b* 

Ethyl acetate fraction 1.65 ± 0.93c*** 22.25 ± 1.19c**** 13.77 ± 1.30d* 0.40 ± 0.01c**** 249.43 ± 3.50c**** 3.07 ± 0.72a 

n-Butanol fraction 0.99 ± 0.70c*** 24.10 ± 0.26c**** 25.91 ± 1.33e**** 0.16 ± 0.01a 79.65 ± 1.97d* 14.32 ± 3.15a 

Aqueous fraction 5.08 ± 2.53b** 13.38 ± 0.14d** 12.13 ± 1.22d* 0.06 ± 0.00d** 4.15 ± 0.96e* 6.96 ± 2.54a 

 

Note: Values are mean ± standard deviation of three independent determinations. Different superscript letters within the 

same column indicate significant (p<0.05) differences of means among the fractions. The level of significance is expressed 

as p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). mg BCE, miligram berberine chloride equivalent; mg GAE, 

miligram gallic acid equivalent; mg Qct, miligram quercetin equivalent; mg QSE, miligram quillaja saponin equivalent; mg 

TAE, miligram tannic acid equivalent; TFC, total flavonoid content; TPC, total phenolic content. 
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4.1.3 Antioxidant activities and indices 

The P. pellucida crude methanolic extract and five solvent fractions 

displayed FRAP value ranging from 0.09 mmol Fe2+/g to 0.80 mmol Fe2+/g 

(Table 4.2). The ethyl acetate fraction showed the highest FRAP activity 

among the plant fractions, followed by n-butanol (0.52 mmol Fe2+/g) and 

chloroform (0.47 mmol Fe2+/g) fractions. Both crude methanolic extract 

and hexane fraction displayed similar FRAP value. The aqueous fraction 

displayed the lowest FRAP activity. The ethyl acetate, n-butanol and 

chloroform fractions with high TPC showed relatively high FRAP activity.  

The IC50 for DPPH and ABTS radicals scavenging activities varied 

from 0.08 mg/ml to 0.69 mg/ml, and 0.24 mg/ml to 1.16 mg/ml, 

respectively (Table 4.2). For both DPPH ad ABTS radical scavenging, the 

strongest radical scavenging activity was found in moderately polar ethyl 

acetate fraction due to the lowest IC50 for DPPH and ABTS scavenging 

activities. The non-polar hexane fraction displayed the weakest radical 

scavenging activity. In general, the DPPH radical scavenging activity for all 

P. pellucida solvent fractions were higher than their ABTS radical 

scavenging activity. However, both DPPH and ABTS radicals scavenging 

activities of solvent fractions were still weaker when compared to their 

respective standards ascorbic acid (IC50 = 0.004 mg/ml) and Trolox (IC50 = 

0.01 mg/ml). The DPPH radical scavenging activity trends in crude 

methanolic extract, hexane, chloroform and aqueous fractions were 

different than their ABTS radical scavenging trend. For instance, the 

aqueous fraction showed comparable DPPH scavenging activity with crude 

methanolic extract and chloroform fraction, but lowest ABTS scavenging 

activity along with hexane fraction. 
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Table 4.2. The antioxidant activity of P. pellucida crude methanolic extract 

and fractions. 

 

P. pellucida extracts FRAP (mmol 

Fe2+/g) 

DPPH radical 

scavenging activity 
(IC50, mg/ml) ¶ 

ABTS radical 

scavenging activity 
(IC50, mg/ml) † 

Lipid peroxidation 

inhibitory activity 
(IC50, mg/ml) ‡ 

Crude methanol 

extract 

0.19 ± 0.01a 0.21 ± 0.01a 0.54 ± 0.01a 0.022 ± 0.002a 

Hexane fraction  0.21 ± 0.01a 0.69 ± 0.06b**** 1.16 ± 0.02b**** 0.022 ± 0.003a 

Chloroform fraction 0.47 ± 0.03b**** 0.21 ± 0.02a 0.79 ± 0.01c**** 0.019 ± 0.001b* 

Ethyl acetate fraction 0.80 ± 0.02c**** 0.08 ± 0.00d*** 0.24 ± 0.00d**** 0.010 ± 0.00c**** 

n-Butanol fraction 0.52 ± 0.01d**** 0.14 ± 0.01c* 0.29 ± 0.00e**** 0.030 ± 0.00d*** 

Aqueous fraction 0.09 ± 0.00e**** 0.28 ± 0.01a 1.19 ± 0.01b**** 0.021 ± 0.002a 

 

Note: Values are mean ± standard deviation of three independent 

determinations. Different superscript letters within the same column 

indicate significant (p<0.05) differences of means among the fractions. The 

level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). ABTS, 2, 2′-azino-bis (3-ethylbenzothiazoline-6-

sulfonate; DPPH, 2, 2-diphenyl-2-picrylhydrazyl; IC50, half-maximal 

inhibitory concentration; FRAP, ferric-reducing antioxidant power; mmol 

Fe2+, millimole ferrous ions equivalent. 

¶ The IC50 for standard ascorbic acid was 0.004 mg/ml. † The IC50 for 

standard Trolox was 0.010 mg/ml. ‡ The IC50 for standard ascorbic acid 

was 0.004 mg/ml. 
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In this study, the ethyl acetate fraction displayed high lipid 

peroxidation inhibitory activity (IC50 = 0.01 mg/ml) that was comparable to 

that of the standard ascorbic acid (IC50 = 0.004 mg/ml). However, the 

weakest lipid peroxidation inhibitory activity was found in the other 

moderately polar n-butanol fraction with the largest IC50 value at 0.03 

mg/ml. The lipid peroxidation inhibitory activity (IC50 = 0.019-0.022 mg/ml) 

among the crude methanolic extract, hexane, chloroform and aqueous 

fractions were not significantly different. Interestingly, moderate lipid 

peroxidation inhibitory activity was exhibited in the polar and non-polar 

solvent fractions. 

The AI index of P. pellucida crude methanolic extract and solvent 

fractions was determined based on their performance in antioxidant assays, 

including FRAP, ABTS, DPPH and lipid peroxidation inhibitory assays. Based 

on the results, the ethyl acetate and n-butanol fractions were ranked as 

very high and high antioxidant fractions, respectively while the rest of 

fractions were classified as moderate AI fractions (Table 4.3). Interestingly, 

none of the extracts were graded as low AI fraction. The ethyl acetate 

fraction was classified as very high AI fraction due to its highest FRAP, 

DPPH and ABTS radicals scavenging and lipid peroxidation inhibitory 

activities among the solvent fractions. For n-butanol fraction, the high AI 

can be derived from its relatively high FRAP, DPPH and ABTS scavenging 

activities. The moderate AI observed in the remaining solvent fractions can 

be derived from their distinctive effects in various antioxidant assays. For 

instance, both aqueous and hexane fractions exhibited moderate lipid 

peroxidation inhibitory activity. In addition to that, crude methanolic 

extract and chloroform fraction demonstrated moderate ABTS scavenging 

activity and FRAP activity, respectively. 
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Table 4.3. The antioxidant index of P. pellucida crude methanolic extract and fractions. 

P. pellucida 

extracts 

FRAP 

(mmol 
Fe2+/g) 

DPPH 

(IC50, 
mg/ml) 

ABTS 

(IC50, 
mg/ml) 

Lipid 

peroxidation 
(IC50, 

mg/ml) 

Relative 

% FRAP 

Relative 

% DPPH 

Relative 

% ABTS 

Relative % 

Lipid 
peroxidation 

inhibition 

AI Category 

Ethyl acetate 

fraction 

0.80 0.08 0.24 0.01 100 100 100 100 100 Very high 

n-Butanol 

fraction 

0.52 0.14 0.29 0.03 65 57 83 33 60 High 

Chloroform 

fraction 

0.47 0.20 0.79 0.02 59 38 30 50 44 Moderate 

Crude 

methanolic 

extract 

0.19 0.21 0.54 0.02 24 38 44 50 39 Moderate 

Aqueous 

fraction 

0.09 0.28 1.19 0.02 11 29 20 50 27 Moderate 

Hexane 

fraction 

0.21 0.69 1.16 0.02 26 12 21 50 28 Moderate 

 

Note: The plants are graded into very high (76-100 %), high (51-75 %), moderate (26-

50 %) and low (0-25 %) antioxidant potentials. The percentage relative value for each 

sample in each assay is based on the highest value in each assay. ABTS, 2, 2′-azino-bis 

(3-ethylbenzothiazoline-6-sulfonate; AI, antioxidant index; DPPH, 2, 2-diphenyl-2-

picrylhydrazyl; IC50, half-maximal inhibitory concentration; FRAP, ferric-reducing 

antioxidant power; mmol Fe2+, millimole ferrous ions equivalent. 
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4.1.4 Anti-inflammatory activities and indices 

4.1.4.1 COXs inhibitory activity 

In this study, the overall COX-1 and COX-2 inhibitory activities of P. 

pellucida fractions ranged from 10.60 % to 82.60 %. The non-polar hexane 

fraction showed the highest inhibitory activity against COX-1 and COX-2 at 

82.6 % and 76.65 %, respectively (Table 4.4). This was preceded by the P. 

pellucida crude methanolic extract with 71.18 % and 72.89 % of inhibition 

against COX-1 and COX-2, respectively. Interestingly, the chloroform and 

aqueous fractions exhibited greater COX-1 inhibitory activity compared to 

the ethyl acetate fraction, while demonstrating lower COX-2 inhibitory 

activity than the latter. The lowest COX-1 and COX-2 inhibitory activities 

were observed in n-butanol fraction. Based on the overall trend in COXs 

inhibitory activity, the majority of the P. pellucida solvent fractions 

expressed higher COX-1 inhibition than COX-2.  

 

4.1.4.2 LOX inhibitory activity 

The IC50 for the LOX inhibitory activity of solvent fractions ranged 

from 0.01 mg/ml to 0.03 mg/ml (Table 4.4). The strongest LOX inhibitory 

activity was observed in the ethyl acetate, n-butanol and hexane fractions, 

which equally displayed the lowest IC50 without any significant difference. 

This was followed by the chloroform fraction with IC50 of 0.02 mg/ml. The 

crude methanolic extract and aqueous fraction each displayed similar LOX 

inhibitory activity (IC50 = 0.03 mg/ml). Remarkably, the IC50 of LOX 

inhibitory activities for ethyl acetate, n-butanol and hexane fractions were 

comparable to that of the standard quercetin (0.007 mg/ml). 
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Table 4.4. The anti-inflammatory activity of P. pellucida crude methanolic 

extract and fractions. 

P. pellucida 

extracts 

COX-1 

inhibition (%) # 

COX-2 

inhibition (%) # 

LOX inhibition 

(IC50, mg/ml) Δ 

XO inhibition 

(IC50, mg/ml) 
Œ 

hyaluronidase 

inhibition (IC50, 
mg/ml) Ω 

Crude 

methanolic 

extract 

71.18 ± 

1.25a 

72.89 ± 0.23a 0.03 ± 0.01a 0.052 ± 

0.01a 

0.22 ± 0.01a 

Hexane 

fraction 

82.60 ± 

4.77b** 

76.65 ± 

2.28a 

0.010 ± 

0.002b**** 

0.093 ± 

0.02a 

0.233 ± 

0.003a 

Chloroform 

fraction 

40.09 ± 

0.57c**** 

12.45 ± 

0.99b**** 

0.02 ± 0.00c* 0.102 ± 

0.01a 

0.233 ± 

0.004a 

Ethyl acetate 

fraction 

31.94 ± 

3.91d**** 

49.59 ± 

2.09c**** 

0.013 ± 

0.001b**** 

0.085 ± 

0.02a 

0.43 ± 

0.00b**** 

n-Butanol 

fraction 

19.72 ± 

3.12e**** 

10.60 ± 

1.37b**** 

0.013 ± 

0.002b**** 

0.042 ± 

0.01a 

0.50 ± 

0.02c**** 

Aqueous 

fraction 

38.85 ± 

1.39c**** 

21.12 ± 

1.37d**** 

0.03 ± 0.00a 0.112 ± 

0.03b* 

0.61 ± 

0.03d**** 

Note: Values are mean ± standard deviation of three independent 

determinations. Different superscript letters within the same column 

indicate significant (p<0.05) differences of means among the fractions. The 

level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). COX, cyclooxygenase; IC50, Half-maximal 

inhibitory concentration; LOX, lipoxygenase; XO, xanthine oxidase. 

Δ The IC50 for standard quercetin was 0.007 mg/ml. Œ The IC50 for 

standard quercetin was 0.001 mg/ml. Ω The IC50 for standard tannic acid 

was 0.017 mg/ml. 

# Sample concentration at 0.5 mg/ml. 
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4.1.4.3 XO inhibitory activity 

 In this study, ethyl acetate, n-butanol, hexane fractions and crude 

methanolic extract shared the strongest XO inhibitory activities (Table 4.4) 

among the plant fractions. This was preceded by the chloroform (IC50 = 

0.102 mg/ml) fraction. Besides, the lowest XO inhibitory activity was 

detected in the polar aqueous fraction with IC50 of 0.112 mg/ml. The 

overall IC50 for XO inhibitory activity of P. pellucida extracts was also found 

to be higher, ranging from 0.052 mg/ml to 0.112 mg/ml, compared to the 

IC50 of standard quercetin at 0.001 mg/ml.  

 

4.1.4.4 Hyaluronidase inhibitory activity 

 The IC50 of hyaluronidase inhibition activity for P. pellucida crude 

methanolic extract and solvent fractions ranged from 0.22 mg/ml to 0.61 

mg/ml (Table 4.4). The standard tannic acid displayed significant 

hyaluronidase inhibitory activity (IC50 = 0.017 mg/ml). Among the P. 

pellucida fractions, the crude methanolic extract, hexane and chloroform 

fractions displayed the strongest hyaluronidase inhibitory activity (lowest 

IC50 values). This was followed by the moderately polar ethyl acetate (IC50 

= 0.43 mg/ml) and n-butanol (IC50 = 0.50 mg/ml) fractions, respectively. 

The weakest hyaluronidase inhibitory activity was exhibited by the polar 

aqueous fraction with the highest IC50 value. The trend of hyaluronidase 

inhibitory activity among the solvent fractions indicated that the 

hyaluronidase inhibitory activity decreased with increasing solvent polarity 

of the plant fractions. 

 Based on the AII index, six P. pellucida solvent fractions were 

equally grouped into either very high AII, high AII or moderate AII 

categories (Table 4.5). Out of the six plant fractions, four were ranked as 



127 

 

high AII category and above while no plant fraction was grouped into low 

AII category. Both hexane fraction and crude methanolic extract were 

graded as very high AII fractions due to their relatively high inhibitory 

activities against COXs and hyaluronidase while hexane fraction also 

showed strong LOX inhibitory activity. The moderately polar ethyl acetate 

and n-butanol fractions, which were ranked as high AI fractions were also 

classified as high AII fractions in the current study.  
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Table 4.5. The anti-inflammatory index of P. pellucida crude methanolic extract and fractions. 

P. pellucida 
extracts 

COX-1 
inhibition 

(%) 

COX-2 
inhibition 

(%) 

LOX 
inhibition 

(IC50, 
mg/ml) 

XO 
inhibition 

(IC50, 
mg/ml) 

Hyaluronidase 
inhibition 

(IC50, mg/ml) 

Relative % 
COX-1 

inhibition 

Relative % 
COX-2 

inhibition 

Relative % 
LOX 

inhibition 

Relative % 
XO 

inhibition 

Relative % 
hyaluronidase 

inhibition 

AII Category 

Hexane 

fraction  

82.60 76.65 0.010 93.72 0.23 100 100 100 45 95 88 very high 

Crude 

methanolic 

extract 

71.18 72.89 0.034 52.18 0.22 86 95 29 81 100 78 very high 

Ethyl 

acetate 

fraction 

31.94 49.59 0.013 85.75 0.43 39 65 77 49 51 56 high 

n-Butanol 

fraction 

19.72 10.60 0.013 42.43 0.50 24 14 77 100 44 52 high 

Chloroform 

fraction 

40.09 12.45 0.024 102.35 0.23 49 16 41 41 95 48 moderate 

Aqueous 

fraction 

38.85 21.12 0.026 112.30 0.61 47 28 38 38 36 37 moderate 

Note: The plants are graded into very high (76-100 %), high (51-75 %), moderate (26-50 %) and low (0-25 %) anti-

inflammatory potentials. The percentage relative value for each sample in each assay is based on the highest value in each 

assay. AII, anti-inflammatory index; COX, cyclooxygenase; IC50, half-maximal inhibitory concentration; LOX, lipoxygenase; 

XO, xanthine oxidase. 
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4.1.5 Anti-glycaemic activities 

4.1.5.1 α-glucosidase and α-amylase inhibitory activities 

 To date, the α-glucosidase and α-amylase inhibitory activities of P. 

pellucida is yet to be explored. Based on the current result, the IC50 for α-

glucosidase inhibitory activity of P. pellucida crude methanolic extract and 

plant solvent fractions ranged from 0.07 mg/ml to 1.17 mg/ml (Table 4.6). 

There was no significant difference between the ethyl acetate and chloroform 

fractions, which displayed the strongest α-glucosidase inhibitory activity with 

the lowest IC50 relative to that of other solvent fractions. This was followed by 

the n-butanol fraction and crude methanolic extract. The lowest α-glucosidase 

inhibitory activity was observed in the non-polar hexane and polar aqueous 

fractions with the highest IC50. The result showed that moderately polar 

fractions displayed stronger α-glucosidase inhibitory activity than the polar 

fractions. With the exception of hexane and aqueous fractions, the P. 

pellucida crude methanolic extract and the remaining solvent fractions also 

exhibited greater inhibition against α-glucosidase than the anti-diabetic drug 

acarbose, which served as the standard (IC50 = 0.70 mg/ml) in this study. 

The IC50 for the α-amylase inhibitory activity ranged from 0.002 mg/ml 

to 0.009 mg/ml, in which the ethyl acetate, hexane fractions and crude 

methanolic extract, displayed relatively strong α-amylase inhibitory activity 

(Table 4.6). This was followed by n-butanol (IC50 = 0.004 mg/ml) and 

chloroform (IC50 = 0.007 mg/ml) fractions. The weakest α-amylase inhibitory 

activity was found in the aqueous fraction. The α-amylase inhibitory activity of 

crude methanolic extract and solvent fractions were generally stronger than 

the standard acarbose (IC50 = 0.01 mg/ml). In addition, the solvent fractions 

of P. pellucida exhibited greater inhibition against α-amylase compared to α-

glucosidase.  
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Table 4.6. The anti-glycaemic and anti-glycation activities of P. pellucida 

crude methanolic extract and fractions. 

P. pellucida 

extracts 

Anti-glycaemic activity Anti-glycation activity 

α-

glucosidase 

inhibition 
(IC50, 

mg/ml) œ 

α-amylase 

inhibition (IC50, 

mg/ml) ø 

Aldose 

reductase 

inhibition (IC50, 
mg/ml) ◊ 

AGE 

inhibition 

(IC50, 
mg/ml) ¤ 

Inhibition 

of 

dicarbonyl 
compound 

formation 
(%)# 

Inhibition of 

Amadori 

product 
formation 

(%)# 

Crude 

methanolic 

extract 

0.48 ± 

0.02a 

0.003 ± 0.00a 0.12 ± 

0.01a 

0.800 ± 

0.02a 

9.08 ± 

2.06a 

25.27 ± 

1.85a 

Hexane 

fraction 

0.92 ± 

0.22b*** 

0.003 ± 0.01a 0.16 ± 

0.01b* 

0.801 ± 

0.02a 

11.49 ± 

1.14a 

30.16 ± 

4.05a 

Chloroform 

fraction 

0.13 ± 

0.01c** 

0.007 ± 

0.01b**** 

0.07 ± 

0.02c** 

0.793 ± 

0.02a 

4.89 ± 

1.03b* 

27.58 ± 

4.43a 

Ethyl 

acetate 

fraction 

0.07 ± 

0.00c** 

0.002 ± 0.00a 0.07 ± 

0.01c** 

0.05 ± 

0.00b**** 

10.69 ± 

1.06a 

31.42 ± 

2.90a 

n-Butanol 

fraction 

0.40 ± 

0.02a 

0.004 ± 0.00c* 0.08 ± 

0.01c* 

0.790 ± 

0.00a 

7.29 ± 

0.94a 

27.05 ± 

3.96a 

Aqueous 

fraction 

1.17 ± 

0.05b**** 

0.009 ± 

0.01d**** 

0.02 ± 

0.01d**** 

1.12 ± 

0.02c**** 

7.52 ± 

2.16ψa 

28.52 ± 

1.80ψa 

Note: Values are mean ± standard deviation of three independent 

determinations. Different superscript letters within the same column 

indicate significant (p<0.05) differences of means among the fractions. The 

level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). AGE, advanced glycation end product; IC50, half-

maximal inhibitory concentration. 

œ The IC50 for standard acarbose was 0.70 mg/ml. ø The IC50 for standard 

acarbose was 0.01 mg/ml. ◊ The IC50 for standard quercetin was 0.002 

mg/ml. ¤ The IC50 for positive control aminoguanidine was 0.36 mg/ml.  

# Sample concentration at 1 mg/ml. ψ Sample concentration at 10 mg/ml. 
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4.1.6 Anti-glycation activities and indices 

4.1.6.1 AR inhibitory activity 

Based on Table 4.7, the polar aqueous fraction of P. pellucida with 

low anti-inflammatory and anti-glycaemic activities displayed the highest 

AR inhibitory activity (the smallest IC50 at 0.02 mg/ml). This was followed 

by the ethyl acetate, chloroform and n-butanol plant fractions with similar 

IC50 values (0.07-0.08 mg/ml) for AR inhibitory activity. The crude 

methanolic extract preceded with IC50 of 0.12 mg/ml while the hexane 

fraction exhibited the weakest AR inhibitory potential at IC50 of 0.16 mg/ml. 

Nevertheless, the overall AR inhibitory potential of standard quercetin (IC50 

= 0.002 mg/ml) was much stronger than all plant fractions.  

 

4.1.6.2 Total AGE inhibition analysis 

In total AGE inhibition analysis, the moderately polar ethyl acetate 

fraction of P. pellucida showed the strongest fluorescent AGEs inhibition 

(IC50 = 0.05 mg/ml) (Table 4.7). The total AGE inhibitory activities of crude 

methanolic extract, hexane, chloroform and n-butanol fractions (IC50 = 

0.79-0.80 mg/ml) were not significantly different. In contrary to the AR 

inhibitory activity, the weakest total AGE inhibitory activity was observed in 

the aqueous fraction (IC50 = 1.12 mg/ml). Interestingly, the total AGE 

inhibitory activity of ethyl acetate fraction was even stronger than that of 

the positive control aminoguanidine (IC50=0.36 mg/ml).  

 

4.1.6.3 Dicarbonyl compound analysis 

In this study, the dicarbonyl compound inhibitory activity of P. 

pellucida fractions ranged from 4 % to 12 % at a concentration of 1 mg/ml 
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for all solvent fractions, except for the aqueous fraction (Table 4.7). 

Although the aqueous fraction shared similar dicarbonyl compound 

inhibitory activity with n-butanol and chloroform fractions, ten mg/ml was 

used for aqueous fraction to obtain a detectable activity. Likewise, the 

dicarbonyl compound inhibitory activity were similar among the ethyl 

acetate, hexane fractions and crude methanolic extract, which were 

considered relatively strong among the six solvent fractions.  

 

4.1.6.4 Amadori product analysis 

All six solvent fractions of P. pellucida shared similar Amadori 

products inhibitory activities, ranging from 25 % to 32 % (Table 4.7). 

Similar to dicarbonyl compound analysis, the inhibitory activity of aqueous 

fraction against the formation of Amadori products was only detectable at 

10 mg/ml. Notably, the overall Amadori product inhibitory activities of all P. 

pellucida crude methanolic extract and solvent fractions were higher than 

their dicarbonyl compound inhibitory potential. Based on the AGI analysis, 

the ethyl acetate fraction of P. pellucida was the only solvent fraction 

ranked as very high AGI fraction while the aqueous and hexane fractions 

were categorised as high AGI fractions (Table 4.8). The other 3 plant 

solvent fractions were grouped as moderate AGI fractions. Overall, none of 

the solvent fractions belonged in the low AI, AII and AGI groups. The ethyl 

acetate fraction was classified as such based on its potent inhibitory 

activity on the total AGE and Amadori products. Besides, it was shown that 

the significant aldose reductase and dicarbonyl compound inhibitory 

activities supported the respective aqueous and hexane fractions as high 

AGI plant fractions.  
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Table 4.7. The anti-glycation index of P. pellucida crude methanolic extract and fractions. 

P. pellucida 
extracts 

Total AGE 
inhibition 

(IC50, 
mg/ml) 

Amadori 
product 

inhibition 
(%) 

Dicarbonyl 
compound 

inhibition 
(%) 

Aldose 
reductase 

inhibition 
(IC50, 

mg/ml) 

Relative % 
Total AGE 

inhibition 

Relative % 
Amadori 

product 
inhibition 

Relative % 
Dicarbonyl 

compound 
inhibition 

Relative % 
aldose 

reductase 
inhibition 

AGI Category 

Ethyl acetate 

fraction 

0.05 31.42 10.69 0.07 100 100 93 25 79 very high 

Aqueous 

fraction 

1.12 28.52 7.52 0.02 4 91 65 100 65 high 

Hexane 

fraction  

0.80 30.15 11.49 0.16 6 96 100 11 53 high 

n-Butanol 

fraction 

0.79 27.05 7.29 0.08 6 86 63 23 45 moderate 

Crude 

methanolic 

extract 

0.80 25.27 9.08 0.12 6 80 79 15 45 moderate 

Chloroform 

fraction 

0.79 27.58 4.89 0.07 6 88 43 27 41 moderate 

Note: The plants are graded into very high (76-100 %), high (51-75 %), moderate (26-50 %) and low (0-25 %) anti-

glycation potentials. The percentage relative value for each sample in each assay is based on the highest value in each 

assay. AGE, advanced glycation end product; AGI, anti-glycation index; IC50, half-maximal inhibitory conncentration. 
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4.1.7 In vivo toxicity assay 

According to Hamidi et al. (2014), the toxicity of solvent fractions 

towards the brine shrimps can be classified into non-toxic (LC50>1 mg/ml), 

mildly toxic (LC50 = 0.5 - 1 mg/ml), moderately toxic (LC50 = 0.1 -0.5 

mg/ml) or highly toxic (LC50 = 0 - 0.1 mg/ml) based on the sample 

concentration that causes death in 50 % of brine shrimp population. The 

result clearly indicated that the aqueous fraction of P. pellucida was non-

toxic against brine shrimps with LC50 exceeding 1 mg/ml (5.48 ± 0.85 

mg/ml) (Table 4.8). The ethyl acetate plant fraction and crude methanolic 

plant extract were mildly toxic against the brine shrimp nauplii at LC50 of 

0.55 mg/ml and 0.71 mg/ml, respectively. This was closely followed by the 

n-butanol (LC50 = 0.40 mg/ml) and chloroform fractions (LC50 = 0.42 

mg/ml) with moderate toxicity towards brine shrimps. The lowest LC50 was 

observed in the hexane fraction (0.35 ± 0.08 mg/ml), indicating the high 

toxicity of the non-polar fraction.  

In the current study, the positive control, potassium dichromate 

displayed the highest toxicity with LC50 of 0.26 mg/ml, which was only 

slightly lower than the non-polar hexane fraction (0.35 ±0.08 mg/ml). Out 

of the six plant fractions, the polar aqueous fraction of P. pellucida was the 

only non-toxic plant fraction based on the in vivo toxicity finding. The crude 

methanolic extract and ethyl acetate fraction of P. pellucida which 

displayed strong antioxidant, anti-inflammatory, anti-glycaemic and anti-

glycation properties were considered mildly toxic.  
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Table 4.8. The in vivo toxicity of P. pellucida crude methanolic extract and 

fractions. 

P. pellucida extracts In vivo toxicity (LC50, mg/ml) § 

Crude methanolic extract 0.71 ± 0.06a 

Hexane fraction 0.35 ± 0.08b* 

Chloroform fraction 0.42 ± 0.04b* 

Ethyl acetate fraction 0.55 ± 0.11a 

n-Butanol fraction 0.40 ± 0.05b* 

Aqueous fraction 5.48 ± 0.85c* 

Note: Values are mean ± standard deviation of three independent 

determinations. Different superscript letters within the same column 

indicate significant (p<0.05) differences of means among the fractions. The 

level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). 

§ The IC50 for positive control potassium dichromate was 0.26 mg/ml. 
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4.1.8 Correlation analysis 

Based on correlation analysis (Table 4.9), a significant positive 

correlation was established between the TPC and FRAP (r = 0.80, p<0.001). 

The significant positive correlation observed between saponin and FRAP (r 

= 0.89, p<0.001) may also strengthen the reducing potential of saponins. 

Besides, there was a strong inverse correlation (p<0.001) between TPC 

and the IC50 for DPPH (r = -0.82) and ABTS (r = -0.83) radical scavenging 

activities, respectively. Similarly, a moderate inverse correlation was also 

spotted between the saponin and IC50 for ABTS radical scavenging activity 

(r = -0.68, p<0.005). Moreover, the significant correlation among the FRAP, 

DPPH and ABTS radicals scavenging activities indicated that hydrogen atom 

transfer and SET-based reactions are closely related to one another. In 

addition, FRAP was negatively correlated with the IC50 for lipid peroxidation 

inhibitory activity of plant extracts (r =-0.53, p<0.05). Likewise, the 

saponin content with strong association with FRAP and ABTS radical 

scavenging activities, also displayed significant inverse correlation with the 

IC50 of lipid peroxidation inhibition (r = -0.71, p<0.001). However, this 

study has found that TFC was not associated with the antioxidant activities 

in P. pellucida based on the non-significant correlation of TFC with FRAP 

activity, DPPH and ABTS radicals scavenging activities. In terms of in vivo 

toxicity, there was a mild inverse correlation of the LC50 values of P. 

pellucida fractions with TPC (r=-0.40, p<0.05) and TFC (r=-0.18, p<0.05). 

Additionally, there was also a moderate negative correlation (r=-0.52, 

p<0.05) between the FRAP values and LC50 of in vivo toxicity. 

 Furthermore, correlation studies showed that the inhibition of COX-

1 and 2 was not associated with the alkaloids, phenolic compounds and 

saponins of P. pellucida. On the other hand, there was a significant inverse 

relationship shared between IC50 for LOX with TFC (r = -0.65, p<0.005) 
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and saponin (r = -0.50, p<0.05) contents (Table 4.9), hinting at the role of 

flavonoids and saponins on the LOX inhibitory activity of P. pellucida. 

Additionally, a significant positive correlation was found between XO 

inhibitory activity and ABTS radical scavenging activity (r = 0.61, p<0.01). 

Despite the lack of correlation among the hyaluronidase inhibitory activity, 

TPC and TFC, the alkaloid content of P. pellucida was inversely correlated 

with the IC50 of hyaluronidase inhibitory activity (r = -0.49, p<0.05). 

Although correlation studies indicated that TFC was not associated 

with the α-glucosidase inhibitory activity of P. pellucida (r= 0.25, p>0.05), 

the IC50 of α-glucosidase inhibitory activity was inversely correlated with 

TPC (r=-0.82, p<0.001), tannin (r= -0.61, p<0.01) and saponin contents 

(r= -0.60, p<0.01) (Table 4.9). Besides, the α-glucosidase inhibitory 

activity (IC50) of P. pellucida demonstrated significant inverse correlation 

with the antioxidant parameters such as FRAP, DPPH and ABTS radical 

scavenging activities. On the contrary, there was a weak inverse 

correlation of α-amylase inhibitory activity (IC50) with TPC (r= -0.16) and 

TFC (r= -0.37). Nevertheless, a moderate inverse correlation was observed 

between the α-amylase inhibitory activity (IC50) of P. pellucida and 

antioxidant parameters. 

This study also revealed that the AR inhibitory activity was 

positively associated with DPPH radical scavenging activity (r = 0.63, 

p<0.005) but inversely correlated with TPC (r = -0.32, p<0.05) (Table 4.9). 

The total AGE inhibitory activity of P. pellucida was significantly associated 

with the α-glucosidase (r = 0.70, p<0.05) and α-amylase (r = 0.71, 

p<0.05) inhibitory activities of P. pellucida. Besides, there was a significant 

inverse association of total AGE inhibition activity with TPC (r=-0.47, 

p<0.05), saponin content (r = -0.96, p<0.001) and FRAP (r=-0.87, 

p<0.001). The dicarbonyl compound inhibitory activity of P. pellucida 
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fractions was positively correlated with the IC50 of α-amylase (r = 0.58, 

p<0.05), COX-1 (r = 0.49, p<0.05) and COX-2 (r=0.75, p<0.001) 

inhibitory activities. Correlation analysis also showed that TFC was 

positively correlated with the Amadori product inhibitory activity (r = 0.41, 

p<0.05) and dicarbonyl compound inhibitory activity (r = 0.18, p<0.05). 

Between the dicarbonyl compound and Amadori product inhibitory activities, 

a moderate positive correlation (r=0.55, p<0.05) was established. 
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Table 4.9. Linear correlation and regression of biological activities in P. pellucida. 

Assays             Pearson r R2 p-value 

Phytochemical content versus antioxidant activity   

TPC vs FRAP           0.798 0.637 **** 

TPC vs DPPH radical scavenging activity           -0.818 0.668 **** 

TPC vs ABTS radical scavenging activity           -0.832 0.692 **** 

TFC vs lipid peroxidation inhibitory activity          0.478 0.229 * 

Saponin content vs ABTS radical scavenging activity      -0.680 0.460 *** 

Saponin content vs FRAP      0.889 0.790 **** 

Saponin content vs lipid peroxidation      -0.711 0.510 **** 

Phytochemical content versus anti-glycaemic activity 

TPC vs α-glucosidase inhibitory activity           -0.819 0.671 **** 

Saponin content vs α-glucosidase inhibitory activity      -0.601 0.360 ** 

Tannin content vs α-glucosidase inhibitory activity      -0.615 0.380 ** 

Phytochemical content versus anti-inflammatory activity 

TPC vs COX-1 inhibitory activity           -0.764 0.584 **** 

TPC vs COX-2 inhibitory activity           -0.577 0.334 * 

TFC vs LOX inhibitory activity           -0.652 0.426 *** 

Alkaloid content vs hyaluronidase inhibitory activity      -0.491 0.240 * 

Saponin content vs LOX inhibitory activity      -0.497 0.250 * 

Phytochemical content versus anti-glycation activity 

TPC vs total AGE inhibition analysis         -0.470 0.221 * 

Saponin content vs total AGE inhibition analysis     -0.960 0.920 **** 

 

Note: The r value denotes the significant Pearson's correlation value of 6 fractions. The level of significance is expressed as 

p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). 
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Table 4.9 (continued) 
 

Assays           Pearson r R2 p-value 

Antioxidant activity         

FRAP vs DPPH radical scavenging activity      -0.567 0.322 * 

FRAP vs ABTS radical scavenging activity      -0.778 0.605 **** 

FRAP vs lipid peroxidation inhibitory activity      -0.526 0.276 * 

DPPH scavenging activity vs ABTS scavenging activity      0.748 0.559 **** 

Antioxidant activity versus anti-glycaemic activity 

FRAP vs α-glucosidase inhibitory activity      -0.824 0.679 **** 
DPPH scavenging activity vs α-glucosidase inhibitory 

activity      0.637 0.406 *** 

ABTS scavenging activity vs α-glucosidase inhibitory 
activity      0.795 0.632 **** 

ABTS scavenging activity vs α-amylase inhibitory activity      0.621 0.385 ** 

Antioxidant activity versus anti-inflammatory activity 

FRAP vs COX-1 inhibitory activity           -0.585 0.342 * 

DPPH scavenging activity vs COX-1 inhibitory activity      0.770 0.593 **** 

DPPH scavenging activity vs COX-2 inhibitory activity      0.527 0.278 * 

ABTS scavenging activity vs COX-1 inhibitory activity      0.514 0.265 * 

ABTS scavenging activity vs XO inhibitory activity      0.609 0.371 ** 

Antioxidant activity versus anti-glycation activity 

FRAP vs total AGE inhibition analysis -0.866 0.750 **** 

DPPH scavenging activity vs aldose reductase inhibitory 

activity      0.631 0.398 *** 

ABTS scavenging activity vs total AGE inhibition analysis 0.684 0.468 *** 

Lipid peroxidation inhibitory activity vs total AGE inhibition analysis 0.755 0.570 **** 

 

Note: The r value denotes the significant Pearson's correlation value of 6 fractions. The level of significance is expressed as 

p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). 
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Table 4.9 (continued) 
 

Assays            Pearson r R2 p-value 

Antioxidant activity versus in vivo toxicity   

FRAP vs in vivo toxicity -0.525 0.275 * 

ABTS scavenging activity vs in vivo toxicity 0.544 0.296 * 

Anti-inflammatory activity   

COX-1 inhibitory activity vs COX-2 inhibitory activity 0.852 0.726 **** 

COX-1 inhibitory activity vs hyaluronidase inhibitory activity -0.691 0.477 *** 

COX-2 inhibitory activity vs hyaluronidase inhibitory activity -0.562 0.316 * 

Anti-inflammatory activity versus anti-glycaemic activity   

COX-2 inhibitory activity vs α-amylase inhibitory activity -0.637 0.406 *** 

XO inhibitory activity vs α-amylase inhibitory activity 0.554 0.307 * 

Anti-inflammatory activity versus anti-glycation activity   

COX-1 inhibitory activity vs aldose reductase inhibitory activity    0.759 0.576 **** 

COX-1 inhibitory activity vs dicarbonyl compound analysis   0.488 0.238 * 

COX-2 inhibitory activity vs aldose reductase inhibitory activity    0.771 0.594 **** 

COX-2 inhibitory activity vs dicarbonyl compound analysis   0.745 0.555 **** 

XO inhibitory activity vs Amadori product analysis   0.549 0.302 * 

Hyaluronidase inhibitory activity vs aldose reductase inhibitory activity   -0.725 0.525 **** 

Anti-inflammatory activity versus in vivo toxicity      

XO inhibitory activity vs in vivo toxicity     0.498 0.248 * 

Hyaluronidase inhibitory activity vs in vivo toxicity   0.685 0.469 *** 

Note: The r value denotes the significant Pearson's correlation value of 6 fractions. The level of significance is expressed as 

p<0.05 (*), p<0.005 (***), p<0.001 (****). 
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Table 4.9 (continued) 

 
Assays   Pearson r R2 p-value 

Anti-glycaemic activity versus anti-glycation activity 

α-glucosidase inhibitory activity vs total AGE inhibition analysis   0.703 0.494 *** 

α-amylase inhibitory activity vs aldose reductase inhibitory activity   -0.633 0.401 *** 

α-amylase inhibitory activity vs total AGE inhibition analysis   0.709 0.503 **** 

α-amylase inhibitory activity vs dicarbonyl compound analysis   -0.575 0.330 * 

Anti-glycaemic activity versus in vivo toxicity      

α-glucosidase inhibitory activity vs in vivo toxicity   0.692 0.479 *** 

α-amylase inhibitory activity vs in vivo toxicity   0.725 0.526 **** 

Anti-glycation activity      

Aldose reductase inhibitory activity vs dicarbonyl compound analysis   0.595 0.354 ** 

Dicarbonyl compound analysis vs Amadori product analysis    0.551 0.303 * 

Anti-glycation activity versus in vivo toxicity        

Aldose reductase inhibitory activity vs in vivo toxicity     -0.653 0.427 *** 

Total AGE inhibition analysis vs in vivo toxicity   0.524 0.275 * 

Note: The r value denotes the significant Pearson's correlation value of 6 fractions. The level of significance is expressed as 

p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). 
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4.1.9 Principal component analysis (PCA) 

Based on the PCA biplot (Figure 4.1), the highest variation was 

observed among the components in F1 and F2, which collectively 

accounted for 63.02 % of the total variance. On the horizontal axis of 

biplot, the F1 components showed 33.22 % of activity variation among the 

P. pellucida fractions. The variation was also characterised by a distinct 

separation of aqueous and hexane fractions from chloroform, ethyl acetate 

and n-butanol fractions. Interestingly, both aqueous and hexane fractions 

were solvent fractions with higher extraction yield when compared to the 

chloroform, ethyl acetate and n-butanol fractions. This may indicate that 

the biological activity variation was due in part to the plant extraction yield. 

On the contrary, the F2 component (vertical axis) has accounted for the 

29.81 % of variation in biological activity, which was partly achieved 

through the positioning of non-polar hexane fraction away from the polar 

aqueous fraction and semi-polar solvent fractions. Furthermore, a 

noticeable separation of biological activity variables can be observed in all 

four quadrants of the PCA biplot. The solvent fractions that exhibited 

parallel vector direction with the biological activity variables in every region 

of the biplot was an indication of association to one another. In the lower 

left quadrant of biplot, FRAP was placed together with ethyl acetate and n-

butanol fractions. The same plant fractions also displayed high FRAP values 

(Table 4.2). Hexane plant fraction was associated with high COX inhibitory 

activities (Table 4.5) and thus it was placed together with the COX-1 and 

COX-2 variables in the biplot. In addition, the aqueous fraction was the 

only non-toxic solvent fraction towards the brine shrimps (Table 4.9). Due 

to the high LC50, the aqueous fraction was grouped with the in vivo toxicity 

variable in the lower right quadrant of the biplot.  
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Figure 4.1. The PCA biplot of biological activities in P. pellucida crude 

methanolic extract and solvent fractions. ABTS, 2, 2'-azino-bis (3-

ethylbenzothiazoline-6-sulfonic acid); AGE, advanced glycation end product; 

AR, aldose reductase; COX-1, cyclooxygenase 1; COX-2, cyclooxygenase 2; 

DPPH, 2,2-diphenyl-1-picrylhydrazyl; FRAP, ferric-reducing antioxidant 

power; LOX, 5-lipoxygenase; XO, xanthine oxidase. 
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4.2 Phase 2: In vitro cellular study 

 In this study, the modulatory effect of ethyl acetate fraction and 

crude methanolic extract on the gene and protein expression of angiogenic, 

antioxidant and pro-inflammatory markers implicated in NF-κB, PPAR-γ and 

STAT3 signalling pathways were investigated with an in vitro ARPE-19 

cellular model subjected to high glucose and AGE-induced stress. In 

addition, MTT cell viability assay was also carried out to evaluate the ARPE-

19 cytotoxicity of P. pellucida crude methanolic extract and ethyl acetate 

fraction under high glucose and glycative stresses. 

 

4.2.1 Plant cytotoxicity in ARPE-19 

4.2.1.1 Normal glucose condition 

In order to evaluate the cytotoxicity of P. pellucida crude methanolic 

extract and ethyl acetate fraction towards ARPE-19, the cells were 

subjected to treatment with the plant extracts (0.1-10 mg/ml). The 

morphology of ARPE-19 treated with different concentration of crude 

methanolic extract and ethyl acetate fraction was also monitored to 

evaluate the impact of sample concentration on cell structure and 

appearance (Figure 4.2). Following the plant extracts treatment, ARPE-19 

in the negative control (Figure 4.2A) and 0.5 % DMSO vehicle control 

(Figure 4.2B) retained its cobblestone morphology. Although the IC50 of 

crude methanolic extract and ethyl acetate fraction for ARPE-19 

cytotoxicity was determined to be respective 8.70 mg/ml and 7.34 mg/ml 

(Figure 4.3), the cells treated with 4 mg/ml and 5 mg/ml onwards of the 

respective crude methanolic extract (Figure 4.2C) and ethyl acetate 

fraction (Figure 4.2D) appeared shrivel. The ARPE-19 has also completely 

lost its characteristic cobblestone morphology and apical-basal polarity.  
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Figure 4.2. The morphology of ARPE-19. (A) negative control group. (B) 

0.5 % DMSO vehicle control group. (C) crude methanolic extract (4 mg/ml 

onwards). (D) ethyl acetate fraction (5 mg/ml onwards). 
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Based on the result (Figure 4.3), the ARPE-19 cell viability has 

reduced by 13 % in the 0.5 % DMSO vehicle control when compared to the 

normal glucose control. The viability of ARPE in the plant treatment group 

(3 mg/ml for crude methanolic extract and 4 mg/ml for ethyl acetate 

fraction) was not significantly different from those of 0.5 % DMSO vehicle 

control group. At 4 mg/ml, the crude methanolic extract led to lower ARPE-

19 cell viability (77.86 %) when compared to the ethyl acetate fraction 

(86.66 %). Besides, the ARPE-19 cell viability decreased gradually from 4 

mg/ml (crude methanolic extract) and 5 mg/ml (ethyl acetate fraction) 

onwards. The ARPE-19 cell viability was leveled at a treatment 

concentration of 6 mg/ml for both plant extracts. From 7 mg/ml onwards, 

the ethyl acetate fraction resulted in the greater cell death among the 

ARPE-19 population with a 8.58 % lower in ARPE-19 cell viability compared 

to the crude methanolic extract. The disparity in ARPE-19 cell viability 

between treatment with crude methanolic extract and ethyl acetate fraction 

continued to escalate from 7 mg/ml to 10 mg/ml. At the highest plant 

sample concentration (10 mg/ml), the ARPE-19 cell viability upon 

treatment with crude methanolic extract and ethyl acetate fraction was 

23.02 % and 2.15 %, respectively. Based on the above findings, it was 

determined that ARPE-19 could tolerate up to 3 mg/ml and 4 mg/ml of 

crude methanolic extract and ethyl acetate fraction, respectively.
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Figure 4.3. The cell viability (%) of ARPE-19 treated with P. pellucida 

crude methanolic extract and ethyl acetate fraction under normal glucose 

condition after 24 hours. Control refers to untreated cells cultured in basal 

medium. The 0.5 % DMSO vehicle control refers to untreated cells cultured 

in medium supplemented with 0.5 % DMSO. Data were expressed as mean 

± standard deviation of four independent determinations. Different 

alphabetical letters indicated significant (p<0.05) means difference among 

the plant treatment groups. The level of significance is expressed as 

p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****).  † The IC50 for 

ARPE-19 cytotoxicity was 8.70 mg/ml. ‡ The IC50 for ARPE-19 cytotoxicity 

was 7.34 mg/ml. DMSO, dimethyl sulfoxide; PPEA, P. pellucida ethyl 

acetate fraction; PPM, P. pellucida crude methanolic extract. 
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4.2.1.2 Hyperglycaemic stress 

 In this study, the effect of P. pellucida crude methanolic extract and 

ethyl acetate fraction on ARPE-19 cell viability under high glucose and AGE-

treated conditions was investigated. Since the maximum tolerable 

concentrations of P. pellucida crude methanolic extract and ethyl acetate 

fraction towards ARPE-19 have been determined as 3 mg/ml and 4 mg/ml 

respectively, the cells were subjected to an individual three-point 

concentration treatment of crude methanolic extract (0.75 mg/ml, 1.5 

mg/ml, 3 mg/ml) and ethyl acetate fraction (1 mg/ml, 2 mg/ml, 4 mg/ml) 

via the two-fold serial dilution method.  

Under high glucose condition (34 mM, 68 mM) (Figure 4.4), the 

ARPE-19 cell viability has been reduced by 10 % when compared to the 

normal glucose control (17 mM). The ARPE-19 cell viability in 0.5 % DMSO 

vehicle control groups were also found to be lower than the respective 

untreated normal glucose and high glucose groups (17 mM, 34 mM, 68 

mM). It can be observed that the ARPE-19 cell viability under normal 

glucose condition was higher in the 48-hour treatment groups of crude 

methanolic extract (1.5 mg/ml onwards) and ethyl acetate fraction (2 

mg/ml onwards) than those in the 24-hour treatment groups. The same 

cell viability trend was observed for ARPE-19 treated with crude methanolic 

extract and ethyl acetate fraction under 34 mM and 68 mM glucose 

conditions.  

Treatment with the P. pellucida extracts for 48 hours also showed 

prominent concentration-dependent increment in the ARPE-19 cell viability 

under normal glucose and high glucose conditions. Under both normal 

glucose (17 mM) and moderately high glucose (34 mM) conditions, the 

crude methanolic extract (1.5 mg/ml onwards) and ethyl acetate fraction 
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(4 mg/ml) restored the ARPE-19 cell viability back to the normal glucose 

control level. The crude methanolic extract treated ARPE-19 group also 

displayed higher cell viability and greater cytoprotective effect than ethyl 

acetate fraction under the same conditions. The crude methanolic extract 

has maintained the ARPE-19 cell viability in normal glucose condition (17 

mM) at a starting concentration of 1.5 mg/ml onwards. Even at low plant 

sample concentration of 0.75 mg/ml, the ARPE-19 treated with crude 

methanolic extract could sustain its cell viability against the impact of 

moderately high glucose (34 mM). When compared to the crude methanolic 

extract, a higher concentration of ethyl acetate fraction (4 mg/ml) was 

required to produce similar cytoprotective effect in ARPE-19. Despite an 

increase in ARPE-19 cell viability after 24 hours treatment of crude 

methanolic extract, the ethyl acetate fraction (starting from 2 mg/ml) 

induced a further 12 % increase in ARPE-19 cell viability under high 

glucose (68 mM) conditions after 48 hours of treatment. 
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Figure 4.4. The cell viability (%) of ARPE-19 treated with P. pellucida 

crude methanolic extract and ethyl acetate fraction under normal glucose 

(17 mM) and the high glucose (34 mM, 68 mM) conditions. Control refers 

to untreated cells cultured in basal medium. The 0.5 % DMSO vehicle 

control refers to untreated cells cultured in medium supplemented with 

0.5 % DMSO. Data are expressed as mean ± standard deviation of four 

independent determinations. Different alphabetical letters indicate 

significant (p<0.05) differences of means among the treatment groups. 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). DMSO, dimethyl sulfoxide; PPEA, P. pellucida ethyl 

acetate fraction; PPM, P. pellucida crude methanolic extract. 
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4.2.1.3 AGE-induced stress 

In the current study, the ARPE-19 cell viability was significantly 

reduced by AGE when compared to the normal glucose control (Figure 4.5). 

The AGE-treated ARPE-19 cell viability was further reduced by 15 % under 

the high glucose (34 mM, 68 mM) conditions. The ARPE-19 cell viability in 

0.5 % DMSO vehicle group under normal glucose and high glucose (34 mM, 

68 mM) AGE-treated conditions were lower than their respective untreated 

control groups. It was worth noting that the ARPE-19 cell viability under all 

AGE-treated conditions increased with the duration of plant treatment. 

Treatment of crude methanolic extract and ethyl acetate fraction displayed 

concentration-dependent restoration of ARPE-19 cell viability in the normal 

glucose and high glucose (34 mM) AGE-treated condition. Similar to the 

moderately high glucose (34 mM) group, the sample concentration 

required by crude methanolic extract (1.5 mg/ml) to restore the ARPE-19 

cell viability back to the level of normal glucose control was lower than 

ethyl acetate fraction (4 mg/ml) under normal glucose AGE-treated 

condition. The ARPE-19 cell viability was further increased by 10 % with 3 

mg/ml of crude methanolic extract. 

Although 48 hours treatment of either crude methanolic extract or 

ethyl acetate fraction managed to raise the ARPE-19 cell viability under the 

high glucose (34 mM, 68 mM) AGE-treated condition, it failed to reach the 

level of normal glucose control group. Nevetheless, the crude methanolic 

extract and ethyl acetate fraction showed similar cytoprotective effect on 

ARPE-19 across all plant concentrations treatments under high glucose 

AGE-treated (68 mM) condition. Since 48-hour treatment of crude 

methanolic extract (0.75 mg/ml, 1.5 mg/ml, 3 mg/ml) and ethyl acetate 

fraction (1 mg/ml, 2 mg/ml, 4 mg/ml) increased the ARPE-19 cell viability 

under the high glucose AGE-treated conditions, the similar plant 
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concentration series of treatment and duration were applied in subsequent 

experiments to investigate the regulatory role of P. pellucida extracts on 

the gene and protein expression of angiogenic, antioxidant, anti-

inflammatory and pro-inflammatory markers in high glucose and AGE-

stimulated ARPE-19. 



154 

 

 

Figure 4.5. The cell viability (%) of ARPE-19 treated with P. pellucida 

crude methanolic extract and ethyl acetate fraction under normal glucose 

(17 mM), high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Control refers to untreated cells cultured in basal medium. The 0.5 % 

DMSO vehicle control refers to untreated cells cultured in medium 

supplemented with 0.5 % DMSO. Data are expressed as mean ± standard 

deviation of four independent determinations. Different alphabetical letters 

indicate significant (p<0.05) differences of means among the treatment 

groups. The level of significance is expressed as p<0.05 (*), p<0.01 (**), 

p<0.005 (***), p<0.001 (****). AGE, advanced glycation end product; 

DMSO, dimethyl sulfoxide; PPEA, P. pellucida ethyl acetate fraction; PPM, P. 

pellucida crude methanolic extract. 
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4.2.2 Gene and protein expression 

4.2.2.1 NF-κB p65 

 In this study, the relative fold change of NF-κB p65 gene expression in ARPE-

19 varies from 7.86 to 14.22 folds under the high glucose (34 mM, 68 mM) and AGE-

treated (17 mM, 34 mM, 68 mM) conditions when compared to the normal glucose 

(17 mM) control (Figure 4.6). This increased trend was also observed in the NF-κB 

p65 (1.50-1.67 folds) and phosphorylated NF-κB p65 proteins expression (1.40-1.91 

folds) (Figure 4.7-4.8). The relative gene and protein expression of NF-κB p65 were 

most pronounced in both the high glucose (68 mM) and its corresponding AGE-

treated group, in comparison to the normal glucose control. Similarly, the highest 

protein expression level of phosphorylated NF-κB p65 was detected in both conditions. 

Furthermore, AGE alone has also resulted in 1.5 fold increase in the protein levels of 

both NF-κB p65 and phosphorylated NF-κB p65 in relative to normal glucose control. 

Nevertheless, the combination of AGE and high glucose did not further escalate the 

gene and protein expression of NF-κB p65 and phosphorylated NF-κB p65. 

 P. pellucida extracts treament did not alter the gene and protein expression of 

NF-κB p65 and phosphorylated NF-κB p65 in the normal glucose condition, when 

compared to the untreated control. In both the moderately high glucose (34 mM) 

group and its AGE-treated counterpart, treament of ARPE-19 with crude methanolic 

extract and ethyl acetate fraction down-regulated the NF-κB p65 gene and protein 

(including phosphorylated NF-κB p65) expression in a concentration-dependent 

manner. Despite that, crude methanolic extract, at the highest concentration (3 

mg/ml) suppressed the gene expression of NF-κB p65 in all glucose conditions while 

ethyl acetate fraction could only exert the same effect under the high glucose (34 mM, 

68 mM) stimulation. In terms of protein expression, treatment with increasing 

concentration of P. pellucida extracts reduced the level of protein NF-κB p65 and 

phosphorylated NF-κB p65 expression. 
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Figure 4.6. The relative gene expression of NF-κB p65 in ARPE-19 treated 

with P. pellucida crude methanolic extract and ethyl acetate fraction under 

normal glucose (17 mM), high glucose (34 mM, 68 mM) and AGE-treated 

conditions. Control refers to untreated cells cultured in basal medium. Data 

are expressed as mean ± standard deviation of three independent 

determinations. Different alphabetical letters indicate significant (p<0.05) 

differences of means among the treatment groups. The level of significance 

is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****).   

AGE, advanced glycation end product; PPEA, P. pellucida ethyl acetate; 

PPM, P. pellucida crude methanolic extract; NF-κB, nuclear factor kappa B. 
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Figure 4.7. The relative protein expression of NF-κB p65 in ARPE-19 

treated with P. pellucida crude methanolic extract and ethyl acetate 

fraction under normal glucose (17 mM), high glucose (34 mM, 68 mM) and 

AGE-treated conditions. Control refers to untreated cells cultured in basal 

medium. Data are expressed as mean ± standard deviation of three 

independent determinations. Different alphabetical letters indicate 

significant (p<0.05) differences of means among the treatment groups. 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). AGE, advanced glycation end product; PPEA, P. 

pellucida ethyl acetate; PPM, P. pellucida crude methanolic extract; NF-κB, 

nuclear factor kappa B. 
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Figure 4.8. The relative protein expression of phosphorylated NF-κB p65 

in ARPE-19 treated with P. pellucida crude methanolic extract and ethyl 

acetate fraction under normal glucose (17 mM), high glucose (34 mM, 68 

mM) and AGE-treated conditions. Control refers to untreated cells cultured 

in basal medium. Data are expressed as mean ± standard deviation of 

three independent determinations. Different alphabetical letters indicate 

significant (p<0.05) differences of means among the treatment groups. 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***), p<0.001 (****). AGE, advanced glycation end product; PPEA, P. 

pellucida ethyl acetate; PPM, P. pellucida crude methanolic extract; NF-κB, 

nuclear factor kappa B. 
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4.2.2.2 STAT3 

 In the current study, the gene expression of STAT3 was found to be 

increased under the high glucose (34 mM, 68 mM) and their corresponding 

AGE-treated groups (Figure 4.9). Similar to NF-κB p65, STAT3 gene 

expression showed the largest fold change at 8.58 folds under both high 

glucose (68 mM) and its AGE-treated counterpart, as compared to the normal 

glucose control. However, the expression of STAT3 proteins remained 

constant across all experimental groups (Table 4.10, Appendix B1a). The 

phosphorylated STAT3 protein expression was up-regulated under all high 

glucose and AGE-treated conditions, ranging from 1.30 to 1.81 folds 

(Appendix B1b). The highest phosphorylated STAT3 protein expression was 

achieved in ARPE-19 incubated under high glucose (68 mM) and all AGE-

treated conditions.  

The STAT3 gene and phosphorylated STAT3 protein levels in the 

normal glucose control remained unchanged with the increased concentration 

of P. pellucida crude methanolic extract and ethyl acetate fraction. Under both 

high glucose (68 mM) and its corresponding AGE-treated condition, treatment 

of P. pellucida (1.5 mg/ml crude methanolic extract onwards and 2 mg/ml 

ethyl acetate fraction onwards) showed concentration-dependent reduction in 

STAT3 gene and phosphorylated STAT3 protein expression of ARPE-19. 

Although the lowest concentration of crude methanolic extract and ethyl 

acetate fraction was inadequate to prevent the activation of STAT3 in high 

glucose (68 mM) and AGE-treated (17 mM, 34 mM, 68 mM) environments, it 

was noteworthy to highlight that the crude methanolic extract (3 mg/ml) and 

ethyl acetate fraction (4 mg/ml) suppressed the phosphorylated STAT3 

proteins under the high glucose (34 mM, 68 mM) conditions. The crude 

methanolic extract (3 mg/ml) also inhibited the phosphorylation of STAT3 

under the AGE-treated (17 mM, 34 mM) environment. 
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Figure 4.9. The relative gene expression of STAT3 in ARPE-19 treated with 

P. pellucida crude methanolic extract and ethyl acetate fraction under 

normal glucose (17 mM), high glucose (34 mM, 68 mM) and AGE-treated 

conditions. Control refers to untreated cells cultured in basal medium. Data 

are expressed as mean ± standard deviation of three independent 

determinations. Different alphabetical letters indicate significant (p<0.05) 

differences of means among the treatment groups. The level of significance 

is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***). AGE, advanced 

glycation end product; PPEA, P. pellucida ethyl acetate; PPM, P. pellucida 

crude methanolic extract; STAT3, signal transducer and activator of 

transcription 3. 
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Table 4.10. The relative protein expression of STAT3 and phosphorylated STAT3 in ARPE-

19 treated with P. pellucida crude methanolic extract and ethyl acetate fraction under 

normal glucose (17 mM), high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Group Relative expression (fold change) 

STAT3 protein Phosphorylated-STAT3 
protein  

17mM (control) 1.000 ± 0.000 1.000 ± 0.000 

PPM 

0.75 mg/ml 0.995 ± 0.004 1.302 ± 0.009 

1.5 mg/ml 0.993 ± 0.000 1.003 ± 0.003 

3 mg/ml 0.991 ± 0.009 1.008 ± 0.003 

PPEA 

1 mg/ml 0.991 ± 0.013 1.006 ± 0.003 

2 mg/ml 0.996 ± 0.004 1.005 ± 0.003 

4 mg/ml 1.009 ± 0.002 1.009 ± 0.003  
34mM 1.001 ± 0.001 0.998 ± 0.003** 

PPM 

0.75 mg/ml 0.990 ± 0.011 1.176 ± 0.005 

1.5 mg/ml 1.000 ± 0.000 1.050 ± 0.002** 

3 mg/ml 1.005 ± 0.005 0.996 ± 0.000** 

PPEA 

1 mg/ml 1.000 ± 0.006 1.199 ± 0.006 

2 mg/ml 0.996 ± 0.009 1.086 ± 0.003** 

4 mg/ml 0.997 ± 0.003 1.006 ± 0.003* 
 

68mM 0.985 ± 0.018 1.759 ± 0.022** 

PPM 

0.75 mg/ml 0.996 ± 0.002 1.794 ± 0.023** 

1.5 mg/ml 0.996 ± 0.005 1.697 ± 0.020** 

3 mg/ml 1.006 ± 0.003 1.499 ± 0.014 

PPEA 

1 mg/ml 0.992 ± 0.021 1.016 ± 0.003** 

2 mg/ml 0.998 ± 0.005 1.705 ± 0.020** 

4 mg/ml 0.998 ± 0.003 1.448 ± 0.013  
17mM + AGE 0.992 ± 0.005 1.059 ± 0.002** 

PPM 

0.75 mg/ml 1.012 ± 0.012 1.728 ± 0.021** 

1.5 mg/ml 1.022 ± 0.005 1.537 ± 0.016** 

3 mg/ml 1.004 ± 0.004 1.057 ± 0.002 

PPEA 

1 mg/ml 0.997 ± 0.007 1.742 ± 0.021** 

2 mg/ml 0.996 ± 0.003 1.497 ± 0.014** 

4 mg/ml 1.001 ± 0.009 1.274 ± 0.004***  
34mM + AGE 0.993 ± 0.005 1.792 ± 0.023** 

PPM 

0.75 mg/ml 1.025 ± 0.002 1.814 ± 0.023** 

1.5 mg/ml 1.018 ± 0.004 1.765 ± 0.022** 

3 mg/ml 1.007 ± 0.009 1.562 ± 0.016 

PPEA 

1 mg/ml 0.986 ± 0.001 1.096 ± 0.001** 

2 mg/ml 1.002 ± 0.010 1.777 ± 0.022** 

4 mg/ml 1.017 ± 0.005 1.548 ± 0.016***  
68mM + AGE 0.992 ± 0.001 1.286 ± 0.005** 

PPM 

0.75 mg/ml 1.014 ± 0.003 1.786 ± 0.023** 

1.5 mg/ml 1.010 ± 0.001 1.608 ± 0.018** 

3 mg/ml 1.002 ± 0.009 1.175 ± 0.005** 

PPEA 

1 mg/ml 0.997 ± 0.013 1.806 ± 0.023** 

2 mg/ml 0.995 ± 0.007 1.658 ± 0.019** 

4 mg/ml 1.013 ± 0.009 1.317 ± 0.009** 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 

(***). AGE, advanced glycation end product; PPEA, P. pellucida ethyl acetate; 

PPM, P. pellucida crude methanolic extract; STAT3, signal transducer and 

activator of transcription 3. 
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4.2.2.3 PPAR-γ 

In the current study, the gene expression of PPAR-γ, varies from 

0.17 to 0.53 fold across all high glucose and AGE-treated conditions, in 

relative to that of normal glucose control (Table 4.11, Appendix B1c). 

When stimulated by AGE, the gene expression of PPAR-γ was further 

reduced with increased glucose concentration. On the contrary, the protein 

expression of PPAR-γ was up-regulated under high glucose (34 mM, 68 mM) 

conditions, with and without AGE (Appendix B1d). The PPAR-γ protein 

expression showed down-regulation (0.73 fold) under normal glucose AGE-

treated condition whereas phosphorylated PPAR-γ proteins were increased 

(≥ 1.68 folds) in the high glucose and AGE-treated groups (Table 4.11, 

Appendix B1e).  

 Under normal glucose (17 mM) and moderately high glucose (34 

mM) conditions, the expression of PPAR-γ gene increased with the 

treatment concentration of P. pellucida extracts. Interestingly, treatment of 

crude methanolic extract with concentration of 1.5 mg/ml onwards was 

able to maintain the PPAR-γ gene expression level of ARPE-19 under high 

glucose condition within the range of normal glucose control. The ethyl 

acetate fraction was able to emulate the same effect at 4 mg/ml plant 

concentration. Besides, the PPAR-γ gene expression in normal glucose 

ARPE-19 was higher than that of normal glucose control when treated with 

either 1.5 mg/ml crude methanolic extract or 4 mg/ml ethyl acetate 

fraction. In the high glucose (68 mM) and all AGE-treated conditions, P. 

pellucida extracts treatment did not yield noticeable effect on the 

expression of PPAR-γ gene compared to the respective untreated control 

groups.  
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Table 4.11. The relative gene and protein expression of PPAR-γ in ARPE-19 treated with P. 

pellucida crude methanolic extract and ethyl acetate fraction under normal glucose (17 mM), 

high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Group Relative expression (fold change) 

PPAR-γ gene PPAR-γ protein 
Phosphorylated-

PPAR-γ protein 

  17mM (control) 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 

PPM 

0.75 mg/ml 0.519 ± 0.015 2.694 ± 0.045 2.381 ± 0.095 

1.5 mg/ml 1.022 ± 0.010* 1.031 ± 0.029 0.987 ± 0.018 

3 mg/ml 1.231 ± 0.029* 1.088 ± 0.028 0.990 ± 0.019 

PPEA 

1 mg/ml 1.281 ± 0.055 1.134 ± 0.027 0.992 ± 0.019 

2 mg/ml 0.987 ± 0.018 1.024 ± 0.029 0.991 ± 0.019 

4 mg/ml 1.055 ± 0.027* 1.064 ± 0.028 0.991 ± 0.019 

 34mM 1.204 ± 0.041*** 1.107 ± 0.027**** 0.988 ± 0.018**** 

PPM 

0.75 mg/ml 0.698 ± 0.008** 2.643 ± 0.043**** 2.042 ± 0.076**** 

1.5 mg/ml 0.807 ± 0.018 2.518 ± 0.040**** 1.820 ± 0.063**** 

3 mg/ml 0.944 ± 0.016 2.399 ± 0.037**** 1.378 ± 0.039**** 

PPEA 

1 mg/ml 0.566 ± 0.010**** 2.658 ± 0.044**** 2.062 ± 0.077**** 

2 mg/ml 0.650 ± 0.019* 2.540 ± 0.040**** 1.967 ± 0.071**** 

4 mg/ml 0.811 ± 0.031 2.461 ± 0.038**** 1.365 ± 0.038**** 

 68mM 0.406 ± 0.013**** 2.731 ± 0.046**** 2.737 ± 0.115**** 

PPM 

0.75 mg/ml 0.489 ± 0.014**** 0.727 ± 0.036**** 1.679 ± 0.055**** 

1.5 mg/ml 0.476 ± 0.003**** 2.685 ± 0.044**** 2.602 ± 0.107**** 

3 mg/ml 0.434 ± 0.011**** 2.569 ± 0.041**** 1.935 ± 0.070**** 

PPEA 

1 mg/ml 0.481 ± 0.002**** 2.428 ± 0.037**** 1.583 ± 0.050**** 

2 mg/ml 0.422 ± 0.007**** 2.697 ± 0.045**** 2.660 ± 0.111**** 

4 mg/ml 0.429 ± 0.017**** 2.584 ± 0.042**** 1.987 ± 0.073**** 

 17mM + AGE 0.417 ± 0.009**** 2.445 ± 0.038** 1.608 ± 0.051**** 

PPM 

0.75 mg/ml 0.572 ± 0.017**** 0.777 ± 0.034* 1.588 ± 0.050**** 

1.5 mg/ml 0.504 ± 0.025**** 0.808 ± 0.034* 1.208 ± 0.029 

3 mg/ml 0.539 ± 0.009**** 0.910 ± 0.031 1.145 ± 0.026 

PPEA 

1 mg/ml 0.532 ± 0.009**** 0.743 ± 0.035* 1.624 ± 0.052**** 

2 mg/ml 0.518 ± 0.010**** 0.790 ± 0.034* 1.500 ± 0.045**** 

4 mg/ml 0.497 ± 0.001**** 0.899 ± 0.031 1.316 ± 0.035**** 

 34mM + AGE 0.266 ± 0.013**** 2.570 ± 0.041**** 2.536 ± 0.104**** 

PPM 

0.75 mg/ml 0.172 ± 0.003**** 2.652 ± 0.043**** 2.892 ± 0.124**** 

1.5 mg/ml 0.303 ± 0.004**** 2.513 ± 0.040**** 2.293 ± 0.090**** 

3 mg/ml 0.305 ± 0.009**** 2.398 ± 0.037**** 2.011 ± 0.074**** 

PPEA 

1 mg/ml 0.253 ± 0.004**** 2.176 ± 0.031**** 1.594 ± 0.050**** 

2 mg/ml 0.277 ± 0.009**** 2.557 ± 0.041**** 2.343 ± 0.093**** 

4 mg/ml 0.315 ± 0.004**** 2.441 ± 0.038**** 2.117 ± 0.080**** 

 68mM + AGE 0.242 ± 0.010**** 2.216 ± 0.032**** 1.659 ± 0.054**** 

PPM 

0.75 mg/ml 0.210 ± 0.004**** 2.614 ± 0.042**** 2.568 ± 0.105**** 

1.5 mg/ml 0.210 ± 0.003**** 2.430 ± 0.037**** 2.165 ± 0.083**** 

3 mg/ml 0.177 ± 0.006**** 2.310 ± 0.034**** 1.797 ± 0.062**** 

PPEA 

1 mg/ml 0.206 ± 0.004**** 2.641 ± 0.043**** 2.651 ± 0.110**** 

2 mg/ml 0.209 ± 0.003**** 2.468 ± 0.038**** 2.265 ± 0.088**** 

4 mg/ml 0.213 ± 0.009**** 2.365 ± 0.036**** 1.874 ± 0.066**** 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***), 

p<0.001 (****). AGE, advanced glycation end product; PPAR-γ, peroxisome proliferator-

activated receptor; PPEA, P. pellucida ethyl acetate; PPM, P. pellucida crude methanolic 

extract  
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For protein expression study, the P. pellucida crude methanolic 

extract (3 mg/ml) and ethyl acetate fraction (4 mg/ml) managed to restore 

the PPAR-γ protein expression of AGE-treated ARPE-19 back to the normal 

glucose level. However, the plant extracts demonstrated negligible impact 

on the protein expression of PPAR-γ in ARPE-19 treated with up to 1.5 

mg/ml and 2 mg/ml of the respective crude methanolic extract and ethyl 

acetate fraction across all high glucose and AGE-treated conditions. P. 

pellucida extracts treatment did not cause PPAR-γ phosphorylation in 

ARPE-19 as reflected by the similar protein level of phosphorylated PPAR-γ 

in the control group and plant treatment groups under normal glucose 

condition. Under all high glucose and AGE-treated conditions, the crude 

methanolic plant extract and ethyl acetate plant fraction down-regulated 

the expression of phosphorylated PPAR-γ protein in a concentration-

dependent trend. Although P. pellucida crude methanolic extract (0.75 

mg/ml) and ethyl acetate fraction (1 mg/ml) could not prevent the 

phosphorylation of PPAR-γ in ARPE-19, the expression of phosphorylated 

PPAR-γ proteins in the normal glucose AGE-treated APRE-19 was 

suppressed with 3 mg/ml and 4 mg/ml of crude methanolic extract and 

ethyl acetate fraction, respectively. 

 

4.2.2.4 IL-8 

 In the current study, the gene and protein expression of pro-

inflammatory cytokine IL-8 was up-regulated in the high glucose (34 mM, 

68 mM) and AGE-treated ARPE-19 (Table 4.12, Appendix B2a and B3a). 

The highest increment of 5.50 folds for IL-8 gene expression was observed 

in the high glucose (68 mM) AGE-treated APPE-19 when compared to the 

normal glucose control. A significant increase in IL-8 protein can also be 

observed in the high glucose (68 mM) and AGE-treated (17 mM, 34 mM, 
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68 mM) conditions. When compared to moderately high glucose (34 mM) 

condition, there was an increase in both IL-8 gene and protein expression 

in the normal glucose AGE-treated condition, with differences of 43 % and 

27 %, respectively. 

 In general, treatment of P. pellucida extracts on ARPE-19 led to a 

concentration-dependent down-regulation of IL-8. Interestingly, the gene 

and protein expression levels of IL-8 in the plant-treated normal glucose 

ARPE-19 reduced by ≥13 % when compared to the normal glucose control. 

In addition, both crude methanolic extract (1.5 mg/ml) and ethyl acetate 

fraction (2 mg/ml) suppressed the gene and protein expression of IL-8 in 

normal glucose AGE-treated condition. Although the P. pellucida crude 

methanolic extract (0.75 mg/ml) and ethyl acetate fraction (1 mg/ml) did 

not affect the IL-8 gene expression under high glucose (68 mM) AGE-

treated condition, the protein level of IL-8 was reduced with the treatment 

of similar concentration of crude methanolic extract and ethyl acetate 

fraction.
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Table 4.12. The relative gene and protein expression of IL-8 and MCP-1 in ARPE-19 treated 

with P. pellucida crude methanolic extract and ethyl acetate fraction under normal glucose (17 

mM), high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Group Relative expression (fold change) 

IL-8 gene IL-8 protein MCP-1 gene MCP-1 protein 

  17mM (control) 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 

PPM 0.75 mg/ml 2.148 ± 0.046* 1.575 ± 0.021* 6.652 ± 0.213 2.491 ± 0.034 

1.5 mg/ml 0.783 ± 0.024* 0.894 ± 0.004* 0.975 ± 0.020 0.962 ± 0.001 

3 mg/ml 0.765 ± 0.020* 0.880 ± 0.004* 1.088 ± 0.024 0.980 ± 0.001 

PPEA 1 mg/ml 0.753 ± 0.035 0.864 ± 0.005* 1.042 ± 0.049 0.994 ± 0.001 

2 mg/ml 0.975 ± 0.031* 0.874 ± 0.005* 1.017 ± 0.029 0.994 ± 0.001 

4 mg/ml 0.796 ± 0.027* 0.839 ± 0.006* 0.994 ± 0.004 0.962 ± 0.001  
34mM 0.852 ± 0.021** 0.832 ± 0.006* 1.134 ± 0.017** 0.957 ± 0.001**** 

PPM 0.75 mg/ml 1.950 ± 0.023**** 1.321 ± 0.012* 7.301 ± 0.047**** 1.729 ± 0.016**** 

1.5 mg/ml 1.365 ± 0.025* 1.229 ± 0.009* 5.128 ± 0.111**** 1.356 ± 0.008**** 

3 mg/ml 1.192 ± 0.040 1.148 ± 0.006* 4.495 ± 0.183* 1.182 ± 0.005**** 

PPEA 1 mg/ml 1.951 ± 0.047* 1.352 ± 0.013* 6.877 ± 0.109**** 1.899 ± 0.021**** 

2 mg/ml 1.557 ± 0.013**** 1.284 ± 0.011* 6.166 ± 0.226** 1.540 ± 0.012**** 

4 mg/ml 1.192 ± 0.042 1.175 ± 0.007* 5.044 ± 0.080**** 1.397 ± 0.009**** 

  68mM 4.291 ± 0.032**** 2.260 ± 0.047* 11.35 ± 0.642* 3.077 ± 0.044**** 

PPM 0.75 mg/ml 3.778 ± 0.162** 2.174 ± 0.043* 5.804 ± 0.189**** 2.045 ± 0.024**** 

1.5 mg/ml 3.605 ± 0.108* 1.709 ± 0.026* 11.71 ± 0.307*** 2.370 ± 0.031**** 

3 mg/ml 2.396 ± 0.095**** 1.395 ± 0.015* 8.750 ± 0.259**** 1.797 ± 0.018**** 

PPEA 1 mg/ml 2.243 ± 0.008* 1.176 ± 0.007* 8.342 ± 0.150**** 1.461 ± 0.010**** 

2 mg/ml 3.552 ± 0.126** 1.768 ± 0.028* 10.98 ± 0.288** 2.451 ± 0.031**** 

4 mg/ml 3.100 ± 0.066**** 1.470 ± 0.017* 9.839 ± 0.309** 2.113 ± 0.024****  
17mM + AGE 2.318 ± 0.034* 1.262 ± 0.010* 8.118 ± 0.251** 1.972 ± 0.022**** 

PPM 0.75 mg/ml 0.867 ± 0.030 1.634 ± 0.023* 1.524 ± 0.068* 1.481 ± 0.011**** 

1.5 mg/ml 0.744 ± 0.020* 1.019 ± 0.001 1.341 ± 0.038* 1.089 ± 0.002 

3 mg/ml 0.697 ± 0.015* 0.921 ± 0.003** 1.080 ± 0.046 1.004 ± 0.001 

PPEA 1 mg/ml 2.779 ± 0.062** 1.647 ± 0.024* 1.585 ± 0.023** 1.574 ± 0.013**** 

2 mg/ml 0.781 ± 0.009** 1.045 ± 0.002 1.092 ± 0.012* 1.287 ± 0.007**** 

4 mg/ml 0.653 ± 0.010** 0.939 ± 0.002** 1.003 ± 0.037 0.971 ± 0.001 

  34mM + AGE 4.810 ± 0.143** 2.160 ± 0.090* 14.87 ± 1.192* 2.626 ± 0.037**** 

PPM 0.75 mg/ml 5.509 ± 0.125* 2.334 ± 0.049* 31.30 ± 1.152** 3.623 ± 0.058**** 

1.5 mg/ml 2.400 ± 0.091* 1.477 ± 0.018* 17.47 ± 0.565** 1.888 ± 0.020**** 

3 mg/ml 1.888 ± 0.106* 1.270 ± 0.010* 16.44 ± 0.535**** 1.492 ± 0.011**** 

PPEA 1 mg/ml 1.222 ± 0.015** 1.122 ± 0.005* 11.82 ± 0.200**** 1.304 ± 0.007**** 

2 mg/ml 2.858 ± 0.069* 1.445 ± 0.016* 15.47 ± 0.065** 2.003 ± 0.022**** 

4 mg/ml 2.150 ± 0.072* 1.302 ± 0.011* 17.42 ± 0.696**** 1.737 ± 0.017**** 

  68mM + AGE 1.347 ± 0.031**** 1.149 ± 0.006* 12.19 ± 0.168** 1.505 ± 0.012**** 

PPM 0.75 mg/ml 5.839 ± 0.175** 1.869 ± 0.032* 33.72 ± 1.592* 2.481 ± 0.033**** 

1.5 mg/ml 4.800 ± 0.049**** 1.463 ± 0.017* 32.87 ± 1.178** 1.905 ± 0.020**** 

3 mg/ml 3.320 ± 0.021**** 1.193 ± 0.007* 27.76 ± 1.523* 1.624 ± 0.014**** 

PPEA 1 mg/ml 6.026 ± 0.102**** 1.857 ± 0.031* 32.20 ± 0.872**** 2.733 ± 0.037**** 

2 mg/ml 4.779 ± 0.137** 1.484 ± 0.018* 30.27 ± 1.553* 2.550 ± 0.035**** 

4 mg/ml 3.759 ± 0.125** 1.231 ± 0.009* 29.55 ± 1.848* 2.098 ± 0.025**** 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). AGE, 

advanced glycation end product; IL-8, interleukin 8; MCP-1, monocyte chemoattract protein; PPEA, P. 

pellucida ethyl acetate; PPM, P. pellucida crude methanolic extract  
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4.2.2.5 MCP-1 

 When compared to the normal glucose control, the relative fold 

change of MCP-1 gene and protein expression across the high glucose (34 

mM, 68 mM) and AGE-treated groups ranged from 2.04 to 32.22 folds 

(Table 4.12, Appendix B2b and B3b). Similar to IL-8, the highest increment 

for the gene expression of MCP-1 was observed in the high glucose (68 mM) 

AGE-treated ARPE-19. This was followed by the high glucose (68 mM) and 

moderately high glucose (34 mM) AGE-treated ARPE-19. The modest 

increase in MCP-1 gene expression was observed in the moderately high 

glucose (34 mM) and normal glucose AGE-treated conditions. On the 

contrary, the smallest increase in MCP-1 protein expression was observed 

in the normal glucose AGE-treated ARPE-19, followed by both the 

moderately high glucose (34 mM) and its corresponding AGE-treated 

condition. 

 Unlike IL-8, P. pellucida extracts treatment did not significantly 

affect the gene and protein expression of MCP-1 in ARPE-19 under normal 

glucose condition. It was worth noting that the crude methanolic extract 

and ethyl acetate fraction decreased the gene expression of MCP-1 by at 

least 23 % in moderately high glucose (34 mM) stimulated ARPE-19. The 

maximum inhibition of MCP-1 protein expression was also observed in 

ARPE-19 treated with 1.5 mg/ml of crude methanolic extract and 2 mg/ml 

of ethyl acetate fraction under the same condition. On the other hand, a 

decrease in MCP-1 gene expression of ARPE-19 was attained after treating 

with 1.5 mg/ml of crude methanolic extract and 4 mg/ml ethyl acetate 

fraction for P. pellucida. Besides, the crude methanolic extract (3 mg/ml) 

and ethyl acetate fraction (4 mg/ml) suppressed the transcription of MCP-1 

under normal glucose AGE-treated condition, in which the gene and protein 

expression of MCP-1 were similar to the normal glucose control. Similar to 
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the scenario observed with IL-8, while the expression of MCP-1 protein was 

reduced by P. pellucida extracts treatment in high glucose (68 mM) and 

AGE-treated (34 mM, 68 mM) conditions, the gene expression remained 

consistent across varying treatment concentration of crude methanolic 

extract and ethyl acetate fraction. 

 

4.2.2.6 MMP2 

 Across the high glucose (34 mM, 68 mM) and AGE-treated 

conditions, increased gene and protein expression of MMP2 compared to 

the normal glucose control was observed (Table 4.13, Appendix B2c and 

3c). The relative fold change of MMP2 gene expression in the high glucose 

(68 mM) and AGE-treated (34 mM, 68 mM) ARPE-19 was the highest 

(4.27-7.79 folds). This was followed by the moderately high glucose (34 

mM) and normal glucose AGE-treated ARPE-19 with similar gene 

expression of MMP2. In terms of protein expression, a significant increase 

can be observed in the high glucose (34 mM, 68 mM) and their AGE-

treated counterparts. The smallest increase in MMP2 protein expression 

was observed in the normal glucose AGE-treated condition. 

 The gene and protein expression of MMP2 remain unchanged in 

ARPE-19 after treating with P. pellucida crude methanolic extract and ethyl 

acetate fraction. Except for the high glucose AGE-treated (68 mM) 

condition, P. pellucida extracts have reduced the gene expression of MMP2 

by ≥ 14 % in the remaining high glucose and AGE-treated conditions. The 

most significant decrease in MMP2 gene expression occurred in the normal 

glucose AGE-treated condition (74 %). On the other hand, the crude 

methanolic extract (0.75 mg/ml) and ethyl acetate fraction (1 mg/ml) 

decreased the production of MMP2 protein by 8 % in the high glucose AGE-

treated (68 mM) condition. Furthermore, the crude methanolic extract and 
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ethyl acetate fraction also suppressed the gene expression of MMP2 in 

normal glucose AGE-treated condition from as low as 1.5 mg/ml and 2 

mg/ml, respectively. In addition to reducing the gene expression of MMP2 

in moderately high glucose AGE-treated (34 mM) condition, the highest 

concentration of crude methanolic extract and ethyl acetate fraction 

suppressed the protein expression of MMP2. 
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Table 4.13. The relative gene and protein expression of MMP2 and VEGF in ARPE-19 treated with 

P. pellucida crude methanolic extract and ethyl acetate fraction under normal glucose (17 mM), 

high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Group 
Relative expression (fold change) 

MMP2 gene MMP2 protein VEGF gene VEGF protein 

 

17mM 

(control) 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 

PPM 

0.75 mg/ml 5.181 ± 0.151 2.626 ± 0.029 2.976 ± 0.024 1.486 ± 0.014 

1.5 mg/ml 1.050 ± 0.007 0.997 ± 0.001 0.973 ± 0.020 0.984 ± 0.006 

3 mg/ml 1.040 ± 0.043 0.989 ± 0.001 1.047 ± 0.025 0.986 ± 0.019 

PPEA 

1 mg/ml 1.042 ± 0.035 1.000 ± 0.001 0.958 ± 0.005 0.995 ± 0.023 

2 mg/ml 1.026 ± 0.025 0.990 ± 0.001 0.998 ± 0.029 0.918 ± 0.017 

4 mg/ml 1.006 ± 0.007 0.981 ± 0.001 0.970 ± 0.018 0.924 ± 0.017 

  34mM 1.008 ± 0.004** 1.007 ± 0.001**** 1.048 ± 0.057**** 0.966 ± 0.018*** 

PPM 

0.75 mg/ml 4.947 ± 0.127*** 2.106 ± 0.020**** 2.872 ± 0.043**** 1.260 ± 0.008** 

1.5 mg/ml 3.613 ± 0.060**** 1.767 ± 0.014**** 2.153 ± 0.060* 1.130 ± 0.025 

3 mg/ml 3.344 ± 0.115* 1.325 ± 0.006**** 1.986 ± 0.050* 1.020 ± 0.023 

PPEA 

1 mg/ml 4.941 ± 0.166** 2.225 ± 0.022**** 2.854 ± 0.033**** 1.379 ± 0.038* 

2 mg/ml 4.061 ± 0.091*** 1.804 ± 0.015**** 2.507 ± 0.111* 1.218 ± 0.030 

4 mg/ml 3.250 ± 0.172* 1.440 ± 0.008**** 2.043 ± 0.054* 1.121 ± 0.025 

 68mM 7.256 ± 0.427* 2.747 ± 0.031**** 3.710 ± 0.137* 1.731 ± 0.023*** 

PPM 

0.75 mg/ml 4.270 ± 0.168* 2.272 ± 0.023**** 2.416 ± 0.047**** 1.390 ± 0.012* 

1.5 mg/ml 4.399 ± 0.172* 2.305 ± 0.023**** 3.811 ± 0.044** 1.466 ± 0.028 

3 mg/ml 3.184 ± 0.131* 1.820 ± 0.015**** 2.888 ± 0.074** 1.242 ± 0.031 

PPEA 

1 mg/ml 2.837 ± 0.146**** 1.410 ± 0.008**** 2.717 ± 0.064* 1.063 ± 0.023* 

2 mg/ml 4.608 ± 0.025* 2.377 ± 0.024**** 3.513 ± 0.167**** 1.573 ± 0.047*** 

4 mg/ml 3.824 ± 0.134** 1.866 ± 0.016**** 3.523 ± 0.067* 1.314 ± 0.010 

  17mM + AGE 3.037 ± 0.078* 1.565 ± 0.010**** 3.003 ± 0.099*** 1.125 ± 0.006*** 

PPM 

0.75 mg/ml 1.333 ± 0.030* 1.457 ± 0.009**** 1.273 ± 0.065 1.237 ± 0.006**** 

1.5 mg/ml 1.036 ± 0.062 1.247 ± 0.005**** 1.077 ± 0.035 1.153 ± 0.028 

3 mg/ml 0.946 ± 0.036 1.029 ± 0.001 0.987 ± 0.020 1.027 ± 0.005 

PPEA 

1 mg/ml 1.292 ± 0.033* 1.529 ± 0.010**** 1.500 ± 0.025* 1.314 ± 0.025* 

2 mg/ml 1.026 ± 0.024 1.323 ± 0.007**** 1.291 ± 0.019* 1.219 ± 0.023* 

4 mg/ml 0.964 ± 0.018 1.050 ± 0.002 1.058 ± 0.063 1.050 ± 0.022 

 34mM + AGE 7.445 ± 0.197*** 2.667 ± 0.030**** 4.066 ± 0.202* 1.573 ± 0.016**** 

PPM 

0.75 mg/ml 7.894 ± 0.105**** 2.748 ± 0.031**** 5.102 ± 0.185**** 1.790 ± 0.059**** 

1.5 mg/ml 7.325 ± 0.093**** 2.247 ± 0.022**** 4.593 ± 0.055* 1.515 ± 0.013* 

3 mg/ml 6.842 ± 0.064**** 1.836 ± 0.015**** 4.541 ± 0.157** 1.245 ± 0.024 

PPEA 

1 mg/ml 5.042 ± 0.088**** 1.390 ± 0.008**** 3.796 ± 0.088** 1.100 ± 0.022* 

2 mg/ml 6.549 ± 0.089**** 2.201 ± 0.022**** 4.134 ± 0.044**** 1.546 ± 0.028**** 

4 mg/ml 7.315 ± 0.128** 1.792 ± 0.015**** 4.714 ± 0.106*** 1.302 ± 0.007 

  68mM + AGE 5.533 ± 0.203**** 1.437 ± 0.009**** 3.639 ± 0.126** 1.119 ± 0.027* 

PPM 

0.75 mg/ml 7.705 ± 0.211*** 2.527 ± 0.027**** 5.044 ± 0.060* 1.649 ± 0.017**** 

1.5 mg/ml 7.775 ± 0.038**** 2.097 ± 0.020**** 5.117 ± 0.154** 1.340 ± 0.026* 

3 mg/ml 6.966 ± 0.113**** 1.654 ± 0.012**** 5.118 ± 0.144** 1.138 ± 0.022 

PPEA 

1 mg/ml 7.853 ± 0.063**** 2.368 ± 0.025**** 5.156 ± 0.087**** 1.701 ± 0.031** 

2 mg/ml 7.624 ± 0.229** 2.140 ± 0.021**** 4.930 ± 0.068**** 1.425 ± 0.011**** 

4 mg/ml 7.201 ± 0.225** 1.726 ± 0.013**** 5.027 ± 0.079* 1.221 ± 0.031 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). AGE, 

advanced glycation end product; MMP2, matric metalloproteinase 2; PPEA, P. pellucida ethyl acetate; PPM, P. 

pellucida crude methanolic extract ; VEGF, vascular endothelial growth factor 
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4.2.2.7 VEGF 

 In this study, higher expression of VEGF gene and protein (Table 

4.13, Appendix B2d and B3d) was observed across all high glucose (34 mM, 

68 mM) and AGE-treated groups, as compared to the normal glucose 

control. The relative fold change of VEGF gene expression among the high 

glucose and AGE-treated ARPE-19 groups varies from 2.37 to 4.96 folds, in 

relative to that of normal glucose control. On the other hand, the relative 

fold change of VEGF protein expression ranged between 1.39 and 1.79 

folds. The highest VEGF gene expression can be observed in the high 

glucose (68 mM) AGE-treated ARPE-19. This was followed by high glucose 

(68 mM) group, moderately high glucose (34 mM) and its AGE-treated 

counterpart. For both VEGF gene and protein expression, the smallest 

increment was observed in the normal glucose AGE-treated ARPE-19. 

Besides, the overall increased of MMP2 gene and protein expression were 

about 44 % higher than those of VEGF. 

Similar to MMP2, the administration of P. pellucida crude methanolic 

extract or ethyl acetate fraction did not significantly affect the gene and 

protein expression of VEGF in normal glucose ARPE-19. Under moderately 

high glucose (34 mM) condition, the gene expression of VEGF decreased by 

28 % and 16 % folds with the treatment of 1.5 mg/ml and 2 mg/ml, 

respectively, of the crude methanolic extract and ethyl acetate fraction. 

Intriguingly, the P. pellucida extracts suppressed the gene expression of 

VEGF, which was up-regulated in the normal glucose AGE-treated ARPE-19. 

Furthermore, P. pellucida crude methanolic extract (3 mg/ml) and ethyl 

acetate fraction (4 mg/ml), succeeded in reducing the protein expression of 

VEGF across the high glucose and AGE-treated conditions to a level similar 

to normal glucose control. 
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4.2.2.8 GPx 

Among the different ARPE-19 groups, their relative fold change of GPx 

gene expression ranged from 0.12 to 1.00 fold and decreased in the following 

order: normal glucose control > moderately high glucose (34 mM) > AGE-

treated (17 mM) > high glucose (68 mM) > moderately high glucose AGE-

treated (34 mM) > high glucose AGE-treated (68 mM) (Table 4.14, Appendix 

B2e). The expression of GPx proteins showed similar trend among the normal 

glucose (17 mM) AGE-treated and moderately high glucose (34 mM) groups, as 

well as in the moderately high glucose (34 mM) AGE-treated and high glucose 

(68 mM) AGE-treated group (Appendix B3e). The GPx proteins were 

significantly reduced by ≥56 % when compared to the normal glucose control.  

In general, the gene expression of GPx in ARPE-19 was lower in the 

presence of AGE compared to the untreated high glucose counterpart without 

AGE. However, the protein expression of GPx was similar between the AGE-

treated (17 mM, 34 mM) ARPE-19. Further reduction in GPx protein expression 

was observed in high glucose (68 mM) ARPE-19. The lowest protein expression 

of GPx can be observed in the high glucose (34 mM, 68 mM) AGE-treated 

groups. P. pellucida extracts treatment collectively increased the gene and 

protein expression of GPx under the high glucose (34 mM, 68 mM) groups and 

AGE-treated counterparts. Nevertheless, these were unaffected in the normal 

glucose condition. It was noteworthy to highlight that treatment with ethyl 

acetate plant fraction from 2 mg/ml onwards increased the gene and protein 

expression of GPx in high glucose (34 mM, 68 mM) ARPE-19. The crude 

methanolic extract (3 mg/ml) and ethyl acetate fraction (4 mg/ml) also 

maintained the GPx gene expression under high glucose (34 mM) condition at a 

similar level as normal glucose control. However, the same concentration of P. 

pellucida extracts was insufficient to restore the protein level of GPx under the 

high glucose (34 mM, 68 mM) and AGE-treated conditions. 
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Table 4.14. The relative gene and protein expression of GPx and SOCS1 in ARPE-19 treated with 

P. pellucida crude methanolic extract and ethyl acetate fraction under normal glucose (17 mM), 

high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Group 
Relative expression (fold change) 

GPx gene GPx protein SOCS1 gene SOCS1 protein 

 

17mM 

(control) 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 

PPM 

0.75 mg/ml 0.557 ± 0.007 0.400 ± 0.017 1.479 ± 0.012 3.877 ± 0.096 

1.5 mg/ml 0.951 ± 0.011 1.000 ± 0.000 0.966 ± 0.028 0.994 ± 0.001 

3 mg/ml 1.107 ± 0.028 1.006 ± 0.000 1.082 ± 0.039 1.003 ± 0.001 

PPEA 

1 mg/ml 1.090 ± 0.036 1.005 ± 0.000 1.064 ± 0.045 0.984 ± 0.001 

2 mg/ml 0.967 ± 0.027 1.003 ± 0.000 1.002 ± 0.020 0.987 ± 0.001 

4 mg/ml 1.058 ± 0.030 1.001 ± 0.000 1.006 ± 0.048 0.993 ± 0.001 

  34mM 1.064 ± 0.033**** 1.009 ± 0.000**** 1.075 ± 0.041**** 0.999 ± 0.001** 

PPM 

0.75 mg/ml 0.641 ± 0.003**** 0.400 ± 0.017**** 1.558 ± 0.029* 3.021 ± 0.068** 

1.5 mg/ml 0.687 ± 0.004**** 0.523 ± 0.013*** 1.156 ± 0.014 1.780 ± 0.027** 

3 mg/ml 0.877 ± 0.005 0.628 ± 0.010**** 1.121 ± 0.049 1.039 ± 0.002 

PPEA 

1 mg/ml 0.716 ± 0.008**** 0.389 ± 0.017**** 1.530 ± 0.037* 3.155 ± 0.073** 

2 mg/ml 0.859 ± 0.029 0.517 ± 0.014**** 1.323 ± 0.037* 1.776 ± 0.026*** 

4 mg/ml 0.901 ± 0.027 0.601 ± 0.011**** 1.048 ± 0.043 1.090 ± 0.003 

 68mM 0.328 ± 0.010**** 0.246 ± 0.021**** 2.486 ± 0.096* 4.441 ± 0.115** 

PPM 

0.75 mg/ml 0.419 ± 0.016**** 0.441 ± 0.016**** 1.222 ± 0.036**** 4.810 ± 0.126** 

1.5 mg/ml 0.393 ± 0.001**** 0.258 ± 0.021*** 2.230 ± 0.010* 4.032 ± 0.101** 

3 mg/ml 0.372 ± 0.003**** 0.373 ± 0.018**** 1.472 ± 0.038 3.324 ± 0.078** 

PPEA 

1 mg/ml 0.405 ± 0.005**** 0.510 ± 0.014**** 1.169 ± 0.018* 1.980 ± 0.033*** 

2 mg/ml 0.395 ± 0.011**** 0.256 ± 0.021**** 2.304 ± 0.080*** 4.120 ± 0.103** 

4 mg/ml 0.418 ± 0.011**** 0.397 ± 0.017**** 1.870 ± 0.025 3.452 ± 0.082** 

  17mM + AGE 0.439 ± 0.007** 0.436 ± 0.016**** 1.269 ± 0.033* 2.483 ± 0.050** 

PPM 

0.75 mg/ml 0.495 ± 0.012*** 0.520 ± 0.013**** 1.288 ± 0.029* 4.409 ± 0.114** 

1.5 mg/ml 0.473 ± 0.008**** 0.589 ± 0.012**** 0.938 ± 0.019 3.698 ± 0.093** 

3 mg/ml 0.527 ± 0.013*** 0.679 ± 0.009**** 1.009 ± 0.031 2.305 ± 0.043** 

PPEA 

1 mg/ml 0.470 ± 0.005**** 0.493 ± 0.014**** 1.264 ± 0.022* 4.744 ± 0.126** 

2 mg/ml 0.527 ± 0.006**** 0.555 ± 0.013**** 0.985 ± 0.009 3.606 ± 0.085*** 

4 mg/ml 0.571 ± 0.009**** 0.613 ± 0.011**** 0.924 ± 0.035 2.509 ± 0.050** 

 34mM + AGE 0.203 ± 0.009**** 0.176 ± 0.023**** 1.800 ± 0.071* 5.276 ± 0.143** 

PPM 

0.75 mg/ml 0.119 ± 0.003**** 0.116 ± 0.025**** 2.219 ± 0.077* 5.415 ± 0.146** 

1.5 mg/ml 0.268 ± 0.002**** 0.176 ± 0.023**** 1.652 ± 0.050 4.910 ± 0.130** 

3 mg/ml 0.304 ± 0.004**** 0.244 ± 0.021**** 1.323 ± 0.060 4.420 ± 0.115*** 

PPEA 

1 mg/ml 0.285 ± 0.009**** 0.457 ± 0.015**** 0.914 ± 0.030* 3.019 ± 0.067*** 

2 mg/ml 0.237 ± 0.004**** 0.181 ± 0.023**** 1.683 ± 0.078 5.022 ± 0.133*** 

4 mg/ml 0.316 ± 0.010**** 0.217 ± 0.022**** 1.547 ± 0.073 4.489 ± 0.116** 

  68mM + AGE 0.278 ± 0.009**** 0.401 ± 0.017**** 0.987 ± 0.035* 3.203 ± 0.074*** 

PPM 

0.75 mg/ml 0.154 ± 0.003**** 0.120 ± 0.024**** 1.993 ± 0.085* 5.142 ± 0.139** 

1.5 mg/ml 0.168 ± 0.001**** 0.171 ± 0.023**** 1.669 ± 0.011**** 4.791 ± 0.130** 

3 mg/ml 0.320 ± 0.006**** 0.211 ± 0.022**** 1.123 ± 0.054 3.358 ± 0.078*** 

PPEA 

1 mg/ml 0.157 ± 0.004**** 0.120 ± 0.024**** 2.109 ± 0.059* 5.285 ± 0.144** 

2 mg/ml 0.161 ± 0.001**** 0.160 ± 0.023**** 1.626 ± 0.026* 4.692 ± 0.121*** 

4 mg/ml 0.166 ± 0.003**** 0.255 ± 0.021**** 1.161 ± 0.028 3.732 ± 0.091** 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 (****). 

AGE, advanced glycation end product; GPx, glutathione peroxidase; PPEA, P. pellucida ethyl acetate; 

PPM, P. pellucida crude methanolic extract; SOCS1, suppressor of cytokine signalling 1 
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 4.2.2.9 SOCS1 

 In this study, the gene and protein expression of SOCS1 were up-

regulated across the high glucose (34 mM, 68 mM) and AGE-treated 

conditions (Table 4.14, Appendix B4a and B4b). Among the untreated 

groups, the high glucose (68 mM) and AGE-treated conditions caused the 

highest expression of SOCS1 gene (2.35 folds higher than the normal 

glucose condition). On the other hand, the protein expression of SOCS1 

was elevated in the high glucose conditions of 34 mM (3.88 folds) and 68 

mM (4.44 folds). Stimulation by AGE further increased the level of SOCS1 

protein (4.81 folds) in ARPE-19. Relatively high protein expression of 

SOCS1 was observed in the high glucose AGE-treated conditions (34 mM, 

68 mM), which was 5.35 folds higher than the normal glucose control. 

However, the gene expression of SOCS1 among the high glucose (34 mM, 

68 mM) and corresponding AGE-treated groups were similar. 

 The gene and protein expression of SOCS1 were unaffected by P. 

pellucida crude methanolic extract and ethyl acetate fraction as they were 

comparable to the normal glucose control. The increased gene and protein 

expression of SOCS1 in the high glucose and AGE-treated ARPE-19 were 

reversed with the treatment of P. pellucida extracts in a concentration-

dependent manner. In the high glucose (68 mM) group and its 

corresponding AGE-treated condition, the gene expression of SOCS1 

remained unchanged when treated with P. pellucida crude methanolic 

extract (0.75 mg/ml) and ethyl acetate fraction (1 mg/ml). Despite that, it 

was interesting to point out that the gene and protein expression of SOCS1 

in moderately high glucose (34 mM) condition were maintained at the 

similar level as that in normal glucose control when treated with the 

highest concentration of crude methanolic extract (3 mg/ml) and ethyl 

acetate fraction (4 mg/ml). 
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4.2.2.10 RAGE 

 Based on the findings of this study, the gene and protein expression of 

RAGE was up-regulated across all the high glucose and AGE-treated 

conditions. There were no signficant difference observed in the gene 

expression of RAGE among the high glucose ARPE-19 (34 mM, 68 mM), both 

of which were 6.50 folds higher than the normal glucose condition (Table 4.15, 

Appendix B4c). On the contrary, the relative protein expression of RAGE 

(Table 4.15, Appendix B4d) was higher in the high glucose (68 mM) ARPE-19 

(7.07 folds), as compared to the moderately high glucose (34 mM) condition 

(4.97 folds). The gene and protein expressions of RAGE were further elevated 

under the high glucose (34 mM, 68 mM) AGE-treated conditions. Conversely, 

the protein level of sRAGE decreased in all high glucose and AGE-treated 

ARPE-19, compared to the normal glucose condition (Table 4.15, Appendix 

B4e). The protein level of sRAGE was suppressed in the high glucose (68 mM) 

and high glucose AGE-treated (68 mM) conditions. Nevertheless, a higher 

level of sRAGE was observed in moderately high glucose (34 mM) and AGE-

treated (17 mM, 34 mM) conditions, which was 30 % lower than the level 

observed in the normal glucose control. 

 The gene and protein expression of RAGE in the P. pellucida-treated 

normal glucose ARPE-19 were comparable to the normal glucose control. 

Besides, a reduction in gene and protein expression for RAGE was observed 

with increased concentration of P. pellucida extracts under high glucose and 

AGE-treated conditions. Although the lowest concentration of crude 

methanolic extract (0.75 mg/ml) and ethyl acetate fraction (1 mg/ml) did not 

alter the RAGE gene expression in high glucose (68 mM) AGE-treated 

condition, the crude methanolic extract (3 mg/ml) and ethyl acetate fraction 

(4 mg/ml) suppressed the gene expression of RAGE under high glucose (34 

mM, 68 mM) and normal glucose AGE-treated conditions. 
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Table 4.15. The relative gene and protein expression of RAGE and sRAGE in ARPE-19 

treated with P. pellucida crude methanolic extract and ethyl acetate fraction under 

normal glucose (17 mM), high glucose (34 mM, 68 mM) and AGE-treated conditions. 

Group 
Relative expression (fold change) 

RAGE gene RAGE protein sRAGE protein 

 17mM (control) 1.000 ±  0.000 1.000 ±  0.000 1.000 ±  0.000 

PPM 

0.75 mg/ml 6.264 ± 0.080 4.968 ± 0.193 0.662 ± 0.023 

1.5 mg/ml 0.944 ± 0.030 1.044 ± 0.002 1.046 ± 0.024 

3 mg/ml 1.053 ± 0.036 0.996 ± 0.000 1.068 ± 0.016* 

PPEA 

1 mg/ml 1.047 ± 0.028 0.995 ± 0.000 1.179 ± 0.016 

2 mg/ml 0.983 ± 0.028 0.991 ± 0.000 0.966 ± 0.046 

4 mg/ml 0.985 ± 0.041 1.050 ± 0.002 1.040 ± 0.024* 

  34mM 1.050 ± 0.033**** 1.020 ± 0.001* 1.124 ± 0.009* 

PPM 

0.75 mg/ml 3.013 ± 0.048**** 4.943 ± 0.193* 0.658 ± 0.023* 

1.5 mg/ml 1.484 ± 0.029* 3.953 ± 0.145* 0.695 ± 0.020* 

3 mg/ml 1.049 ± 0.045 2.661 ± 0.081* 0.855 ± 0.013* 

PPEA 

1 mg/ml 3.745 ± 0.028**** 4.706 ± 0.181* 0.650 ± 0.006* 

2 mg/ml 1.359 ± 0.046* 4.245 ± 0.161* 0.738 ± 0.008* 

4 mg/ml 0.965 ± 0.010 2.799 ± 0.087* 0.858 ± 0.017* 

 68mM 6.738 ± 0.325* 7.065 ± 0.293* 0.491 ± 0.001* 

PPM 

0.75 mg/ml 13.50 ± 0.418**** 5.630 ± 0.226* 0.737 ± 0.014* 

1.5 mg/ml 4.281 ± 0.086* 6.337 ± 0.265* 0.495 ± 0.001* 

3 mg/ml 2.004 ± 0.051 4.979 ± 0.192* 0.589 ± 0.009* 

PPEA 

1 mg/ml 1.227 ± 0.012**** 3.813 ± 0.135* 0.651 ± 0.022* 

2 mg/ml 3.495 ± 0.059* 6.219 ± 0.250* 0.485 ± 0.006* 

4 mg/ml 1.865 ± 0.082 5.821 ± 0.241* 0.528 ± 0.007* 

  17mM + AGE 1.116 ± 0.026** 4.165 ± 0.154* 0.712 ± 0.009* 

PPM 

0.75 mg/ml 8.249 ± 0.298** 4.863 ± 0.189* 0.728 ± 0.005* 

1.5 mg/ml 3.404 ± 0.055**** 4.036 ± 0.149* 0.807 ± 0.018* 

3 mg/ml 1.446 ± 0.052 3.251 ± 0.110* 0.855 ± 0.021* 

PPEA 

1 mg/ml 8.621 ± 0.139**** 5.433 ± 0.217* 0.745 ± 0.001* 

2 mg/ml 2.929 ± 0.059*** 4.403 ± 0.169* 0.789 ± 0.012* 

4 mg/ml 1.254 ± 0.047 3.457 ± 0.118* 0.994 ± 0.037* 

 34mM + AGE 20.08 ± 0.712** 6.075 ± 0.245* 0.637 ± 0.022* 

PPM 

0.75 mg/ml 26.23 ± 0.255*** 7.787 ± 0.331* 0.396 ± 0.008* 

1.5 mg/ml 13.90 ± 0.394* 5.641 ± 0.231* 0.636 ± 0.009* 

3 mg/ml 7.677 ± 0.356** 4.512 ± 0.170* 0.704 ± 0.018* 

PPEA 

1 mg/ml 3.537 ± 0.090**** 3.846 ± 0.137* 0.828 ± 0.008* 

2 mg/ml 11.48 ± 0.073* 5.702 ± 0.226* 0.584 ± 0.004* 

4 mg/ml 7.085 ± 0.289**** 5.027 ± 0.201* 0.605 ± 0.006* 

  68mM + AGE 2.971 ± 0.045**** 4.200 ± 0.156* 0.774 ± 0.051* 

PPM 

0.75 mg/ml 25.66 ± 1.029** 6.915 ± 0.289* 0.416 ± 0.017* 

1.5 mg/ml 14.01 ± 0.179**** 6.030 ± 0.247* 0.496 ± 0.020* 

3 mg/ml 6.185 ± 0.115**** 4.842 ± 0.187* 0.679 ± 0.002* 

PPEA 

1 mg/ml 26.27 ± 0.777*** 7.053 ± 0.296* 0.419 ± 0.005* 

2 mg/ml 12.91 ± 0.048**** 6.541 ± 0.276* 0.430 ± 0.008* 

4 mg/ml 5.381 ± 0.567* 5.023 ± 0.194* 0.621 ± 0.003* 

The level of significance is expressed as p<0.05 (*), p<0.01 (**), p<0.005 (***), p<0.001 

(****). AGE, advanced glycation end product; PPEA, P. pellucida ethyl acetate; PPM, P. 

pellucida crude methanolic extract; RAGE, receptor for advanced glycation end product; 

sRAGE, soluble receptor for advanced glycation end product 
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On the other hand, the protein level of sRAGE was escalated when 

treated with the highest possible concentration of crude methanolic extract 

(3 mg/ml) and ethyl acetate fraction (4 mg/ml). Interestingly, the level of 

sRAGE in the P. pellucida extracts-treated normal glucose groups was even 

higher than that of normal glucose control. Similar to RAGE, the crude 

methanolic extract (0.75 mg/ml) and ethyl acetate fraction (1 mg/ml) 

failed to raise the sRAGE proteins in the high glucose (34 mM, 68 mM) 

ARPE-19 and their AGE-treated counterparts. Despite that, treatment with 

ethyl acetate fraction (4 mg/ml) restored the protein level of sRAGE in 

normal glucose AGE-treated condition to the level of normal glucose control. 

Under high glucose (68 mM) and its corresponding AGE-treated conditions, 

sRAGE proteins increased with the treatment of crude methanolic extract at 

a starting treatment concentration of 1.5 mg/ml onwards, which was lower 

than the ethyl acetate fraction (4 mg/ml). Appendix B5-7 depicts the 

western blot bands of the biomarkers in ARPE-19, under normal glucose, 

high glucose and AGE-treated conditions. 
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4.3 Phase 3: Phytochemicals identification 

The phytochemical profile of P. pellucida was evaluated with TLC to 

optimise the purification process and subsequent identification of 

phytochemicals from the plant. The findings from TLC in the optimization 

step indicated that all plant solvent fractions of P. pellucida demonstrated 

similar phytochemical profiles as that of crude methanolic extract 

(Appendix C1). Based on TLC, a higher concentration of phytochemical 

content was expected in crude methanolic extract as the plant fractions 

were derived from the crude extract. Hence, the crude methanolic extract 

of P. pellucida was chosen for further purification and identification of 

phytochemicals. 

In order to characterise the complex mixture of phytochemicals 

from P. pellucida, the phytochemicals present in the crude methanolic 

extract of the plant were initially purified with silica gel column 

chromatography to yield semi-purified fractions of increasing polarity. This 

allowed for the separation of different compounds based on their affinity to 

the stationary phase. Subsequently, the semi-purified fractions were 

further purified using PRC, a process that enables finer separation and 

purification of phytochemicals. The purified fractions were subjected to 

subsequent chemical characterisation with 1H NMR, 13C NMR, FTIR, UV-Vis 

and ESIMS analyses.  

  

4.3.1 Purification and identification of fraction 1 

P. pellucida crude methanolic extract was subjected to silica gel 

column chromatography purification and yielded a total of thirty-five semi-

purified fractions. Fractions with similar TLC profile were pooled together. 

The semi-purified fractions, PPM/A and PPM/B were proceeded to 
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phytochemical characterisation with 1H NMR analysis. Based on the results 

(Appendix C2-3), the 1H NMR chemical shifts of PPM/A and PPM/B were 

comparable to literature values for a mixture of non-polar 

phenylpropanoids such as dillapiole and 2,4,5-trimethoxystyrene and fatty 

acids (de Moraes and Kato, 2021). To confirm the identity of the 

compounds, PPM/A and PPM/B were selected for purification with PRC on 

silica gel by eluting with 100 % hexane and chloroform-hexanes (1:5), 

respectively. The resulting fractions, PPM/A/5-7 and PPM/B/2-4 were 

further purified with PRC, eluted with diethyl ether-hexanes (1:50) to yield 

the respective fractions, PPM/A/5-7/2-3 and PPM/B/2-4/7. The fractions 

each displayed a TLC spot of similar Rf value (Figure 4.10). The fractions 

were then characterised with 1H NMR, which suggested comparable 

spectral value to dillapiole (Appendix C4-5) (de Moraes and Kato, 2021). 

On the other hand, the TLC profile of fraction PPM/B/5-6 (Figure 4.11) 

revealed two TLC spots. The first spot was identified as fraction 1 by 

eluting with diethyl ether-hexanes (1:15). Fraction 1 was characterised 

with 1H NMR, 13C NMR, FTIR, UV-Vis and ESIMS analysis by comparing the 

spectral values with previous reports for dillapiole.  

 

4.3.1.1 Fraction 1 

C12H14O4 (150 mg), Pale yellow oil. UV λmax (EtOH) nm: 222, 286. FTIR 

vmax cm-1: 2933.94, 1626.68, 1462.26, 1047.86, 914.16. 1H NMR (400 MHz, 

CDCl3): δH 6.35 (1H, s, H-6), 5.95 (1H, m, H-8), 5.88 (2H, s, O-CH2-O), 5.05 

(1H, d, J=6.6, H-9), 5.03 (1H, s, H-9), 4.01 (3H, s, 3-OCH3), 3.75 (3H, s, 2-

OCH3), 3.31 (2H, d, J=6.5, H-7). 13C NMR (100 MHz, CDCl3): δC 144.60 (C-4), 

144.31 (C-3), 137.39 (C-2), 135.94 (C-5), 126.05 (C-1), 115.54 (C-9), 102.76 

(C-6), 101.10 (O-CH2-O), 61.28 (2-OCH3), 59.96 (3-OCH3), 33.91 (C-7). 

ESIMS m/z: 223 [M+H]+ (C12H14O4). 



180 

 

 

Figure 4.10. The TLC profiles of PPM/A/5-7 (A) and PPM/B/2-4 (B). Rf: 

retention factor. 

 

 

Figure 4.11. The TLC profile of PPM/B/5-6.
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4.3.1.2 Chemical characterisation of fraction 1 

The 1H NMR, 13C NMR (de Moraes and Kato, 2021), UV-Vis and FTIR 

(Fatope et al., 2006; Iqbal et al., 2020) spectral data of fraction 1 

(Appendix D1-4) were compared with previous studies. The spectra data 

collectively suggested fraction 1 was mainly consisted of phenylpropanoid. 

The 1H NMR chemical shifts at δH 5.95 ppm, 5.05 ppm, 5.03 ppm and 3.31 

ppm were attributed to the presence of allyl groups in the chemical 

structure (Appendix D1) (Vučković et al., 2021). The presence of 

methylenedioxy group was indicated by the singlet at δH 5.88 ppm while 

the methoxy groups resulted in the signals at δH 4.01 ppm and 3.75 ppm 

(Vučković et al., 2021). The chemical compound in fraction 1 shared some 

structural similarities with dillapiole and apiole (Alam et al., 2013). 

According to Alam et al. (2013), the major structural difference between 

dillapiole and apiole lies in the chemical shift of quaternary carbon and C-6. 

The chemical shift of quaternary carbons in dillapiole was in the range of δC 

126 to 144 ppm (Appendix D2) whereas the quaternary carbons of apiole 

should remain below δC 140 ppm (Alam et al., 2013). Besides, the chemical 

shift for C-6 (δC 108.5 ppm) in apiole should be located downfield when 

compared to that (δC 102.75 ppm) in dillapiole (Alam et al., 2013). Hence, 

the findings suggested that fraction 1 was majorly composed of dillapiole 

rather than apiole.  

The UV-Vis spectrum of fraction 1 showed two absorption bands at 

222 nm and 286 nm, in which the highest absorbance was observed at 222 

nm (Appendix D3). This observation was comparable to previous report for 

dillapiole (Alam et al., 2013; Fatope et al., 2006). The maximum peak at 

222 nm was indicative of the presence of methoxy group on the structure 

of dillapiole (Kitanovski et al., 2014) while the absorption band at the 

region near 280 nm was attributed to the presence of fatty acids (Saito et 
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al., 2023). FTIR analysis of fraction 1 (Appendix D4) demonstrated that the 

absorption band at 2933 cm−1 was due to the C–H stretching of methyl and 

methylene groups in the structure of dillapiole (Iqbal et al., 2020). The 

absorption at 1627 cm−1 may suggest the presence of C=C stretching for 

the aromatic ring on dillapiole (Iqbal et al., 2020). When coupled with the 

absorption band at 1462 cm-1, this could indicate that the compound 

adopted a benzodioxole ring system (Iqbal et al., 2020). The presence of 

methoxy groups in dillapiole was illustrated by the absorption bands of C-H 

bending and C-O stretching, which ranged from 1462 cm−1 to 1048 cm−1 

(Iqbal et al., 2020; Merck, 2022). Furthermore, the co-occurrence of C=C 

bending at 914 cm-1 and methylene group may suggest the presence of an 

allyl functional group (Merck, 2022). The FTIR spectral data of fraction 1 

conformed with a previous study for dillapiole (Iqbal et al., 2020). In 

addition, the molecular ion (MH+) of fraction 1 displayed m/z value of 223 

(Appendix D5), which was comparable to the molecular formula, C12H14O4 

for dillapiole (Vučković et al., 2021). The chemical structure of dillapiole 

was shown in Figure 4.12. 

 

Figure 4.12. The chemical structure of dillapiole. 

 

4.3.2 Purification and identification of fraction 2 
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Through 1H NMR analysis, the chemical shifts of dillapiole and 2,4,5-

trimethoxystyrene were detected together in fraction PPM/B (Appendix C3). 

Thus, the fraction PPM/B was subjected to purification with PRC. 

Purification of PPM/B resulted in two major TLC spots. The second TLC spot 

from PPM/B/5-6 was eluted as fraction 2 (Figure 4.31) with diethyl ether-

hexanes (1:15) using PRC. Fraction 2 was characterised with 1H NMR, 13C 

NMR, FTIR, UV-Vis and ESIMS analysis and by comparison with previous 

literature values. 

 

4.3.2.1 Fraction 2 

C11H14O3 (75 mg), Yellow solid; UV λmax (EtOH) nm: 222, 258, 314. FTIR 

vmax cm-1: 2924.19, 1607.59, 1508.40, 1034.65, 993.03. 1H NMR (400 MHz, 

CDCl3): δH 7.03 (1H, dd, J=9.8, H-7), 7.02 (1H, s, H-6), 6.51 (1H, s, H-3), 

5.62 (1H, dd, J=1.9, H-8T), 5.18 (1H, dd, J=1.9, H-8C), 3.90 (3H, s, 2-

OCH3), 3.87 (3H, s, 4-OCH3), 3.83 (3H, s, 5-OCH3). 13C NMR (100 MHz, 

CDCl3): δC 151.42 (C-2), 149.67 (C-4), 143.37 (C-5), 130.97 (C-1), 

118.62 (C-6), 112.08 (C-3), 109.57 (C-7), 97.79 (C-8), 56.74 (2-OCH3), 

56.52 (4-OCH3), 56.09 (5-OCH3). ESIMS m/z: 195 [M+H]+ (C11H14O3). 

 

4.3.2.2 Chemical characterisation of fraction 2 

Fraction 2 was characterised with 1H, 13C NMR, FTIR, UV-Vis, MS 

(Appendix E1-5) and by comparison with previous reported data. The 1H 

NMR and 13C NMR data of fraction 2 were consistent with de Moraes and 

Kato (2021) for 2,4,5-trimethoxystyrene. The MH+ of fraction 2 exhibited 

m/z value of 195 in ESIMS (Appendix E5), which was compatible with the 

molecular formula, C11H14O3 for 2,4,5-trimethoxystyrene (National Center 
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for Biotechnology Information, 2022a). Analysis of 1H NMR data (Appendix 

E1) revealed that the doublet of doublets at δH 7.02-7.03 ppm and singlet 

at δH 6.51 ppm were the signals for the resonating protons on 1,2,4,5-

tetrasubstituted aromatic ring of 2,4,5-trimethoxystyrene (Bayma et al., 

2000). Besides, the signals at δH 3.90 ppm, 3.87 ppm and 3.83 ppm were 

attributed to the three methoxy groups on the aromatic ring, whereby a 

superimposed multiplet at δH 3.90 ppm represented the methine proton on 

the vinyl group (Bayma et al., 2000). A total of seven chemical shifts may 

reflect the carbon structure (Appendix E2) on the aromatic ring of 2,4,5-

trimethoxystyrene (Bayma et al., 2000). Among the signals are δC 112.08 

and 97.79 ppm which represented the two methines; δC 151.42 ppm, 

149.67 ppm and 143.37 ppm for the three carbonyl groups; δC 118.62 ppm 

for the quaternary carbon; and δC 130.97 ppm for the C-1 bonded to a 

vinyl group (Bayma et al., 2000). Furthermore, three methoxy groups on 

the aromatic ring were indicated by the chemical shifts at δC 56.74 ppm, 

56.52 ppm and 56.09 ppm (Bayma et al., 2000). 

The high intensity of absorbance was observed at 222 nm and 258 

nm in the UV-Vis spectrum of fraction 2 (Appendix E3). The absorbance of 

lower intensity was observed at 314 nm. Similar to dillapiole, the presence 

of three methoxy groups in 2,4,5-trimethoxystyrene can be indicated by 

the absorption band at 222 nm (Kitanovski et al., 2014). At 0.3 mg, 

fraction 2 displayed higher intensity of absorbance at 222 nm when 

compared to the fraction 1. This could be due to the higher number of 

methoxy groups on 2,4,5-trimethoxystyrene when compared to dillapiole. 

Moreover, the UV-Vis spectrum of fraction 2 was comparable to pellucidin A 

(Quieroz et al., 2020). However, the presence of a styrene structure in 

2,4,5-trimethoxystyrene may give rise to the absorbance at 258 nm 

(National Institute of Standards and Technology, 2022; Rodebush and 
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Feldman, 1946). This may have explained the absence of absorption band 

at 258 nm for pellucidin A due to the substituted vinyl group (Queiroz et al., 

2020). The FTIR analysis also suggested that the major compound in 

fraction 2 adopted a phenylpropanoid structure (Appendix E4). The C-H 

stretching in the methyl and methylene groups of 2,4,5-trimethoxystyrene 

was indicated by the absorption at 2924 cm−1 (Iqbal et al., 2020). The 

presence of aromatic ring on 2,4,5-trimethoxystyrene can be highlighted 

by the absorption band at 1608 cm−1 (Iqbal et al., 2020). The trimethoxy 

groups in 2,4,5-trimethoxystyrene was indicated by the C-H bending and 

C-O stretching, which spanned an absorption range between 1508 cm−1 

and 1034 cm−1 (Iqbal et al., 2020; Merck, 2022). In addition, the 

absorption at 993 cm-1 may indicate the C=C bending for vinyl group in the 

styrene structure of 2,4,5-trimethoxystyrene (Merck, 2022). The NMR, UV-

Vis and FTIR spectral data collectively suggested that fraction 2 was largely 

comprised of 2,4,5-trimethoxystyrene. The chemical structure of 2,4,5-

trimethoxystyrene was shown in Figure 4.13. 

 

 

Figure 4.13. The chemical structure of 2,4,5-trimethoxystyrene. 

 

4.3.3 Purification and identification of fraction 3 

Purification of PPM/B/7-9 (107.5 mg) with PRC was performed by 

eluting with diethyl ether-hexanes (1:15), which resulted in 12 fractions. 

Among the fractions, PPM/B/7-9/1 and PPM/B/7-9/4-5 displayed Rf values 
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similar to that of dillapiole and 2,4,5-trimethoxystyrene, respectively. In 

between the fractions, the PPM/B/7-9/2-3 contained an isolated bright blue 

spot when visualized under 315 nm UV light. It was then separated and 

eluted as fraction 3, following fraction 1 (dillapiole) but preceding fraction 2 

(2,4,5-trimethoxystyrene) using PRC (Figure 4.14). Fraction 3 was 

characterised by comparing the 1H NMR, 13C NMR, FTIR, UV-Vis and ESIMS 

data with previous reports. 

 

4.3.3.1 Fraction 3 

C19H36O2 (3.5 mg), Pale yellow oil; UV λmax (EtOH) nm: 225. FTIR vmax cm-1: 

2924.34, 1745.08, 1166.61, 772. 1H-NMR (400 MHz, CDCl3): δH 5.34 (1H, 

s, CH=CH), 5.27 (1H, s, CHO), 4.29 (2H, d, CH2O), 4.14 (2H, d, CH2O), 

2.77 (2H, s, C=C-CH2C=C), 2.32 (2H, s, CH2-COO), 2.06 (2H, s, CH2-

CH=CH), 1.60 (2H, s, CH2-CH2-COO), 1.25 (2H, s, CH2), 0.88 (3H, s, CH3). 

13C NMR (100 MHz, CDCl3): δC 173.46 (C-1), 130.13 (C-10), 129.83 (C-9), 

128.23 (C-13), 128.03 (C-12), 69.03 (β-CH2O), 62.25 (α-CH2O), 31.68 (C-

16), 25.78 (C-11), 25.02 (C-3), 22.85 (β-CH3), 14.27 (α-CH3). ESIMS m/z: 

297 [M+H]+ (C19H36O2). 
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Figure 4.14. The TLC profile of PPM/B/7-9. 

 

4.3.3.2 Chemical characterisation of fraction 3 

 The 1H NMR and 13C NMR spectral data of fraction 3 (Appendix F1-2) 

were in accordance to previous studies for methyl 9-octadecenoic acid 

(Santos et al., 2018; Thoss et al., 2012). The signals at δH 0.88 ppm and 

1.25 ppm represented the protons that resonate in the respective terminal 

methyl and methylene groups of methyl 9-octadecenoic acid (Thoss et al., 

2012). The rich presence of terminal methyl group also indicated that 

fraction 3 was majorly composed of fatty acid (Thoss et al., 2012). The 

signals for protons attached to acyl chains (δH 1.60 ppm) were also present 

in all types of fatty acids (Santos et al., 2018). Nevertheless, the protons 

on allyl group (δH 2.06 and 2.77 ppm) suggested that fraction 3 was 

largely comprised of unsaturated fatty acid (Thoss et al., 2012). This was 

further confirmed by the signal at δH 5.27, which was attributed to the 
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presence of olefinic protons linked by a double bond (Santos et al., 2018). 

The C-1 on fatty acid chain was indicated by the signal at δC 173.46 (Thoss 

et al., 2012). Besides, the chemical shifts ranging from δC 14.27 to 31.68 

ppm represented the carbons on acyl group (Thoss et al., 2012). From δC 

128 to 130 ppm, the alkene carbons could be used to determine the 

position of the double bond present on unsaturated fatty acids (Thoss et al., 

2012). In this study, the signal difference between C-9 (δC 129.83 ppm) 

and C-10 (δC 130.13 ppm) was 0.3 ppm. For unsaturated fatty acid such as 

9-octadecenoic acid, in which the position of double bond was at C-9, the 

signal difference between C-9 and C-10 is 0.32 ppm (Thoss et al., 2012). 

Hence, the finding suggested that fraction 3 was majorly composed of 

methyl 9-octadecenoic acid. 

 The UV-Vis spectrum of fraction 3 (Appendix F3) displayed one 

major peak at 225 nm, which may indicate the abundance of methyl or 

methylene groups in the fraction (Antosiewicz and Shugar, 2016). The faint 

absorption peak around the region of 280 nm may also suggest the 

presence of fatty acids (Saito et al., 2023). These findings strongly 

suggested that fraction 3 was a fraction rich in fatty acid methyl ester since 

the plant was subjected to extraction with methanol (Kandasamy et al., 

2020). The high intensity of absorption bands can be observed in the 

infrared spectrum of fraction 3 (Appendix F4) at 2924 cm-1 that 

corresponded to the C-H stretching of long chain fatty acids and methyl 

ester (Merck, 2022). This was followed by the presence of C-O and C=O 

stretching as indicated by the respective absorptions at 1167 cm-1 and 

1745 cm-1 (Merck, 2022). The two functional groups collectively made up 

the carboxyl groups of fatty acids. Furthermore, the alkene carbons that 

imparted the unsaturation to fatty acids were indicated by C=C bending at 

the absorption band of 772 cm-1 (Merck, 2022). ESIMS analysis (Appendix 
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F5) has demonstrated that fraction 3 displayed MH+ at m/z of 297, which 

matched the chemical formula, C19H36O2 for methyl 9-octadecenoic acid 

(National Center for Biotechnology Information, 2022b). The spectral data 

collectively confirmed that the fraction 3 was largely comprised of methyl 

9-octadecenoic acid. The compound is also known as omega-9 

monounsaturated fatty acid. The chemical structure of methyl 9-

octadecenoic acid was shown in Figure 4.15. 

 

 

Figure 4.15. The chemical structure of methyl 9-octadecenoic acid. 

 

4.3.4 Purification and identification of fraction 4 

The purification of PPM/B/13-15 has resulted in 14 fractions. Among 

the fractions eluted with chloroform-hexanes (1:1) using PRC, PPM/B/13-

15/8 displayed a major reddish broad spot, which was likely a chlorophyll 

pigment along with stretch of TLC bands that present in the subsequent 

fractions (Figure 4.16). Further purification of the fraction with 

dichloromethane-hexanes (9:1) yielded fraction 4 (4.4 mg). Fraction 4 was 

characterised with 1H NMR, 13C NMR, FTIR, UV-Vis and ESIMS analysis and 

by comparing with previous spectral data. 
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Figure 4.16. The TLC profile of PPM/B/13-15. 

 

4.3.4.1 Fraction 4 

C36H38N4O5 (80 mg), black amorphous solid; UV λmax (EtOH) nm: 401, 500, 

530, 612, 669. FTIR vmax cm-1: 2924.77, 1731.21, 1603.82, 1455.52, 1165, 

985.55. 1H NMR (400 MHz, CDCl3): δH 9.74 (1H, s, H-10), 9.52 (1H, s, H-

5), 8.70 (1H, s, H-20), 8.01 (1H, dd, H-3a), 6.34 (1H, s, H-13b), 4.44 (1H, 

q, H-18), 3.89 (3H, s, 13b-CO2-CH3), 3.74 (2H, q, 8-CH2), 3.43 (3H, s, 2-

CH3), 3.26 (3H, s, 7-CH3), 1.71 (3H, d, 18a-CH3), 1.63 (1H, s, NH). 13C 

NMR (100 MHz, CDCl3): δC 173.21 (C-19), 170.91 (C-13b-CO2), 161.07 (C-

16), 155.74 (C-6), 149.93 (C-9), 145.55 (C-8), 142.84 (C-1), 138.68 (C-

11), 136.48 (C-4), 136.04 (C-3), 131.49 (C-2), 128.98 (C-3a), 122.70 (C-

3b), 104.13 (Cβ), 100.51 (Cγ), 99.63 (Cα), 93.88 (Cδ), 61.45 (C-13b), 

54.14 (C-13b-CO2-CH3), 50.31 (C-18), 31.00 (C-17a), 29.71 (C-17b), 19.64 
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(C-8a), 17.57 (C-8b), 12.44 (C-2a), 11.28 (C-7a). ESIMS m/z: 607 [M+H]+ 

(C36H38N4O5). 

 

4.3.4.2 Chemical characterisation of fraction 4 

The 1H NMR, 13C NMR, UV-Vis, FTIR and MS data of fraction 4 

(Appendix G1-5) were consistent with previous literature values for methyl 

pheophorbide-a (Figure 4.17), a chlorophyll derivative. The upfield signal 

(δH 1.71 ppm) and downfield signals (δH 9.74, 9.52 and 8.70 ppm) for the 

protons (Appendix G1) collectively suggested that the compound contained 

a pyrrole ring (Ina et al., 2007; Miranda et al., 2017). The presence of 

vinyl group was indicated by the chemical shift at δH 6.34 ppm (Ina et al., 

2007). Furthermore, the 1H NMR spectral range of any chlorophyll pigment 

and its derivatives may vary due to the aromatic ring current effect and 

different compound concentration used for analysis (Abraham and Rowan, 

1981). The aromatic ring current effect was caused by the large conjugated 

pi system of methyl pheophorbide-a, which gave rise to the shielding of 

protons located in the center while exposing the peripheral protons 

(Abraham and Rowan, 1981). However, the central amine will be 

deshielded, which resulted in the upfield shift at δH 1.63 ppm in this study 

(Chee et al., 2005). Besides, non-covalent bonding may occur among 

aromatic rings in a phenomenon known as pi-pi stacking (Abraham and 

Rowan, 1981). This phenomenon may be attributed to the increased 

concentration of chlorophyll derivative which eventually magnifying the 

resonances (Abraham and Rowan, 1981). In addition, the lack of phytol in 

the structure of methyl pheophorbide-a could also lead to a downfield shift 

when compared to other chlorophyll pigments. The 13C spectral data for 

fraction 4 was comparable to a previous study (Chee et al., 2005). The 
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assignment of 13C NMR chemical shift for chlorophyll and derivatives was 

relative straightforward (Appendix G2). The upfield shift in 13C NMR 

spectrum was mainly attributed to the peripheral carbons on the pyrrole 

ring whereas the inner carbon resonates at a higher frequency and shifted 

downfield (Chee et al., 2005). For instance, the four central carbon atoms 

of tetrapyrrole structure resonate in the range of δC 93 to 104 ppm (Chee 

et al., 2005).  

 

 

Figure 4.17. The chemical structure of methyl pheophorbide-a. 

 

 A total of six absorption bands were observed at 401 nm, 500 nm, 

530 nm, 612 nm and 669 nm in the UV-Vis spectrum of fraction 4 

(Appendix G3). The UV-Vis data was comparable to previous values 

(Kuznetsov et al., 2014). Among the absorption bands, the highest 

absorbance was measured at 401 nm, also known as the Soret band 

(Tahoun et al., 2021). The Soret band was caused by the delocalised 

electrons in porphyrins, which have undergone pi–pi transitions (Tahoun et 

al., 2021). Porphyrin is a natural-occurring pigment that has a 

characteristic tetrapyrrole ring (Tahoun et al., 2021). The subsequent 

absorbance at 500 nm, 530 nm, 612 nm and 669 nm were known as the 
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Q-bands as a result of the conjugation between unsaturated carbons and 

pyrrole nitrogens in pi–pi transitions (Tahoun et al., 2021). The presence of 

unsaturated carbons also suggested that fraction 4 was majorly composed 

of methyl ester of the chlorophyll derivative. In FTIR analysis (Appendix 

G4), the abundance of C=O and C-H bond stretching was indicated by the 

high intensity of absorption bands at 1731 cm-1 and 2924 cm-1, 

respectively (Merck, 2022). The central amine of pyrrole ring was 

evidenced by the N-H bending at 1604 cm-1 (Merck, 2022). The absorption 

at 985 cm-1 and 1456 cm-1 was a result of the distribution of C=C 

stretching and C-H bending throughout the tetrapyrrole structure of methyl 

pheophorbide-a (Merck, 2022). The C-O stretching (1165 cm-1) and C-H 

bending (1456 cm-1) may hint at the methyl ester structure of the 

compound. The MH+ of fraction 4 (m/z=607) was compatible with the 

chemical formula, C36H38N4O5 for methyl pheophorbide-a (Appendix G5) 

(National Center for Biotechnology Information, 2022c). The spectral data 

collectively suggested that fraction 4 was largely comprised of methyl 

pheophorbide-a, a derivative of chlorophyll. The overall purification and 

identification of the major compounds from fraction 1, fraction 2, fraction 3 

and fraction 4 from P. pellucida crude methanolic extract was summarised 

in Figure 4.18. 
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Figure 4.18. The schematic diagram of the purification and isolation of fraction 1, fraction 2, fraction 3 and fraction 4 from 

P. pellucida crude methanolic extract. 
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4.3.5 Identification of polar compounds with LC-QToF-MS 

 The presence of polar compounds in P. pellucida was detected and 

characterised with LC-QToF-MS and METLIN database. A total of six classes 

of minor phytochemicals were detected together with majority of fatty 

acids-derived alkyl hydrocarbons in the polar subfractions of P. pellucida, 

PPM/B/16-18/2, PPM/E/8 and PPM/E/11. Among the phytochemicals, the 

minor compounds included the alkaloids, ketones, naphthalenes, phenolic 

compounds and terpenes. The chlorophyll derivative, methyl pheophorbide-

a (13.30 %), which was purified and identified in B13-15/8, was also 

detected in PPM/E/11 by using LC-QToF-MS analysis. Methyl pheophorbide-

a was considered a major polar compound for P. pellucida. In PPM/B/16-

18/2 and PPM/E/11, the ketone, n-cyclohexanecarbonylpentadecylamine 

(2.85 %-8.14 %) can be found together with the alkaloids, chlorophyll 

derivatives, naphthalenes, phenolic compounds and terpenoids. Besides, a 

minority of naphthalenes, (1R, 2S)-naphthalene 1, 2-oxide (0.27 %) were 

also detected in PPM/B/16-18/2. In addition, there was a minor portion of 

phenolic compounds detected in the semi-purified fractions, such as 

luteolin 5,3'-dimethyl ether (4.07 %), longistylin C (2.38 %), 

dihydroeuparin (1.95 %), carpelastofuran (0.20 %) and clusin (0.16 %). 

Further analysis revealed that PPM/E/11 contained higher amount of 

phenolic compounds compared to PPM/E/8. On the other hand, three 

distinct varieties of phenolic compounds can be detected in PPM/E/8. LC-

QToF-MS analysis also revealed the presence of sesquiterpene, ishwarol 

(1.30 %) as well as alkaloids such as dictyoquinazol C (6.41 %), homaline 

(0.78 %), uplandicine (0.34 %) and 5-methoxycanthin-6-one (0.22 %). 

Interestingly, alkaloids and phenolic compounds were exclusively detected 

in the semi-purified fractions (PPM/E/8 and PPM/E/11). Likewise, 

naphthalene can only be identified in PPM/B/16-18/2. Furthermore, 
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PPM/E/8 and PPM/E/11 can be distinguished by the presence of specific 

types of alkaloids and phenolic compounds in each fraction. Table 4.16 has 

summarised the polar compounds detected in PPM/B/16-18/2, PPM/E/8 

and PPM/E/11 with LC-QToF-MS. 
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Table 4.16. The polar compounds detected in PPM/B/16-18/2, PPM/E/8 and 

PPM/E/11 with liquid chromatography-mass spectrometry quadrupole time-of-flight. 

Fraction Polar compounds Chemical 

composition 

(%) 

Phytochemical 

class 

Reported 

biological 

effects 

References 

PPM/B/1

6-18/2 

N-

cyclohexanecarbo-

nylpentadecylamin

e  

8.14 Ketone Anti-

inflammatory

, analgesic 

Tsuboi et al.  

(2004) 

(1R,2S)-

Naphthalene 1,2-

oxide 

0.27 Naphthalenes No reported 

effect 

- 

PPM/E/8 Dihydroeuparin 1.95 Phenolic 

compounds 

Hypotensive Ortega et al. 

(2020) 

Homaline 0.78 Alkaloids 

Anti-

microbial 

Kanhar and 

Sahoo (2021) 

Uplandicine 0.34 Angelini et al. 

(2019) 

Carpelastofuran 0.20 Phenolic 

compounds 

Anti-cancer Cidade et al. 

(2021) 

Clusin 0.16 No reported 

effect 

- 

PPM/E/1

1 

Luteolin 5,3'-

dimethyl ether 

4.07 Anti-

inflammatory 

Jegal et al. 

(2021) 
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Table 4.16. (continued) 

Fraction Polar compounds Chemical 

composition 

(%) 

Phytochemical 

class 

Reported 

biological 

effects 

References 

PPM/E/1

1 

N-

cyclohexanecarbony

lpentadecylamine 

2.85 Ketone Anti-

inflammatory, 

analgesic 

Tsuboi et 

al. (2004) 

Longistylin C 2.38 Phenolic 

compounds 

Anti-cancer, 

anti-microbial, 

hypocholesterol

emic 

Pal et al. 

(2011) 

Ishwarol 1.30 Terpenes Anti-microbial Lago et al. 

(2007) 

Methyl 

pheophorbide-a 

13.30 Chlorophyll 

derivatives 

Anti-cancer, 

anti-

inflammatory 

Saide et al. 

(2020) 

Dictyoquinazol C 6.41 Alkaloids Neuroprotective Lee et al. 

(2002) 

5-Methoxycanthin-

6-one 

0.22 Anti-microbial Farouil et 

al. (2022) 
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4.3.6 GC-MS analysis of non-polar volatile compounds 

4.3.6.1 PPM/A 

 A total of twenty-seven volatile compounds were detected in the 

non-polar fraction, PPM/A with GC-MS analysis. The mass spectrum and RI 

of the identified compounds were compared with the known compounds in 

NIST library. The identified compounds mainly belonged to the four major 

classes of phytochemicals such as alkyl hydrocarbons, naphthalenes, 

phenylpropenes and terpenes. Volatile compounds which occupy more than 

5 % are classified as major compounds (Fan et al., 2018). In this study, 

the predominant phytochemicals identified in PPM/A were the 

sesquiterpenes, which is a subclass of terpenes. The sesquiterpenes 

occupied about two-third of the total amount of volatile compounds in 

PPM/A. This was preceded by the phenylpropanoid compounds, dillapiole 

and apiole which accounted for 15.46 % of the total volatile compounds. 

The alkyl hydrocarbons (11.84 %) were lower than the phenylpropenes. In 

addition, five naphthalene-based sesquiterpenes were identified in PPM/A, 

namely the α-amorphene, α-selinene, β-selinene, δ-cadinene and γ-

cadinene.  

This study has demonstrated that the major sesquiterpenes in the 

crude methanolic extract of P. pellucida was β-santalene, which recorded a 

marked 25.62 % of the total composition. As the dominant sesquiterpene, 

β-santalene occupied 35.24 % of the total sesquiterpenoid constituents. 

The elemene-based sesquiterpenes, (-)-β-elemene (4.52 %), (-)-cis-β-

elemene (4.63 %), δ-elemene (4.25 %) and γ-elemene (3.96 %) have 

collectively recorded 23.86 % of the sesquiterpenes. Furthermore, the 

isocaryophyllene (5.18 %) and β-caryophyllene (5.59 %) occupied 15 % of 

the total sesquiterpenoid constituents. The minor sesquiterpenes, α-
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chamigrene, germacrenes and α-cubebene have accounted for respective 

3.78 %, 3.12 % and 2.11 % of the total constituents. 

On the other hand, two minor sesquiterpenes, β-copaene (1.72 %) 

and γ–muurolene (1.89 %) were identified from PPM/A in this study. It was 

noteworthy to highlight that carotol (1.68 %) has amounted to just 2.32 % 

of the total sesquiterpenes. The remaining minor sesquiterpenes each 

constituted lesser than 1 % of the total chemical composition were α-

amorphene (0.49 %), α-guaiene (0.33 %), α-selinene (0.37 %), 

aromadendrene (0.74 %), β-selinene (0.43 %), δ-cadinene (0.16 %) and 

ledene (0.05 %). 

The naphthalene-based sesquiterpenes, α-amorphene, α-selinene, 

β-selinene, δ-cadinene and γ-cadinene have accounted for 5 % of the 

sesquiterpenes in P. pellucida. The concentration of γ-cadinene was the 

highest among the naphthalenes. The remaining naphthalenes composed 

lesser than 1 % of the total chemical composition in the plant. In this study, 

dillapiole (15.30 %) was the major phenylpropene present in the crude 

methanolic extract of P. pellucida. Dillapiole was also purified from fraction 

1 with silica gel column chromatography and PRC through this study. 

Another phenylpropene, apiole (0.16 %) was detected as a minor 

compound in this study. In addition, long chain alkyl hydrocarbons that 

derived from free fatty acids were detected by GC-MS. These were 

composed of the hexadecane, eicosane, and 8-heptadecene, which 

accounted for respective 7.1 %, 3.41 % and 1.32 % of the total chemical 

composition, respectively. Table 4.17 has summarised the non-polar 

volatile compounds detected in PPM/A with GC-MS. 
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Table 4.17. The non-polar volatile compounds detected in PPM/A with gas 

chromatography-mass spectrometry. 

Phytochemical 

class 

Volatile 

compounds 

m/z Chemical 

composition 

(%) 

Reported 

biological 

effects 

References 

Terpenes β-santalene 94.10 25.62 Anti-cancer, 

anti-

inflammatory, 

anti-microbial 

El Hachlafi et 

al. (2024) 

β-caryophyllene 41.00 5.59 Fidyt et al. 

(2016) 

Isocaryophyllene 41.00 5.18 

Anti-cancer, 

anti-

inflammatory 

Di Sotto et 

al. (2020) 

(-)-cis-β-

elemene 

81.10 4.63 

Chen et al. 

(2021) 

(-)-β-elemene 81.10 4.52 

δ-elemene 121.10 4.25 

γ-elemene 121.15 3.96 

α-chamigrene 121.10 3.78 Anti-cancer, 

anti-microbial 

White et al. 

(2010) 

α-cubebene 105.05 2.11 Anti-cancer Gong et al. 

(2022) 

Germacrene D 161.15 1.98 

Anti-microbial 

Pérez 

Zamora et 

al. (2018) 
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Table 4.17 (continued) 

Phytochemical 

class 

Volatile 

compounds 

m/z Chemical 

composition 

(%) 

Reported 

biological 

effects 

References 

Terpenes γ-muurolene 161.15 1.89 Anti-

microbial 

Zuccolotto et 

al. (2019) 

β-copaene 105.05 1.72 Antioxidant Roman et al. 

(2023) 

Carotol 161.15 1.68 

Anti-

microbial 

 

Sharma et 

al. (2019) 

Germacrene B 121.10 1.14 Pérez 

Zamora et 

al. (2018) 

Aromandendrene 41.00 0.74 Mulyaningsih 

et al. (2011) 

α-guaiene 105.05 0.33 Anggraeni et 

al. (2020) 

Ledene 105.05 0.05 Riyadi et al. 

(2023) 

Naphthalenes γ-cadinene 161.15 2.13 Aghajani et 

al. (2009) 

α-amorphene 161.15 0.49 Morocho et 

al. (2023) 
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Table 4.17 (continued)  

Phytochemical 

class 

Volatile 

compounds 

m/z Chemical 

composition 

(%) 

Reported 

biological 

effects 

References 

Naphthalenes β-selinene 79.05 0.43 Anti-

inflammatory, 

analgesic 

Chandra et 

al. (2017) 

α-selinene 79.10 0.37 Anti-cancer, 

anti-microbial 

Keawsaard 

et al. 

(2012) 

δ-cadinene 105.10 0.16 Anti-microbial Kačániová 

et al. 

(2022) 

Phenylpropan-

oids 

Dillapiole 222.10 15.30 

Anti-

inflammatory 

Rojas-

Martínez et 

al. (2013) 

Apiole 222.15 0.16 Kartika et 

al. (2020) 

Alkyl 

hydrocarbons 

Hexadecane 57.05 7.10 Anti-cancer, 

anti-microbial 

Wei et al. 

(2011) 

Eicosane 57.05 3.41 Anti-microbial Bhat et al. 

(2024) 

8-heptadecene 55.05 1.32 Anti-cancer, 

anti-microbial 

Rahayu et 

al. (2022) 
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4.3.6.2 PPM/A/1 and PPM/A/2 

 The first two eluted sub-fractions of PPM/A in PRC, PPM/A/1 and PPM/A/2 

both shared a similar isolated spot in TLC analysis (Figure 4.19). GC-MS analysis 

has detected a total 13 compounds in PPM/A/1 whereas 14 compounds were 

spotted in PPM/A/2 (Table 4.18). These compounds belonged to the 

phytochemical class of alkyl hydrocarbons, aromatic heterocyclics, esters, 

phenylpropanoids and terpenes. With the exception of an additional compound 

(nonenyl acetate ester) detected in PPM/A/2, 13 other compounds were shared 

between the two sub-fractions. The major non-polar compounds that 

predominated PPM/A/1 and PPM/2 belonged to the class of terpenes and 

phenylpropanoids, similar to PPM/A. Apiole (15.40 %-15.81 %) was the sole 

phenylpropanoid that can be detected in PPM/A/1 and PPM/A/2. The 

sesquiterpenes accounted for more than 60 % of the total composition of PPM/A/1 

and PPM/A/2. Interestingly, carotol predominates the detectable sesquiterpenes in 

the sub-fractions with a range of 31.90 % to 35.08 %. This was followed by the 

other major sesquiterpenes, (-)-β-elemene (14.59 %-14.95 %) and β-

caryophyllene (12.29 %-13.92 %). The subfractions also contained a minor 

sesquiterpene (<5 %), which was α-caryophyllene (3.55 %-3.04 %). Similar to 

PPM/A, several long chain alkyl, aromatic hydrocarbons and esters that derived 

from free saturated and unsaturated fatty acids can also be found in the sub-

fractions as minor components in GC-MS. Among them, 1,3,6-heptatriene topped 

the list with 5.08 % and 4.46 % in PPM/A/1 and PPM/A/2, respectively. This was 

followed by chlorooctadecane (3.98-4.74 %), propanoic acid ester (2.31-3.43 %), 

1,4-methanocyclooxtapyridazine (2.16-2.87 %), oxalic acid ester (1.61-1.95 %), 

heptadecane (1.60-1.74 %), 3-octadecene (0.61-1.40 %) and 1,3,6-octatriene 

(0.66-0.70 %). In addition, an overall higher concentration of each phytochemical 

was observed in the PPM/A/1 compared to PPM/A/2. Table 4.18 has summarised 

the non-polar volatile compounds detected in PPM/A/1 and PPM/A/2 with GC-MS. 
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Figure 4.19. The TLC profile of PPM/A/1 and PPM/A/2.
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Table 4.18. The non-polar volatile compounds detected in PPM/A/1 and PPM/A/2 

with gas chromatography-mass spectrometry. 

Phytochemical 

class 

Volatile 

compounds 

m/z Chemical 

composition 

(%) in 

PPM/A/1 

Chemical 

composition 

(%) in 

PPM/A/2 

Reported 

biological 

effects 

References 

Alkyl 

hydrocarbons 

1,3,6-

heptatriene 

93.00 5.08 4.46 Insecticid-

al 

Mahi et al. 

(2023) 

Chlorooctad-

ecane 

57.00 4.74 3.98 Insecticid-

al 

Hussain 

and AlJabr 

(2020) 

Heptadecane 69.00 1.74 1.60 Anti-

inflamma-

tory 

Kim et al. 

(2013) 

3-octadecene 57.00 1.40 0.61 Analgesic Altameme 

et al. 

(2015) 

1,3,6-

octatriene 

93.10 0.70 0.66 Anti-

cancer, 

anti-

microbial 

Amirzadeh 

et al. 

(2022) 

Aromatic 

heterocyclics 

1,4-

methanocycl-

oocta-

pyridazine 

107.00 2.87 2.16 Anti-

microbial 

El-Shamy 

et al. 

(2023) 
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Table 4.18. (continued) 

Phytochemical 

class 

Volatile 

compounds 

m/z Chemi-

cal 

compo-

sition 

(%) in 

PPM/A/

1 

Chemical 

compositi-

on (%) in 

PPM/A/2 

Reported 

biological 

effects 

References 

Esters Propanoic acid 

ester 

47.00 3.43 2.31 Anti-

microbial 

Goldberg and 

Rokem (2009) 

Oxalic acid 

ester 

57.00 1.95 1.61 Anti-

microbial, 

anti-cancer 

Wiraswati et 

al. (2023) 

Nonenyl acetate 43.00 - 0.16 No reported 

effect 

- 

Phenylpropa-

noids 

Apiole 222.15 15.40 15.81 Anti-

inflammatory 

Kartika et al. 

(2020) 

Terpenes Carotol 161.15 31.90 35.08 Anti-

microbial 

Sharma et al. 

(2019) 

(-)-β-elemene 81.10 14.95 14.59 

Anti-cancer, 

anti-

inflammatory 

Chen et al. 

(2021) 

β-caryophyllene 41.00 12.29 13.92 Fidyt et al. 

(2016) 
α-caryophyllene 93.00 3.55 3.04 
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Chapter V 

Discussion 

5.1 Biological activities and phytochemicals in P. pellucida 

5.1.1 The influence of extraction parameters on the yield of P. 

pellucida 

Based on the extraction yield of P. pellucida (Table 4.1), the yield of 

crude methanolic extract (14.22 %) obtained in this study was higher than 

those (10.28 %) reported by Phongtongpasuk and Poadang (2014), who 

macerated the plant samples in a solid-solvent ratio of 1:20 for 24 hours at 

room temperature. While the previous study employed a lower solid-

solvent ratio, the duration of maceration was shorter compared to the 72-

hour period utilised in this study. This finding indicated that the extraction 

yield of P. pellucida was dependent on the duration of maceration. 

According to Hamdan et al. (2008), the solid-solvent ratio may cause an 

exponential increase in the extraction yield when arrived at the solute-

solvent equilibrium constant. Hence, the lower solid-solvent ratio used in 

the previous study did not further increase the extraction yield of P. 

pellucida. In addition, the extraction yield of crude methanolic extract was 

higher than that of Ng et al. (2020) (8.78 %), where maceration was 

carried out at 1:12 solid-solvent ratio for 7 days. This study also suggested 

that a 3-day maceration was sufficient to yield the maximum extraction 

from P. pellucida at a solid-solvent ratio of 1:10. 

Among the plant solvent fractions, the higher extraction yield 

observed in the polar (aqueous) and non-polar (hexane) fractions could be 

attributed to the abundance of polar and non-polar materials in P. pellucida 

(Widyawati et al., 2014). Besides, the particle size of plant powder may 

also affect the extraction yield (Rezazi et al., 2017). In the current study, 
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coarse plant powder was selected in the extraction process as there was no 

significant difference in extraction yield between the use of coarse and fine 

plant powders (Zhang et al., 2016b). However, the use of fine plant 

powders may hinder the interaction of phytochemicals with extraction 

solvent due to the increased tendency to clump (Vuong et al., 2011). More 

importantly, the slimy texture of fine plant powder could pose difficulty in 

filtration upon contacting the solvents (Makanjuola, 2017). This study also 

found that the ethyl acetate fraction displayed higher extraction yield than 

the chloroform fraction. This observation was comparable to Nakamura et 

al. (2017), who reported similar findings while the non-polar hexane and 

polar aqueous fractions produced the highest plant extraction yield. 

According to Nakamura et al. (2017), solvents of high polarity may lead to 

high extraction yield. The aqueous fraction showed the highest plant yield 

possibly due to the abundance of water soluble and polar substances in the 

plant (Abu et al., 2017). The high extraction yield of the non-polar hexane 

fraction may be attributed to the solvent fractionation process utilised in 

this study for extraction (Nakamura et al., 2007).  

In step-wise solvent fractionation, hexane was the first extraction 

solvent being used due to its non-polar nature (Nawaz et al., 2020). This 

was followed by chloroform, ethyl acetate and n-butanol with increased 

polarities. Hence, all of the non-polar materials that are present in P. 

pellucida crude methanolic extract, such as fatty acids esters would have 

been extracted into the hexane fraction (Maimulyanti and Prihadi, 2016). 

Besides, hexane is often used for defatting purpose to extract hydrophobic 

substances during the plant extraction process (Laroche et al., 2019). As 

most of the fatty materials have been extracted into the hexane layer, this 

may result in a lower extraction yield of subsequent non-polar organic 

layer (chloroform). In addition to the extraction method, the plant 
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extraction yield can also be influenced by the use of fertilizers such as 

chicken manure and hydroponic fertilizers (Roshidi et al. 2020). Based on 

Stalikas (2007), there are other factors that could affect the extraction 

yield of a plant. Factors such as duration of storage, temperature and plant 

anatomical parts may play significant roles in affecting the overall plant 

extraction yield. In conjunction with PCA analysis (Figure 4.1), this study 

confirmed that the extraction yield of P. pellucida could be influenced by 

parameters such as the duration of extraction, solid-solvent ratio and 

solvent polarity. 

 

5.1.2 Phytochemicals  

The extraction yield did not reflect the TPC and TFC of P. pellucida 

fractions (Table 4.1). For instance, ethyl acetate, n-butanol and chloroform 

fractions with low extraction yields showed relatively high TPC (Table 4.1), 

which concurred with a previous study (Moshawih et al., 2017). The 

solvent polarity has been reported to influence the extractibility of 

compounds (Ng et al., 2020). Since phenolic compounds present in plants 

are of differing polarities, the amount of phenolic compounds in each 

solvent fraction also varied (Do et al., 2014). Moshawih et al. (2017) 

suggested that the presence of phenolic compounds in solvent fractions 

were influenced by the solvent polarity. Therefore, the polarity of most 

phenolic compounds presented in P. pellucida were compatible to that of 

ethyl acetate, n-butanol and chloroform, leading to high TPC in these 

fractions. However, the complex mixture of phytochemicals in the crude 

methanolic extract could also shield specific class of phytochemicals such 

as phenolic compounds, saponins and alkaloids in the extract from being 

detected by in vitro colorimetric assays (Weng et al., 2015). Hence, this 
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shielding effect could be overcome by the subsequent solvent fractionation 

process (Ismail and Chua, 2021). 

The TPC and TFC trend findings also suggested that the solvents 

with moderate polarities were effective in the extraction of phenolic and 

flavonoid compounds from P. pellucida. Chloroform plant fraction with high 

TPC but low TFC may imply that the solvent was suitable for the extraction 

of non-flavonoid phenolic compounds. As TFC in P. pellucida fractions did 

not correlate with the antioxidant parameters (FRAP, DPPH and ABTS 

radicals scavenging activities), this may suggest that the amount of 

phytochemical content did not necessary reflect the overall antioxidant 

activity of the plant (Supriatno and Lelifajri, 2018). The structural role of 

flavonoids such as the degree of polymerization and chemical interaction 

could influence the antioxidant activity of the plant (Supriatno and Lelifajri, 

2018). Although flavonoids are part of the polyphenols, there are other 

classes of phenolic compounds such as phenolic acids and tannins (King 

and Young, 1999). The release of flavonoids from the plant is also 

influenced by temperature, whereby a proportional relationship exists 

between them (Peleg et al., 1991). It is possible that some flavonoids are 

either concealed in the cellular components of the plant or bound to non-

polar substances that are extracted in the non-polar hexane fraction 

(Supriatno and Lelifajri, 2018). Besides, hydrophobic phenolic compounds 

can be extracted using hexane (Akomeng and Adusei, 2021). Hence, high 

TFC can be observed in the hexane fraction in this study (Table 4.1). Based 

on the phase 3 study findings, dihydroeuparin, carpelastofuran, clusin, 

luteolin and longistylin were some of the phenolic compounds and 

flavonoids identified in the crude methanolic extract of P. pellucida.  

Tannins are high molecular weight polyphenols that are responsible 

for the astringency and bitterness of plant-based foods (Soares et al., 
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2020). On the contrary, alkaloid is considered one of the largest 

phytochemical group in medicinal plants (Ferreira, 2022). Due to the 

structural complexity, alkaloids possess a diverse range of therapeutic 

properties (Ferreira, 2022). Alves et al. (2019) previously reported the 

presence of alkaloid and tannin in P. pellucida. This study found high level 

of alkaloid and tannin in the chloroform fraction. On the other hand, 

saponins are glycosides that derived from either triterpenoids or steroids, 

which include both the glycone and aglycone moieties (Xi et al., 2008). The 

significant saponin content in the moderately polar ethyl acetate and n-

butanol fractions (Table 4.1) indicated that the majority of saponins 

present in P. pellucida tend to solubilise in solvents of moderate polarities, 

which also reflected the polarity of these compounds (Do et al., 2014). 

Likewise, the low tannin and saponin contents in the aqueous fraction may 

suggest the lack of polar tannins and saponins in P. pellucida, and this may 

explain the absence of tannins and saponins detected in LC-QToF-MS 

analysis. Several alkaloids were found in P. pellucida such as dictyoquinazol, 

homaline, 5-methoxycanthin-6-one and uplandicine (Table 4.12). The 

overall high levels of alkaloid, flavonoids, phenolic compounds, saponin and 

tannin in the moderately-polar fractions (Table 4.1) of P. pellucida crude 

methanolic extract signified the abundance of similar moderately polar 

compounds in P. pellucida.  

In phase 3 investigation, the similar phytochemical profiles 

observed among the P. pellucida crude methanolic extract and its solvent 

fractions during the optimization step using TLC can be attributed to the 

fact that the plant fractions were derived from the crude extract (Appendix 

C1). The higher concentration of phytochemicals observed in the crude 

methanolic extract compared to the solvent plant fractions may indicate 

that the extraction of phytochemicals from P. pellucida with diverse polarity 
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and functional activities, as displayed in phases 1 and 2 studies, can be 

achieved effectively using methanol. Likewise, the varying biological 

activities that can be observed in the P. pellucida crude methanolic extract 

and solvent fractions could be ascribed to the various chemico-biological 

interactions among the phytochemicals (Rasoanaivo et al., 2011). These 

interactions can exist as additive, antagonistic and synergistic interactions, 

contributing to the overall observed biological effects in this study 

(Rasoanaivo et al., 2011).  

In GC-MS analysis, the four detected major classes of compounds 

including alkyl hydrocarbons, naphthalenes, phenylpropenes and terpenes 

were in accordance with Alves et al. (2019). Besides, the predominance of 

sesquiterpenes and phenylpropenes in P. pellucida agreed with the 

previous study (Alves et al., 2019). The major sesquiterpenes detected in 

PPM/A/1 and PPM/A/2 were also comparable to Verma et al. (2014). In this 

study, β-santalene was identified as a major sesquiterpene in P. pellucida. 

The compound was previously identified as a minor phytoconstituent in the 

essential oil derived from the root of P. pellucida (Usman and Ismaeel, 

2020). Hence, this finding suggested that β-santalene can be found 

abundantly in the aerial part of the plant. The composition percentage of (-

)-β-elemene was comparable to previous studies (Alves et al., 2022; 

Verma et al., 2014). However, the amount of δ-elemene was higher than 

those reported in previous finding (Verma et al., 2014). The different 

climates and geographical regions in which the plant was grown could be 

the reason behind this discrepancy. The biosynthesis of secondary 

metabolites such as terpenes could be affected by temperature, sun 

exposure and precipitation frequency (Romero et al., 2021). For instance, 

the biosynthesis of pellucidin A from 2,4,5-trimethoxystyrene could be 

promoted by ultraviolet light (de Moraes and Kato, 2021). In addition, the 
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extraction method and soil composition of the plant could cause the 

variation of chemical composition in P. pellucida (Verma et al., 2014). 

According to Alves et al. (2019), caryophyllene-based 

sesquiterpenes is another major sesquiterpenes that can be found in the 

essential oil of P. pellucida. In this study, the amount of β-caryophyllene 

was also comparable to a previous report (Alves et al., 2019). The 

concentration of β-caryophyllene is usually higher than (-)-β-elemene and 

this agreed with previous reports (Alves et al., 2022; Verma et al., 2014). 

Additionally, α-caryophyllene, also known as humulene, is an isomer of β-

caryophyllene. These compounds are commonly found together as a 

mixture and have been previously demonstrated to possess anti-

inflammatory properties (Hartsel et al., 2016). On the other hand, the 

presence of minor sesquiterpenes, including α-chamigrene, germacrene 

and γ-cadinene in the Piper genus of plants has also been previously 

documented (Oliveira et al., 2013; Silva et al., 2017). Besides, germacrene 

was commonly detected in the leaf essential oil of P. pellucida (Alves et al., 

2019). Based on Usman and Ismaeel (2020), α-cubebene had recorded 

1.2 % of the chemical composition in the root of P. pellucida. Since this 

study has identified α-cubebene (2.11 %) in PPM/A, it was indicated that 

the aerial part displayed double the amount of α-cubebene in the root of 

the plant (Usman and Ismaeel, 2020). 

Furthermore, the minor sesquiterpenes, β-copaene and γ–

muurolene were commonly identified along with β-caryophyllene, β-

elemene and germacrene in Peperomia species (Mesquita et al., 2021). The 

concentration of γ-muurolene in this study was also slightly higher than 

previously reported (Mesquita et al., 2021). The reduction of γ-muurolene 

could be due to the removal of fruiting spikes in the previous study 

(Mesquita et al., 2021). Additionally, this study has also detected carotol as 
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a minor compound in P. pellucida. The presence of carotol may 

differentiate P. pellucida from other Peperomia species (de Lira et al., 

2009). According to Alves et al. (2019), carotol also constituted 32.1 % of 

the total chemical composition in the essential oil of P. pellucida. This 

observation has deduced that hydrodistillation was the ideal extraction 

method to recover carotol from the plant.  

The remaining sesquiterpenes, such as α-amorphene, α-guaiene, α-

selinene, aromadendrene, β-selinene, δ-cadinene and ledene, which 

constituted less than 1 % of the total chemical composition of P. pellucida 

were minor compounds that can be commonly found in plants of genus 

Piper (Nayaka et al., 2021; Oliveira et al., 2017). Besides, the 

concentration of γ-cadinene was the highest among the naphthalene-based 

sesquiterpenes and this agreed with previous reports (Oliveira et al., 2017; 

Usman and Ismaeel, 2020). It was suggested that higher concentration of 

γ-cadinene was present in the stem compared to the root of P. pellucida 

(Oliveira et al., 2017; Usman and Ismaeel, 2020).  

Dillapiole is a major compound present in the whole plant of P. 

pellucida, including the leaves, roots and stems (Alves et al., 2019). 

Previous studies have demonstrated the anti-inflammatory, anti-

osteoporotic and gastro-protective activities of dillapiole isolated from the 

plant (Parise-Filho et al., 2011; Rojas-Martínez et al., 2013). The current 

study has characterised the compound with GC-MS and spectroscopic 

methods. The presence of dillapiole may highlight the therapeutic 

significance of P. pellucida against DR. Apiole is commonly identified along 

with dillapiole from P. pellucida (Alves et al., 2019; Kartika et al., 2020). 

Although both compounds share some structural similarities, the marked 

anti-inflammatory activity of dillapiole could be attributed to the steric and 

electronic effects that resulted from the covalent bonds in the compound 
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(Pineda et al., 2018). In this study, apiole was detected in PPM/A/1 and 

PPM/A/2. It can be indicated that apiole is less polar than its 

phenylpropanoids counterpart, due to it being eluted earlier in the first two 

sub-fractions during PRC. On the other hand, this study has also identified 

another phenylpropanoid, 2,4,5-trimethoxystyrene from P. pellucida. 

Interestingly, this compound serves as a precursor to pellucidin A, with its 

formation being facilitated by exposure to UV light (de Moraes and Kato, 

2021). Besides, the absence of naphthalenes in PPM/A/1 and PPM/A/2 also 

indicated that naphthalenes found in PPM/A were more polar comparatively. 

Hence, they were eluted later and not detected in both fractions.  

This study also revealed the presence of a mixture of alkyl 

hydrocarbons alongside other classes of phytochemicals. According to Wei 

et al. (2011), alkyl hydrocarbons that derived from the saturated and 

unsaturated fatty acids are among the major compounds that can be 

detected in the crude methanolic extract of P. pellucida. Hexadecane (16 

carbons) and 8-heptadecene (17 carbons) were previously identified as the 

two main components present in the essential oil of Piper longum from the 

Piperaceae family (Dash et al., 2022). Hexadecane was derived from the 

saturated fatty acid, hexadecanoic acid (Wei et al., 2011). The 

identification of hexadecanoic acid from the crude methanolic extract of P. 

pellucida agreed with the previous study (Wei et al., 2011). Furthermore, 

the current study also characterised 9-octadecenoic acid methyl ester as a 

major compound, which was in accordance to Okoh et al. (2017) and Teoh 

et al. (2021). The 20 carbons alkyl hydrocarbons, eicosane detected in this 

study as a minor constituent, can be also found in other plants belonging to 

the Piperaceae family (Asadi, 2022).  

In addition, several polar compounds such as ketones, naphthalenes, 

phenolic compounds, alkaloids and terpenes were detected in P. pellucida 
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using LC-QToF-MS. Ketones are naturally occurring substances that are 

commonly found in natural products including plants (Farmer and Reusch, 

2023). Similar to esters, the presence of ketones may impart characteristic 

scent to the plants (Farmer and Reusch, 2023; Silva et al., 2018). On the 

contrary, naphthalenes were known to display anti-inflammatory and 

antioxidant activities due to the presence of stable benzene rings (Luo et 

al., 2021). Besides, the presence of phenolic compounds, such as luteolin 

5,3'-dimethyl ether, longistylin C, dihydroeuparin, carpelastofuran and 

clusin in PPM/E/8 and PPM/E/11 may reflect the TPC and TFC quantified 

from P. pellucida. The presence of these compounds could potentially 

contribute to the observed biological activities in phase 1 study. 

Furthermore, alkaloids and terpenes are important secondary metabolites 

in plants, which display a broad spectrum of biological activities, such as 

anti-glycaemic and anti-inflammatory activities (Adamski et al., 2020; Lv 

et al., 2022). Additionally, the presence of alkaloids and phenolic 

compounds was observed in the semi-purified fractions (PPM/E), which was 

eluted later during silica gel column chromatography. This may indicate the 

high polarity of the majority of alkaloids and phenolic compounds present 

in P. pellucida. The same theory can be applied to the presence of 

naphthalenes in the PPM/B/16-18/2. 

 

5.1.3 Antioxidant effect 

The presence of high amount of phenolic compounds could explain 

why certain fraction possessed higher FRAP activity than the other plant 

fractions (Abu et al., 2017). The significant positive correlation observed 

between TPC and FRAP (Table 4.9) could be explained by the metal-

reducing power of phenolic compounds that are present in P. pellucida 
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fractions. In other words, this can be ascribed to the redox properties of 

phenolic compounds (Nagarajan et al., 2017). Besides, it was also 

suggested that the metal ion reducing capability of plant extract was due to 

the presence of phenolic compounds (Nagarajan et al., 2017). The 

donation of hydrogen atom by phenolic compounds to ferric complex 

reflects the metal chelating action of phenolic compounds, which is based 

on the SET mechanism (Nagarajan et al., 2017). Furthermore, the modest 

positive correlation observed between saponin and FRAP confirmed the 

ferric-reducing properties of saponins (Table 4.9), which was in agreement 

with a previous study (Chen et al., 2014). As the FRAP activity is also 

inversely correlated with the IC50 for DPPH and ABTS radicals scavenging 

activities of P. pellucida, this may suggested that the antioxidants present 

in the plant may possess ferric-reducing properties in addition to its free 

radicals scavenging ability. The above finding also indicated the ability of 

antioxidants of P. pellucida in utilising hydrogen atom transfer and SET-

based reactions simultaneously to neutralise the harmful effect of free 

radicals (Liang and Kitts, 2014). 

The low DPPH radical scavenging activity of hexane fraction agreed 

with a study conducted by Shoeb (2019), which also showed that the non-

polar fraction displayed the lowest DPPH radical scavenging activity. This 

study also demonstrated an overall higher DPPH radical scavenging activity 

of P. pellucida fractions compared to ABTS radical scavenging activity. This 

was observed as a lower IC50 of plant solvent fractions was required to 

inhibit the DPPH radicals compared to ABTS radicals. This could be 

attributed to the different affinity of bioactive compounds in the plant 

towards the DPPH or ABTS radicals (Liang and Kitts, 2014). According to 

Lee et al. (2015b), the high ABTS radical scavenging activity was 

associated with the presence of phenolic compounds and flavonoids. This 
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could explained the high ABTS radical scavenging activity in the ethyl 

acetate and n-butanol fractions with high TPC and TFC. Besides, the 

abundance of hydrophobic compounds in P. pellucida, such as terpenes, 

phenylpropanoids, and fatty acids, may account for the higher DPPH radical 

scavenging activity compared to ABTS radical scavenging activity (Lee et 

al., 2015b). The high DPPH radical scavenging activity also suggested that 

the majority antioxidants in P. pellucida acted through the SET mechanism 

(Liang and Kitts, 2014). In addition, the IC50 of the standards ascorbic acid 

and Trolox for DPPH and ABTS radicals scavenging activities, were 

comparable to those reported in previous studies (Noreen et al., 2017; 

Shoeb, 2019). 

The different trends of DPPH and ABTS radicals scavenging 

activities in different plant solvent fractions could be due to the varying 

reactivities of bioactive compounds towards the two types of radicals. 

(Okoh et al., 2017). Based on the correlation study (Table 4.4), the TPC 

was closely associated with DPPH and ABTS radicals scavenging activities 

in P. pellucida. This may suggest that the phenolic compounds identified in 

this study were partly responsible for the radicals scavenging activities 

(Anggraini et al., 2019; Cao et al., 2018). According to Liang and Kitts 

(2014), the radical scavenging activity of phenolic compounds could be 

ascribed to its ability to donate hydrogen atom to free radicals, thus 

sequestering its harmful effects. Likewise, the correlation established 

between saponin and ABTS radical scavenging activity may also implied 

that the antioxidant activity of P. pellucida was partially attributed to the 

presence of saponins (Chen et al., 2014). 

The overall high FRAP, DPPH and ABTS radicals scavenging 

activities also qualified the moderately polar ethyl acetate and n-butanol 

fraction as very high AI fraction and ‘high’ AI fraction, respectively. This 
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finding concurred with a previous report on their significant antioxidant 

activities due to the rich phytochemical content (Zhang et al., 2015b). 

Although polar solvent displayed high extraction yield, it was the solvent of 

moderate polarity that favoured the extraction of phytochemicals that 

contribute to the high antioxidant activity in P. pellucida (Jing et al., 2015). 

On the other hand, the supplementation of P. pellucida leaves has 

previously been shown to inhibit lipid peroxidation in a rat model using 

thiobarbituric acid-reactive species method (Hamzah et al., 2012). In this 

study, the lipid peroxidation inhibitory activity of P. pellucida solvent 

fractions was determined. The strong lipid peroxidation inhibitory activity in 

P. pellucida ethyl acetate fraction was in accordance to Oloyede et al. 

(2011). However, this study contradicted the previous finding, as it 

revealed that the n-butanol and aqueous fractions exhibited the highest 

lipid peroxidation inhibitory activity. This was likely due to the omission of 

chloroform in the previous study, leading to the extraction of compounds 

with high lipid peroxidation inhibitory activity in the moderate-polar and 

polar fractions. The IC50 of ascorbic acid for inhibiting the hydroxyl radicals 

was also comparable to a previous study (Nehete et al., 2010). The 

significant inverse correlation between the FRAP and lipid peroxidation 

inhibitory activities of the plant was mostly likely due to the induction of 

lipid peroxidation by iron, which is also the target metal of chelation in 

FRAP assay (Khan et al., 2014). The weak correlation between TPC and 

lipid peroxidation inhibitory activity in P. pellucida suggested that phenolic 

compounds were less likely to inhibit lipid peroxidation. The significant 

correlation observed between saponin and lipid peroxidation inhibitory 

activity of P. pellucida further strengthened the antioxidant role of saponins 

in P. pellucida by combating oxidative stress. Moreover, the aerial part of P. 

pellucida has been previously associated with strong lipid peroxyl radical 
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scavenging effect (Okoh et al., 2017). Hence, this study suggested that the 

lipid peroxidation inhibitory activity was partly derived from the saponins 

detected in the aerial part of P. pellucida. Dillapiole, the phytochemical 

previously isolated from the aerial part of P. pellucida by Rojas-Martínez et 

al. (2013), has been demonstrated to inhibit lipid peroxidation (Rojas-

Martínez et al., 2013). In the current study, the presence of the major 

compound dillapiole may have explained the high ipid peroxidation 

inhibitory activity of P. pellucida.  

 

5.1.4 Anti-inflammatory effect 

The COXs and LOX are the two main families of enzymes that 

could initiate the AA pathway through the generation of pro-inflammatory 

mediators (Perera et al., 2016). Thus the inhibition of COXs and LOX could 

lead to suppression of inflammation. The overall higher inhibitory activity 

on COX-1 compared to COX-2 among the P. pellucida fractions, 

contradicted with the trend observed in the study conducted by Gacche et 

al. (2011). The previous study showed better COX-2 inhibition among the 

different medicinal plants (Gacche et al., 2011). This study found that P. 

pellucida could be a potential COX-1 antagonist. As COX-1 and COX-2 

inhibitory activities were not associated with the phytochemical content of 

the solvent fractions, this finding suggested that the high COX-1 and COX-

2 inhibitory activities displayed by non-polar hexane fraction could be due 

to the presence of non-polar unsaturated fatty acid such as 9-octadecenoic 

acid. This was indicated by a previous study, which reported COX inhibitory 

activity of 9-octadecenoic acid (Xie et al., 2022). In the current study, the 

identification of such non-polar fatty acids in P. pellucida could support its 

COX-1 and COX-2 inhibitory properties. 
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It was noteworthy to highlight that the LOX inhibitory activities of 

ethyl acetate, n-butanol and hexane fractions of P. pellucida were 

comparable to the standard quercetin. Although the IC50 of quercetin in 

another study was much lower at 0.0002 mg/ml (Kwon et al., 2011), the 

method employed was based on the formation of final product cysteinyl 

leukotrienes, rather than the intermediary product 

hydroperoxyoctadecadienoic acid as described in this study. The formation 

of hydroperoxyoctadecadienoic acid is an elementary reaction (Miyata et al., 

2020). Conversely, the formation of cysteinyl leukotrienes involves a multi-

step reaction aided by the presence of glutathione (Miyata et al., 2020). 

Hence, this phenomemon may have led to the lower IC50 observed for 

inhibiting the formation of the final product in the previous study.  

The significant correlation among TFC, saponin content and LOX 

inhibitory activity of P. pellucida also indicated flavonoids and saponins as 

strong inhibitors of LOX. This study has indicated the crucial role of 

flavonoids and saponins on the LOX inhibitory activity of P. pellucida. It 

was also previously reported that both flavonoids and saponins displayed 

LOX inhibitory activity (Bildziukevich et al., 2023; Ibrahim et al., 2018). 

Ibrahim et al. (2018) has reported that flavonoids were major contributors 

to LOX inhibition. The LOX inhibitory activity of flavonoids was best 

explained by its planar structure whereby the hydroxyl groups played a 

huge role in anti-inflammatory action (Alaba and Chichioco-Hernandez, 

2014; Ibrahim et al., 2018). Likewise, the presence of hydroxyl groups in 

triterpenoid saponins was likely to be responsible for the anti-inflammatory 

action of P. pellucida, as the plant is rich in terpenoids (Bildziukevich et al., 

2023). 

Besides, the COXs and LOX inhibitory activities could also be 

attributed to the presence of non-polar compounds such as dillapiole and 
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2,4,5-trimethoxystyrene (Saldanha et al., 2020) identified from P. pellucida 

in this study. Dillapiole is a major compound found in the plant’s aerial part 

(Alves et al., 2019). The therapeutic significance of dillapiole lies with the 

presence of specific functional groups on the phenylpropanoid structure. 

Previous study has suggested that the anti-inflammatory activity of 

dillapiole was attributed to the presence of its allyl side chain, benzodioxole 

ring and methoxy groups on the structure of the compound (Parise-Filho et 

al., 2011).  

Along with dillapiole, 2,4,5-trimethoxystyrene is a major 

compound of P. pellucida and a precursor of pellucidin A (Bayma et al., 

2000; de Moraes and Kato, 2021). The anti-inflammatory action of 2,4,5-

trimethoxystyrene was often related to the inhibition of pro-inflammatory 

mediators, including COXs and LOX (Saldanha et al., 2020). This may have 

attributed to the presence of three methoxy groups in the structure of the 

compound (Parise-Filho et al., 2011). According to Xie et al. (2022), 9-

octadecenoic acid has been previously shown to exhibit anti-inflammatory 

effect by inhibiting the production of COX-2. The presence of fatty acid 

methyl ester is a product from the transesterification of methanol with the 

acyl groups that are present in fats and oils (Kandasamy et al., 2020). This 

phenomenon could have arose from the utilization of methanol as the 

extraction solvent (Kandasamy et al., 2020). Hence, the COXs and LOX 

inhibitory activities displayed by P. pellucida may be attributed to the 

presence of phytochemicals like 2,4,5-trimethoxystyrene, 9-octadecenoic 

acid and dillapiole that specifically targeted the AA pathway. 

On the other hand, the traditional usage of P. pellucida as an anti-

gout agent has been previously documented (Abu Bakar et al., 2018) due 

to its ability to suppress inflammation by inhibiting the enzyme XO 

(Fachriyah et al., 2018). The trend of XO inhibitory activity for P. pellucida 
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showed that solvent fractions of moderate polarity displayed stronger XO 

inhibitory activity than the polar and non-polar fractions, suggesting that 

phytochemicals of equivalent polarities may play a significant role in XO 

inhibition (Sakti et al., 2020). The IC50 of standard quercetin for XO 

inhibitory activity was in accordance to a previous report (Zhang et al., 

2018). The low IC50 value also suggested that the standard displayed 

significantly greater XO inhibitory activity compared to the P. pellucida 

fractions. The significant correlation established between XO inhibitory 

activity and ABTS radical scavenging activity may suggest that the 

bioactive compounds present in P. pellucida were both effective radicals 

and XO inhibitors in preventing inflammation. According to Feoli et al. 

(2014), XO is responsible for oxidative stress and the subsequent 

occurrence of inflammation. This study showed that the bioactive 

compounds present in P. pellucida could be effective in preventing 

oxidative stress and inflammation by inhibiting XO. 

Methanol has been used as the preferred solvent for extracting 

bioactive compounds with excellent hyaluronidase inhibitory activity (Ao et 

al., 2010). Hence, the highest hyaluronidase inhibitory activity can be 

observed in the P. pellucida crude methanolic extract in this study. Among 

the plant solvent fractions, non-polar hexane and chloroform fractions 

displayed higher hyaluronidase inhibitory activity than the other plant 

fractions in this study. According to Addotey et al. (2018), the presence of 

phenolic compounds, including flavonoids contributed to hyaluronidase 

inhibition. However, this study did not observe any correlation among TPC, 

TFC and hyaluronidase inhibitory activity. Furthermore, the IC50 of 

hyaluronidase inhibitory activity for the standard tannic acid was 

comparable to previous study (Tokeshi et al., 2007). 
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Based on the correlation study, there was a significant negative 

correlation between alkaloid and hyaluronidase inhibitory activity. Hence, 

the strong hyaluronidase inhibitory activity of crude methanolic extract 

could also be ascribed to the presence of alkaloids. Nevertheless, the 

hyaluronidase inhibitory activity of P. pellucida might also be due to the 

presence of other phytochemicals, such as β-caryophyllene, β-elemene and 

dillapiole, which were identified from the crude methanolic extract in phase 

3 study. These compounds were previously associated with high 

hyaluronidase inhibitory activity (Hou et al., 2022). According to Ling et al. 

(2003), the hyaluronidase inhibitory activity is related to the presence of 

terpenes. The enzyme inhibitory action of this phytochemical class depends 

on either the presence of nitrogenous compounds such as proteins through 

a cross-linking mechanism or the action of its intermediate products (Ling 

et al., 2003). Several major terpenes identified from this study include the 

β-caryophyllene, β-elemene and β-santalene. Besides, the synthesis of 

substrate for hyaluronidase, HA occurs at the apical surface of RPE 

(Senanayake et al., 2000) and HA could suppress the production of 

angiogenic and inflammatory cytokines (He et al., 2017; Takahashi and 

Tanihara, 2012). Therefore, this study further proposed that the inhibition 

of hyaluronidase by P. pellucida could attenuate neovascularization, a 

common occurrence in the development of DR.  

For AII, the ethyl acetate and hexane fractions as well as crude 

methanolic extract were classified as excellent AII fractions, partly due to 

their high COXs and LOX inhibitory activities. This result also indicated the 

potential anti-inflammatory role of P. pellucida in targeting the AA pathway, 

in which the enzyme COX and LOX are the main players contributing to the 

inflammatory outcomes (Hanna and Hafez, 2018). The relatively high 

hyaluronidase inhibition activity in crude methanolic extract and hexane 
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fraction may suggest that P. pellucida could modulate the regulation of 

neovascularisation and inflammatory events in PDR through the modulation 

of HA (Wolk et al., 2020, He et al., 2017). As P. pellucida displayed 

significant inhibitory activity against COXs, LOX and hyaluronidase, it may 

harbour phytochemicals such as dillapiole, 9-octadecenoic acid and 

terpenoids that exhibit anti-inflammatory properties. 

 

5.1.5 Anti-glycaemic effect 

 The higher α-glucosidase inhibitory activity of most P. pellucida 

solvent fractions compared to the standard drug acarbose, implied that the 

herbal plant is a good anti-glycaemic source. The overall IC50 for α-

glucosidase inhibition of the plant solvent fractions, ranging from 0.07 

mg/ml to 1.17 mg/ml, was also lower than that of the anti-diabetic 

medicinal plant Orthosiphon stamineus ethanolic extract (4.63 mg/ml) in a 

previous study (Mohamed et al., 2012), suggesting the comparatively 

stronger α-glucosidase inhibitory activity of P. pellucida. However, the lack 

of association between TFC and IC50 for α-glucosidase inhibitory activity 

agreed with Wibisono et al. (2019), which suggested that flavonoids were 

unlikely α-glucosidase inhibitors. On the other hand, the significant inverse 

correlation established between TPC and IC50 for α-glucosidase inhibitory 

activity confirmed that non-flavonoid phenolic compounds may have 

contributed to the α-glucosidase inhibitory activity of P. pellucida (Table 

4.9). Besides, the IC50 for α-glucosidase inhibitory activity was inversely 

correlated with the tannin and saponin content of P. pellucida. The α-

glucosidase inhibitory activities of phenolic compounds, tannins and 

saponins have been previously documented (Telagari and Hullatti, 2015).  
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Interestingly, the IC50 for α-amylase inhibitory activity of P. 

pellucida crude methanolic extract and solvent fractions were also much 

lower than that of acarbose, reflecting the high anti-glycaemic potential of 

P. pellucida. When compared to O. stamineus ethanolic extract, the α-

amylase inhibitory activity of P. pellucida extracts was stronger due to the 

lower IC50 values in this study. The lack of correlation of α-amylase 

inhibitory activity with either TPC or TFC implied that both phenolic 

compounds and flavonoids were less effective in α-amylase inhibition. The 

phytochemicals detected in phase 3 study such as the sesquiterpenes β-

caryophyllene, β-elemene and β-santalene could be responsible for the 

inhibition of α-amylase (Kidane et al., 2018).  

The overall higher α-amylase inhibitory activity than the α-

glucosidase inhibitory activity in P. pellucida fractions could be partly due 

to the presence of varying types and amount of bioactive compounds that 

specifically targeting the α-amylase (Telagari and Hullatti, 2015). In human 

saliva, α-amylase is the carbohydrate metabolising enzyme that breakdown 

polysaccharides into oligosaccharides (Telagari and Hullatti, 2015). The 

stronger inhibitory action against α-amylase than α-glucosidase may 

suggest the potential application of P. pellucida as anti-glycaemic agent by 

reducing the bioavailability of oligosaccharides in human gut (Telagari and 

Hullatti, 2015). The correlation of α-glucosidase and α-amylase inhibitory 

activities with the antioxidant activities was similar to that reported by 

Hamzah et al. (2012). This may indicate the presence of bioactive 

compounds in P. pellucida with both antioxidant and anti-glycaemic 

activities (Hamzah et al., 2012). Furthermore, this study has identified 

methyl pheophorbide-a from P. pellucida for the first time. The compound 

has been demonstrated to reduce the risk of developing DM due to its 
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inhibitory action against carbohydrate-digesting enzymes, α-amylase and 

α-glucosidase (Kim et al., 2019). 

 

5.1.6 Anti-glycation effect 

In DM, the excessive activation of polyol pathway promotes the 

conversion of glucose into sorbitol (Fournet et al., 2018). With the enzyme 

AR being the catalyst of the reaction, the formation of sorbitol could 

contribute to the formation of AGE (Fournet et al., 2018). In this study, the 

AR inhibitory activity of standard quercetin was comparable to previous 

studies although different sources of AR were being used (Hwang et al., 

2019; Patel et al., 2012b). The finding of AR inhibitory activity trend in this 

study showed that P. pellucida solvent fractions of moderate to high 

polarities exhibited stronger AR inhibition than non-polar plant fractions. 

Since the AR inhibitory activity was correlated with DPPH radical 

scavenging activity of P. pellucida fractions, this study deduced that the 

antioxidants in moderately polar and polar fractions of P. pellucida were 

also effective AR inhibitors. The correlation observed between TPC and AR 

inhibitory activity provides additional evidence suggesting that the 

presence of phenolic compounds, which associate with DPPH scavenging 

activity, may contribute to the AR inhibitory effect of P. pellucida. A 

docking study by Akhila et al. (2012) reported that the P. pellucida extract 

displayed high binding energy towards AR. This may be attributed to the 

presence of phenolic compounds such as dihydroeuparin, longistylin and 

luteolin detected in P. pellucida. 

 Under DM condition, the accumulation of blood glucose promotes 

the glycation process, which results in the formation of AGEs, including 

fluorescent AGEs (Guerin-Dubourg et al., 2017). Among the P. pellucida 
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solvent fractions, the IC50 of AGE inhibition for ethyl acetate fraction was 

0.05 mg/ml, whereas the medicinal plant F. deltoidei with anti-glycation 

potential, was reported in a previous study to exhibit a comparatively 

higher IC50 at 0.125 mg/ml (Dom et al., 2020). In this study, a significant 

positive correlation between the total AGE inhibition and anti-glycaemic 

activity of P. pellucida was observed. This finding further supported the 

relationship between glycaemic control and inhibition of AGEs formation 

(Rhee and Kim, 2018). Furthermore, the correlation of total AGE inhibition 

analysis with TPC, saponin and FRAP activity agreed with Starowicz et al. 

(2019), which suggested that the anti-glycation activity could be attributed 

to the antioxidant activity, phenolic and saponin content in medicinal plants 

(Valdivieso-Ugarte et al., 2019). The metal chelating properties of saponin 

and phenolic compounds could have an impact on the synthesis of AGE 

(Hung et al., 2017; Yeh et al., 2017). 

 The formation of AGE intermediaries, Amadori product and 

dicarbonyl compounds is crucial for the synthesis of AGE (Fournet et al., 

2018) while most of the total AGE is composed of dicarbonyl compounds 

(Hung et al., 2017). The interaction of AGE and its ligand subsequently 

leads to pro-inflammatory responses that contribute to the pathological 

development of DR (Chuah et al., 2013). As the formation of AGE is a 

major risk factor for DR, the inhibition of Amadori products and dicarbonyl 

compound formation is valuable for the prevention of DR (Ng et al., 2013). 

In this study, the Amadori product and dicarbonyl compound inhibitory 

activities were only detectable in 10 mg/ml of P. pellucida aqueous fraction 

when compared to the other solvent fractions (1 mg/ml). This finding 

showed that the aqueous plant fraction displayed weak inhibitory activity 

against the formation of Amadori products and dicarbonyl compound. 

Nevertheless, the dicarbonyl compound inhibitory activity was positively 
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correlated with COX-1 and COX-2 inhibitory activities and inversely 

correlated with α-amylase inhibitory activity. These findings collectively 

indicated that the bioactive compounds in P. pellucida possessed anti-

glycation, anti-glycaemic and anti-inflammatory effects. Likewise, the 

positive correlation of TFC with Amadori product and dicarbonyl compound 

inhibitory activities concurred with Hung et al. (2017), who reported that 

flavonoid with antioxidant activity may partly contribute to the anti-

glycation activity in P. pellucida.  

The strong Amadori product and dicarbonyl compound inhibitory 

activities of ethyl acetate and hexane fractions for P. pellucida suggested 

the presence of moderately-polar and non-polar bioactive compounds that 

could interfere with the formation of AGE (Fournet et al., 2018). In general, 

P. pellucida solvent fractions displayed stronger Amadori product inhibitory 

activity than their dicarbonyl compound inhibitory activity. This may 

indicate that P. pellucida exerts its inhibitory effect at the initial phase of 

AGEs formation, during which the Amadori product was formed (Fournet et 

al., 2018). As dicarbonyl compounds are mainly derived from Amadori 

product during the AGE synthesis, the inhibition of Amadori production 

formation by P. pellucida could also interfere the formation of the 

dicarbonyl compounds (Fournet et al., 2018). This could have explained the 

modest positive correlation found between the Amadori product and 

dicarbonyl compound inhibitory activities in the plants. In addition, the 

marked inhibition against the total AGEs and Amadori products qualified 

ethyl acetate plant fraction as a worthy anti-glycation source. Based on the 

correlation study (Table 4.9), the high saponin, TPC and antioxidant 

activity displayed by ethyl acetate fraction may also contribute to its high 

AGI. On the other hand, the high anti-glycation potential displayed by the 
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aqueous and hexane fractions was partly attributed to the significant 

inhibition on AR activity and dicarbonyl compounds. 
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5.2 The anti-retinopathy mechanisms of P. pellucida in ARPE-19 

5.2.1 Regulation on the transcription factors implicated in 

inflammation and angiogenesis 

Based on the phase 1 investigation on in vitro biological activity of P. 

pellucida, it can be deduced that the ethyl acetate fraction of the plant 

exhibited high antioxidant, anti-inflammatory, and anti-glycation activities 

in addition to its relatively high phytochemical content. The same fraction 

also displayed higher α-amylase and α-glucosidase inhibitory activities than 

the standard anti-diabetic drug, acarbose. In terms of the biological activity 

indices, the ethyl acetate fraction was identified as a plant fraction with 

very high AI and high AII. Furthermore, AGI also ranked the ethyl acetate 

fraction as an excellent anti-glycation fraction. The ethyl acetate fraction 

was classified as mildly toxic together with crude methanolic extract based 

on the in vivo toxicity assay. Although the aqueous fraction was non-toxic 

against brine shrimps, the biological activities shown by the fraction were 

insufficient to justify its potential as an anti-retinopathy agent. In addition, 

the chloroform, hexane and n-butanol fractions were considered 

moderately to highly toxic. From the above findings, it is pertinent to 

suggest that the ethyl acetate fraction derived from crude methanolic 

extract may harbour potential anti-retinopathy effect. This has prompted 

further investigation to study the modulatory role of ethyl acetate fraction 

and crude methanolic extract on the gene and protein expression of 

angiogenesis, antioxidant and inflammatory mediators implicated in high 

glucose and glycation induced stress. For this reason, an ARPE-19 cellular 

model was utilised to evaluate the anti-retinopathy potential of ethyl 

acetate fraction and crude methanolic extract against high glucose and AGE 

induced oxidative-glycative stress related to DR. 
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The major risk factors that contribute to the development of DR 

include the manifestation of pathological processes in the retina such as 

angiogenesis, inflammation and oxidative stress (Safi et al., 2014). These 

risk factors are controlled by transcription factors in the cells that act as 

the master switch for gene and protein expression of angiogenic, pro-

inflammatory and antioxidant biomarkers (Al-Kharashi, 2018). In the 

present study, the negative impact of high glucose and AGE towards the 

gene and protein expression of transcription factors, NF-κB p65, STAT3 and 

PPAR-γ in ARPE-19 was investigated. While not all mRNA transcripts are 

translated into proteins, analysing the gene and protein expression 

provides insights into the transcriptional regulation of specific genes and 

proteins (Alberts et al., 2022). The impact of P. pellucida crude methanolic 

extract and ethyl acetate fraction on the behavior of transcription factors in 

ARPE-19 subjected to high glucose and AGE induced stress was discussed 

in this section. 

 

5.2.1.1 Effect of AGE and high glucose-induced oxidative stress on 

NF-κB p65 and STAT3 in ARPE-19 

The NF-κB p65 transcription factor regulates a variety of genes that 

control the innate and adaptive immune functions (Liu et al., 2017). 

According to Suryavanshi and Kulkarni (2017), the gene and protein 

expression of NF-κB p65 can be induced under prolonged high glucose 

environment through oxidative stress and the formation of AGE, which 

collectively lead to the development of macrovascular and microvascular 

complications. This is accomplished through the activation of toll-like 

receptor-induced myeloid differentiation primary response 88 pathway, 

which in turn stimuates the enzyme IKK to degrade the protein IκB that is 
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sequestering the action of NF-κB p65 (Liu et al., 2017). Alternatively, the 

de novo synthesis of diacylglycerol in high glucose condition could 

stimulate PKC-induced ROS formation, leading to the activation of IKK and 

release of NF-κB p65 (Mittal et al., 2014; Tarr et al., 2013). Subsequently, 

this led to the activation of NF-κB p65 as indicated by the increased protein 

level of phosphorylated NF-κB p65 (Figure 4.8). Hence, this mechanism 

may explain how the exposure of ARPE-19 to increased concentration of 

glucose could up-regulate the gene expression of NF-κB p65 through the 

induction of oxidative stress in this study (Figure 4.6). Besides, the binding 

of AGE to RAGE is known to trigger the NF-κB p65 signalling pathway 

through PKC-mediated ROS formation, resulting in the activation of IKK 

and liberation of NF-κB p65. This cascade results in the generation of 

downstream inflammatory responses (Vanhooren et al., 2015). Although 

AGE did increase the gene expression of NF-κB p65 under normal glucose 

condition in this study, there was no further escalation in the gene and 

protein expression of NF-κB p65 and phosphorylated-NF-κB p65 in the high 

glucose AGE-treated conditions. This finding suggested that both high 

glucose and AGE may share a similar mechanism for the activation of NF-

κB p65, likely through the stimulation of IKK. Figure 5.1 illustrates the 

comprehensive molecular mechanism, which involves the NF-κB p65 and 

STAT3 signal transduction pathways. 
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Figure 5.1. The overall molecular mechanism of signal transduction pathways implicated in the gene and protein expression of antioxidant, angiogenic and inflammatory 

markers. AGE, advanced glycation end product; AR, aldose reductase; DAG, diacylglycerol; DNA, deoxyribonucleic acid; GPx, glutathione peroxidase; IκBα, inhibitor of 

nuclear factor kappa B alpha; IKK, inhibitor of nuclear factor-kappa B kinase; IL-8, interleukin 8; IRAK, interleukin receptor-associated kinase; JAK, Janus kinase; MCP-1, 

monocyte chemoattractant protein 1; MMP2, matrix metalloproteinase 2; MyD88, Myeloid differentiation primary response protein 88; NF-κB p65, nuclear factor kappa B 

p65; NADPH, nicotinamide adenine dinucleotide phosphate; P, phosphate; PPAR-γ, peroxisome proliferator activated-receptor gamma; RAGE, receptor for advanced 

glycation end product; ROS, reactive oxygen species; RXR, retinoid X receptor; SOCS1, suppressor of cytokine signalling 1; STAT3, signal transducer and activator of 

transcription 3; TAK1, transforming growth factor-β-activated kinase 1; TIRAP, toll-interleukin receptor domain-containing adaptor protein; TLR, toll-like receptor; TRAF6, 

Tumor necrosis factor receptor-associated factor 6; VEGF, vascular endothelial growth factor. 
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Under normal physiological condition, the activation of STAT3 is 

negligible (Rébé et al., 2013). In previous reports, ARPE-19 grown in high 

glucose condition has been associated with apoptosis and inflammation 

through the activation of STAT3 signalling pathway (Liang et al., 2022; 

Wang et al., 2021a). As the activation of STAT3 is insignificant under 

normal condition (Rébé et al., 2013), this may cause an unaltered STAT3 

band signal across the experimental groups (Table 4.10). The reason was 

that the C-terminal region (702-716 amino acids) of STAT3 protein was the 

target site of anti-STAT3 antibody, which was also the same region for the 

dimerization of phosphorylated STAT3 during activation (Sethi et al., 2014). 

Therefore, any activation of STAT3 would result in negligible changes in the 

observable STAT3 signal, which was derived from both the STAT3 and 

undimerised phosphorylated STAT3 proteins (Figure 5.1). This 

phenomenon was in accordance with previous reports, which showed that 

the band signal of STAT3 was unaltered under normal glucose, high 

glucose and AGE-treated groups (Johnston et al., 2013; Yang et al., 2019).  

The current study reported that high glucose (68 mM) significantly 

stimulated STAT3 activation in ARPE-19 (Table 4.10). The high gene 

expression and activation of STAT3 under high glucose (>60 mM) condition 

was in agreement with a previous report (Yang et al., 2021). As STAT3 

forms an important element in the JAK-STAT3 signalling pathway, the up-

regulation of STAT3 in ARPE-19 under normal glucose AGE-treated 

condition could be related to the activation of JAK-STAT3 via AGE-RAGE 

interaction (Sun et al., 2017). In contrast to NF-κB, this study observed 

significant activation of STAT3 in response to the combination of high 

glucose and AGE, particularly when comparing moderate high glucose (34 

mM) with its AGE-treated counterpart. This could be attributed to the 

combination of factors induced by high glucose and AGE, such as NF-κB 
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p65 signalling, cytokine receptor signalling and PKC-mediated oxidative 

stress (Figure 5.1) (Prakash et al., 2008). Under normal physiological 

condition, JAK-STAT3 is implicated in the regulation of the cellular functions 

such as cell growth, cell differentiation and immune response (Bharadwaj 

et al., 2020). However, the activation of JAK-STAT3 under pathologic 

conditions could result in increased gene expression and subsequent 

phosphorylation of STAT3, leading to inflammatory response and apoptosis 

(Bharadwaj et al., 2020). The inflammatory response was further amplified 

due to the transcription of inflammatory cytokines such as IL-8 and MCP-1, 

which activate JAK by binding to the respective cytokine receptors (Figure 

5.1) (Fan et al., 2013). Besides, previous studies have reported the 

transactivation of both NF-κB p65 and JAK-STAT3 (Fan et al., 2013; 

McFarland et al., 2013). It was plausible that the activation of NF-κB p65 

and JAK-STAT3 took place concurrently under high glucose and AGE-

treated conditions in this study, which leads to inflammation and 

subsequent ARPE-19 cell injury. 

 

5.2.1.2 Effect of AGE and high glucose on PPAR-γ 

In contrary to NF-κB p65 and STAT3, the PPAR-γ pathway is 

involved in the regulation of insulin sensitivity and glucose homeostasis in 

most cell types, including the RPE (Zhang et al., 2015a). Interestingly, 

PPAR-γ also acts as an immunomodulator by counteracting the production 

of pro-inflammatory mediators (Hernandez-Quiles et al., 2021). In other 

words, NF-κB p65 and STAT3 promote inflammation in the retina whereas 

PPAR-γ elicits anti-inflammatory response (Tarr et al., 2013; Zhang et al., 

2015a). As PPAR-γ was involved in the stimulation of insulin-mediated 

glucose uptake (Hernandez-Quiles et al., 2021), the increased PPAR-γ 
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protein expression in ARPE-19 in the current study was a response to high 

glucose in an attempt to stimulate glucose uptake in ARPE-19 (Jiang et al., 

2018; Panchapakesan et al., 2004). However, the up-regulation of PPAR-γ 

under hyperglycaemic condition has been linked to reduced cell viability 

(Panchapakesan et al. 2004). As a result, the increased protein expression 

of PPAR-γ (Figure 4.13) could have involved in the decreased ARPE-19 cell 

viability under high glucose conditions. This study found that increased 

phosphorylated PPAR-γ protein expression under high glucose conditions 

(Table 4.11) led to a downregulation of PPAR-γ gene expression. This 

downregulation occurred due to alterations in transcriptional activity 

caused by the phosphorylation of PPAR-γ. (Frkic et al., 2021).  

On the other hand, AGE-induced stress was accompanied by 

decreased expressions of PPAR-γ gene and protein in normal glucose ARPE-

19 (Table 4.11). The anti-inflammatory action of PPAR-γ lies in its ability to 

suppress the enzyme IKK, which activates NF-κB p65 (Ju et al., 2020). 

With the gene and protein expression of PPAR-γ reduced under normal 

glucose AGE-treated condition, this could justify the up-regulation of NF-κB 

p65 in ARPE-19 (Figure 5.1). The antagonistic relationship between the 

gene expression of NF-κB p65 and PPAR-γ has been previously reported 

(Wang et al., 2021b). Likewise, the down-regulation of PPAR-γ protein 

expression under normal glucose AGE-treated condition could be a result of 

NF-κB p65 activation, which repressed the action of PPAR-γ (Chen et al., 

2013, Wang et al., 2009). Besides, reduced level of PPAR-γ protein was 

linked to increased pro-inflammatory response (Sobolev et al., 2020). This 

was in accordance to a previous study, which suggested that reduced 

PPAR-γ expression was related to high incidence of oxidative stress event 

while PPAR-γ level could be a predictor of diabetic progression (Ekun et al., 

2021). In this study, the level of phosphorylated PPAR-γ protein was 
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increased in the high glucose (34 mM, 68 mM) and AGE-treated groups 

(Table 4.11). The phosphorylation of PPAR-γ protein may occur as a result 

of high glucose and AGE-induced PKC activation (Figure 5.1) (Burns and 

Heuvel, 2007). The phosphorylation of PPAR-γ has been shown to modify 

the transcriptional activity of PPAR-γ, thereby leading to subsequent down-

regulation of important anti-inflammatory markers (Burns and Heuvel, 

2007; Dias et al., 2020). The altered behaviour of PPAR-γ as a result of 

phosphorylation may indicate that the transcriptional activity of NF-κB p65 

could no longer be suppressed, which caused a continuous generation of 

pro-inflammatory response in ARPE-19 under the influence of high glucose 

and AGE (Chen et al., 2013). 

 

5.2.1.3 Effect of P. pellucida on NF-κB p65, STAT3 and PPAR-γ 

transcription factors 

The unaltered gene and protein expression of NF-κB p65 (Figure 

4.6-4.8), STAT3 (Figure 4.9, Table 4.10) and PPAR-γ (Table 4.11), 

including their phosphorylated counterparts in plant-treated normal glucose 

ARPE-19 may indicate that the crude methanolic extract and ethyl acetate 

fraction did not affect the expression or activation of these transcriptional 

proteins. Several studies have previously reported that treatment with 

natural product extracts was unlikely to result in the activation of 

transcription factors and nuclear receptors (Kim et al., 2020; 

Koraneeyakijkulchai et al., 2023). In the current study, it was suggested 

that the administration of P. pellucida will not trigger the NF-κB p65, JAK-

STAT3 and PPAR-γ signalling pathways in the retina of normoglycaemic 

individuals.  
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Interestingly, P. pellucida extracts treatment was shown to prevent 

the activation of NF-κB p65 and STAT3 by reducing the expression of their 

phosphorylated counterparts under high glucose and AGE-treated 

conditions (Figure 4.8, Table 4.10). This finding indicated a decreased 

downstream pro-inflammatory response, which is controlled by the NF-κB 

p65 and STAT3 signalling pathways (Liu et al., 2017; Zegeye et al., 2018). 

As the up-regulation of PPAR-γ was linked to reduced cell viability 

(Panchapakesan et al. 2004), the restoration of PPAR-γ back to normal 

control level by crude methanolic extract and ethyl acetate fraction under 

normal glucose AGE-treated condition could have explained the ARPE-19 

cytoprotective effect of P. pellucida. Besides, the ability of P. pellucida 

extracts in suppressing the phosphorylation of PPAR-γ proteins was crucial 

to confirm its anti-inflammatory mechanism in preventing cell death of 

ARPE-19 (Frkic et al., 2021). Furthermore, a lower sample concentration of 

P. pellucida crude methanolic extract was required when compared to the 

ethyl acetate fraction to suppress the phosphorylation of NF-κB p65, STAT3, 

and PPAR-γ under high glucose and glycated conditions. This may be due 

to the higher phytochemical concentration in the crude extract from which 

the ethyl acetate fraction was derived. This observation also applies to the 

downstream inhibition of pro-inflammatory and angiogenic mediators. 

The impact of P. pellucida on the transcription factors could be 

ascribed to the presence of phytochemicals with functional properties. In 

phase 3 investigation, the purification and characterisation of 

phytochemicals have resulted in the identification of 4 major 

phytochemicals, namely the dillapiole, 2,4,5-trimethoxystyrene, methyl 9-

octadecenoic acid and methyl pheophorbide-a from P. pellucida crude 

methanolic extract. In GC-MS analysis, the detected non-polar volatile 

compounds belonged to four phytochemical classes, such as alkyl 
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hydrocarbons, naphthalenes, phenylpropanoids and terpenes. On the other 

hand, six classes of polar compounds including alkaloids, chlorophyll 

derivatives, ketones, naphthalenes, phenolic compounds and terpenes 

were detected with LC-QToF-MS analysis. The majority of the compounds 

detected in P. pellucida were composed of functional groups such as allyl, 

benzodioxole, methoxy and quinazoline units, which could be associated 

with the functional activities of P. pellucida (Parise-Filho et al., 2011). 

Dillapiole, a major phenylpropanoid compound was known to 

suppress the production of pro-inflammatory cytokines by targeting the 

NF-κB p65 signalling pathway (Li et al., 2021; Rojas-Martínez et al., 2013). 

Dillapiole was previously shown to exhibit gastroprotective activity against 

EtOH-induced gastric lesion that raised the NF-κB p65 activity (Li et al., 

2021; Rojas-Martínez et al., 2013). The long chain unsaturated fatty acid 

detected in P. pellucida called 9-octadecenoic acid, was able to inhibit NF-

κB p65 signalling pathway by increasing the NF-κB sesquestering activity of 

IκB (Kang et al., 2018). An in-silico docking study has suggested that 9-

octadecenoic acid may inhibit STAT3 due to its high binding affinity to the 

protein (Anjum et al., 2023). In addition, it was previously reported that 9-

octadecenoic acid was a potential ligand and agonist for PPAR-γ (Ikeguchi 

et al., 2018). Hence, the activation of PPAR-γ may subsequently lead to the 

suppression of pro-inflammatory response. 

The abundance of sesquiterpenes in P. pellucida also plays a crucial 

role in the inhibition of NF-κB p65 and JAK-STAT3 signalling pathways. 

Several major sesquiterpenes have been found in P. pellucida, including 

the β-caryophyllene, β-elemene, β-santalene and carotol (Table 4.18). 

Among the sesquiterpenes, β-caryophyllene and β-elemene could reduce 

gene and protein expression of NF-κB p65 (Ahmad et al., 2020). The 

sesquiterpenes also interrupted the production of pro-inflammatory 
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cytokines by targeting the NF-κB p65 signalling pathway (Liu et al., 2021). 

According to Ahmad et al. (2020), β-elemene inhibited the action of NF-κB 

p65. The anti-NF-κB p65 activity of β-caryophyllene lies with its inhibitory 

action against IKK, which is responsible for the degradation of IκB and 

activation of NF-κB p65 (Gui et al., 2013).  

According to Youssef et al. (2019), the agonist of type 2 

cannabinoid receptor, β-caryophyllene could intercept the NF-κB p65 

signalling through the activation of PPAR-γ. The activation of PPAR-γ by the 

sesquiterpene was accompanied by diminished inflammation and oxidative 

stress (Youssef et al., 2019). Additionally, β-caryophyllene was associated 

with the inhibition of hexosamine and ROS formation (Hashiesh et al., 

2020). The suppression of hexosamine pathway eventually results in the 

inhibition of NF-κB p65 (Figure 5.1) (Hashiesh et al., 2020; Li et al., 2017). 

Thus, P. pellucida could hinder the pro-inflammatory signalling pathway 

through the inhibitory action of sesquiterpenes on NF-κB p65. 

Besides, β-caryophyllene (Gui et al., 2013; Zhang et al., 2022a) 

have been demonstrated to ameliorate inflammation by inhibiting the 

activation of STAT3. The molecular mechasnim behind the anti-

inflammatory activity of β-caryophyllene was through the inhibition of JAK, 

which may regulate the downstream activation of STAT3 (Kim et al., 2014; 

Sun et al., 2022). According to Sim et al. (2019), NF-κB p65 may enhance 

the interaction of STAT3 via p300 proteins, which subsequently activate 

specific response element in the gene promoter region for the transcription 

of pro-inflammatory and angiogenic mediators (Sim et al., 2019). Hence, it 

was likely that the sesquiterpenes could also prevent NF-κB mediated 

STAT3 signalling pathway. 
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Furthermore, the presence of chlorophyll derivative pheophorbide-a 

methyl ester, which was reported for the first time for P. pellucida in this 

study, could potentially suppress NF-κB p65 by preventing the 

phosphorylation of its protein counterpart (Lee et al., 2021). It was 

previously suggested that flavonoids could inhibit the activation of NF-κB 

p65 (Gao et al., 2023). A previous study has demonstrated that the 

flavonoid luteolin attenuated inflammation by targeting the gene and 

protein expression of NF-κB p65 (Gao et al., 2023). According to Kim and 

Jobin (2005), this was accomplished with the same action as 

sesquiterpenes, through the suppression of the enzyme IKK.  

Additionally, luteolin could also mitigate inflammation by activating 

PPAR-γ (Li et al., 2022a), leading to the inhibition of NF-κB p65 signalling 

pathway and diminished production of pro-inflammatory cytokines (Gao et 

al., 2023; Li et al., 2022a). Luteolin is has been demonstrated to suppress 

STAT3 activation (Li et al., 2022b). This study has suggested that P. 

pellucida could prevent the activation of STAT3 by selectively targeting AGE. 

This can be associated with the findings in phase 1 study, in which P. 

pellucida was found to display strong anti-glycation activity. Hence, this 

study suggested that P. pellucida extracts could intercept AGE-RAGE 

interaction that is widely implicated in the PKC-mediated downstream 

activation of STAT3.  

The presence of major bioactive compounds identified in this study, 

such as 9-octadecenoic acid, β-caryophyllene, β-elemene, dillapiole, 

luteolin and pheophorbide-a methyl ester may support P. pellucida as a 

potential NF-κB p65 and STAT3 antagonists that regulate inflammatory 

response in ARPE-19. The suppression of NF-κB p65 and STAT3 signalling 

pathways by P. pellucida is crucial to intervene the downsteam pro-

inflammatory and angiogenic responses. Interestingly, the presence of 
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PPAR-γ agonist in P. pellucida such as 9-octadecenoic acid, β-caryophyllene 

and luteolin may also contribute to promoting the anti-inflammatory 

response in high glucose and AGE-treated ARPE-19. Therefore, the 

presence of these bioactive compounds may potentiate P. pellucida as a 

therapeutic remedy for reducing inflammation in DR. 

 

5.2.2 Regulation on pro-inflammatory markers 

This section aimed to discuss the effect of high glucose and AGE on 

the gene and protein expression of pro-inflammatory cytokines: IL-8 and 

MCP1 in ARPE-19. In eukaryotes, the expression of the pro-inflammatory 

cytokines are regulated by NF-κB p65 transcription factor (Liu et al., 2017). 

In recent studies, it was found that the activation of JAK-STAT3 is also 

associated with the expression of IL-8 (Hsu et al., 2021) and MCP-1 (Basu 

et al., 2020). As the activation of NF-κB p65 and STAT3 are involved in the 

modulation of transcription for IL-8 and MCP-1, the regulatory mechanism 

of P. pellucida crude methanolic extract and ethyl acetate fraction on the 

gene and protein expression of pro-inflammatory cytokines in ARPE-19 

from high glucose and AGE-treated conditions was elaborated in this 

section.  

 

5.2.2.1 Effect of AGE and high glucose-induced oxidative stress on 

pro-inflammatory markers in STAT3 and NF-κB p65 signalling 

pathway 

The up-regulation of IL-8 and MCP-1 under high glucose and AGE-

treated conditions has highlighted that gene and protein expression of the 

inflammatory markers can be induced in ARPE-19 through NF-κB p65 and 
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JAK-STAT3 signalling pathways under the stimulation of high glucose and 

AGE. This finding agreed with previous studies, which reported increased 

IL-8 gene and protein expression in normal human cell lines subjected to 

high glucose and AGE stimulation (Lan et al., 2013; Rasheed et al., 2011). 

The significant increment of IL-8 gene and protein expression in the normal 

glucose AGE-treated condition compared to the moderately elevated 

glucose (34 mM) condition suggests that the influence of AGE on the up-

regulation of IL-8 in ARPE-19 was more pronounced than that of the high 

glucose environment. Among the different ARPE-19 conditions being 

studied, IL-8 showed the highest increment under high glucose AGE-

treated conditions. Chiu et al. (2016) reported a synergistic increased of 

IL-8 gene and protein expression in an environment of high glucose and 

AGE. Similarly, the MCP-1 expression is regulated by NF-κB p65 and STAT3 

signalling pathways that respond to the AGE and high glucose (Liu et al., 

2017; Zegeye et al., 2018). Together with the earlier findings, it can be 

deduced that high glucose and AGE stimulated the gene and protein 

expression of pro-inflammatory cytokines: IL-8 and MCP-1 in ARPE-19 via 

the activation of NF-κB p65 and STAT3. Additionally, the combination of 

high glucose and AGE could have resulted in the synergistic activation of 

NF-κB p65 and STAT3 signalling pathways, which eventually boosted the 

expression of IL-8 and MCP-1 under high glucose AGE-treated conditions. 

IL-8 and MCP-1 are chemotactic cytokines involved in the generation of 

inflammatory response in DR (Hernández et al., 2005; Taghavi et al., 

2019). Both IL-8 and MCP-1 are responsible for chemotaxis, which can be 

described as the activation and recruitment of leukocytes to the site of 

inflammation (Deshmane et al., 2009; Silva, 2010). In DR, the migration 

and subsequent extravasation of leukocytes during inflammation could 

ultimately lead to the breakdown of BRB, which is the hallmark 
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manifestation of DME (Wang and Lo, 2018). Hence, the overexpression of 

IL-8 and MCP-1 could have a negative impact on the severity of DR. 

 

5.2.2.2 Effect at early phase of inflammation 

This study has indicated that P. pellucida could suppress the gene 

and protein expression of transcription factors NF-κB p65 and STAT3 in 

ARPE-19 subjected to high glucose-induced oxidative glycative stress. The 

lower expression of IL-8 gene and protein in plant-treated ARPE-19 when 

compared to the untreated control under normal glucose condition, also 

suggested that P. pellucida could suppress the gene and protein expression 

of pro-inflammatory cytokines in healthy individuals. Unlike IL-8, the gene 

and protein expression of MCP-1 under normal glucose ARPE-19 remain 

unchanged after P. pellucida treatment. This finding showed that the 

application of P. pellucida may not affect the MCP-1 expression in the 

retina of healthy individual. Under high glucose (68 mM) AGE-treated 

condition, the expression of IL-8 protein was suppressed by crude 

methanolic extract (≥ 0.75 mg/ml) and ethyl acetate fraction (≥ 1 mg/ml). 

Besides, P. pellucida extracts also suppressed the gene and protein 

expression of MCP-1 and IL-8, especially in the normal glucose AGE-treated 

condition. The suppression of IL-8 and MCP-1 gene and protein expression 

has indicated that the P. pellucida extracts, is capable of targeting the early 

phases of inflammation, especially through AGE inhibition. On the other 

hand, this study also observed a stronger inhibition on the MCP-1 protein 

expression in ARPE-19 by crude methanolic extract when compared to the 

ethyl acetate fraction (Table 4.12). As IL-8 is involved specifically in the 

early phase of inflammation whereas MCP-1 is implicated in both the early 

and late phase of inflammation (Silva, 2010; Deshmane et al., 2009), the 
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down-regulation of gene and protein expression for IL-8 and MCP-1 implied 

that P. pellucida could target the early phase of inflammatory response. 

Several bioactive compounds that specifically targeted IL-8 and 

MCP-1 have been detected in P. pellucida (Table 4.17-4.18). Dillapiole, the 

major phenylpropanoid in Peperomia species has been previously 

demonstrated to reverse carrageenan-induced rat paw edema and writhing 

(de Cássia et al., 2014; Pinheiro et al., 2011). The stimulation of paw 

edema by carrageenan was associated with an increase of IL-8 and MCP-1 

expression via NF-κB p65 signalling (de Cássia et al., 2014; Zhang et al., 

2022b). Likewise, the gene and protein expression of IL-8, MCP-1 and NF-

κB p65 in rat model of EtOH-induced gastric lesion was also reduced by 

dillapiole treatment (Li et al., 2021; Rojas-Martínez et al., 2013). Therefore, 

the regulation of P. pellucida on IL-8 and MCP-1 expression in ARPE-19 

were most likely attributed to the presence of phenylpropanoid such as 

dillapiole.  

All pheophorbide derivatives, including pheophorbide-a methyl ester 

have been previously reportedly to inhibit NF-κB p65 activation and 

subsequently the down-regulation of IL-8 (Lee et al., 2021). Pheophorbide-

a methyl ester has been demonstrated to reduce the gene and protein 

expression of MCP-1 in AGE-treated NF-κB p65 signalling pathway (Nam et 

al., 2013). In addition, previous study has demonstrated that the 

administration of luteolin, a flavonoid, to ARPE-19 effectively inhibited IL-8 

and MCP-1 expression via the NF-κB p65 signalling pathway (Huang et al., 

2020). According to Liu et al. (2021), β-caryophyllene, a cannabinoid 

receptor agonist, inhibited the gene and protein expression of IL-8 by 

selectively preventing the activation of NF-κB p65. Both IL-8 and NF-κB 

p65 expression in osteosarcoma model were also suppressed in the 

presence of β-elemene (Fang et al., 2018). Both β-caryophyllene and β-
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elemene treatments down-regulated MCP-1 and subsequently macrophage 

accumulation (Gullì et al., 2022; Yu et al., 2019). Furthermore, PPAR-γ 

agonists like 9-octadecenoic acid, β-caryophyllene and luteolin could 

indirectly reduce the expression of IL-8 and MCP-1 by inhibiting NF-κB p65 

(Ikeguchi et al., 2018; Youssef et al., 2019). Since β-caryophyllene and β-

elemene reportedly inhibited STAT3 activation by intercepting the NF-κB 

p65 signalling pathway, the present study suggested that the presence of 

β-caryophyllene, β-elemene, dillapiole, luteolin and pheophorbide-a methyl 

ester in P. pellucida were responsible in suppressing the gene and protein 

expression of IL-8 and MCP-1 by targeting the NF-κB p65, PPAR-γ, STAT3 

signalling pathways. 

 

5.2.3 Regulation on the angiogenic markers 

 In DR, the MMP2 and VEGF are two important angiogenic factors 

that contribute equally to neovascularisation (Kowluru et al., 2012). MMP2 

is involved in the breakdown of vascular matrix for subsequent vascular 

development, which is signalled by VEGF (Hazzaa et al., 2020; Quintero-

Fabián et al., 2019). In this section, the impact of high glucose and AGE on 

the gene and protein expression of MMP2 and VEGF in ARPE-19 was 

discussed. This section also aimed to elaborate the regulatory effect of P. 

pellucida crude methanolic extract and ethyl acetate fraction towards the 

expression of MMP2 and VEGF in ARPE-19 subjected to high glucose and 

glycation stress. 

 

5.2.3.1 Effect of AGE and high glucose on STAT3 and NF-κB p65 

implicated in angiogenesis 
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The activation of STAT3 could directly regulate the transcription of 

MMP2 (Xie et al., 2004) through the IL-8-STAT3 signalling axis (Quintero-

Fabián et al., 2019). The up-regulation of MMP2 via the NF-κB p65 

signalling pathway in the presence of high glucose and AGE has been 

demonstrated previously (Li et al., 2016; Mohammad and Kowluru, 2010). 

In this study, the gene and protein expression of MMP2 may have 

increased due to the high glucose and AGE-induced activation of STAT3 

and NF-κB p65 signalling pathway (Figure 5.1). This may also reflect the 

tendency of high glucose and AGE in promoting the degradation of matrix 

proteins for vascular development in the retina (Nikolov and Popovski, 

2021). Although there was a comparatively lower gene and protein 

expression of VEGF observed in the normal glucose AGE-treated ARPE-19 

compared to those in the high glucose (34 mM, 68 mM) conditions, the 

significant elevated gene and protein expression of VEGF in the high 

glucose (68 mM) AGE-treated ARPE-19 could be attributed to the combined 

effect of high glucose and AGE. (Chiu et al., 2016). According to 

Bandyopadhyay and Rohrer (2012), the up-regulation of VEGF was 

associated with the expression of MMP2. Furthermore, the gene and 

protein expression of MMP2 and VEGF was regulated by the NF-κB p65 and 

STAT3 signalling pathways (Apte et al., 2019; Safi et al., 2014). Hence, 

this study suggested that the gene and protein expression of MMP2 and 

VEGF were up-regulated via the activation of NF-κB p65 and STAT3 in 

ARPE-19 under the stimulation of high glucose and AGE. 

 

5.2.3.2 Effect of P. pellucida on angiogenic response in ARPE-19 

This study showed that the application of P. pellucida did not induce 

an angiogenic response in healthy retina. This was evidenced by the 
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unchanged gene and protein expression of MMP2 and VEGF following the 

administration of crude methanolic extract and ethyl acetate fraction in 

normal glucose ARPE-19 (Table 4.13). In addition, the ability of P. pellucida 

extracts in suppressing the gene and protein expression of MMP2 and VEGF 

under the stimulation of AGE showed that the plant could inhibit AGE-

induced angiogenic response in ARPE-19. Interestingly, a stronger down-

regulation of MMP2 (33 %) than VEGF (16 %) might indicate that P. 

pellucida extracts specifically targeted the degradation of vascular matrix. 

Regardless, the overall ability of P. pellucida in regulating the expression of 

MMP2 and VEGF could reflect its potential in mitigating retinal 

neovascularisation and prevent the abnormal development of new blood 

vessels, especially in PDR (Bandyopadhyay and Rohrer, 2012).  

The presence of selected bioactive compounds may be responsible 

for the anti-angiogenic potential of P. pellucida (Ho et al., 2022b). Previous 

study has reported a reduction of blood vessel formation in an ex vivo 

chorioallantoic membrane model after the administration of P. pellucida 

crude methanolic extract (Camposano et al., 2016). They suggested that 

the anti-angiogenic effect of P. pellucida was linked to the presence of 

phenolic compounds and alkaloids (Camposano et al., 2016). In this study, 

the anti-angiogenic potential of P. pellucida was likely to be ascribed to the 

high TPC discovered from crude methanolic extract and ethyl acetate 

fraction in phase 1 study (Table 4.1). Bioactive compounds such as the 

carpelastofuran, clusin, dihydroeuparin, longistylin C and luteolin were the 

phenolic compounds identified in phase 3 study (Table 4.16). Besides, 

several alkaloids identified with LC-QToF-MS analysis may also contribute 

to the anti-angiogenic potential of P. pellucida, including 5-

methoxycanthin-6-one, dictyoquinazol, homaline and uplandicine (Table 

4.16). Among the characterised phenolic compounds and alkaloids, luteolin 
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and dictyoquinazol have been shown to suppress the gene and protein 

expression of MMP2 in previous studies (Nazir et al., 2021; Pandurangan et 

al., 2014). The anti-angiogenic activity of luteolin have been described in a 

previous study (Ambasta et al., 2015). It was found that luteolin was 

effective in inhibiting the gene and protein expression of VEGF (Ambasta et 

al., 2015). Hence, it was apparent that the significant down-regulation of 

VEGF was partly due to the presence of luteolin. 

A previous study has demonstrated that β-caryophyllene inhibited 

the gene and protein expression of MMP2 by targeting the STAT3 signalling 

pathway (Di Sotto et al., 2022). β-caryophyllene also displayed anti-

angiogenic potential by decreasing the gene and protein expression of 

VEGF (Dahham et al., 2021). According to Zhang et al. (2021), β-elemene 

treatment was accompanied by down-regulated MMP2, which was 

associated with the inhibition of focal adhesion kinase-Src dependent 

STAT3 activation. In addition, Zhou et al. (2020b) also highlihgted the 

inhibitory effect of β-elemene on the gene and protein expression of VEGF.  

Pheophorbide-a methyl ester, a recently discovered chlorophyll 

derivative in P. pellucida in this study, has reduced MMP2 expression 

through its selective inhibitory activity against NF-κB p65 (Lee et al., 2021). 

This study has highlighted the potential of P. pellucida crude methanolic 

extract and ethyl acetate fraction in mitigating the degradation of vascular 

matrix protein and subsequent vascular development caused by high 

glucose and AGE in ARPE-19 through NF-κB p65 and STAT3 mediated 

expression of MMP2 and VEGF. 

 

5.2.4 Regulation on the antioxidant defense and cytokine signalling 
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 In retina, ROS contributes significantly to inflammation and 

subsequent pathogenesis of DR (Li et al., 2017). The antioxidant enzyme, 

GPx plays a crucial role in mitigating oxidative stress by sequestering ROS, 

thereby safeguarding the retina from oxidative stress (Birben et al., 2012). 

On the other hand, SOCS1 operates within the mechanism of negative 

feedback loop to limit the production of pro-inflammatory cytokines from 

NF-κB and STAT3 signalling (Liau et al., 2018). This section aimed to 

discuss about the effect of high glucose and AGE on the gene and protein 

expression of GPx and SOCS1 in ARPE-19. The regulatory action of P. 

pellucida crude methanolic extract and ethyl acetate fraction towards the 

expression of GPx and SOCS1 was also described in this section. 

 

5.2.4.1 Effect of AGE and high glucose on antioxidant enzyme GPx 

In the current study, the low gene and protein expression of GPx 

may reflect the presence of oxidative stress in the AGE-treated ARPE-19. 

This was in agreement with prior report, which suggested that AGE could 

decrease the production of antioxidant enzymes through the RAGE-NF-κB 

p65 signalling axis (Nowotny et al., 2015). In addition, the stimulation of 

ARPE-19 with AGE and increased concentration of glucose was associated 

with reduced gene expression and protein level of GPx (Table 4.14). This 

indicated that the accumulation of glucose further deteriorated the 

antioxidant status in ARPE-19 due to the accelerated formation of AGE 

(Nowotny et al., 2015). Furthermore, the PPAR-γ pathway was implicated 

in the activation of antioxidant defense system (Mannan et al., 2021). 

Hence, a decreased expression of PPAR-γ in ARPE-19 under AGE-induced 

stress could have caused the down-regulation of GPx. Besides, the 

decreased gene and protein expression of GPx were associated with high 
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glucose-induced NF-κB p65 activation, which regulates inflammation and 

apoptosis (Lubos et al., 2011). Therefore, the up-regulated NF-κB p65 

under high glucose and AGE-induced oxidative stress could be related to 

the reduced GPx level in ARPE-19.  

 

5.2.4.2 The negative feedback response towards STAT3 activation 

The up-regulation of SOCS1 under high glucose condition (Figure 

4.25-4.26) concurred with a previous report (Chen et al., 2016), indicating 

the expression of SOCS1 as a result of STAT3 activation. Furthermore, this 

study also showed that AGE could trigger the gene and protein expression 

of SOCS1 in ARPE-19 (Table 4.14). According to Sun et al. (2017), AGE 

stimulation induced the expression of SOCS1 via STAT3 activation. In 

response to AGE, it was plausible that SOCS1 was expressed as a negative 

feedback regulator of JAK-STAT3 signalling pathway in ARPE-19. Besides, 

the observed increased SOCS1 protein level, alongside the stagnant gene 

expression of SOCS1 among the high glucose (34 mM, 68 mM) and AGE-

treated (34 mM, 68 mM) conditions (Table 4.14), indicated that SOCS1 

protein expression was significantly affected by high glucose condition, 

while AGE did not further escalate the gene expression of SOCS1. On the 

contrary, the protein expression of SOCS1 was accelerated by high glucose 

and AGE in ARPE-19 (Table 4.14). The up-regulation of SOCS1 may 

correlate with the decreased ARPE-19 cell viability under high glucose and 

AGE-treated conditions. This was supported by a previous study 

demonstrating an up-regulated SOCS1 expression due to JAK-STAT3 

activation may reflect mitochondrial impairment and subsequent cell death 

(Chen et al., 2016). 
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5.2.4.3 Effect of P. pellucida on antioxidant status and cytokine 

signalling 

The observed restoration of GPx gene and protein expression by P. 

pellucida could be attributed to the antioxidant activity of the plant. In 

addition to the metal-reducing and radicals scavenging properties displayed 

by P. pellucida in phase 1 study, the current study showed that the plant 

could potentially shield ARPE-19 from high-glucose-induced oxidative 

stress through the up-regulation of GPx. On the other hand, the treatment 

of P. pellucida extracts did not affect the gene and protein expression of 

SOCS1 in normal glucose ARPE-19 (Table 4.14), which may be translated 

to the effect of P. pellucida on SOCS1 in healthy retina. Furthermore, the 

down-regulation of SOCS1 under pathologic conditions following plant 

sample treatment may suggest that the P. pellucida extracts suppressed 

STAT3 signalling pathway, which was regulated by SOCS1 as part of a 

negative feedback response (Liau et al., 2018). This study also showed 

that P. pellucida could suppress the gene expression of SOCS1 in ARPE-19 

when the crude methanolic extract (3 mg/ml) and ethyl acetate fraction (4 

mg/ml) was administered. As SOCS1 expression was linked to reduced 

ARPE-19 cell viability (Chen et al., 2016), the ARPE-19 cytoprotective 

activity of crude methanolic extract and ethyl acetate fraction could be 

partly related to the down-regulation of SOCS1 upon P. pellucida extracts 

treatment.  

The restoration of GPx gene and protein expression by P. pellucida 

extracts could be related to the presence of bioactive compounds 

regulating the antioxidant defense system in ARPE-19. In phase 1 study, 

the TPC was associated with the antioxidant activity of P. pellucida 

fractions (Table 4.9). The antioxidant activity of phenolic compounds are 

often related to their ability in scavenging harmful free radicals (Anggraini 
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et al., 2019; Cao et al., 2018). Apart from their antioxidant nature, it was 

found that some flavonoids provide cells with antioxidant support by 

increasing the intracellular gene and protein expression of GPx. For 

instance, the flavonoid identified from P. pellucida in phase 3 study (Table 

4.16), luteolin could up-regulate the expression of GPx to combat oxidative 

stress (Albarakati et al., 2020). It was also suggested that treatment with 

luteolin alone significantly increased the activity of GPx, which is probably a 

direct result of PPAR-γ activation (Li et al., 2022a; Owumi et al., 2020). In 

this study, the TFC was significantly correlated with lipid peroxidation 

inhibitory activity of P. pellucida. The restoration of GPx levels by P. 

pellucida extracts further validated the plant's antioxidant role in 

suppressing lipid peroxidation, given the pivotal role of GPx in inhibiting 

this process (Ighodaro and Akinloye, 2018). 

However, there are several phytochemicals that could indirectly 

down-regulate SOCS1 by targeting the STAT3 signalling pathway. For 

instance, the major sesquiterpenes like β-caryophyllene, β-elemene as well 

as flavonoid luteolin have been shown to inhibit STAT3 activation in 

previous studies (Bose et al., 2020; Sun et al., 2022; Wang et al., 2020). 

Hence, this study has demonstrated that the presence of sesquiterpenes 

and flavonoids in P. pellucida down-regulated SOCS1 through STAT3 

inhibition. According to Gushiken et al. (2022), β-caryophyllene increased 

the expression and activity of GPx in rat model. It was plausible that β-

caryophyllene up-regulates GPx through the activation of PPAR-γ signalling 

pathway (Youssef et al., 2019). β-elemene was also found to improve the 

cellular antioxidant status by enhancing the expression of GPx (Nuutinen, 

2018).  

The major fatty acids 9-octadecenoic acid in P. pellucida has been 

previously described to restore the expression of GPx, possibly through 
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PPAR-γ activation (Hosseinipour et al., 2022). The unsaturated fatty acid 

could also inhibit STAT3 activation and decreased the negative feedback 

response of SOCS1 (Anjum et al., 2023). This could be arised from the 

high binding affinity of 9-octadecenoic acid towards STAT3 protein (Anjum 

et al., 2023). This study indicated that the presence of phytochemicals in P. 

pellucida such as luteolin, β-caryophyllene, β-elemene and 9-octadecenoic 

acid may improve the antioxidant parameters and cytokine signalling in 

ARPE-19 against high glucose and AGE-induced oxidative stress by 

targeting the NF-κB p65, STAT3 and PPAR-γ signalling pathways. 

 

5.2.5 Regulation on the expression of RAGE and sRAGE 

 The binding AGE to RAGE has been previously shown to trigger 

inflammation through the activation of NF-κB p65 and STAT3 signalling 

pathways (Huang et al., 2001; Safi et al., 2014). On the other hand, 

sRAGE is the modified form of RAGE that is secreted as a competitive 

inhibitor to prevent the binding of ligands to RAGE due to its high affinity 

towards the receptor (Juranek et al., 2016). This section aimed to discuss 

the impact of high glucose and AGE stimulation on the gene and protein 

expression of RAGE and sRAGE in ARPE-19. The regulatory effect of P. 

pellucida crude methanolic extract and ethyl acetate fraction on the gene 

and protein expression of RAGE and sRAGE in ARPE-19 subjected to high 

glucose and AGE stress was also elaborated in this section. 

 

5.2.5.1 Effect of high glucose and AGE-induced oxidative stress on 

RAGE and sRAGE level 

Glycation is a process that can be accelerated in the presence of 

high glucose (Fournet et al., 2018). In previous studies, high glucose is 
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also known to stimulate the expression of RAGE, which may trigger a 

cascade of reactions that cause inflammation and oxidative stress (Hu et 

al., 2021; Yao et al., 2010). According to Zong et al. (2010), the gene 

expression of RAGE reached its peak after 48 hours of exposure to high 

glucose stimulation. Hence, these could explain the similar gene expression 

of RAGE in ARPE-19 under both high glucose (34 mM, 68 mM) conditions. 

Conversely, the elevated RAGE protein level in the high glucose (68 mM) 

condition may reflect the increased production of RAGE protein through 

high glucose-induced post-translational modification (Khalid et al., 2022). 

Besides, the gene and protein expression of RAGE in ARPE-19 was further 

increased when AGE was introduced alongside an elevated glucose 

concentrations. This was in accordance with a previous study, which 

demonstrated that the combination of AGE and high glucose could amplify 

the up-regulation of RAGE (Ogawa et al., 2007). Previous study has 

suggested that the expression of RAGE depended on the activation of NF-

κB p65 (Figure 5.1), which was induced by the activation of RAGE through 

a signal transduction cycle (Tóbon-Velasco et al., 2014). The current study 

suggested that the combination of AGE and high glucose could 

synergistically promote the increased expression of RAGE in ARPE-19 via 

NF-κB p65 activation. 

On the other hand, reduced sRAGE expression in high glucose and 

AGE-treated ARPE-19 was in accordance with a previous plan that 

demonstrated low circulating sRAGE in hyperglycaemic patients (Nadali et 

al., 2021; Wang et al., 2018). Besides, reduced level of sRAGE in ARPE-19 

under normal glucose AGE-treated condition could be related to the AGE-

induced inflammatory response (Nadali et al., 2021; Zhang et al., 2016c). 

This study suggested that the sRAGE expression was lowered in ARPE-19 

stimulated by high glucose and AGE. 
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5.2.5.2 Effect of P. pellucida on RAGE and sRAGE expression in 

ARPE-19 

The current study has found that the P. pellucida crude methanolic 

extract and ethyl acetate fraction did not alter the gene and protein 

expression of RAGE in ARPE-19 under normal glucose condition (Table 

4.15). Interestingly, sRAGE expression increased in the normal glucose 

control when ARPE-19 was treated with the highest concentration of P. 

pellucida extracts. This may suggest the ability of P. pellucida to promote 

sRAGE secretion in the retina of healthy individuals. Apart from the 

excellent anti-glycation effect of P. pellucida extracts discovered in phase 1 

study (Table 4.7), this finding also showed that P. pellucida treatment 

could restore the concentration of sRAGE in high glucose and AGE 

stimulated ARPE-19. Furthermore, as P. pellucida extracts treatment 

decreased the activation of NF-κB p65 and STAT3, this may have led to the 

subsequent down-regulation of RAGE in the pathologic conditions (Tóbon-

Velasco et al., 2014). This study clearly showed that the crude methanolic 

extract and ethyl acetate fraction could disrupt the NF-κB p65 and STAT3 

signalling processes, which regulate the expression of pro-inflammatory 

mediators, including RAGE.  

This study showed that several bioactive compounds that have been 

documented to inhibit RAGE expression have been identified in P. pellucida. 

These compounds could be further classified into sesquiterpenes and 

chlorophyll derivatives. Among the sesquiterpenes, the administration of β-

caryophyllene was accompanied with reduced NF-κB p65 dependent 

expression of RAGE in previous reports (Hashiesh et al., 2023; Youssef et 

al., 2019). Besides, it was also likely that the inhibition of IKK by β-
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caryophyllene prevented the activation of IκB-bound NF-κB p65 (Gui et al., 

2013). As a result, this may have prevented the transcription of gene that 

encodes for RAGE. Interestingly, a chlorophyll derivative, pheophorbide-a 

methyl ester was reportedly a RAGE antagonist that inhibit the interaction 

between AGE and RAGE (Matsumoto et al., 2021). The inhibition of RAGE 

could disrupt the NF-κB p65 signalling pathway and led to decreased 

expression of pro-inflammatory mediators (Tóbon-Velasco et al., 2014). In 

addition, it was previously demonstrated that the presence of unsaturated 

fatty acids were positively correlated with sRAGE (Deo et al., 2023). As the 

major unsaturated fatty acid, 9-octadecenoic acid was characterised from P. 

pellucida in phase 2. Hence, it can be deduced that the presence of the 

fatty acid may assume a crucial role in restoring the protein concentration 

of sRAGE in high glucose and AGE-treated ARPE-19. 

 

5.3 In vitro and in vivo toxicity of P. pellucida 

5.3.1 In vitro cytotoxicity 

Under normal physiological condition, the ARPE-19 forms a single 

layer of epithelium with its characteristic cobblestone morphology (Hellinen 

et al., 2019). The MTT cell viability assay from this study showed that 

treatment of ARPE-19 with 4 mg/ml of crude methanolic extract and 5 

mg/ml of ethyl acetate fraction led to the loss of typical cell morphology 

despite their high IC50 values. This was largely due to the hypertonicity 

generated from the increased concentration of plant extracts, thereby 

leading to the loss of cytoplasmic matrix through osmotic movement 

(Argyropoulos et al., 2016). Furthermore, the loss of morphology caused 

by the administration of crude methanolic extract (3 mg/ml) and ethyl 

acetate fraction (4 mg/ml) corresponded to the gradual decrease in ARPE-
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19 cell viability at respective concentrations. These findings have 

collectively indicated that the maximum concentrations of crude methanolic 

extract and ethyl acetate fraction that could be sustained by ARPE-19 were 

limited to respective 3 mg/ml and 4 mg/ml. Hence, the dose response 

effect of crude methanolic extract (0.75, 1.5, 3 mg/ml) and ethyl acetate 

fraction (1, 2, 4 mg/ml) on high glucose and AGE-induced stress in ARPE-

19 were evaluated via a two-fold serial dilution approach. This was to 

determine whether the ARPE-19 cell viability would display concentration-

dependent response towards the serially diluted crude methanolic extract 

and ethyl acetate fraction under high glucose and AGE-treated conditions. 

When compared to ethyl acetate plant fraction at 4 mg/ml, crude 

methanolic extract caused a greater reduction in ARPE-19 cell viability 

(Figure 4.3). On the other hand, ethyl acetate plant fraction was cytotoxic 

towards ARPE-19 from 7 mg/ml onwards. This could be ascribed to the 

higher concentration of phytochemicals present in the crude methanolic 

extract of P. pellucida, which derived the ethyl acetate fraction. According 

to Pappachen (2013), plant extract is considered cytotoxic at an IC50 of 

less than 100 µg/ml in vitro. However, the IC50 threshold established by 

the American National Cancer Institute for any given plant extract to be 

considered cytotoxic was even lower at 30 µg/ml (Canga et al. 2022). In 

this study, both crude methanolic extract and ethyl acetate fraction clearly 

have exceeded the IC50 thresholds required to be considered cytotoxic 

against ARPE-19. Therefore, this study suggested that P. pellucida crude 

methanolic extract and ethyl acetate fraction were non-cytotoxic towards 

ARPE-19. 

 

5.3.2 In vivo toxicity 



261 

 

Based on the LC50 of in vivo toxicity trend across the six P. pellucida 

solvent fractions, the polar aqueous fraction was found to be the only non-

toxic fraction with a LC50 of 5.48 ± 0.85 mg/ml (Table 4.9) against the 

brine shrimps. The LC50 value of P. pellucida aqueous fraction has exceeded 

the minimal value of 1 mg/ml to be defined as toxic (Hamidi et al., 2014). 

Despite that, the biological activity of aqueous fraction was less ideal and 

this was insufficient to justify its anti-retinopathy potential. On the other 

hand, the LC50 value of hexane fraction was comparable to that of the 

positive control, potassium dichromate (0.26 mg/ml) (Table 4.8), implying 

the high toxic profile of the non-polar fraction. For n-butanol and 

chloroform fractions, they were ranked as moderately toxic fraction 

although they displayed high TPC (Table 4.1). Interestingly, the ethyl 

acetate fraction with promising functional activities and phytochemical 

content was considered mildly toxic together with the crude methanolic 

extract (Table 4.8).  

The overall trend of toxicity finding for P. pellucida concurred with 

another study by Oloyede et al. (2011), who suggested that the hexane 

fraction was toxic. However, the study also indicated that the ethyl acetate 

fraction was toxic (Oloyede et al., 2011). The discrepancy was largely due 

to the extraction process, from which the chloroform was omitted in the 

previous study (Oloyede et al., 2011). This may have resulted in the 

extraction of toxic components into the ethyl acetate fraction. In addition, 

the LC50 for potassium dichromate was comparable to that reported by 

Sahgal et al. (2010). The toxicity of the solvent fractions could be 

attributed to the presence of selected phytochemical compounds (Oloyede 

et al., 2011). According to Asaduzzaman et al. (2015), the presence of 

alkaloids may corroborate to the toxicity of the solvent fractions. 

Furthermore, phenolic compounds and flavonoids were found to be mildly 
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toxic due to their tendency to inhibit cellular DNA (Asaduzzaman et al., 

2015). The mild toxicity of phenolic compounds and flavonoids could have 

explained the moderate inverse correlation of TPC and TFC with the LC50 of 

plant fractions. Due to the metal chelating properties of phenolic 

compounds, this may lead to a modest correlation between the FRAP and 

LC50 of plant toxicity (Table 4.9). 

 

5.3.3 Cytoprotective effect of P. pellucida 

Oxidative stress occurs when the production of free radicals exceed 

the antioxidant capacity of the cell, which leads to cell damage and 

apoptosis (Yamagishi et al., 2012). ARPE-19 were previously reported to 

undergo oxidative stress when subjected to high glucose environment 

(Arumugam et al., 2020). Subsequently, this could lead to reduced cell 

viability in ARPE-19 (Liang et al., 2022; Wang et al., 2021a). In this high 

glucose-stimulation study, a decrease in ARPE-19 cell viability indicated the 

impact of high glucose-induced stress on ARPE-19. This was in agreement 

with a previous study, which suggested the occurrence of hyperglycaemic-

induced oxidative stress in ARPE-19 that leads to the reduction of cell 

viability (Arumugam et al., 2020). In addition, this study also discovered a 

decrease in ARPE-19 cell viability under normal glucose AGE-treated 

condition. The decreased survival in ARPE-19 population was due to the 

pro-inflammatory effect of AGE that induced cellular damage in ARPE-19 

(Safi et al., 2014). The formation of AGE contributes to the development of 

oxidative stress in DR via intracellular signalling pathways (Nowotny et al., 

2015). The binding of AGE to its receptor, RAGE have also been 

demonstrated to activate STAT3, which increased intracellular ROS 

formation through the enzyme NADPH oxidase and lead to decreased cell 
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viability (Nowotny et al., 2015). Besides, AGE-RAGE interaction could also 

activate NF-κB p65 through ROS formation, placing the cells under 

oxidative stress and inflammatory states and lowering cell viability 

(Nowotny et al., 2015). This study also showed that a combined effect of 

both high glucose and AGE imparted a significant decrease in ARPE-19 cell 

viability when compared to the stimulation of either high glucose or AGE 

alone. Besides, the slight reduction of ARPE-19 cell viability in 0.5 % DMSO 

vehicle control may be explained by the mild toxic effect of 0.5 % DMSO 

(Costa et al., 2017).  

The restoration of ARPE-19 cell viability by crude methanolic extract 

(1.5 mg/ml onwards) and ethyl acetate fraction (4 mg/ml) suggested that 

both samples displayed cytoprotective effect towards ARPE-19 under high 

glucose and AGE-induced stress (Figure 4.4-4.5). The cytoprotective effect 

of natural products on ARPE-19 against the high glucose-induced stress 

have been reported in previous studies (Arumugam et al., 2020). This 

study has provided strong evidences to support the cytoprotective effect of 

P. pellucida on ARPE-19 against the high glucose and AGE-induced stress. 

Besides, the crude methanolic extract displayed higher ARPE-19 

cytoprotective effect, when compared to the ethyl acetate fraction. This 

was evidenced by the use of lower concentration of crude methanolic 

extract to maintain the ARPE-19 cell viability, compared to the ethyl 

acetate fraction. Since the ethyl acetate plant fraction was derived from the 

crude methanolic extract of P. pellucida, the stronger restoration of ARPE-

19 cell viability under high glucose (34 mM) and AGE-treated (17 mM) 

condition by crude methanolic extract treatment (Figure 4.4) could be 

attributed, in part, to the higher concentration of phytochemicals 

possessing anti-inflammatory and cytoprotective effects (Rojas-Martínez et 
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al., 2013) towards ARPE-19, such as 9-octadecenoic acid, β-caryophyllene, 

dillapiole, luteolin and methyl-pheophorbide a. 

On the other hand, the cytoprotective effect of P. pellucida ethyl 

acetate fraction on ARPE-19 against high glucose (68 mM) and AGE 

induced stress was likely due to the significant antioxidant activities 

observed in phase 1 study (Table 4.2). For instance, the formation of lipid 

peroxyl radicals is a major factor for the development oxidative stress 

(Nam, 2011). As demonstrated in phase 1 study, the antioxidant action of 

ethyl acetate fraction in suppressing lipid peroxidation may partly explain 

the ARPE-19 cytoprotective effect of the plant against the high glucose 

induced oxidative stress (Nam, 2011). Besides, the total AGE inhibitory 

activity of P. pellucida may have neutralised the harmful effect of AGE 

towards ARPE-19, thereby hindering the production of ROS (Nowotny et al., 

2015). The inhibition of AR by P. pellucida (Table 4.7) could also prevent 

the depletion of NADPH and subsequent oxidative stress by intercepting the 

polyol pathway (Yan, 2018). When coupled with the functional activities 

discovered in phase 1 study, the anti-glycaemic properties of P. pellucida 

further supported the cryoprotective action of crude methanolic extract and 

ethyl acetate fraction against high glucose induced stress in ARPE-19.  

Although the ethyl acetate plant fraction and crude methanolic plant 

extract of P. pellucida were mildly toxic against the in vivo brine shrimp 

nauplii, in vitro cell viability assay suggested that the plant extracts were 

non-cytotoxic towards ARPE-19. Furthermore, P. pellucida crude 

methanolic extract displayed strong ARPE-19 cytoprotective effect under 

normal glucose, high glucose (34 mM) and normal glucose AGE-treated 

conditions within the tolerable plant extract concentration. The same 

applied to the ethyl acetate plant fraction under high glucose (68 mM) 

condition. Hence, this study implied that the crude methanolic extract and 
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ethyl acetate fraction of P. pellucida displayed cytoprotective effect on 

ARPE-19 against the high glucose and AGE-induced cellular damage due to 

oxidative stress and inflammation. 

 

5.4 Future study 

 It is important to note that the interpretation of experimental result 

should be taken into account the limitation associated with the application 

of ARPE-19 cell line, which might not completely reflect the complexity and 

heterogeneity of primary human retinal epithelium (Oliveira et al., 2021). 

The reliance on a cell line could potentially overlook elements and 

responses that are present in the primary human retinal epithelium. Future 

research should consider the use of primary human retinal epithelial cells 

to better represent the complex genotype and phenotype of the human 

retina. Besides, GPx is a crucial component of antioxidant defense system, 

particularly in neutralising hydrogen peroxides and lipid peroxides 

(Ighodaro and Akinloye, 2017). However, the exclusion of other antioxidant 

markers could result in an incomplete understanding of antioxidant 

response. Hence, the inclusion of other antioxidant markers could result in 

a more comprehensive understanding of antioxidant response in future 

studies. Furthermore, despite the P. pellucida extracts possess a distinctive 

chemical profile with therapeutic significance, by investigating isolated pure 

compounds from P. pellucida extracts in the future will provide insights into 

their individual contributions to therapeutic efficacy, thereby enhancing our 

understanding of their potential as therapeutic agents (Rasoanaivo et al., 

2011). The decision not to utilise a positive control, such as a RAGE 

inhibitor, in this study was due to the unclear mode of action associated 

with its use (Sourris et al., 2021). However, its omission may have 
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hindered the direct comparison between the expected and observed effects 

in the AGE-treated ARPE-19 groups (Singh and Agrawal, 2022). 

Additionally, the lack of animal studies in this research has limited the 

interpretation of findings to in vitro contexts (Ho et al., 2022b). Hence, 

future research should incorporate animal models and positive control with 

well-defined mechanism of action to provide a more comprehensive 

understanding of the observed phenomenon by validating the relevance of 

findings through in vivo investigation. 
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Chapter VI 

Conclusion 

Based on the findings of biological activities in phase 1 study, it can 

be concluded that the ethyl acetate plant fraction derived from the crude 

methanolic extract of P. pellucida exhibited strong antioxidant, anti-

inflammatory and anti-glycation activities that were associated with its high 

phytochemical content. The same plant fraction also displayed stronger 

inhibitory activity against the glycaemic enzymes, α-amylase and α-

glucosidase than the standard anti-diabetic drug, acarbose. AGI analysis 

also ranked ethyl acetate plant fraction as a very high anti-glycation source, 

which is crucial to prevent the development of DR. Despite being non-toxic, 

the aqueous fraction demonstrated relatively low functional activities for 

the management of DR. The toxic characteristics of chloroform, hexane and 

n-butanol plant fractions were deemed unsuitable to be applied in the DR 

management. Both the ethyl acetate plant fraction and crude methanolic 

extract of P. pellucida were non-cytotoxic towards ARPE-19 despite being 

mildly toxic against brine shrimps. Both the plant samples also displayed 

ARPE-19 cytoprotective effect against inflammatory stress induced by the 

presence of high glucose and AGE, which could be attributed to the 

antioxidant properties of P. pellucida. In vitro cellular mechanistic study 

has demonstrated the potential of crude methanolic plant extract and ethyl 

acetate fraction in restoring the level of intracellular antioxidant enzyme 

GPx and modulating the pro-inflammatory (IL-8, MCP-1, RAGE) and 

angiogenic (MMP2, VEGF) responses in ARPE-19 via the NF-κB p65, STAT3 

and PPAR-γ signalling pathways. The administration of P. pellucida extracts 

suppressed SOCS1 expression in ARPE-19, which acted as a negative 

feedback in response to STAT3 signalling. With the exception of IL-8, the 

exposure of ARPE-19 to ethyl acetate plant fraction and crude methanolic 
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extract did not influence the selected biomarkers’ expression under normal 

glucose condition. Interestingly, the production of IL-8 in ARPE-19 was 

reduced by the treatment of plant extracts even under normal glucose 

condition, suggesting the significant role of P. pellucida at the early phase 

of inflammation. The functional activities demonstrated by P. pellucida 

extracts was mainly attributed to the presence of bioactive compounds, 

which regulated the biochemical elements along the three signalling 

pathways. The current study has identified and characterised several major 

bioactive compounds from P. pellucida, including the dillapiole, 2,4,5-

trimethoxystyrene, methyl 9-octadecenoic acid and methyl pheophorbide-a. 

Notably, the methyl pheophorbide-a was reported in P. pellucida for the 

first time. P. pellucida also contained non-polar volatile compounds, such 

as apiole, β-caryophyllene, β-elemene, β-santalene and carotol, along with 

other polar compounds under the phytochemical categories of alkaloids, 

chlorophyll derivatives, ketones, naphthalenes, phenolic compounds and 

terpenes. Among these phytochemicals, β-caryophyllene primarily targeted 

the NF-κB p65 and STAT3 signalling pathways by inhibiting Janus kinase, 

IκB kinase, and the hexosamine pathway. Alongside 9-octadecenoic acid 

and luteolin, it served as a PPAR-γ agonist to mitigate the effects of NF-κB 

p65. Both 9-octadecenoic acid and luteolin were recognised for their role as 

STAT3 antagonists while methyl pheophorbide-a is a known RAGE 

antagonist. Dillapiole and β-elemene have been previously described as 

inhibitors of NF-κB p65. All findings generated from this study, which 

encompassed the toxicity assessments, significant functional activities and 

the modulation of plant phytochemicals on pro-inflammatory and anti-

inflammatory signalling pathways in ARPE-19, could valorise P. pellucida as 

an alternative promising therapeutic source for DR. 
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Appendices 

Appendix A1 

Materials and reagents. 

Phase of study Materials and reagents Brand (Manufacturing country) 

Plant processing and 

extraction 

Methanol Merck Millipore (Massachusetts, U.S.) 

Chloroform 

R & M Chemicals (London, U.K.) 
Ethyl acetate 

Hexane 

n-butanol 

Phase 1 

COX colorimetric inhibitor screening assay kit 

Cayman Chemicals (Michigan, U.S.) NADPH 

Thiobarbituric acid 

2, 4, 6-tripyridyl-s-triazine 

Himedia (Maharashtra, India) D-glucose 

Ferrous sulphate heptahydrate 

Absolute EtOH  

Merck Millipore (Massachusetts, U.S.) 
Folin-Ciocalteu reagent 

Potassium persulfate 

Sodium hydroxide 

Calcium chloride 

Nacalai Tesque (Kyoto, Japan) Sodium dodecyl sulphate 

Starch 

Brine shrimp eggs Ocean Nutrition (Darthmouth, Canada) 

Bromocresol green 
R & M Chemicals (London, U.K.) 

Disodium tetraborate 
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Glacial acetic acid 

Hydrochloric acid 

p-dimethylaminobenzaldehyde 

Potassium hydrogen phthalate 

Sodium acetate 

Sodium carbonate 

Sodium citrate 

Sulphuric acid 

ABTS diammonium salt Roche (Basel, Switzerland) 

3,5-dinitrosalicylic acid 

Sigma-Aldrich (Missouri, U.S.) 

4-Nitrophenyl α-D-glucopyranoside 

Trolox 

α-amylase 

α-glucosidase 

Acetylsalicyclic acid 

Ascorbic acid 

Berberine chloride  

Bovine serum albumin 

DL-glyceraldehyde 

DPPH 

Ferric chloride hexahydrate 

Gallic acid 

Girard’s Reagent T 

Human recombinant AR 

Hyaluronidase 

Linoleic acid 

LOX from glycine max 

NBT 
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Potassium acetate 

Potassium dichromate 

Quercetin 

Quillaja saponin  

Sodium azide 

Sodium formate 

Sodium hyaluronate 

Sodium phosphate dibasic 

Tannic acid 

Trichloroacetic acid 

Tween® 20 

Vanillin 

Xanthine 

XO 

Potassium sodium tartrate tetrahydrate Systerm Chemicals (Selangor, Malaysia) 

Acarbose 

Thermo Fisher Scientific (Massachusetts, U.S.) Aluminium chloride 

Sodium phosphate monobasic 

Aminoguanidine hydrochloride 
Tokyo Chemical Industry (Tokyo, Japan) 

Glyoxal 

Chloroform 
R & M Chemicals (London, U.K.) 

n-butanol 

Phase 2 

SDS Nacalai Tesque (Kyoto, Japan) 

D-glucose Himedia (Maharashtra, India) 

Absolute EtOH  Merck Millipore (Massachusetts, U.S.) 

ARPE-19 
American Type Culture Collection (Manassas, 

U.S.) 

Human sRAGE ELISA kit Finetest (Wuhan, China) 

Horseradish peroxidase conjugated secondary antibody GeneTex (California, U.S.) 
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4X protein loading buffer LI-COR Biosciences (Nebraska, U.S.) 

MTT 

Merck Millipore (Massachusetts, U.S.) 
DMSO 

Nuclear protein extraction kit  

polyvinylidene difluoride membranes  

SensiFAST™ SYBR® qPCR kit Meridian Bioscience (Ohio, U.S.) 

Chemiluminescent substrate Nacalai Tesque (Kyoto, Japan) 

Ribonuclease-free deoxyribonuclease  Promega (Wisconsin, U.S.) 

Sodium chloride R & M Chemicals (London, U.K.) 

Non-fat dry milk  Santa Cruz Biotechnology (Texas, U.S.) 

Acrylamide/bisacrylamide solution (40 %, 37.5:1) 

Sigma-Aldrich (Missouri, U.S.) 

Ammonium persulfate 

N,N,N,N-Tetramethylethylenediamine 

Penicillin-streptomycin 

Radioimmunoprecipitation lysis buffer 

Tris(hydroxymethyl)aminomethane 

Trizol reagent 

Trypsin-ethylenediaminetetraacetic acid 

Primary antibodies St. John’s Laboratory (London, U.K.) 

β-mercaptoethanol 

Thermo Fisher Scientific (Massachusetts, U.S.) 
High-capacity cDNA reverse transcription kit 

Pierce BCA protein assay kit 

SnakeSkin™ dialysis tubing 

Sulphuric acid R & M Chemicals (London, U.K.) 

Bovine serum albumin 

Sigma-Aldrich (Missouri, U.S.) Trichloroacetic acid 

Tween® 20 

Sodium phosphate monobasic Thermo Fisher Scientific (Massachusetts, U.S.) 
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Phase 3 

Absolute EtOH  

Merck Millipore (Massachusetts, U.S.) 

Dichloromethane 

Diethyl ether 

Silica gel 60 PF254 containing gypsum 

TLC silica gel 60 F254 aluminium plates 

CDCl3 Sigma-Aldrich (Missouri, U.S.) 

Hexane R & M Chemicals (London, U.K.) 
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Appendix A2 

List of equipment. 

Phase of study Equipment (Model name) Brand (Manufacturing country) 

Plant processing and 
extraction 

Analytical balance (CP225D) 
Sartorius (Göttingen, Germany) 

Top-loading balance (CPA2202S) 

Fumehood (Safeaire) 

Hamilton Laboratory Solution (Wisconsin, 

U.S.) 

Rotary evaporator (R-100) 
BUCHI (Flawil, Switzerland) 

Vacuum pump for rotary evaporator (V-700) 

Recirculating cooler for rotary evaporator (FL1703) Julabo (Seelbach, Germany) 

Separatory funnel (4150801) Favorit (Selangor, Malaysia) 

Distilled water dispenser (PureLab Chorus 2) Elga LabWater (Illinois, U.S.) 

Phase 1 

Microplate reader (Biotek Epoch) Agilent Technologies (California, U.S.) 

Vortex mixer (MX-S) DLAB Scientific (Beijing, China) 

Distilled water dispenser (PureLab Chorus 2) Elga LabWater (Illinois, U.S.) 

Centrifuge (5418R) 
Eppendorf (Hamburg, Germany) Micropipettors (0.5-10 µl, 10-100 µl, 100-1000 µl) 

(Research Plus) 

Water Bath (TW20) Julabo (Seelbach, Germany) 

Freezer (-20°C) (LGex 3410) Liebherr (Bulle, Switzerland) 

Analytical balance (CP225D) 
Sartorius (Göttingen, Germany) 

pH meter (PB-10) 

Fumehood (Safeaire) 
Hamilton Laboratory Solution (Wisconsin, 

U.S.) 

Sonicator (FB15047) 

Thermo Fisher Scientific (Massachusetts, 
U.S.) Microplate fluorescence spectrophotometer (Varioskan® 

Flash) 
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Phase 2 

Microplate reader (Biotek Epoch) Agilent Technologies (California, U.S.) 

Vertical electrophoresis tank (Azure Aqua Quad Mini 
Cell) Azure Biosystems (California, U.S.) 

Western blot transfer tank (Azure Aqua Transfer Cell) 

Gel imaging system (ChemiDoc) 

Bio-Rad Laboratories (California, U.S.) Power supply (PowerPac) 

Real-time thermal cycler (CFX Connect) 

Mini shaker (MR-1) Biosan (Riga, Latvia) 

PCR microcentrifuge (D1008) 
DLAB Scientific (Beijing, China) 

Vortex mixer (MX-S) 

Ultrapure water dispenser (PureLab Chorus 1) 
Elga LabWater (Illinois, U.S.) 

Distilled water dispenser (PureLab Chorus 2) 

Refrigerated microcentrifuge (5418R) 

Eppendorf (Hamburg, Germany) 

Refrigerated centrifuge (5810R) 

Freezer (-80°C) (Cryocube F740h) 

Incubator shaker (New Brunswick Innova 42) 

Micropipettors (0.5-10 µl, 10-100 µl, 100-1000 µl)  

(Research Plus) 

Thermomixer (Comfort) 

CO2 incubator (CelCulture) 
Esco Lifesciences (Singapore) 

Class II biological safety cabinet (Airstream) 

Water Bath (TW20) Julabo (Seelbach, Germany) 

Magnetic stirrer (LMS-1003) Labtech (Gyeonggi-do, Republic of Korea) 

Freezer (-20°C) (LGex 3410) Liebherr (Bulle, Switzerland) 

Freeze dryer (Christ Alpha 1-2LC Plus) Martin Christ (Osterode, Germany) 

Sterile polyethersulfone 0.22 µM syringe filter  Microlab Scientific (Shanghai, China) 

Inverted microscope (Eclipse TS100) Nikon (Tokyo, Japan) 

Analytical balance (CP225D) 
Sartorius (Göttingen, Germany) 

pH meter (PB-10) 
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NanoDrop spectrophotometer (NanoDrop One C) Thermo Fisher Scientific ((Massachusetts, 
U.S.) Sonicator (FB15047) 

Cooled incubator (FOC 120i) Velp Scientifica (Monza and Brianza, Italy) 

Phase 3 

Liquid chromatograph system (1260 Infinity) 

Agilent Technologies (California, U.S.) Mass spectrometer triple quadrupole (6410 Triple Quad) 

Mass spectrometer quadrupole time-of-flight (6520 
Accurate Mass) 

NMR spectrometer (Ascend 400 MHz) Bruker (Massachusetts, U.S.) 

Rotary evaporator (R-100) 
BUCHI (Flawil, Switzerland) Vacuum pump for rotary evaporator and column 

chromatography (V-700) 

Freezer (-20°C) (RF373SLDW1) Fisher & Paykel (Auckland, New Zealand) 

Fumehood (Safeaire) 
Hamilton Laboratory Solution (Wisconsin, 

U.S.) 

FTIR spectrometer (L1280127) PerkinElmer (Massachusetts, U.S.) 

Analytical balance (CP225D) Sartorius (Göttingen, Germany) 

Gas chromatograph-mass spectrometer (GCMS-QP 
2010 Plus) Shimadzu (Kyoto, Japan) 

UV-Vis spectrophotometer (UV-1650PC) 

Portable ultraviolet backlight (ENF-240C) Spectro-UV (New York, U.S.) 

Sonicator (FB15047) 

Thermo Fisher Scientific (Massachusetts, 

U.S.) 
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Appendix B1 

 

The expression of transcription factors in ARPE-19. (a) STAT3 protein. (b) Phosphorylated STAT3 protein. (c) PPAR-γ gene. (d) PPAR-γ protein. (e) Phosphorylated PPAR-γ 

protein. Data are expressed as mean ± standard deviation of three independent determinations. Different alphabetical letters indicate significant (p<0.05) differences of 

means among the treatment groups. AGE, advanced glycation end-product; PPAR-γ, peroxisome proliferator activated receptor gamma; PPEA, P. pellucida ethyl acetate; PPM, 

P. pellucida methanolic extract; STAT3, signal transducer and activator of transcription 3.
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Appendix B2 

 
The relative gene expression of antioxidant, pro-inflammatory and angiogenic markers in ARPE-19. (a) IL-8. (b) MCP-1. (c) MMP2. (d) VEGF. (e) GPx. Data are expressed as 

mean ± standard deviation of three independent determinations. Different alphabetical letters indicate significant (p<0.05) differences of means among the treatment 

groups. AGE, advanced glycation end-product; GPx, glutathione peroxidase; PPEA, P. pellucida ethyl acetate fraction; IL-8, interleukin 8; PPM, P. pellucida methanolic 

extract; MCP-1, monocyte chemoattractant protein 1; MMP2, matrix metalloproteinase 2; VEGF, vascular endothelial growth factor.
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Appendix B3 

 
The relative protein expression of antioxidant, pro-inflammatory and angiogenic markers in ARPE-19. (a) IL-8. (b) MCP-1. (c) MMP2. (d) VEGF. (e) GPx. Data are expressed 

as mean ± standard deviation of three independent determinations. Different alphabetical letters indicate significant (p<0.05) differences of means among the treatment 

groups. AGE, advanced glycation end-product; GPx, glutathione peroxidase; PPEA, P. pellucida ethyl acetate fraction; IL-8, interleukin 8; PPM, P. pellucida methanolic 

extract; MCP-1, monocyte chemoattractant protein 1; MMP2, matrix metalloproteinase 2; VEGF, vascular endothelial growth factor.
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Appendix B4 

 
The expression of pro-inflammatory and anti-inflammatory markers involved in cytokine signalling in ARPE-19. (a) SOCS1 gene. (b) SOCS1 protein. (c) RAGE gene. (d) 

RAGE protein. (e) sRAGE protein. Data are expressed as mean ± standard deviation of three independent determinations. Different alphabetical letters indicate significant 

(p<0.05) differences of means among the treatment groups. AGE, advanced glycation end-product; PPEA, P. pellucida ethyl acetate fraction; PPM, P. pellucida methanolic 

extract; RAGE, receptor for advanced glycation end product; SOCS1, suppressor of cytokine signalling 1; sRAGE, soluble receptor for advanced glycation end product. 
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Appendix B5 

 

The western blot bands of antioxidant, anti-inflammatory and pro-

inflammatory biomarkers in ARPE-19 under normal glucose (17 mM) and 

moderately high glucose (34 mM) conditions. ACTB, beta-actin; GPx, 

glutathione peroxidase; IL-8, interleukin 8; MCP-1, monocyte chemoattract 

protein 1; MMP2, matrix metalloproteinase 2; NF-κB, nuclear factor kappa B; 

PPAR-γ, peroxisome proliferator activated receptor gamma; PPEA, P. pellucida 

ethyl acetate; PPM, P. pellucida methanolic extract; RAGE, receptor of 

advanced glycation end product; SOCS1, suppressor of cytokine signalling 3; 

STAT3, signal transducer and activator of transcription 3; VEGF, vascular 

endothelial growth factor. 
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Appendix B6 

 

The western blot bands of antioxidant, anti-inflammatory and pro-inflammatory 

biomarkers in ARPE-19 under high glucose (68 mM) condition and normal glucose 

(17 mM) AGE-treated condition. ACTB, beta-actin; AGE, advanced glycation end-

product; GPx, glutathione peroxidase; IL-8, interleukin 8; MCP-1, monocyte 

chemoattract protein 1; MMP2, matrix metalloproteinase 2; NF-κB, nuclear factor 

kappa B; PPAR-γ, peroxisome proliferator activated receptor gamma; PPEA, P. 

pellucida ethyl acetate; PPM, P. pellucida methanolic extract; RAGE, receptor of 

advanced glycation end product; SOCS1, suppressor of cytokine signalling 3; 

STAT3, signal transducer and activator of transcription 3; VEGF, vascular 

endothelial growth factor. 



376 

 

Appendix B7 

 

The western blot bands of antioxidant, anti-inflammatory and pro-inflammatory 

biomarkers in ARPE-19 under moderately high glucose (34 mM) and high glucose 

(68 mM) AGE-treated conditions. ACTB, beta-actin; AGE, advanced glycation end-

product; GPx, glutathione peroxidase; IL-8, interleukin 8; MCP-1, monocyte 

chemoattract protein 1; MMP2, matrix metalloproteinase 2; NF-κB, nuclear factor 

kappa B; PPAR-γ, peroxisome proliferator activated receptor gamma; PPEA, P. 

pellucida ethyl acetate; PPM, P. pellucida methanolic extract; RAGE, receptor of 

advanced glycation end product; SOCS1, suppressor of cytokine signalling 3; 

STAT3, signal transducer and activator of transcription 3; VEGF, vascular 

endothelial growth factor. 
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Appendix C1 

 

TLC profiles of P. pellucida crude methanolic extract and solvent fractions.
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Appendix C2 

 

1H NMR spectrum (CDCl3, 400 MHz) of fraction PPM/A.
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Appendix C3 

 
1H NMR spectrum (CDCl3, 400 MHz) of fraction PPM/B.
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Appendix C4 

 

 
1H NMR spectrum (CDCl3, 400 MHz) of fraction PPM/A/5-7/2-4.
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Appendix C5 

 

 
 1H NMR spectrum (CDCl3, 400 MHz) of fraction PPM/B/2-4/7.
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Appendix D1 

 

1H NMR spectrum (CDCl3, 400 MHz) of fraction 1.
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Appendix D2 

 

13C NMR spectrum (CDCl3, 100 MHz) of fraction 1.
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Appendix D3 

 

UV-Vis spectrum of fraction 1.
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Appendix D4 

 

FTIR spectrum of fraction 1.
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Appendix D5 

 

ESIMS spectrum of fraction 1.
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Appendix E1 

 

1H NMR spectrum (CDCl3, 400 MHz) of fraction 2.
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Appendix E2 

 

13C NMR spectrum (CDCl3, 100 MHz) of fraction 2.
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Appendix E3 

 

UV-Vis spectrum of fraction 2.
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Appendix E4 

 

FTIR spectrum of fraction 2.
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Appendix E5 

 

ESIMS spectrum of fraction 2.
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Appendix F1 

 

1H NMR spectrum (CDCl3, 400 MHz) of fraction 3.
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Appendix F2 

 

13C NMR spectrum (CDCl3, 100 MHz) of fraction 3.
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Appendix F3 

 

UV-Vis spectrum of fraction 3.
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Appendix F4 

 

FTIR spectrum of fraction 3.
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Appendix F5 

 

ESIMS spectrum of fraction 3.



397 

 

Appendix G1 

 

1H NMR spectrum (CDCl3, 400 MHz) of fraction 4.



398 

 

Appendix G2 

 

13C NMR spectrum (CDCl3, 100 MHz) of fraction 4.
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Appendix G3 

 

UV-Vis spectrum of fraction 4.
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Appendix G4 

 

FTIR spectrum of fraction 4.
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Appendix G5 

 

ESIMS spectrum of fraction 4. 

 

 


