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ABSTRACT 401 

 402 

Plants are rich and valuable sources of phytochemical constituents that can contribute to a 403 

variety of biological activities. The research in discovering novel antimicrobial compounds 404 

from plants has been of increased interest due to the global rise of antibiotic resistance. The 405 

present study aims to evaluate the in vitro antibacterial, antibiotic synergistic potential and the 406 

chemical profile of plant extracts associated with Cleistanthus bracteosus found in Malaysian 407 

rainforests. The antibacterial activity and synergistic antibacterial activity of chloroform, 408 

methanol and hexane crude extracts of C. bracteosus were determined against bacterial 409 

pathogens of Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Bacillus cereus, 410 

Pseudomonas aeruginosa, Salmonella typhi and Acinetobacter baumannii. The chloroform 411 

stem extract exhibited the highest antibacterial activity which indicated a mean inhibition zone 412 

diameter (IZD) of 10 ± 0.26 mm at its highest concentration against the Gram-positive 413 

bacterium B. cereus. The best synergistic activity was shown for chloroform wood extract 414 

when combined with ampicillin against A. baumannii with a growth inhibitory index (GIIs) 415 

of 1.33. A fractional inhibitory concentration index (FICI) of <0.5 was indicated for ampicillin 416 

and penicillin G when combined with chloroform stem, bark and wood extracts against A. 417 

baumannii. Potassium clavulanate profoundly synergized chloroform stem extract against E. 418 

coli ATCC 10536 (IZD = 27 ± 0.56 mm) and chloroform bark extract against S. typhi (IZD = 419 

28 ± 0.54 mm). C. bracteosus extracts indicated the presence of secondary metabolites like 420 

flavonoids, phenols, tannins, alkaloids, coumarins, saponines and traces of terpenes. 421 

Chloroform extracts of bark, stem and wood consist of 20 bioactive phytochemical 422 

compounds according to gas chromatography-mass spectrometry analysis (GC-MS). Further 423 

analysis with high-performance liquid chromatography (HPLC) implied the presence of 424 

digoxigenin and lauric acid, existing as major compounds contributing to antibacterial and 425 

antibiotic synergism. Scanning electron microscopic (SEM) observations further elucidated 426 

the effects of C. bracteosus chloroform extracts on the morphology of susceptible organisms. 427 

The findings of this investigation justify that chloroform extracts of C. bracteosus can 428 

function as a novel antibacterial agent with synergistic potential. 429 

 430 

Keywords 431 

Antibacterial activity, synergistic activity, Cleistanthus bracteosus, GIIs, FICI, GC-MS, 432 

HPLC, SEM 433 
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CHAPTER 1: INTRODUCTION AND BACKGROUND  434 

 435 

1.1. Summery 436 

For thousands of years, plants have played an important role in traditional systems of 437 

medicine and are constantly providing humankind with novel remedies. Traditional or folklore 438 

medicine refers to health care practice based on any ancient and cultural background which 439 

differs from modern medicine (Karunamoorthi et al., 2012). According to the World Health 440 

Organization (WHO) about 65-80% of the populations residing in the developing world rely 441 

on traditional medicine which involves the harnessing of remedies from plants of medicinal 442 

value for their primary health care needs (Palhares et al., 2015). The research in discovering 443 

new and innovative antimicrobial compounds from plants has received increased attention due 444 

to the global outbreak of diseases caused by pathogens that show multiple resistance to 445 

synthetic antimicrobial agents (Anand et al., 2019).  446 

Antibiotic resistance is a major issue affecting global public health. As such, the focus on 447 

the significance of medicinal plants and traditional therapeutic systems in solving global 448 

primary health care has grown throughout recent years. However, the complex nature of issues 449 

related to antibiotic resistance remains unresolved. Over time, humans have been relied on the 450 

usage of traditionally prepared herbal remedies for the treatment of various ailments (Mensah 451 

et al., 2009). These traditional therapeutic methods have been considered as possibly the safest 452 

alternative sources of antimicrobial agents available (Kumar et al., 2012). Many discoveries 453 

have highlighted that naturally existing compounds from plants are reservoirs of chemical 454 

agents with therapeutic properties (Sandigawad, 2010). Plants contain of a number of unique 455 

properties that are beneficial to mankind which has motivated the initiation of screening and 456 

testing of their efficacy to exploit their antibacterial potential (Bhardwaj and Laura, 2009). 457 

Hence, investigations based on the understanding of their properties, safety and efficacy have 458 

widened, and efforts have been taken to identify safe phytochemical compounds, and 459 

economical methods for controlling diseases. Interestingly, these naturally existing bioactive 460 

compounds from plants have served as novel sources for the management of infectious diseases 461 

caused by pathogenic microorganisms as an alternative to synthetic drugs and several 462 

phytochemical compounds have been extracted from whole plants or different parts of plants 463 

like leaves, bark, stem, roots, fruits, fruit rind, seeds and flowers (Chanda et al., 2010). 464 

Cleistanthus bracteosus Jabl. is a tropical plant found in Malaysian rainforests which 465 

belongs to the ñPhyllanthaceaeò family of plants (Singh et al., 2014). The findings of recent 466 
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investigations indicate that crude extracts of similar species like C. collinus have antibacterial 467 

activity against multiple bacteria that includes E. coli (Gobalakrishnan et al., 2013; 468 

Elangomathavan et al., 2015). The present study seeks to explore and assess, for the first time, 469 

the antibacterial and synergistic properties of crude extracts and isolated extract fractions 470 

derived from C. bracteosus. Furthermore, the results of this study will provide scientific 471 

evidence supporting the clinical application of this plant and can serve as a starting point for 472 

novel drug discovery from natural products. 473 

 474 

1.2. Problem statement 475 

There is an increasing trend in the emergence of antibiotic-resistant pathogenic bacteria 476 

throughout the world, which has become a clinical and economic burden of substantial 477 

proportions that has led to the failures in existing antibiotic therapies among hospitalised 478 

patients and the increase in productive costs in developing new antibiotic agents to overcome 479 

the infections caused by these pathogens.  One such pathogen include A. baumannii has been 480 

addressed for causing prevalent and re-occurring infections at nosocomial settings (2019 481 

antibiotic resistance threats report, 2021; Acinetobacter in healthcare settings, 2019). To 482 

overcome this issue, pharmaceutical companies will have to constantly synthesize new 483 

antibiotics as the currently prescribed ones become less effective. However, these synthetic 484 

agents can cause multiple side effects to consumers leading to other health-related problems. 485 

Therefore, the discovery of natural remedies from herbs for the treatment of pathogenic 486 

infections are being increasingly investigated.  487 

 488 

1.3. Significance of the study 489 

The significance of this study is to highlight the importance of plants with antibiotic 490 

potential found in Malaysian rainforests. Also, this study will also highlight the potential of the 491 

selected plant extracts as a cost-effective and natural source of antibacterial therapeutic agents.  492 

It is anticipated that the findings of this study will significantly contribute to modern medicine 493 

and natural drug discovery from medicinal plants found in Malaysia. While other species of 494 

Cleistanthus have been reported for antibacterial activity, no study related to C. bracteosus has 495 

been completed. Therefore, this will be a pioneering study on C. bracteosus. 496 

 497 

1.4. Justification of the study 498 

There is an increasing need for research involving many medicinal plants of traditional value 499 
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to bridge the gap between traditional and modern medicine, with the enlightenment of 500 

harnessing new therapeutic options. Hence, prototypical studies on novel compounds from 501 

both known and unknown plant species have become paramount. 502 

 503 

1.5. Primary objective 504 

This pioneering study aims to evaluate in vitro antibacterial potency, synergistic and 505 

phytochemical properties of C. bracteosus found in rainforests of Malaysia.  506 

 507 

1.6. Specific objectives 508 

× To evaluate in vitro standalone antibacterial activity and synergistic antibiotic 509 

potentiating activity of chloroform, hexane and methanol crude extracts of C. 510 

bracteosus. 511 

 512 

× To determine the minimum inhibitory concentration (MIC) and minimum bactericidal 513 

concentration (MBC) of chloroform crude plant extracts of C. bracteosus. 514 

 515 

× To determine the fractional inhibitory concentration (FIC) and fractional bactericidal 516 

concentration (FBC) of C. bracteosus chloroform crude plant extracts and antibiotic 517 

conjugates. 518 

 519 

× To fractionate and isolate compounds from chloroform stem, wood and bark crude 520 

extracts of C. bracteosus. 521 

 522 

× To evaluate in vitro antibacterial and synergistic antibiotic potentiating activity of 523 

isolated fractions of chloroform stem, wood and bark extracts of C. bracteosus. 524 

 525 

× To qualitatively analyse phytochemicals present in all extracts of C. bracteosus and 526 

identify compounds present in the isolated fractions of chloroform stem, wood and bark 527 

extracts of C. bracteosus using gas chromatography-mass spectrometry (GC-MS) and 528 

selected fraction/s with high-performance liquid chromatography (HPLC). 529 

 530 

× To investigate the effects C. bracteosus chloroform extracts on bacterial morphology 531 
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with field-emission scanning electron microscopy (FE-SEM). 532 

 533 

× To signify the selected plant specimen as a novel source of antibacterial and antibiotic 534 

potentiating agents to combat antibiotic resistance. 535 

 536 

1.7. Research questions 537 
 538 
To fulfil the primary and specific objectives of this study, the following research questions 539 
were explored: 540 
 541 

1) Which plant extract of C. bracteosus has the strongest antibacterial activity and which 542 
has the weakest? 543 

 544 
2) Which plant extract of C. bracteosus gives the best antibiotic synergistic effect? 545 

 546 
3) Do all plant extracts of C. bracteosus have antibacterial and antibiotic synergistic 547 

activities? 548 
 549 

4) Are these plant extracts bactericidal or bacteriostatic? 550 
 551 

5) What are the compounds present in these extracts? 552 
 553 

6) What effects do these extracts have on bacteria at the microscopic level? 554 
 555 
 556 
 557 
 558 
 559 
 560 
 561 
 562 
 563 
 564 
 565 
 566 
 567 
 568 
 569 
 570 
 571 
 572 
 573 
 574 
 575 
 576 
 577 



 
 

5 
 

CHAPTER 2: LITERATURE  REVIEW  578 

 579 

2.1. Antimicrobial agents 580 

2.1a. The pre-penicillin era 581 

The modern era of antimicrobial agents began in the times of the early twentieth century 582 

when a German scientist named Paul Ehrlich was able to introduce a compound of 583 

antimicrobial potential called arsphenamine. As such, Ehrlichôs newly discovered compound 584 

was able to successfully treat infections caused by pathogenic microorganisms. Arsphenamine 585 

was later renamed as Salvarsan, and popularly known as Ehrlichôs magic bullet (Bosch and 586 

Rosich, 2008). 587 

 588 

2.1b. Revolution of antibiotics  589 

Infamously, the most important contribution in medical history was made by the Scottish 590 

microbiologist Sir Alexander Fleming and his team of colleagues in the year of 1928. Together, 591 

they conducted research based on the antibacterial properties of a mould specimen known as 592 

Penicillium chrysogenum (previously known as Penicillium notatum). Intriguingly, their 593 

experimental finding showed that this mould species can produce a compound capable of 594 

inhibiting the growth of a wide range of bacteria (Figure 1). Subsequently, this mould excreted 595 

compound was later purified and named penicillin (Ligon, 2004). 596 

 597 

Figure 1. Shows the antibacterial activity of Penicillium chrysogenum fungus. The excretion 598 

of penicillin by the fungus inhibits the growth of bacteria and prevents the formation of 599 

bacterial colonies close to its proximity (adapted from Bauman, 2014). 600 
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2.1c. Classes of antibiotics, target sites and mechanisms of antibiotic resistance 601 

All antibiotic agents can be classified and characterized based on their spectrum of activity, 602 

the effect on bacteria, chemical composition and mechanism of action (Greenwood et al., 603 

2012). These antibiotics can be primarily categorized into two groups as bactericidal and 604 

bacteriostatic based on their antibacterial effect. As such, antibiotics that are capable of directly 605 

kill ing bacteria are called bactericidal agents, whereas antibiotic agents that only inhibit the 606 

growth or multiplication of bacteria but do not kill the organism are called bacteriostatic agents 607 

(Engelkirk and Duben-Engelkirk, 2008). Sarpong and Miller (2015) stated that these agents 608 

can be further divided based on their versatility as narrow-spectrum and broad-spectrum 609 

antibiotics. Antibacterial agents that are capable of only acting against a specific family of 610 

bacteria are called narrow-spectrum antibiotics. In contrast to narrow-spectrum antibiotics, 611 

agents classified as board-spectrum antibiotics are effective against a wide range of bacterial 612 

species. 613 

The mechanism of action of antibiotics can be distinguished based on their ability to inhibit 614 

components associated with cell wall synthesis, protein synthesis, pathways associated with 615 

foliate metabolism, and nucleic acid synthesis like DNA or RNA (Reygaert, 2017). Despite the 616 

broad-spectrum activity of this antibiotic, bacteria have evolved to counter the action of these 617 

molecules through various resistance mechanisms. Gram-positive bacteria have developed 618 

antibiotic resistance mechanisms like the production of enzymes capable of inactivating 619 

antibiotics, modification and mutation of antibiotic molecule bind sites. Meanwhile, Gram-620 

negative bacteria are armed with efflux pumps, antibiotic modifying enzymes (e.g. ɓ-621 

lactamases), suspension of porin activity associated with the bacterial cell membrane and the 622 

alteration of bind sites of antibiotics (Liu et al., 2019). 623 

 624 

2.1d. The ability of phytochemicals to reverse antibiotic resistance 625 

Phytochemicals when combined with antibiotics can have broad-spectrum antibacterial activity 626 

against bacteria. Which, studies have shown various mechanisms of antibacterial action of 627 

these combinations that signify their ability to reverse antibiotic resistance. These mechanisms 628 

include the modification of active sites in the bacterial cell wall and the plasma membrane to 629 

increase the permeability of the antibiotic molecule, inhibition of extracellular enzymes that 630 

catalyse the modification or degradation of antibiotics, inactivation of efflux pumps to facilitate 631 

the intracellular accumulation of antibiotic molecules and disruption of quorum sensing signal 632 

molecules and their corresponding receptors (Figure 2) (Dassanayake et al., 2021). 633 
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Interestingly, the synergism between phytochemicals and standard antibiotic agents is an 634 

effective way to counter the development of antibiotic resistance (Cock et al., 2017; Wagner 635 

and Ulrich-Merzenich, 2009). Several studies have shown the significance of synergistic 636 

interaction of phytochemicals with antibiotics in the discovery of novel antibacterial agents, by 637 

which, this interaction has been classified as antagonistic, additive or synergistic. By definition, 638 

the term antagonistic is given when a phytochemical compound reduces the strength of an 639 

antibiotic agent, whereas the terms additive and synergistic are assigned to compounds that can 640 

enhance the antibacterial activity of synthetic antibiotic agents (Moussaoui and Alaoui, 2016). 641 

Moreover, the additive effect is generally considered the baseline effect for determining 642 

synergy in antimicrobial assays, in which such an effect can be theoretically expected from a 643 

combination of multiple antimicrobial agents when the synergistic effect is absent. 644 

Subsequently, the synergistic effect can be defined as a combined effect that is significantly 645 

greater than the additive effect. A phytochemical compound fused with an antibiotic agent can 646 

be considered as a synergistic product when their combined action is exponentially greater than 647 

that of their individual antibacterial action. Furthermore, the distinctive action of 648 

phytochemical-antibiotic synergism is the ability to overcome antibiotic resistance. Besides 649 

reducing antibiotic resistance, another advantage of this type of synergism is that it can reduce 650 

the minimum inhibitory concentration of an antibiotic agent, which also lowers the dose needed 651 

for its effect to take place and mitigate of possible adverse health effects (Roell et al., 2017). 652 
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 653 

Figure 2. Target sites and action mechanisms of phytochemicals in reversing bacterial drug-resistance (adapted from Dassanayake et al., 2021). 654 
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2.2. Cleistanthus bracteosus 655 

2.2a. Origin and Distribution  656 

Cleistanthus bracteosus Jabl. is a plant species belonging to the family of Phyllanthaceae, 657 

which is native to the tropical rainforest in Malaysia. At present, around 148 species of 658 

Cleistanthus have been discovered in tropical regions of the Old World (Singh et al., 2014). 659 

No common names have been assigned to C. bracteosus up to date. 660 

 661 

2.2b. Agroecology 662 

Cleistanthus spp. thrives in both tropical and subtropical climates at latitudes ranging from 663 

200 m to 1400 m (Singh et al., 2014). 664 

 665 

2.2c. Botanical features 666 

Cleistanthus spp. are deciduous shrubs that can grow from 2-5 m in height. The leaves of 667 

the plant are alternate (Figure 3). These plants consist of flowers that are unisexual with each 668 

flower comprised of five sepals and petals (Chandra et al., 2017). 669 

 670 

Figure 3. C. bracteosus in its natural habitat in Malaysia. 671 
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2.2d. Chemical constituents  672 

Studies indicate the presence of phytochemical constituents like phlobatannins, tannins, 673 

glycosides, flavonoids, saponins, steroids, alkaloids and terpenoids in the leaf extracts of 674 

Cleistanthus spp. (Figures 4a, 4b, 4i, 4h and 4j) (Suman and Elangomathavan, 2013). 675 

Mohanraj et al. (2018) stated that gallic acid, chlorogenic acid, 3,4-Dihydroxy B-acid, 676 

diadizin, p-coumaric acid, epigallocatechin gallate, ellagic acid, luteolin, hesperetin, quercetin 677 

are abundant in the leaf extracts of C. collinus (Figures 4c, 4d, 4e, 4f and 4g). Utanea and Deob 678 

(2018) were able to isolate purified compounds like diphyllin, cleistanone, cleistanthins A, C, 679 

D and 4-O-(30-O-methyl-ßD-glucopyranosyl)-diphyllin in C. collinus leaf extracts (Figures 5a 680 

and 5b). Another investigation revealed that leaf extracts of C. collinus contained major 681 

phytoconstituents like 4-O-(Methylmannose), b4-C-methyl-(Methylthio)-acetonitrile 4-O-682 

Methylmannose, 1,2,3-Benzenetriol, Didodecyl phthalate, Silane, Thiophene, 9,12,15-683 

Octadecatrienoic acid and Benzoic acid (Figure 5c) (Suman et al., 2013). 684 

 685 

Figure 4a. Chemical structures of tannins (adapted from Theisen et al., 2014). 686 
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 687 

 688 

 689 

 690 

 691 

 692 

 693 

 694 

 695 

 696 

 697 

 698 

 699 

 700 

 701 

 702 

Figure 4b. Chemical structures of saponins, terpenoids, 

alkaloids and flavonoids (adapted from Mandal et al., 

2014). 

 

Figure 4d. Chemical structures of gallic acid and epigallocatechin 

gallate (adapted from Li  et al., 2013). 

Figure 4f. Chemical structures of chlorogenic acid and ellagic 

acid (adapted from Bouayed and Bohn, 2012). 

Figure 4e. Chemical structures of 

3,4dihydroxybenzoic acid (adapted from 

Abdullah et al., 2016). 

Figure 4c. Chemical structure of p-coumaric acid 

present in Cleistanthus spp. (adapted from Clifford et 

al., 2017). 
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 703 

 704 

 705 

 706 

 707 

 708 Figure 4g. Chemical structures of quercetin, 

hesperitin, luteoline (adapted from Busch et al., 

2015). 

Figure 4i. Chemical structure of phlobatannins (adapted from 

Kuo et al., 2018) 

Figure 4h. Chemical structures of glycosides 

(adapted from Calderón-Montaño et al., 2014). 

Figure 4j. Chemical structures of steroids (adapted from Chen and Wang, 2010). 
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709 

Figure 5a. Chemical structures of cleistanthins A, C, D and 4-O-(30-O-methyl-ßD-

glucopyranosyl)-diphyllin present in Cleistanthus spp. (adapted from Utanea and Deob, 2018). 

Figure 5b. Chemical structures of cleistanone, diphyllin 

present in Cleistanthus spp. (adapted from Utanea and Deob, 

2018). 
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 710 

Figure 5c. Major phytochemical profile of C. collinus leaf extracts and their biological 711 

properties (adapted from Suman et al., 2013). 712 

 713 

 714 

 715 

 716 

 717 

 718 
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2.2e. Ethnobotany and Ethnomedicinal applications of Cleistanthus 719 

The leaves and seeds of Cleistanthus collinus have been utilized by the locals of the Thrissur 720 

forest circle in Kerala, India to be used as a powerful pesticidal and homicidal agent 721 

(Raghunathan, 2017). Suman and Elangomathavan (2013) stated that aqueously prepared 722 

extracts of the crushed leaves were used as an abortifacient and as well as a fish and cattle 723 

poison in Africa and Malaysia. Certain parts of C. collinus like fruits, leaves and roots have 724 

been used to treat acute gastrointestinal disorders in folklore medicine (Chrispal, 2012). 725 

Mohanraj et al. (2018) reported that C. collinus extracts were used as a cleaning agent in septic 726 

wounds, whereas plant extracts obtained from parts like bark and stem were used as an 727 

antiseptic agent in treating skin diseases and in the treatment of hoof sores in cattle. 728 
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2.2f. Published work and findings of experimental studies 729 

Table 1. Indicates a summary of published work and findings of experimental studies for Cleistanthus spp. 730 

Reference 
Publication 

year 
Title of the study Objective of the study Main findings 

(Chrispal, 

2012). 

2012 Cleistanthus collinus 

poisoning 

To determine the presence of 

secondary metabolites in C. 

collinus extracts and their effect 

on animal cells. 

 

 

× The alcoholic extracts of the plant consist of 

glucosides like cleistanthin A and B which has 

the ability to arrest the proliferation of 

cancerous cells of the human nasopharynx via 

DNA synthesis inhibition. 

× The acetone extract consists of another 

secondary metabolite called ñDiphyllinò which 

is also anti-proliferative against cancer cells yet 

toxic to other animal cells as well. 

(Gobalakrishna

n et al., 2013). 

2013 Screening of wild 

plant species for 

antibacterial activity 

and phytochemical 

analysis of Tragia 

involucrata L. 

To evaluate in vitro antibacterial 

activity of eight wild plant species 

including Cleistanthus collinus 

(Roxb.) Benth. Collected from 

multiple regions of Pudukkottai 

district, Tamil Nadu, India. 

The results revealed that petroleum ether, 

chloroform and acetone leaf and stem extracts 

exhibited antibacterial activity against E. coli 

NCIM 2065. The largest zone of inhibition was 

induced by the petroleum ether extract of the 

stem with a diameter of 14.9 ± 0.3 mm. 

However, the aqueous extracts of the plant and 
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root and flower extracts have not indicated any 

observable antibacterial activity. 

 731 
Table 1 (continued) 732 

Reference 
Publication 

year 
Title of the study Objective of the study Main findings  

(Suman and 

Elangomathav

an, 2013). 

2013 Bio-prospecting of 

Cleistanthus collinus 

and its antibacterial 

activity 

To determine the presence of 

bioactive compounds and 

investigate in vitro antibacterial 

potency of crude extracts 

(Soxhlet extraction) and cold leaf 

extracts (methanol, ethyl acetate, 

ethanol and aqueous) of C. 

collinus against E. coli (MTCC-

433), S. typhi (MTCC-733), K. 

pneumoniae (MTCC-432), P. 

aeruginosa (MTCC-741), S. 

aureus (MTCC-1430) and L. 

monocytogenes (MTCC-1143). 

× All extracts of C. collinus indicated 

antibacterial activity with methanol leaf extract 

being the most potent. The cold ethyl acetate 

extract was the least potent. The largest zone of 

inhibition was induced for S. typhi by the 

methanol leaf extract with a diameter of 30 mm 

along with an MIC of 0.27 mg/ml and MBC of 

0.35 mg/ml. 

× All extracts indicated bactericidal activity. 

× The extracts indicated the presence of 

phytoconstitutes like phlobatannins, tannins, 

glycosides, flavonoids, saponins, steroids, 

alkaloids and terpenoids. The methanolic 

extract was found positive for the presence of 

all phytoconstituents tested. 

 733 
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Table 1 (continued) 734 

Reference 
Publication 

year 
Title of the study Objective of the study Main findings  

(Elangomathav

an et al., 2015) 

2015 Comparative 

Analysis of 

Cleistanthus collinus 

Aqueous Leaf 

Extract and 

Fractions for its 

Antibacterial 

Potential 

To examine the presence of 

preliminary phytochemical 

constituents and investigate the in 

vitro antibacterial potential of 

aqueous, ethyl acetate, butanol, 

hexane, dichloromethane and 

dichlorohexane crude extracts of 

C. collinus against E. coli 

MTCC-433, P. aeruginosa 

MTCC-741, S. aureus MTCC-

1430, S. þexneri MTCC-1457, S. 

typhi MTCC-733, K. pneumoniae 

MTCC-432, V. cholerae MTCC-

3940 and L. monocytogenes 

MTCC-1143). 

× All extracts of C. collinus leaf demonstrated 

antibacterial activity with V. cholera being the 

most susceptible organism to the extracts. The 

hexane extract was the most potent out of all 

which gave the largest zone of inhibition of 40 

mm in diameter.  

× The lowest MIC was recorded for S. typhi 

which was 36.5 µg/ml by the hexane crude 

extract. 

× The extracts indicated the presence of 

phytoconstituents like phlobatannins, tannins, 

glycosides, flavonoids, saponins, steroids, 

alkaloids and terpenoids. The n-butanol extract 

found to contain most phytoconstituents tested. 

 735 
 736 
 737 
 738 
 739 
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Table 1 (continued) 740 

Reference 
Publication 

year 
Title of the study Objective of the study Main findings  

(Mohanraj et 

al., 2018). 

2018 Anti HIV -1 activity, 

antibacterial activity 

and phytochemical 

analysis of leaf 

extracts from 

Cleistanthus collinus 

(Roxb.) Benth.ex 

Hook. F. 

To determine the presence of 

bioactive compounds and 

investigate in vitro anti-HIV 

activity and in vitro antibacterial 

potency in crude methanol, ethyl 

acetate, chloroform and hot 

aqueous leaf extracts of C. 

collinus against S. typhi, K. 

pneumoniae, V. cholera and S. 

paratyphi A. 

× All extracts of C. collinus leaf indicated 

antibacterial activity with chloroform being the 

most potent and followed by the methanolic 

extract. The largest zone of inhibition was 

recorded for the chloroform extract against S. 

typhi with a diameter of 19 ± 1.8 mm. None of 

the extracts has indicated antibacterial activity 

against K. pneumonia. 

× HPLC assay indicated the presence of 

phytochemical constituents like gallic acid, 

chlorogenic acid, 3,4-Dihydroxy B-acid, 

diadizin, p-coumaric acid, epigallocatechin 

gallate, ellagic acid, luteolin, hesperetin, 

quercetin (Mohanraj et al., 2018). 

× The leaf extracts also induced antiviral activity 

against HIV-1 by inhibiting the expression of 

p24 antigen. 

 741 
 742 
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Table 1 (continued) 743 

Reference 
Publication 

year 
Title of the study Objective of the study Main findings  

(Utanea and 

Deob, 2018). 

2018 Isolation of Aryl 

Naphthaleneôs from 

Cleistanthus collinus 

by Column 

Chromatography 

To identify phytochemical 

constituents present in petroleum 

ether extracts of C. collinus leaf 

using TLC and column 

chromatography techniques. 

× The results of the study indicated the presence 

of compounds like diphyllin, cleistanone, 

cleistanthins A, C , D and 4-O-(30-O-methyl-

ßD-glucopyranosyl)-diphyllin. 

(Suman et al., 

2018). 

2018 Diphyllin: An 

effective 

anticandidal agent 

isolated from 

Cleistanthus collinus 

leaf extract 

To determine the in vitro 

antimicrobial potential of the 

phytochemical compound known 

as diphyllin found in C. collinus 

against fungal stains like C. 

albicans, C. tropicalis and C. 

glabrata. 

The pure ethyl acetate extract of Diphyllin 

obtained from C. collinus leaves indicated 

profound anticandidal activity against the 

tested strains. The largest zone of inhibition 

was recorded for C. glabrata with a diameter 

of 17.5 ± 0.5 mm. 

 744 
 745 
 746 
 747 
 748 
 749 
 750 
 751 
 752 
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Table 1 (continued) 753 

Reference 
Publication 

year 
Title of the study Objective of the study Main findings  

(Panda et al., 

2017). 

2017 Antimicrobial, 

Anthelmintic, and 

Antiviral Activity of 

Plants Traditionally 

Used for Treating 

Infectious Disease in 

the Similipal 

Biosphere Reserve, 

Odisha, India 

To examine in vitro antibacterial, 

antifungal, anthelmintic, and 

antiviral potential of plants used 

in folklore Indian medicine 

including Cleistanthus patulus. 

All leaf extracts of C. patulus indicated 

antibacterial, antifungal, anthelmintic, and 

antiviral activity. The aqueous extract was the 

most potent out of all. S. aureus was highly 

susceptible to the extracts of C. patulus which 

indicated 100% inhibition for the aqueous 

extract in the microbroth dilution assay. The 

lowest MIC was recorded for the acetone leaf 

extract at 60 µg/ml for S. aureus. 

(Chandra et 

al., 2017). 

2017 Larvicidal Efficacy 

of Cleistanthu 

patulus Muell. Arg. 

(Euphorbiaceae) 

Leaf 

Extract against 

Filarial Vector 

Culexquinque 

fasciatus (Say 1823) 

To assess the in vitro larvicidal 

activity of C. patulus leaf extract 

against the filarial vector 

Culexquinque fasciatus and to 

qualitatively detect the presence 

of preliminary phytochemicals. 

 

× The ethyl acetate extract of C. patulus leaf 

exhibited excellent larvicidal activity with 

100% mortality of Culexquinque fasciatus. 

× Secondary metabolites like tannins, steroids 

and flavonoids were detected in the leaf 

extract of C. patulus in the phytochemical 

assay. 
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Table 1 (continued) 754 

Reference 
Publication 

year 
Title  of the study Objective of the study Main findings  

(Suman et al., 

2013). 

2013 Phyto-chemical 

profiling of 

Cleistanthus collinus 

leaf extracts using 

GC-MS analysis 

To identify phytochemical 

constituents present in aqueous, 

ethyl acetate, ethanol and 

methanol extracts of C. collinus. 

× The following compounds were present in the 

leaf extracts of C. collinus aqueous extract 

contained 4-O-Methylmannose), ethanol 

extract contained 4-C-methyl-(Methylthio)-

acetonitrile 4-O-Methylmannose, 1,2,3-

Benzenetriol, Didodecyl phthalate), ethyl 

acetate extract contained Silane and methanol 

extract contained Thiophene, 9,12,15-

Octadecatrienoic acid and Benzoic acid. 

(Mohanta et 

al., 2018) 

2018 Bio-inspired 

synthesis of silver 

nanoparticles 

from leaf extracts of 

Cleistanthus collinus 

(Roxb.): its potential 

antibacterial and 

anticancer activities 

To assess in vitro antimicrobial 

and anticancer activities of C. 

collinus leaf extract in 

conjunction with AgNPs and to 

qualitatively detect the presence 

of secondary metabolites. 

 

 

× The aqueous leaf extract of C. collinus 

interacted synergistically to mediate enhanced 

antibacterial activity against P. aeruginosa 

(MTCC 424), B. subtilis (MTCC 736), S. 

aureus (MTCC 737), E. coli (MTCC 443), C. 

kruseii (MTCC 9215), C. albicans (MTCC 

227), T. mentagrophytes (MTCC 8476) and C. 

viswanathii (MTCC 1929). 
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× Secondary metabolites like alkaloids, phenolic 

compounds, tannins and flavonoids, 

glycosides, saponins, steroids, triterpenoids, 

and sterols were found in the aqueous leaf 

extract of C. collinus. 

755 
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CHAPTER 3: MATERIALS AND METHODS  756 

 757 

3.1. Materials required:  758 

3.1.1. Microorganisms 759 

Gram-negative bacteria 

Escherichia coli ATCC 10536 

Escherichia coli ATCC 8739 

Salmonella typhi ATCC 6539 

Pseudomonas aeruginosa ATCC 10145 

Acinetobacter baumannii ATCC 19606 

Gram-positive bacteria 

Staphylococcus aureus ATCC 11632 

Bacillus subtilis ATCC 6633 

Bacillus cereus ATCC 10876 

 760 

3.1.2. Culture media  761 

 Manufacturer  City and Country  

Mueller-Hinton agar Oxoid Hampshire, UK 

Mueller-Hinton broth Oxoid Hampshire, UK 

Nutrient agar Oxoid Hampshire, UK 

 762 

3.1.3. Standard antimicrobial agents 763 

 Manufacturer  City and Country  

Gentamicin 10 µg Oxoid Hampshire, UK 

Ciprofloxacin 5 µg Oxoid Hampshire, UK 

Levofloxacin 5 µg Oxoid Hampshire, UK 

Penicillin G 10 IU (6 µg) Oxoid Hampshire, UK 

Chloramphenicol 30 ɛg Oxoid Hampshire, UK 

Ampicillin 10 ɛg Oxoid Hampshire, UK 

 764 

 765 
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3.1.4. Chemicals/reagents 766 

 Manufacturer  City and Country  

Chloroform Sigma-Aldrich St. Louis, USA 

Dimethyl sulfoxide Sisco Research Laboratories Mumbai, India 

Dichloromethane Merck New Jersey, USA 

Isopropyl alcohol Sigma-Aldrich St. Louis, USA 

Methanol Sigma-Aldrich St. Louis, USA 

Ethanol Sigma-Aldrich St. Louis, USA 

Hexane Sigma-Aldrich St. Louis, USA 

Ethyl acetate Merck New Jersey, USA 

Sodium hydroxide Sigma-Aldrich St. Louis, USA 

Ferric chloride Sigma-Aldrich St. Louis, USA 

Vanillin Sigma-Aldrich St. Louis, USA 

Sulfuric acid Sigma-Aldrich St. Louis, USA 

Dragendoff's reagent Sigma-Aldrich St. Louis, USA 

Potassium clavulanate Macklin Shanghai, China 

Glutaraldehyde (25%) Sigma-Aldrich St. Louis, USA 

Hexamethyldisilazane (HMDS) Sigma-Aldrich St. Louis, USA 

 767 

3.1.5. Equipment/apparatus 768 

 Manufacturer  City and Country  

Autoclave machine Hiclave Tokyo, Japan 

Non-CO2 incubator 
Thermo Fisher Scientific 

(Binder) 
Waltham, USA 

Rotor beater mill Retsch Düsseldorf, Germany 

Ultra centrifugal mill Retsch Düsseldorf, Germany 

Ultrasonicator Labline Mumbai, India 

Laboratory water bath JISICO Seoul, South Korea 

Micropipette 100-1000 µL Eppendorf Hamburg, Germany 
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Micropipette 20-200 µL Eppendorf Hamburg, Germany 

Polystyrene petri dishes  

(100 x 15 mm) 
Sigma-Aldrich St. Louis, USA 

Cuvettes Thermo Fisher Scientific Waltham, USA 

Whatman grade 3 filter paper discs  

(6 mm) 
GE Healthcare Chicago, USA 

Whatman grade 1 filter paper  GE Healthcare Chicago, USA 

Mortar and pestle (porcelain) - - 

Sterile cotton swabs LTC 
Kuala Lumpur, 

Malaysia 

0.22 ɛm PTFE syringe filter Sartorius AG Göttingen, Germany 

Steel forceps Pearl 
Kuala Lumpur, 

Malaysia 

GC-MS machine PerkinElmer Massachusetts, USA 

HPLC machine Agilent 1200 series Santa Clara, USA 

Analytical balance Precisa Gravimetrics AG Dietikon, Switzerland 

Rotary evaporator with vacuum Buchi Labortechnik AG Flawil, Switzerland 

Vortex mixer Stuart Staffordshire, UK 

Micro-centrifugetubes Eppendorf Hamburg, Germany 

Glass vials with screw cap Analytical Scientific San Antonio, USA 

Spectrophotometer Biochrom Cambridge, UK 

Biosafety cabinet (level 2) with UV 

lamp 
Esco Micro 

Petaling Jaya, 

Malaysia 

Electric loop/glass bead sterilizer Sigma-Aldrich St. Louis, USA 

Nichrome wire inoculating loop Jayna Delhi, India 

Schott bottles (100-500 ml) Duran Mainz, Germany 

Refrigerated centrifuge Eppendorf Hamburg, Germany 

Silica Gel 60 F254 glass-backed TLC 

plates (20 x 20 cm) 
Merck Darmstadt, Germany 
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50 ml centrifuge tubes Thermo Fisher Scientific Waltham, USA 

Sputter coating machine Quorum 

Q150R Plus 
Judges Scientific plc London, UK 

FEI Quanta 400F model EDX: INCA 

400 with X-Max Detector FE-SEM 
Oxford Brno, Czech Republic 

12 mm round coverslips Citotest Scientific Nanjing, China 

 769 

3.2. Methods 770 

3.2.1. Disinfection and Sterilization 771 

Standard procedures recommended by the Clinical and Laboratory Standards Institute 772 

(CLSI) were followed to prevent microbial cross-infection and cross-contamination prior to the 773 

initiation of any bioactivity assays (Matuschek, Brown and Kahlmeter, 2014). All glass vials, 774 

micro-centrifuge tubes and micropipette tips with box were sterilized by autoclaving at 121ºC 775 

for 15 minutes. Forceps and inoculating loop were also sterilized under an electric heat 776 

sterilizer of 250ºC during consistent use. The biosafety cabinet (level 2) bench was disinfected 777 

by spraying 70% isopropyl alcohol (Sigma-Aldrich, St. Louis, USA) and with UV treatment. 778 

 779 

3.2.2. Preparation of broth media and agar plates 780 

Twenty-one grams (31 g) of Mueller-Hinton broth (Oxoid, Hampshire, UK) and 38 g of 781 

Mueller-Hinton agar (Oxoid, Hampshire, UK) were separately suspended in 1L of distilled 782 

water in a beaker and thoroughly mixed using the magnetic stirrer under heat until the solution 783 

becomes completely translucent. The solutions were then transferred to Schott bottles and 784 

sterilized by autoclaving at 121ºC for 15 minutes. The autoclaved broth media and liquid agar 785 

were allowed to cool until the temperature dropped to 45ºC. The broth media were transferred 786 

to a sterile glass vial, whereas liquid agar was gently poured into petri dishes up to a uniform 787 

agar depth of 4 mm as recommended by CLSI standards for antimicrobial susceptibility testing 788 

(Matuschek et al., 2014). The agar plates were placed in a level 2 biosafety cabinet and the lids 789 

were slightly opened for the fumes to escape and allowed to solidify at room temperature. 790 

 791 

3.2.3. Preparation of bacterial isolates 792 

Gram-positive bacteria Bacillus subtilis (ATCC 6633), Staphylococcus aureus (ATCC 793 

11632) and Bacillus cereus (ATCC 10876) and Gram-negative bacteria Escherichia coli 794 

(ATCC 10536), Escherichia coli (ATCC 8739), Pseudomonas aeruginosa (ATCC 10145), 795 
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Salmonella typhi (ATCC 6539) were collected from the Microbiology laboratory, University 796 

of Nottingham Malaysia and sub-cultured on nutrient agar (Oxoid, Hampshire, UK). 797 

Acinetobacter baumannii (ATCC 19606) was procured from SPD Scientific (M) SDN BHD. 798 

All sub-cultured bacterial specimens were aseptically transferred using an inoculating loop 799 

and prepared in 5 ml suspensions of Mueller-Hinton Broth (Oxoid, Hampshire, UK) and were 800 

used within 15 minutes after inoculation. A fraction equivalent to 1 ml of the bacterial 801 

suspension was transferred to a cuvette and subjected to the spectrophotometer (Biochrom, 802 

Cambridge, UK), where the UV absorbance value was monitored to be in the range of 0.08 to 803 

0.10 at 625 nm in order to be adjusted to 0.5 McFarland turbidity standards which correspond 804 

to a bacterial cell count of 1.5 X 108 CFU/ml (Jain et al., 2016).   805 

 806 

3.2.4. Collection and identification of plant material 807 

Parts of the plant that include leaves, bark, stem and wood of C. bracteosus were collected 808 

from Manong primary rain forest in Perak, Peninsular Malaysia (GPS coordinates: 4Á72ǌN 809 

100Á81ǌE) on 3rd February 2017. A sample of the whole plant was sent to the Forest Research 810 

Institute of Malaysia (FRIM) located in Kepong, Selangor for authentication. A voucher 811 

sample of the whole authenticated plant of C. bracteosus (NB125) (Figure 4) was deposited 812 

under Forest Research Institute of Malaysia (FRIM). 813 

 814 

3.2.5. Preparation of plant extracts 815 

Leaves, bark, stem and wood of C. bracteosus were cleaned, air-dried and fragmented into 816 

pieces using the rotor beater mill (Retsch, Düsseldorf, Germany) and followed by the ultra-817 

centrifugal mill  (Retsch, Düsseldorf, Germany). The fragmented pieces were pulverized to a 818 

coarse powder with the application of a porcelain mortar and pestle. Seventy grams (70 g) of 819 

the powdered leaves, bark, stem and wood were separately dissolved in 1L of chloroform, 820 

methanol and hexane (Sigma-Aldrich, St. Louis, USA). The mixture containing powdered 821 

plant material to solvent ratio of 1:14 (w/v) was macerated under a water bath at 40°C for 822 

seven days and placed under an orbital shaker for another two days. The maceration was 823 

further assisted by ultrasonication at 40°C for 30 minutes. The macerated solution was filtered 824 

using Whatman grade 1 filter paper (GE Healthcare, Chicago, USA) and the solvent content 825 

of the macerated mixture was removed using the rotary evaporator under vacuum at 40°C. 826 

Fifty milligrams (50) mg of the dried extract was reconstituted with 1 ml of pure dimethyl 827 

sulfoxide (DMSO) (Sisco Research Laboratories, Mumbai, India) and the concentration of 828 
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the stock solution was at 50 mg/ml. 829 

 830 

3.2.6. Yield calculation of extracts 831 

The yield of plant extracted was calculated according to the following formula (Costa, et al., 832 

2014): 833 

 9ÉÅÌÄ Ϸ  
-ÁÓÓ ÏÆ ÐÌÁÎÔ ÅØÔÒÁÃÔÅÄ 

-ÁÓÓ ÏÆ ÉÎÉÔÉÁÌ ÐÌÁÎÔ ÍÁÔÅÒÉÁÌ
Ø ρππϷ 834 

3.2.7. Preparation of paper discs for antibacterial and antibiotic synergistic assays 835 

An aliquot equivalent to 20 ɛL of the reconstituted extract from the stock solution was 836 

transferred to sterilized filter paper discs (Whatman Grade 3; GE Healthcare, Chicago, USA) 837 

of 6 mm (20 ɛL capacity) in diameter and impregnated with plant extract. The impregnated 838 

discs containing the plant extract were set to a final concentration of 1000 ɛg/disc. Furthermore, 839 

standard antibiotic discs of gentamicin 10 ɛg, ciprofloxacin 5 ɛg, levofloxacin 5 ɛg, penicillin 840 

G 10 IU (6 µg), chloramphenicol 30 ɛg and ampicillin 10 ɛg (Oxoid, Hampshire, UK) were 841 

loaded and impregnated with 20 ɛL of the reconstituted plant extract for synergistic activity 842 

testing (Saquib et al., 2019). Another set of plant extract discs were impregnated with 50 mg 843 

of potassium clavulanate (1:1 v/v) (Macklin, Shanghai, China).  844 

 845 

3.2.8. Preparation of antibiotics for fractional  inhibitory  and fractional bactericidal 846 

concentration assays 847 

Standard antibiotic discs of ciprofloxacin 5 µg, chloramphenicol 30 µg, ampicillin 10 µg and 848 

penicillin G 10 IU (6 µg) were separately fully dissolved in sterilized broth and were serially 849 

diluted to different concentrations as elucidated in Supplementary Table 1. 850 

 851 

Supplementary Table 1. Data for preparing dilutions and concentrations for antibiotic stock 852 

solutions and antibiotic starting point vials. 853 

Concentration of 

antibiotic stock solution 

(ɛg/ml) (C1) 

Transfer volume 

from antibiotic 

stock solution 

(ml) (V1) 

Final concentration of 

antibiotic starting 

point vial (ɛg/ml) (C2) 

Volume of 

antibiotic 

starting point 

vial (ml) (V2) 

15 (Three ciprofloxacin 5 

µg discs dissolved in 1 ml 

of broth) 

1 5 3 
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90 (Three 

chloramphenicol 30 µg 

discs dissolved in 1 ml of 

broth) 

1 30 3 

30 (Three ampicillin 10 

µg discs dissolved in 1 ml 

of broth) 

1 10 3 

18 (Three penicillin G 6 

µg discs dissolved in 1 ml 

of broth) 

1 6 3 

 854 

3.2.9. Agar disc diffusion assay for screening of antibacterial activity  855 

The in vitro agar paper disc diffusion assay was used to evaluate the antibacterial activities 856 

of chloroform, methanol and hexane plant extracts. The antibacterial assay was performed on 857 

Muller-Hinton agar (Oxoid, Hampshire, UK). A sterile cotton swab was immersed in a 858 

bacterial suspension of 0.5 McFarland turbidity standards for each test organism and swabbed 859 

over the entire agar surface for even distribution. All extracts were brought to room temperature 860 

prior to being used in the assay. The paper discs were placed on the agar plate using sterilized 861 

forceps. The paper discs impregnated with pure DMSO were considered as the negative control 862 

and gentamicin 10 ɛg standard antibiotic disc served as the positive control in the assay. The 863 

plates were allowed to stand for about 3 hours at 4°C for pre-diffusion of the extract into the 864 

agar and incubated at 37°C for 24 hours. The assay was conducted in triplicates. The diameter 865 

of the zone of inhibition around each paper disc was measured to the nearest millimeter (mm), 866 

including the size of paper disc (Figure 6a) (Mostafa et al., 2018). 867 

 868 

3.3.1. Assay for the screening of synergistic activity using antibiotic discs and potassium 869 

clavulanate 870 

The in vitro agar paper disc diffusion assay was used to evaluate the antibiotic synergistic 871 

activities of chloroform, methanol and hexane plant extracts. The assay was performed on 872 

Muller-Hinton agar (Oxoid, Hampshire, UK). A sterile cotton swab was immersed in a 873 

bacterial suspension of 0.5 McFarland turbidity standards for each test organism and swabbed 874 

over the entire agar surface for even distribution. All extracts were brought to room temperature 875 

prior to being used in the assay. The paper discs were placed on the agar plate using sterilized 876 
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forceps. The paper discs impregnated with pure DMSO were considered as the negative control 877 

and gentamicin 10 ɛg, ciprofloxacin 5 ɛg, levofloxacin 5 ɛg, penicillin G 10 IU (6 µg), 878 

chloramphenicol 30 ɛg and ampicillin 10 ɛg standard antibiotic discs were served as positive 879 

controls in the assay for antibiotic synergism. In the assay for synergy testing with potassium 880 

clavulanate, positive controls used were penicillin G 10 IU (6 µg) combined with potassium 881 

clavulanate and standalone penicillin G 10 IU (6 µg), whereas potassium clavulanate with pure 882 

DMSO was used as the negative control for potassium clavulanate synergism assay. The plates 883 

were allowed to stand for about 3 hours at 4°C for pre-diffusion of the extract into the agar and 884 

incubated at 37°C for 24 hours. All assays were conducted in triplicates. The diameter of the 885 

zone of inhibition around each paper disc was measured to the nearest millimeter (mm), 886 

including the size of the paper disc (Figure 6a) (Mostafa et al., 2018). The antibiotic synergistic 887 

activities of plant extracts are determined by the growth inhibitory indices (GIIs), which are 888 

calculated according to the following formula: 889 

'))Ó  
):$ ÏÆ ÁÎÔÉÂÉÏÔÉÃ  ÐÌÁÎÔ ÅØÔÒÁÃÔ ÃÏÍÂÉÎÅÄ ÄÉÓÃ

):$ ÏÆ ÐÌÁÎÔ ÅØÔÒÁÃÔ ÁÎÄ ÁÎÔÉÂÉÏÔÉÃ ÉÎ ÉÎÄÉÖÉÄÕÁÌ ÁÃÔÉÏÎ
 890 

The GIIs value >1 wil l be considered as synergistic if the inhibition zone of the extract-891 

antibiotic combined disc is greater than their individual agents (Mandal et al., 2012; 892 

Dassanayake et al., 2021; Sharma et al., 2016). 893 

 894 

3.3.2. Determination of the minimum inhibitory concentration and minimum bactericidal 895 

concentration 896 

The macrobroth dilution assay was carried out on Muller-Hinton broth to determine the 897 

minimum inhibitory concentration (MIC) of plant extracts with concentrations ranging from 898 

567 to 109 ɛg/ml. The MIC for each extract was performed by dilutions. The reconstituted 899 

extract was passed through a 0.22 ɛm pore size PTFE syringe filter to ensure sterility. An 900 

aliquot equivalent to 100 ɛL of the reconstituted extract (50 mg/ml) was transferred to a glass 901 

vial containing 4.9 ml of broth and vortexed to mix thoroughly. The highest extract 902 

concentration was set to 1020 ɛg/ml, which was used to prepare the other extract dilutions. 903 

Three more glass vials were filled with 4.5 ml of broth and the last vial was filled with 4 ml of 904 

broth. An aliquot containing 2.5 ml from the 1020 ɛg/ml extract broth mixture was transferred 905 

to the second vial containing 4.5 ml of broth. The extract concentration of the second vial was 906 

set to 567 ɛg/ml. This procedure was continued till the last vial and the concentration of the 907 

final vial was set to 109 ɛg/ml. Three individual glass vials filled with clean broth, broth with 908 

plant extract and bacteria seeded broth with DMSO were served as controls in the following 909 
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assay. Each vial starting with the 1020 ɛg/ml of extract broth mixture was inoculated with 100 910 

ɛL of the 0.5 McFarland standard bacterial inoculums and incubated at 37°C for 24 hours. The 911 

turbidity of each vial was visually observed after incubation and the vial with the least 912 

opaqueness will be considered as the MIC (Figure 6b). 913 

An aliquot of 100 ɛL starting from the clear vial that was considered as the MIC was taken 914 

and spread on fresh agar plates and incubated to check for microbial growth/colonies. The agar 915 

plate free of microbial colonies of the corresponding plant extract concentration was considered 916 

as the MBC (Figure 6b). 917 

 918 

3.3.3. Determination of the fractional inhibitory concentration and fractional bactericidal 919 

concentration 920 

The same macrobroth dilution assay will be carried out on Muller-Hinton broth to determine 921 

the FIC, fractional inhibitory concentration index (FICI), FBC and fractional bactericidal 922 

concentration index (FBCI) of plant extract-antibiotic combinations. Two-fold serial dilutions 923 

of chloramphenicol to obtain a final concentration range of 30 to 3.75 ɛg/ml for B. cereus, 924 

ciprofloxacin to obtain a final concentration range of 5 to 0.625 ɛg/ml for B. cereus, ampicillin 925 

to obtain a final concentration range of 10 to 1.25 ɛg/ml for A. baumannii, penicillin G to obtain 926 

a final concentration range of 6 to 0.75 ɛg/ml for A. baumannii were individually prepared. 927 

Chloroform stem, bark and wood crude extracts were also prepared under the same 928 

concentration range conditions. In this manner, all standard antibiotic dilutions were separately 929 

mixed with the appropriate concentration of chloroform stem, bark and wood extracts in a 1:1 930 

volume ratio thus obtaining a series of combinations of conventional antibiotics and chloroform 931 

plant extracts. The concentrations of combined agents prepared corresponded to 1, 1/2, 1/4, 1/8 932 

of the starting point concentration value of the aforementioned antibiotics used (Konat® et al., 933 

2012). 934 

The FICs and FBCs are determined by MICs and MBCs of the antibiotics that indicated the 935 

most significant synergies respectively. The MIC for each antibiotic and plant extract-antibiotic 936 

combination was performed by dilutions. The dilutions were performed to construct four 937 

concentrations for each agent tested. Four individual glass vials filled with clean broth, broth 938 

with plant extract, bacteria seeded broth with DMSO and bacteria seeded broth with antibiotic 939 

were served as controls in the following assay. The FIC/FBC and FICI/FBCI of the antibiotic-940 

plant extract combination agent can be calculated according to the following formula shown 941 

below: 942 
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&)#  Ⱦ   
-)# ÏÆ ÐÌÁÎÔ ÅØÔÒÁÃÔ ÁÎÄ ÁÎÔÉÂÉÏÔÉÃ ÃÏÍÂÉÎÁÔÉÏÎ

-)# ÏÆ ÐÌÁÎÔ ÅØÔÒÁÃÔȾÃÏÍÐÏÕÎÄ
 943 

&)#   
-)# ÏÆ ÐÌÁÎÔ ÅØÔÒÁÃÔ ÁÎÄ ÁÎÔÉÂÉÏÔÉÃ ÃÏÍÂÉÎÁÔÉÏÎ

-)# ÏÆ ÁÎÔÉÂÉÏÔÉÃ
 944 

&)# ÉÎÄÅØ Ⱦ   945 

 &)#  Ⱦ   &)#   946 

FIC index Ò 0.5 will be considered as synergistic, > 0.5 but < 1 as partially synergistic, additive 947 

when = 1, in different when > 1 but < 2 and Ó 2 as antagonistic (Akinyele et al., 2017; Cai et 948 

al., 2007). 949 
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950 
Figure 6a. Experimental setup for assay for antibacterial activity and synergistic antibacterial assay. 
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 951 

Figure 6b. Experimental setup for assay for minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC).952 
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3.3.4. Screening for qualitative phytochemical analysis 953 

About 3 mg/3 ml of chloroform, methanol and hexane extracts of C. bracteosus were 954 

qualitatively screened for the presence of bioactive secondary metabolites like flavonoids, 955 

phenols, saponines, tannins, coumarins and alkaloids. 956 

 957 

3.3.4a. Test for flavonoids  958 

Approximately 3 ml of the filtrated extract was treated with few drops of 10% 2N NaOH 959 

(Sigma-Aldrich, St. Louis, USA) solution. The formation of yellow colour was an indication 960 

of flavonoids present in the extract (Ali et al., 2018). 961 

 962 

3.3.4b. Test for phenols 963 

Approximately 3 ml of the filtrated extract was treated with few drops of 5% ferric chloride 964 

(Sigma-Aldrich, St. Louis, USA) solution. The formation of dark blue to black colour was an 965 

indication of phenols present in the extract (Ali et al., 2018). 966 

 967 

3.3.4c. Froth test for saponines  968 

Approximately 5 ml of the filtrated extract was subjected to vigorous shaking for 15 minutes. 969 

A foamy generation of at least 1 cm in height was an indication of saponines present in the 970 

extract (Saqallah et al., 2018). 971 

 972 

3.3.4d. Braemerôs test for tannins  973 

Approximately 3 ml of the filtrated extract was treated with drops of 5% ferric chloride 974 

solution. The formation of dark blue or greenish black colour was an indication of tannins 975 

present in the extract (Ali et al., 2018). 976 

 977 

3.3.4e. Test for coumarins 978 

Approximately 3 ml of the filtrated extract was treated with few drops of 10% NaOH solution. 979 

The formation of yellow colour was an indication of coumarins present in the extract (Ali et 980 

al., 2018). 981 

 982 

3.3.4f. Test for alkaloids 983 

Approximately 3 ml of the filtrated extract was treated with 1 ml of Dragendorff's reagent 984 

(Sigma-Aldrich, St. Louis, USA). The presence of alkaloids were indicated by a reddish-brown 985 

or brick-red colour appearance (Kancherla et al., 2019). 986 
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3.3.5. Thin Layer Chromatography of crude extracts 987 

The chloroform extracts of C. bracteosus were subjected to Thin Layer Chromatography (TLC) 988 

for separation of phytochemical compounds in fractions. 989 

 990 

About 100 mg of the dried crude plant extract was reconstituted with 1 ml of ethanol (Merck, 991 

New Jersey, United States) and filtered through cotton and anhydrous magnesium sulphate 992 

(Merck, New Jersey, United States). Two (2) ɛL aliquots of the filtered plant extract 993 

reconstituted with absolute ethanol were consecutively transferred to Silica Gel 60 F254 coated 994 

aluminum-backed TLC plates (5 x 10 cm) (Merck, New Jersey, United States) at 1 minute 995 

intervals using a 10 ɛL microcapillary tube. The crude reconstituted extracts were spotted on 996 

the TLC plates and allowed to dry. The first end of the TLC plate at a margin of 1 cm was 997 

dipped in a TLC chamber saturated with 20 ml of 70% hexane + 30% ethyl acetate (Merck, 998 

New Jersey, United States) that was used as the eluent. Measures are taken to prevent the 999 

extract loaded area from touching the meniscus of the eluent.  The jar was sealed and allowed 1000 

the eluent to absorb and run up to 80% of the TLC plate from mobile phase via capillary action. 1001 

The TLC plate was then withdrawn after elution from the jar and gently dried. The fully dried 1002 

TLC plate was subjected to visible light, UV wavelength 254 nm, UV wavelength 365 nm, 1003 

vanillin + sulphuric acid (Sigma-Aldrich, St. Louis, USA) spray (test for terpenes), 10% ferric 1004 

chloride spray (tannin test) and 10% sodium hydroxide (flavonoids test) and Dragendoff's 1005 

reagent spray (alkaloid test) to visualize compound separations in fractions that were indicated 1006 

by spots on the TLC plate (Figure 7). The presence of tannins in the bands of separated fraction 1007 

will  be indicated by the colour appearance of dark blue greenish black (Ali et al., 2018). The 1008 

presence of alkaloids will be indicated by a reddish-brown or brick-red colour appearance 1009 

(Ghosh et al., 2014). The Rf value of each band was calculated by dividing the distance 1010 

travelled by the spot demarcated for the compound by the distance travelled by band 1011 

demarcated for the solvent from point of origin at the mobile phase. A good solvent system has 1012 

the ability to move compounds between the Rf value of 0.2 and 0.4 (Liu et al., 2017).  1013 

 1014 

 1015 
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 1016 

Figure 7:  Experimental setup for Thin Layer Chromatography Compound Analysis. 1017 

 1018 

3.3.6. Isolation of fractions from crude extracts 1019 

Isolation of larger quantities of fractions from chloroform crude extracts of stem, bark and 1020 

wood were separated using preparative Silica Gel 60 F254 coated glass-backed TLC plates (20 1021 

x 20 cm) (Merck, New Jersey, United States) under the same eluent that composed of 70% 1022 

hexane + 30% ethyl acetate. The first end of the preparative TLC plate at a margin of 1 inch 1023 
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was dipped in a TLC chamber saturated with 300 ml of the aforesaid eluent. For preparative 1024 

TLC assay, 10 ɛL aliquots of crude plant extract reconstituted with absolute ethanol were 1025 

consecutively and timely transferred on to plates and allowed to be fully dried. The experiment 1026 

was repeated five times. Similarly, the Rf value of each band was recorded after running 1027 

preparative TLC. The silica composed of separated fractions were then scrapped from TLC 1028 

plates and collected into individual centrifuge tubes (50 ml). Absolute ethanol was used to 1029 

macerate the compound impregnated silica and sonicated for several hours using an ultra-1030 

sonicator (Labline, Mumbai, India) at 40ºC. The sonicated mixture was then subjected to 1031 

ultracentrifugation using a refrigerated centrifuge (Eppendorf, Hamburg, Germany) at 9000 1032 

rpm for 10 min for utter separation of compounds from silica in the mixture. The silica 1033 

precipitate free supernatant was obtained and filtered with 0.22 ɛm pore size PTFE syringe 1034 

filter. The ethanol content present in the filtered supernatant was evaporated using rotary 1035 

evaporator under a vacuum at 40°C and dried completely. The dried fractions were numbered 1036 

from baseline (bottom) to solvent font (top) of each TLC plate according to their appearance 1037 

and later evaluated for antibacterial, antibiotic synergistic activity and subjected for GC-MS 1038 

and HPLC analysis. 1039 

 1040 

3.3.7. Assay for the screening of antibacterial activity and antibiotic synergistic activity 1041 

of isolated fractions 1042 

The in vitro agar paper disc diffusion assay was used to evaluate the antibacterial and 1043 

antibiotic synergistic activities of isolated fractions obtained from chloroform plant extracts. 1044 

Organisms and antibiotics that responded most effectively for crude chloroform stem, bark and 1045 

wood extracts of C. bracteosus were taken for analysing antibacterial and antibiotic synergistic 1046 

activities of these isolated fractions. The assay was performed on Muller-Hinton agar (Oxoid, 1047 

Hampshire, UK). A sterile cotton swab was immersed in a bacterial suspension of 0.5 1048 

McFarland turbidity standards for each test organism and swabbed over the entire agar surface 1049 

for even distribution. The dried filtrates composed of isolated fractions were reconstituted with 1050 

absolute DMSO. Aliquots equivalent to 30 ɛL of the reconstituted filtrates were transferred 1051 

individually to sterilized filter paper discs (Whatman Grade 3; GE Healthcare, Chicago, USA) 1052 

of 6 mm in diameter. Furthermore, penicillin G 10 IU (6 Õg) and ampicillin 10 ɛg discs (Oxoid, 1053 

Hampshire, UK) were loaded and impregnated with 30 ɛL of the reconstituted filtrates for 1054 

synergistic activity testing (Saquib et al., 2019). The impregnated discs were allowed to dry 1055 

for few minutes. 1056 
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The paper discs were placed on the agar plate using sterilized forceps. The paper discs 1057 

impregnated with pure DMSO was considered as the negative control and penicillin G 10 IU 1058 

(6 µg), ampicillin 10 ɛg and gentamicin 10 ɛg standard antibiotic discs served as positive 1059 

controls in the assay. The plates were allowed to stand for about 3 hours at 4°C for pre-diffusion 1060 

of the extract into the agar and incubated at 37°C for 24 hours. The assay was conducted in 1061 

triplicates. The diameter of the zone of inhibition around each paper disc was measured to the 1062 

nearest millimeter (mm), including the size of the paper disc. The antibiotic synergistic 1063 

activities of isolated fractions are determined by GIIs. 1064 

 1065 

3.3.8. Compound analysis and chemical profiling of isolated chloroform extract fractions 1066 

using GC-MS and HPLC 1067 

 1068 

3.3.8a. Gas chromatographyïmass spectrometry (GC-MS) 1069 

The isolated fractions of stem, bark, wood extracts were individually dissolved in absolute 1070 

ethanol (Merck, New Jersey, United States) and GC-MS analysis was performed on a 1071 

PerkinElmer Clarus 680, 5Q85 mass spectrometer (Massachusetts, USA) using the Elite 5MS 1072 

column (30 mĬ0.25 mmĬ0.25 Õm ýlm). An electron ionization system with an ionization 1073 

energy of 70 eV was used for GC-MS detection. Scan range 35-600 m/z in mode of 0.5 scans 1074 

s-1. The carrier gas applied was helium with a þow rate of 1 ml/min. Injector and oven 1075 

temperatures were set to 250°C. The oven temperature was the same as with the GC analysis. 1076 

The samples of 1 µL were injected in the 50:1 split mode.  1077 

The identification of components was performed by comparison of their RRT relative retention 1078 

time, peak area %, percentage abundance and mass spectra-to-charge ratio with those of 1079 

authentic samples, literature/data and computerised MSïdata bank NIST (National Institute of 1080 

Standards and Technology) 2.0 (2005) database. The peak area method was followed for the 1081 

quantitative determination of different constituents and the percentage was calculated 1082 

relatively. 1083 

 1084 

3.3.8b. High-Performance Liquid Chromatography (HPLC) 1085 

The TLC isolated fraction number 6 of C. bracteosus chloroform bark extract, which exhibited 1086 

both standalone antibacterial activity and synergistic with ampicillin and penicillin G was 1087 

dissolved in dichloromethane (DCM) (Merck, New Jersey, United States) and passed through 1088 

a 0.22 ɛm pore size PTFE syringe filter for normal-phase HPLC analysis. Prior to subjecting 1089 

the sample for HPLC separation, the column was washed with absolute DCM. Subsequently, 1090 
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the chromatographic fractionation was performed using the PerkinElmer LC 300 technology 1091 

of C-18 column (Massachusetts, USA) accommodated by the Agilent 1200 series HPLC 1092 

system (Santa Clara, USA). Sixty (60) ÕL of the sample was injected at a þow rate of 0.6 1093 

mL/min to achieve a retention time 20 min per run. Absolute DCM was used as the standard 1094 

and as the solvent of choice during the mobile phase in the analysis. The RT peaks in the HPLC 1095 

chromatograms were compared with compound references of digoxigenin, where the UV 1096 

wavelength was set at 218-220 nm (Jedliļka et al., 2003) and lauric acid by setting the UV 1097 

wavelength at 230-256 nm (Czauderna and Kowalczyk, 2002) for abundance indication of the 1098 

aforesaid compounds in the isolated fraction.  1099 

 1100 

3.3.9. Preparation of 3% glutaraldehyde cell fixative  1101 

Twelve (12) ml of 25% sterile glutaraldehyde solution, Grade I was added to 50 ml of 0.1 M 1102 

sterile phosphate buffer solution (PBS) and top-up with 38 ml of sterile distilled water to make 1103 

100 ml of the 3% glutaraldehyde solution. 1104 

 1105 

3.4.1. Field emission scanning electron microscopic (FE-SEM) characterization 1106 

Both plant extract treated and non-treated bacterial cells of B. cereus, B. subtilis and A. 1107 

baumannii were examined under FE-SEM for the comparison and assessment of their external 1108 

structures. Bacteria were grown on agar plates and round 12 mm sterilized coverslips were 1109 

placed on their single colonies and pressed gently for cell attachment. This procedure was 1110 

carried out for both non-treated reference samples and plant extract treated samples. 1111 

Subsequently, C. bracteosus stem, bark and wood extract treated bacteria were directly taken 1112 

from the inhibition zones for each organism. Both treated and non-treated samples were fixed 1113 

overnight with 3% (v/v) glutaraldehyde (Sigma-Aldrich, St. Louis, USA) at 4°C. The fixed 1114 

samples were removed of glutaraldehyde and washed thrice for 10 mins each time in 0.1 M 1115 

phosphate buffer solution (Sigma-Aldrich, St. Louis, USA) and dehydrated with ethanol series 1116 

30%, 50%, 70%, 80%, 90%, 96% for 10 mins each and with absolute ethanol twice for 10 min 1117 

each. After dehydration in alcohol, the samples were critically dried in ethanol and 1118 

hexamethyldisilazane (HMDS) (Sigma-Aldrich, St. Louis, USA) (2:1) for 15 mins, ethanol and 1119 

HMDS (1:2) for 15 mins and finally, HMDS alone for 15 min. The 100% HMDS step was 1120 

repeated and the excess HMDS was removed, leaving just a layer covering the coverslip to 1121 

fully dry under the fume hood overnight. The fully dried samples on coverslips were mounted 1122 

on metal stubs and sputter coated with gold for 1 min using Quorum Q150R Plus (Judges 1123 

Scientific plc, London, UK) and microscopically analysed by FEI Quanta 400F model EDX: 1124 
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INCA 400 Oxford instrument with X-Max Detector FE-SEM (Brno, Czech Republic) for 1125 

exterior morphological alterations.   1126 

 1127 

3.4.2. Statistical data analysis 1128 

The data obtained for antibacterial and synergistic antibiotic assays were statistically evaluated 1129 

using One-way ANOVA for larger samples (nÓ3) and Mann-Whitney U test for smaller 1130 

samples (n<3) and post-hoc tests Dunnett's and Tukey HSD were used for multiple 1131 

comparisons between samples and controls and among samples respectively. The data analysis 1132 

was performed using GraphPad Prism software version 9.4.1 (San Diego, California, USA) to 1133 

compare the IZD (inhibition zone diameter) means of each group with the IZD means of each 1134 

other group. The analysed data were considered to be statistically significant when the p-value 1135 

of less than 0.05 (p<0.05) at a confidence level of 95%. The Null (H0) will be accepted if the 1136 

p-value is Ó0.05 and the alternative (H1) will be rejected. Whereas the Null (H0) will be rejected 1137 

if the p-value is <0.05 and the alternative (H1) will be accepted. 1138 

 1139 

Hypotheses being tested: 1140 

1) Null (H0): The means of IZD distributions underlying the samples (chloroform extracts) 1141 

and control (gentamicin 10 Õg) for B. subtilis, B. cereus and A. baumannii are equal. 1142 

Alternative (H1): The means of IZD distributions underlying the samples (chloroform extracts) 1143 

and control (gentamicin 10 Õg) for B. subtilis, B. cereus and A. baumannii are not equal. 1144 

2) Null (H0): There are no differences between the means of IZDs between chloroform 1145 

extracts for B. subtilis, B. cereus and A. baumannii.  1146 

Alternative (H1): At least one of the extracts has a different mean IZD for bacteria than at least 1147 

one other extract. 1148 

3) Null (H0): There are no differences between the means of IZDs between chloroform, 1149 

hexane and methanol extracts for B. subtilis, B. cereus and A. baumannii.  1150 

Alternative (H1): At least one of the extracts has a different mean IZD for bacteria than at least 1151 

one other extract. 1152 

4) Null (H0): The means of IZD distributions underlying the ampicillin synergies of hexane 1153 

extracts and control (ampicillin 10 Õg) for E. coli and S. typhi are equal. 1154 
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Alternative (H1): The means of IZD distributions underlying the ampicillin synergies of hexane 1155 

extracts and control (ampicillin 10 Õg) for E. coli and S. typhi are not equal. 1156 

5) Null (H0): The means of IZD distributions between penicillin G + methanol bark synergy 1157 

and control (penicillin G) for B. subtilis, B. cereus and A. baumannii are equal. 1158 

Alternative (H1): The means of IZD distributions between penicillin G + methanol bark synergy 1159 

and control (penicillin G) for B. subtilis, B. cereus and A. baumannii are not equal. 1160 

6) Null (H0): The means of IZD distributions underlying the ampicillin synergies of 1161 

chloroform extracts and control (ampicillin 10 Õg) for E. coli, S. aureus, A. baumannii and 1162 

S. typhi are equal. 1163 

Alternative (H1): The means of IZD distributions underlying the ampicillin synergies of hexane 1164 

extracts and control (ampicillin 10 Õg) for E. coli and S. typhi are not equal. 1165 

7) Null (H0): There are no differences between the means of IZDs between ampicillin 1166 

synergies of chloroform extracts for E. coli, S. aureus, A. baumannii and S. typhi.  1167 

Alternative (H1): At least one of the synergies has a different mean IZD for bacteria than at 1168 

least one other extract. 1169 

 1170 

 1171 

 1172 

 1173 

 1174 

 1175 

 1176 

 1177 

 1178 

 1179 

 1180 

 1181 

 1182 

 1183 

 1184 

 1185 

 1186 
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CHAPTER 4: RESULTS  1187 

 1188 

4.1. Yield of plant extracts 1189 

The highest yields obtained for C. bracteosus extracts include leaf methanol (0.762%), 1190 

chloroform leaf (0.761%) and leaf hexane (0.75%). The raw masses and the final yields C. 1191 

bracteosus extracts are summarised in Table 2. 1192 

 1193 

Table 2. The raw masses and the final yield of C. bracteosus methanol, hexane and chloroform 1194 

extracts. 1195 

Extract type Extract Mass of initial plant 

material (g) 

Mass of extracted plant 

material (g) 

Yield of plant 

extract (%) 

Methanol Leaf 70 0.534 0.762 

Bark 70 0.511 0.73 

Hexane Leaf 70 0.531 0.75 

Bark 70 0.508 0.725 

Chloroform Leaf 70 0.533 0.761 

Bark 70 0.510 0.728 

Stem 70 0.498 0.711 

Wood 70 0.490 0.70 

 1196 

 1197 

4.2. Assessment for antibacterial activity and antibiotic synergistic activity  1198 

In the present study, the results of the antibacterial activity assay indicating the zone of 1199 

inhibition for standalone discs containing leaf, bark, stem and wood of C. bracteosus extracted 1200 

in chloroform, methanol and hexane against B. subtilis, B. cereus, S. aureus, P. aeruginosa, S. 1201 

typhi, E. coli and A. baumannii are summarised in Tables 3a, 3c and 3e and Figures 8a, 8c, 8e 1202 

and 8f. Whereas results recorded for inhibition zones around discs containing C. bracteosus 1203 

leaf, bark, stem and wood extracts combined with standard antibiotics in the assay for 1204 

synergistic antibiotic activity against the above tested bacterial isolates are presented in Tables 1205 

3b, 3d, 3f and 3g and Figures 8b, 8d, 8g and 8h. The antibacterial activities and antibiotic 1206 

synergistic activities of isolated fractions from chloroform stem extract are summarised in 1207 

Table 9, which showed the highest antibacterial and antibiotic synergistic potential in the 1208 

experiment. The DMSO negative control disc did not indicate any observable antibacterial 1209 
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activity in all assays while inhibition zones of significant diameters were detected around 1210 

standard antibiotic discs with the exception of penicillin G against E. coli, P. aeruginosa, B. 1211 

subtilis, B. cereus and A. baumannii and ampicillin against B. subtilis, B. cereus and A. 1212 

baumannii that severed as positive controls. The data obtained in the assays will be elucidated 1213 

below.  1214 

 1215 

4.2.1. Antibacterial and antibiotic synergistic activities of methanol extracts 1216 

The methanolic leaf extract of C. bracteosus indicated observable but mild antibacterial 1217 

activity against B. cereus, B. subtilis and A. baumannii, whereas the methanol bark extract did 1218 

not exhibit any observable antibacterial activity. The methanolic leaf extract induced mean 1219 

IZDs of 7 ± 0.71 mm for B. subtilis and 7 ± 0.70 mm for B. cereus and 7 ± 0.77 mm for A. 1220 

baumannii at its highest concentration of 1000 µg in disc (Figure 8a). The standalone methanol 1221 

extracts of the plant did not indicate any observable antibacterial activity for the other bacterial 1222 

strains tested. However, antibiotic synergistic activity of methanol extracts was observed for 1223 

E. coli, S. aureus and A. baumannii. The best antibiotic synergism was observed for A. 1224 

baumannii.  1225 

Antibiotic synergism was observed for E. coli ATCC 8739 when the methanol leaf extract 1226 

with ciprofloxacin disc exhibited an inhibition zone that was approximately 1 mm larger than 1227 

the standard ciprofloxacin disc with a GIIs synergy index of 1.03 (Figure 8b). In the synergistic 1228 

antibacterial activity assay against S. aureus, the methanol leaf extract with penicillin G disc 1229 

induced a zone of inhibition approximately 1.5 mm larger than the standard ampicillin disc in 1230 

diameter (Figure 8b). Whereas the methanol bark extract exhibited inhibition zones that were 1231 

approximately 1 mm larger than the standard penicillin G disc (Figure 8b). The methanol leaf 1232 

extract with penicillin G combined disc had the highest synergistic activity out of the two with 1233 

a GIIs synergy index of 1.09 for S. aureus.  1234 

The methanol extracts of C. bracteosus exponentially potentiated the antibacterial action of 1235 

ampicillin and penicillin G against A. baumannii. The methanol leaf-ampicillin combined disc 1236 

and the chloroform bark-ampicillin combined disc induced an inhibition zone of 7.5 ± 0.57 mm 1237 

in diameter for A. baumannii, whereas the standard ampicillin disc did not show any zone of 1238 

inhibition for the bacterium (Figure 8b). An inhibition zone of 8 ± 0.52 mm in diameter was 1239 

detected for the methanol bark extract-penicillin G combined disc against A. baumannii, 1240 

whereas the standard penicillin G disc did not show any zone of inhibition for the bacterium 1241 

(Figure 8b). A GIIs synergy index >1 was obtained for methanol bark extract of C. bracteosus 1242 

when combined with penicillin G against A. baumannii. A remarkable antibiotic potentiating 1243 
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effect is also observed when methanolic bark extracts of C. bracteosus were combined with 1244 

ampicillin and penicillin G against B. cereus, which indicated GIIs synergy indices >1. The 1245 

methanol bark-ampicillin combined disc induced an inhibition zone of 6.3 ± 0.44 mm in 1246 

diameter for B. cereus, whereas the standard ampicillin disc did not show any zone of inhibition 1247 

for the bacterium (Figure 8b). The methanol bark extract with penicillin G combined disc 1248 

induced an inhibition zone of 8.5 ± 0.53 for B. cereus, whereas the standard penicillin G disc 1249 

did not show any zone of inhibition for the bacterium (Figure 8b). 1250 
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Table 3a. Diameters for the zone of inhibition for methanol extracts of C. bracteosus against bacteria in the disc diffusion antibacterial assay. 1251 

Bacterial isolates Zone of inhibition (mm) 

 Leaf extract Bark extract Gentamicin 10 µg (PC) Pure DMSO (NC) 

 

E. coli ATCC 10536 

 

0 

 

0 

 

22 ± 0.33 

 

0 

B. subtilis ATCC 6633 7 ± 0.71 0 23.5 ± 0.25 0 

S. aureus ATCC 11632 0 0 24 ± 0.56 0 

B. cereus ATCC 10876 7 ± 0.70 0 22.5 ± 0.59 0 

P. aeruginosa ATCC 10145 0 0 12 ± 0.66 0 

S. typhi ATCC 6539 0 0 18 ± 0.54 0 

E. coli ATCC 8739 0 0 23 ± 0.13 0 

A. baumannii ATCC 19606 7 ± 0.77 0 23 ± 0.78 0 

PC = positive control, NC = negative control, Extract concentration is at 1000 µg/disc, Values are represented as the mean of triplicates (n=3) ± 1252 

S.E.M. 1253 
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 1254 

Figure 8a. Standalone antibacterial activity of methanol leaf and bark extracts of C. bracteosus. 1255 

 1256 

 1257 

 1258 
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Table 3b. Diameters for the zone of inhibition for methanol extracts of C. bracteosus in the disc diffusion synergistic antibacterial assay. 1259 

Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

 

Leaf Bark Leaf Bark 

E. coli ATCC 10536 Levofloxacin 5 µg 32 ± 0.58 31 ± 0. 59 28 ± 0.88 - - 

Ciprofloxacin 5 µg 38 ± 0.56 35 ± 0. 69 35 ± 0.58 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 20 ± 0.80 17 ± 0.77 15 ± 0.40 - - 

Chloramphenicol 30 µg 28 ± 0.48 25.5 ± 0.66 27 ± 0.88 - - 

Ampicillin 10 µg 10± 0.59 9 ± 0. 67 9 ± 0.64 - - 

E. coli ATCC 8739 Levofloxacin 5 µg 33 ± 0.64 32 ± 0.57 31 ± 0.89 - - 

Ciprofloxacin 5 µg 34 ± 0.22 35 ± 0.16 32 ± 0.56 1.03 - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 21.5 ± 0.57 16 ± 0.55 17 ± 0.78 - - 

Chloramphenicol 30 µg 31 ± 0.58 27 ± 0.22 26.5 ± 0.11 - - 

Ampicillin 10 µg 15 ± 0.55 14 ± 0.45 15 ± 0.89 - - 

S. typhi ATCC 6539 Levofloxacin 5 µg 36 ± 0.67 35 ± 0.88 35 ± 0.67 - - 

Ciprofloxacin 5 µg 40 ± 0.87 38 ± 0.32 38.5 ± 0.45 - - 

Penicillin G 10 IU (6 µg) 12 ± 0.57 12 ± 0.87 11.5 ± 0.16 - - 

 1260 
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Table 3b (continued) 1261 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 
 

Gentamicin 10 µg 20 ± 0.58 15 ± 0.53 15 ± 0.45 - - 

Chloramphenicol 30 µg 30 ± 0.34 29 ± 0.46 30 ± 0.86 - - 

Ampicillin 10 µg 25 ± 0.73 24 ± 0.47 23 ± 0.54 - - 

P. aeruginosa ATCC 10145 Levofloxacin 5 µg 22 ± 0.35 20 ± 0.22 19 ± 0.57 - - 

Ciprofloxacin 5 µg 31 ± 0.52 23 ± 0.56 27 ± 0.11 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 13 ± 0.54 11.5 ± 0.66 10 ± 0.63 - - 

Chloramphenicol 30 µg 0 0 0 - - 

Ampicillin 10 µg 0 0 0 - - 

B. subtilis ATCC 6633 Levofloxacin 5 µg 28 ± 0.57 29 ± 0.64 29 ± 0.37 - - 

Ciprofloxacin 5 µg 31 ± 0.13 31.5 ± 0.25 29 ± 0.43 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 24.5 ± 0.43 18 ± 0.57 19.5 ± 0.59 - - 

Chloramphenicol 30 µg 26 ± 0.43 26 ± 0.22 26 ± 0.21 - - 

Ampicillin 10 µg 0 0 0 - - 

S. aureus ATCC 11632 Levofloxacin 5 µg 30 ± 0.23 29 ± 0.45 31 ± 0.57 - - 
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Table 3b (continued) 1262 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 
 

Ciprofloxacin 5 µg 29 ± 0.24 26 ± 0.66 29 ± 0.12 - - 

Penicillin G 10 IU (6 µg) 17 ± 0.57 18.5 ± 0.60 18 ± 0.43 1.09 1.06 

Gentamicin 10 µg 25 ± 0.59 21 ± 0.16 19 ± 0.57 - - 

Chloramphenicol 30 µg 31 ± 0.50 28 ± 0.34 29 ± 0.58 - - 

Ampicillin 10 µg 23 ± 0.51 23 ± 0.57 23 ± 0.56 - - 

B. cereus ATCC 10876 Levofloxacin 5 µg 26 ± 0.56 27 ± 0.52 26 ± 0.51 - - 

Ciprofloxacin 5 µg 28 ± 0.58 26 ± 0.55 26 ± 0.57 - - 

Penicillin G 10 IU (6 µg) 0 0 8.5 ± 0.53 - >1 

Gentamicin 10 µg 22 ± 0.59 16 ± 0.31 13 ± 0.57 - - 

Chloramphenicol 30 µg 22 ± 0.74 23 ± 0.46 23.5 ± 0.26 - - 

Ampicillin 10 µg 0 6.1 ± 0.16 6.3 ± 0.44 - >1 

A. baumannii ATCC 19606 Levofloxacin 5 µg 27 ± 0.57 26 ± 0.87 24 ± 0.28 - - 

Ciprofloxacin 5 µg 29 ± 0.16 27 ± 0.19 26 ± 0.57 - - 

Penicillin G 10 IU (6 µg) 0 6.1 ± 0.58 8 ± 0.52 - >1 

Gentamicin 10 µg 22 ± 0.45 15 ± 0.57 17 ± 0.59 - - 

Chloramphenicol 30 µg 22 ± 0.55 22 ± 0.23 23 ± 0.97 - - 
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Table 3b (continued) 1263 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 
 

Ampicillin 10 µg 0 7.5 ± 0.54 7.5 ± 0.57 1.07 >1 

 1264 
Extract concentration is at 1000 µg/disc, Values for the zone of inhibition are represented as the mean of triplicates (n=3) ± S.E.M, GIIs = 1265 

Growth inhibitory indices (synergy index). *Bold font indicates data for antibiotic synergism. 1266 

 1267 
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                                                                                       1268 

Figure 8b. Synergistic antibacterial activity of methanol leaf and bark extracts of C. bracteosus.1269 
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4.2.2. Antibacterial and antibiotic synergistic activities of hexane extracts 1270 

Both hexane leaf and bark extracts of C. bracteosus indicated observable yet mild 1271 

antibacterial activity against B. cereus, B. subtilis and A. baumannii with bark extract having 1272 

superior antibacterial activity. The hexane leaf extract induced mean IZDs of 6.1 ± 0.71 mm 1273 

and the hexane bark extract induced mean IZDs of 7 ± 0.29 mm for B. cereus and 8 ± 0.45 for 1274 

A. baumannii at their highest concentration of 1000 µg in disc (Figure. 8c). The standalone 1275 

hexane extracts of the plant did not indicate any observable antibacterial activity for the other 1276 

bacterial strains tested. However, antibiotic synergistic activity of hexane extracts was 1277 

observed for multiple strains tested with the exception of B. subtilis, P. aeruginosa and A. 1278 

baumannii. The best antibiotic synergism was observed for E. coli and S. aureus. 1279 

In the synergistic antibacterial activity assay against E. coli ATCC 10536, the hexane leaf 1280 

extract with ampicillin disc induced a zone of inhibition approximately 2 mm larger than the 1281 

standard ampicillin disc in diameter (Figure 8d). Whereas the hexane bark extract exhibited an 1282 

inhibition zone that were approximately 1 mm larger than the standard ampicillin disc (Figure 1283 

8d). The highest GIIs synergy index was obtained for hexane leaf extract of C. bracteosus when 1284 

combined with ampicillin against E. coli ATCC 10536 which was 1.2. Both hexane leaf and 1285 

bark extract-ciprofloxacin combined discs exhibited inhibition zones that were approximately 1286 

3.5 mm larger than the standard ciprofloxacin disc in diameter for E. coli ATCC 8739 with a 1287 

GIIs synergy index of 1.09 (Figure 8d). Similarly, both hexane leaf and bark extract-ampicillin 1288 

combined discs exhibited inhibition zones that were approximately 3.5 mm larger than the 1289 

standard ciprofloxacin disc in diameter for S. typhi with a GIIs synergy index of 1.07 (Figure 1290 

8d). 1291 

In the synergistic antibacterial activity assay against S. aureus, penicillin G showed synergy 1292 

against S. aureus when used in combination with hexane leaf and bark extracts, in which 1293 

penicillin G-leaf extract and penicillin G-bark extract combined discs induced an inhibition 1294 

zone approximately 2.5 mm larger than the standard penicillin G disc with a GIIs synergy index 1295 

of 1.18 (Figure 8d). Antibiotic synergism was observed for B. cereus when the hexane leaf 1296 

extract of C. bracteosus with ciprofloxacin combined disc exhibited inhibition zones that were 1297 

approximately 2 mm larger than the standard ciprofloxacin disc (Figure 8d). The hexane leaf 1298 

extract with ciprofloxacin combined disc indicated a GIIs synergy index of 1.07 for B. cereus. 1299 
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Table 3c. Diameters for the zone of inhibition for hexane extracts of C. bracteosus against bacteria in the disc diffusion antibacterial assay. 1300 

Bacterial isolates Zone of inhibition (mm) 

 Leaf extract Bark extract Gentamicin 10 µg (PC) Pure DMSO (NC) 

 

E. coli ATCC 10536 

 

0 

 

0 

 

21 ± 0.34 

 

0 

B. subtilis ATCC 6633 6.1 ± 0.71 0 22.5 ± 0.25 0 

S. aureus ATCC 11632 0 0 25 ± 0.56 0 

B. cereus ATCC 10876 0 7 ± 0.29 23.5 ± 0.27 0 

P. aeruginosa ATCC 10145 0 0 19 ± 0.56 0 

S. typhi ATCC 6539 0 0 20 ± 0.58 0 

E. coli ATCC 8739 0 0 26 ± 0.60 0 

A. baumannii ATCC 19606 0 8 ± 0.45 22 ± 0.65 0 

PC = positive control, NC = negative control, Extract concentration is at 1000 µg/disc, Values are represented as the mean of triplicates (n=3) ± 1301 

S.E.M. 1302 
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 1303 

Figure 8c. Standalone antibacterial activity of hexane leaf and bark extracts of C. bracteosus. 1304 

 1305 

 1306 
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Table 3d. Diameters for the zone of inhibition for hexane extracts of C. bracteosus in the disc diffusion synergistic antibacterial assay. 1307 

Bacterial isolates Zone of inhibition (mm) GIIs 
 

Standard antibiotic disc 

With potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

 

Leaf Bark Leaf Bark 

E. coli ATCC 10536 Levofloxacin 5 µg 31 ± 0.56 30 ± 0. 57 29± 0.88 - - 

Ciprofloxacin 5 µg 36 ± 0.53 33 ± 0. 67 34 ± 0.56 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 20.5 ± 0.87 18 ± 0.78 15 ± 0.46 - - 

Chloramphenicol 30 µg 28 ± 0.47 26.5 ± 0.69 27 ± 0.87 - - 

Ampicillin 10 µg 10 ± 0.57 12 ± 0. 66 11 ± 0.64 1.2 1.1 

E. coli ATCC 8739 Levofloxacin 5 µg 36 ± 0.59 36 ± 0.51 36 ± 0.57 - - 

Ciprofloxacin 5 µg 40 ± 0.57 43.5 ± 0.53 43.5 ± 0.51 1.09 1.09 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 25 ± 0.54 18 ± 0.57 22 ± 0.78 - - 

Chloramphenicol 30 µg 34 ± 0.34 33 ± 0.23 33.5 ± 0.54 - - 

Ampicillin 10 µg 15 ± 0.56 14 ± 0.32 15 ± 0.45 - - 

S. typhi ATCC 6539 Levofloxacin 5 µg 36 ± 0.57 35 ± 0.37 35 ± 0.57 - - 

Ciprofloxacin 5 µg 39 ± 0.76 31.5 ± 0.88 34 ± 0.34 - - 

Penicillin G 10 IU (6 µg) 13 ± 0.57 12.5 ± 0.37 12 ± 0.89 - - 

 1308 
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Table 3d (continued) 1309 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

 

Leaf Bark Leaf Bark 
 

Gentamicin 10 µg 18 ± 0.55 16 ± 0.52 18 ± 0.57 - - 

Chloramphenicol 30 µg 31 ± 0.84 26 ± 0.45 29 ± 0.65 - - 

Ampicillin 10 µg 30 ± 0.57 32 ± 0.12 32 ± 0.54 1.07 1.07 

P. aeruginosa ATCC 10145 Levofloxacin 5 µg 23 ± 0.65 19 ± 0.57 22.5 ± 0.45 - - 

Ciprofloxacin 5 µg 31.5 ± 0.45 28 ± 0.29 30 ± 0.56 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 19.5 ± 0.57 7.5 ± 0.56 10 ± 0.22 - - 

Chloramphenicol 30 µg 0 0 0 - - 

Ampicillin 10 µg 0 0 0 - - 

B. subtilis ATCC 6633 Levofloxacin 5 µg 26 ± 0.66 26 ± 0.34 26 ± 0.14 - - 

Ciprofloxacin 5 µg 28 ± 0.57 24 ± 0.54 27 ± 0.87 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 21 ± 0.38 16 ± 0.26 19 ± 0.65 - - 

Chloramphenicol 30 µg 19.5 ± 0.22 19 ± 0.65 22 ± 0.25 - - 

Ampicillin 10 µg 0 0 0 - - 

S. aureus ATCC 11632 Levofloxacin 5 µg 31 ± 0.64 29 ± 0.27 30.5 ± 0.93 - - 
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Table 3d (continued) 1310 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

 

Leaf Bark Leaf Bark 
 

Ciprofloxacin 5 µg 29 ± 0.48 25 ± 0.57 29 ± 0.54 - - 

Penicillin G 10 IU (6 µg) 14 ± 0.57 16.5 ± 0.18 16.5 ± 0.48 1.18 1.18 

Gentamicin 10 µg 24 ± 0.87 20 ± 0.35 18.5 ± 0.27 - - 

Chloramphenicol 30 µg 31 ± 0.65 29 ± 0.38 28 ± 0.35 - - 

Ampicillin 10 µg 41 ± 0.53 40 ± 0.28 41 ± 0.29 - - 

B. cereus ATCC 10876 Levofloxacin 5 µg 30 ± 0.57 26 ± 0.54 27 ± 0.53 - - 

Ciprofloxacin 5 µg 30 ± 0.59 32 ± 0.66 31 ± 0.94 1.07 - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 19 ± 0.28 14.5 ± 0.28 19 ± 0.49 - - 

Chloramphenicol 30 µg 24 ± 0.45 24 ± 0.44 23 ± 0.57 - - 

Ampicillin 10 µg 0 0 0 - - 

A. baumannii ATCC 19606 Levofloxacin 5 µg 25 ± 0.65 25 ± 0.34 27 ± 0.23 - - 

Ciprofloxacin 5 µg 26 ± 0.96 24 ± 0.54 30 ± 0.57 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 20.5 ± 0.39 19.5 ± 0.20 22 ± 0.10 - - 

Chloramphenicol 30 µg 20 ± 0.57 20 ± 0.56 18 ± 0.84 - - 
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Table 3d (continued) 1311 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

 

Leaf Bark Leaf Bark 
 

Ampicillin 10 µg 0 0 0 - - 

Extract concentration is at 1000 µg/disc, Values for the zone of inhibition are represented as the mean of triplicates (n=3) ± S.E.M, GIIs = 1312 

Growth inhibitory indices (synergy index). *Bold font indicates data for antibiotic synergism. 1313 

 1314 

 1315 

 1316 
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 1317 

Figure 8d. Synergistic antibacterial activity of hexane leaf and bark extracts of C. bracteosus.1318 
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4.2.3. Antibacterial and antibiotic synergistic activities of chloroform extracts 1319 

Chloroform leaf, bark, stem and wood extracts of C. bracteosus indicated observable yet 1320 

mild antibacterial activity against B. cereus, B. subtilis and A. baumannii with stem extract 1321 

having superior antibacterial activity. The chloroform leaf extract induced mean IZDs of 7.3 ± 1322 

0.72 mm for B. subtilis and 6.2 ± 0.56 mm for A. baumannii and the chloroform bark extract 1323 

induced mean IZDs of 8.6 ± 0.27 mm for B. subtilis, 9 ± 0.28 mm for B. cereus and 6.5 ± 0.58 1324 

mm for A. baumannii at their highest concentration of 1000 µg in disc (Figure 8e). The 1325 

chloroform stem extract induced mean IZDs of 9.5 ± 0.28 mm for B. subtilis, 10 ± 0.26 mm 1326 

for B. cereus and 9 ± 0.57 mm for A. baumannii and the chloroform wood extract induced mean 1327 

IZDs of 9 ± 0.28 mm for B. subtilis, 9.5 ± 0.29 mm for B. cereus and 7.5 ± 0.54 mm for A. 1328 

baumannii at their highest concentration of 1000 µg in disc (Figure 8f). The standalone 1329 

chloroform extracts of the plant did not indicate any observable antibacterial activity for the 1330 

other bacterial strains tested. However, antibiotic synergistic activity of chloroform extracts 1331 

was observed for multiple strains tested with the exception of S. typhi for leaf and bark extracts, 1332 

B. subtilis and B. cereus for stem and wood extracts. Also, the chloroform stem extract did not 1333 

show antibiotic synergism against B. cereus. 1334 

In the synergistic antibacterial activity assay against E. coli ATCC 10536, the chloroform 1335 

leaf extract with ampicillin disc induced a zone of inhibition approximately 0.5 mm larger than 1336 

the standard ampicillin disc in diameter (Figure 8g). Whereas the chloroform bark extract 1337 

exhibited inhibition zones that were approximately 1.5 mm larger than the standard ampicillin 1338 

disc (Figure 8g) and approximately 1 mm larger than the standard ciprofloxacin disc in 1339 

diameters respectively (Figure 8g). The chloroform bark extract with ampicillin combined disc 1340 

had the highest synergistic activity with a GIIs synergy index of 1.10 for E. coli ATCC 10536. 1341 

Antibiotic synergism was observed for E. coli ATCC 8739 when the chloroform bark extract 1342 

with ampicillin disc exhibited an inhibition zone that was approximately 1 mm larger than the 1343 

standard ampicillin disc (Figure 8g). The highest GIIs synergy index of 1.05 was detected for 1344 

ampicillin-bark combined disc against E. coli ATCC 8739.  1345 

In the synergistic antibacterial activity assay against S. aureus, the chloroform leaf extract 1346 

with ampicillin disc induced a zone of inhibition approximately 1 mm larger than the standard 1347 

ampicillin disc in diameter (Figure 8g). Whereas the chloroform bark extract exhibited 1348 

inhibition zones that were approximately 3 mm larger than the standard ampicillin disc (Figure 1349 

8g). Penicillin G also showed synergy against S. aureus when used in combination with 1350 

chloroform leaf and bark extracts, in which the antibiotic and leaf extract combined disc 1351 

induced an inhibition zone approximately 3 mm larger than the standard penicillin G disc. 1352 



 
 

63 
 

Meanwhile, the penicillin G and bark extract combined disc induced an inhibition zone 1353 

approximately 4 mm larger than the standard penicillin G disc (Figure 8g). The chloroform 1354 

bark extract with penicillin G combined disc had the highest synergistic activity with a GIIs 1355 

synergy index of 1.09 for S. aureus.  1356 

Excellent antibiotic synergism was observed for B. cereus when the chloroform leaf and bark 1357 

extracts with ciprofloxacin combined discs exhibited inhibition zones that were approximately 1358 

5 mm and 10 mm larger than the standard ciprofloxacin disc respectively. (Figure 8g). The 1359 

chloroform extracts of C. bracteosus also showed good synergies for chloramphenicol against 1360 

B. cereus, in which the leaf extract-chloramphenicol combined disc induced an inhibition zone 1361 

approximately 3 mm larger than the chloramphenicol standard disc (Figure 8g). The 1362 

chloroform bark extract with ciprofloxacin combined disc had the largest IZD in synergistic 1363 

activity with a GIIs synergy index of 1.04 for B. cereus. Remarkably, the chloroform extracts 1364 

of C. bracteosus exponentially potentiated the antibacterial action of ampicillin and penicillin 1365 

G against A. baumannii. The chloroform leaf-ampicillin combined disc induced an inhibition 1366 

zone of 6.5 ± 0.58 mm and the chloroform bark-ampicillin combined disc induced an inhibition 1367 

zone of 8 ± 0.92 mm in diameter for A. baumannii, whereas the standard ampicillin disc did 1368 

not show any zone of inhibition for the bacterium (Figure 8g). An inhibition zone of 8.5 ± 0.51 1369 

mm in diameter was detected for the chloroform bark extract-penicillin G combined disc 1370 

against A. baumannii, whereas the standard penicillin G disc did not show any zone of 1371 

inhibition for the bacterium (Figure 8g). 1372 

Both chloroform bark and wood extracts potentiated the antibacterial action of 1373 

chloramphenicol which induced an inhibition zone of 8 ± 0.57 mm and 9 ± 0.55 mm 1374 

respectively in diameter for P. aeruginosa when combined, whereas the standard 1375 

chloramphenicol disc did not show any zone of inhibition for the bacterium (Figures 8g-8h). A 1376 

GIIs synergy index >1 was obtained for chloramphenicol-bark and chloramphenicol-wood 1377 

extract combined disc against P. aeruginosa. The chloroform wood extract exhibited inhibition 1378 

zones that were approximately 1 mm larger than the standard ampicillin disc (Figure 8h) and 1379 

approximately 2 mm larger than the standard ciprofloxacin disc in diameters respectively when 1380 

tested against E. coli ATCC 10536 (Figure 8h). Meanwhile, chloroform stem and wood extracts 1381 

indicated inhibition zones approximately 1 mm and 0.5 mm larger than the standard 1382 

ciprofloxacin disc in diameters respectively when tested against E. coli ATCC 8739 (Figure 1383 

8h). Furthermore, chloroform stem and wood extracts exhibited inhibition zones approximately 1384 

2 mm larger than the ampicillin disc in diameters respectively when tested against S. aureus 1385 

(Figure 8h). Both chloroform stem and wood extracts also showed synergy with penicillin G 1386 



 
 

64 
 

against S. aureus with inhibition zones 1.5 mm than the standard penicillin G disc (Figure 8h). 1387 

Chloroform stem and wood extracts also showed good synergies when combined with 1388 

ampicillin, which indicated inhibition zones of 11 ± 0.58 mm and 10 ± 0.92 mm in diameters 1389 

respectively for A. baumannii (Figure 8h). Furthermore, chloroform stem and wood extracts 1390 

significantly synergized penicillin G and ampicillin, where a GIIs synergy index of 1.33 was 1391 

indicated for A. baumannii when the chloroform wood extract and ampicillin were used in 1392 

combination, which was overall the highest GIIs in the experiment (Figure 8h). 1393 

 1394 

 1395 
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Table 3e. Diameters for the zone of inhibition for chloroform extracts of C. bracteosus against bacteria in the disc diffusion antibacterial assay. 1396 

Bacterial isolates   Zone of inhibition (mm) 

 Leaf extract Bark extract Stem extract Wood extract Gentamicin 10 µg 

(PC) 

Pure DMSO 

(NC) 

 

E. coli ATCC 10536 

 

0 

 

0 

 

0 

 

0 

 

19.5 ± 0.32 

 

0 

B. subtilis ATCC 6633 7.3 ± 0.72 8.6 ± 0.27 9.5± 0.28 9 ± 0.28 26.6 ± 0.24 0 

S. aureus ATCC 11632 0 0 0 0 24 ± 0.56 0 

B. cereus ATCC 10876 0 9 ± 0.28 10 ± 0.26 9.5 ± 0.29 28 ± 0.56 0 

P. aeruginosa ATCC 10145 0 0 0 0 18.5 ± 0.78 0 

S. typhi ATCC 6539 0 0 0 0 19 ± 0.80 0 

E. coli ATCC 8739 0 0 0 0 21 ± 0.57 0 

A. baumannii ATCC 19606 6.2 ± 0.56 6.5 ± 0.58 9 ± 0.57 7.5 ± 0.54 21 ± 0.54 0 

PC = positive control, NC = negative control, Extract concentration is at 1000 µg/disc, Values are represented as the mean of triplicates (n=3) ± 1397 

S.E.M. 1398 

 1399 

 1400 

 1401 

 1402 

 1403 

 1404 
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 1405 

Figure 8e. Standalone antibacterial activity of chloroform leaf and bark extracts of C. bracteosus. 1406 

 1407 

 1408 

 1409 

 1410 
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 1411 

Figure 8f. Standalone antibacterial activity of chloroform stem and wood extracts of C. bracteosus. 1412 

 1413 

 1414 

 1415 
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Table 3f. Diameters for the zone of inhibition for chloroform leaf and bark extracts of C. bracteosus in the disc diffusion synergistic 1416 

antibacterial assay. 1417 

Bacterial isolates Zone of inhibition (mm) GIIs 
 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 

E. coli ATCC 10536 Levofloxacin 5 µg 32 ± 0.56 31 ± 0. 57 28 ± 0.88 - - 

Ciprofloxacin 5 µg 31 ± 0.53 31 ± 0. 67 32 ± 0.56 1 1.03 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 19.5 ± 0.87 17 ± 0.78 15 ± 0.46 - - 

Chloramphenicol 30 µg 28 ± 0.47 27.5 ± 0.69 27 ± 0.87 - - 

Ampicillin 10 µg 14.5 ± 0.57 15 ± 0.66 16 ± 0.64 1.03 1.10 

E. coli ATCC 8739 Levofloxacin 5 µg 36 ± 0.58 36 ± 0.75 36 ± 0.77 - - 

Ciprofloxacin 5 µg 40 ± 0.54 37 ± 0.58 40 ± 0.71 - - 

Penicillin G 10 IU (6 µg) 0  0 0 - - 

Gentamicin 10 µg 25 ± 0.57 18 ± 0.58 22 ± 0.60 - - 

Chloramphenicol 30 µg 34 ± 0.52 33 ± 0.67 33.5 ± 0.89 - - 

Ampicillin 10 µg 19 ± 0.56 19 ± 0.58 20 ± 0.57 1 1.05 

S. typhi ATCC 6539 Levofloxacin 5 µg 34.5 ± 0.55 24 ± 0.57 30 ± 0.59 - - 

Ciprofloxacin 5 µg 39 ± 0.23 31.5 ± 0.44 34 ± 0.53 - - 

 1418 
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Table 3f (continued) 1419 
Bacterial isolates Zone of inhibition (mm) GIIs 

 Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 

Penicillin G 10 IU (6 µg) 17 ± 0.58 15 ± 0.51 15 ± 0.57 - - 

Gentamicin 10 µg 18 ± 0.66 16 ± 0.59 18 ± 0.54 - - 

Chloramphenicol 30 µg 31 ± 0.57 26 ± 0.58 29 ± 0.33 - - 

Ampicillin 10 µg 26 ± 0.88 23 ± 0.23 21 ± 0.13 - - 

P. aeruginosa ATCC 10145 Levofloxacin 5 µg 23 ± 0.66 19 ± 0.57 22.5 ± 0.59 - - 

Ciprofloxacin 5 µg 31.5 ± 0.57 28 ± 0.88 30 ± 0.34 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 19.5 ± 0.58 7.5 ± 0.89 10 ± 0.45 - - 

Chloramphenicol 30 µg 0 0 8 ± 0.57 - >1 

Ampicillin 10 µg 0 0 0 - - 

B. subtilis ATCC 6633 Levofloxacin 5 µg 26 ± 0.58 26 ± 0.43 26 ± 0.45 - - 

Ciprofloxacin 5 µg 28 ± 0.57 24 ± 0.62 27 ± 0.68 - - 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 21 ± 0.84 16 ± 0.34 19 ± 0.23 - - 

Chloramphenicol 30 µg 19.5 ± 0.35 19 ± 0.51 22 ± 0.57 - - 

Ampicillin 10 µg 0 0 0 - - 
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Table 3f (continued) 1420 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 

S. aureus ATCC 11632 Levofloxacin 5 µg 31 ± 0.46 29 ± 0.53 30.5 ± 0.77 - - 

Ciprofloxacin 5 µg 29 ± 0.57 25 ± 0.33 29 ± 0.16 - - 

Penicillin G 10 IU (6 µg) 44 ± 0.67 47 ± 0.51 48 ± 0.57 1.07 1.09 

Gentamicin 10 µg 24 ± 0.76 20 ± 0.43 18.5 ± 0.24 - - 

Chloramphenicol 30 µg 31 ± 0.35 29 ± 0.63 28 ± 0.18 - - 

Ampicillin 10 µg 41 ± 0.53 42 ± 0.58 43 ± 0.52 1.02 1.05 

B. cereus ATCC 10876 Levofloxacin 5 µg 25 ± 0.54 26 ± 0.51 27 ± 0.57 - - 

Ciprofloxacin 5 µg 18 ± 0.56 23 ± 0.44 28 ± 0.23 1.28 1.04 

Penicillin G 10 IU (6 µg) 0 0 0 - - 

Gentamicin 10 µg 19 ± 0.69 14.5 ± 0.54 19 ± 0.57 - - 

Chloramphenicol 30 µg 16 ± 0.55 19 ± 0.52 20 ± 0.57 1.19 - 

Ampicillin 10 µg 0 0 0 - - 

A. baumannii ATCC 19606 Levofloxacin 5 µg 26 ± 0.58 25 ± 0.52 26 ± 0.78 - - 

Ciprofloxacin 5 µg 28.5 ± 0.47 27 ± 0.57 29 ± 0.94 - - 

Penicillin G 10 IU (6 µg) 0 0 8.5 ± 0.51 - 1.3 

Gentamicin 10 µg 21.5 ± 0.51 17 ± 0.57 20 ± 0.58 - - 
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Table 3f (continued) 1421 
Bacterial isolates Zone of inhibition (mm) GIIs 

Standard antibiotic disc 

with potency 

Standard 

antibiotic disc 

Standard antibiotic and 

extract combination disc 

Leaf Bark Leaf Bark 
 

Chloramphenicol 30 µg 23 ± 0.55 20 ± 0.50 22 ± 0.42 - - 

Ampicillin 10 µg 0 6.5 ± 0.58 8 ± 0.92 1.05 1.23 

Extract concentration is at 1000 µg/disc, Values for the zone of inhibition are represented as the mean of triplicates (n=3) ± S.E.M, GIIs = 1422 

Growth inhibitory indices (synergy index). *Bold font indicates data for antibiotic synergism. 1423 
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1424 

Figure 8g. Synergistic antibacterial activity of chloroform leaf and bark extracts of C. bracteosus. 1425 


