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EXTENDED ABSTRACT

Introduction

Several studies have reported the failure of single-drug treatment
regimens for bacterial infections due to emergence of bacterial resistance.
Hence, there has been a growing interest in researching and developing
new antibacterial drugs, containing several combined ingredients as one of
the means to combat bacterial resistance. Among the successful reported
antibacterial combination treatments include herb-herb and herb-antibiotic.
This study investigated the antibacterial effects of single and combined
extracts from leaves, stems and root barks of Commiphora
swynnertonii and Synadenium glaucescens. In addition, the study
evaluated antibacterial effects of combined crude extracts of two medicinal
plants, also the extracts were combined with selected three antibiotics
namely ciprofloxacin, ampicillin, and erythromycin.

Methods

C. swynnertonii and S. glaucescens were respectively collected from
Manyara and Njombe regions of Tanzania. The standard antibiotics used
as positive control in this study were gentamicin, ciprofloxacin, ampicillin,
and erythromycin. Extraction of plant materials was done by soxhlet and
macerations methods using dichloromethane and methanol solvents
respectively. The extracts were assessed for their effects on Gram-positive
bacteria (Staphylococcus aureus and Enterococcus faecalis) and Gram-
negative bacteria (Escherichia coli, Klebsiella
pneumonia, and Pseudomonas aeruginosa). Minimum Inhibitory
Concentrations (MIC) was determined by broth micro dilution method while
Fractional inhibitory concentration (FIC) indices were calculated from MIC
values of individual and combined crude extracts to determine combination
effects.

Findings

Strong antibacterial activities were demonstrated by all extracts of S.
glaucescens (MIC 0.01-0.37mg/mL) and methanol extracts of C.
swynnertonii  (MIC 0.04-0.37mg/mL) against Gram-positive bacteria
Synergistic effect was observed in combination of methanol extracts of C.
swynnertonii stem barks and S. glaucescens leaves against S.aureus
(3> FIC 0.5), other synergistic effects were observed against E. faecalis in
combination of dichloromethane extracts of C. swynnertonii stem barks
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and S. glaucescens stem barks (3 FIC 0.5), and C. swynnertonii root barks
and S. glaucescens root barks (FIC index 0.3). For the remaining
combinations of crude extracts, mainly additive effects were observed. The
combinations of crude extracts with antibiotics revealed synergism when
ciprofloxacin was combined with all tested crude extracts against E.
coli (ZFIC of 0.02), combination of ciprofloxacin with extract from root
barks of C. swynnertonii (XFIC of 0.5) against S. aureus, root barks of S.
glaucescens (ZFIC of 0.1) against S. aureus and combination of ampicillin
with all tested crude extracts (2ZFIC of 0.03-0.1) against E. faecalis.
Nevertheless, antagonism was observed between the combinations of
ampicillin and erythromycin with all tested crude extracts against Gram-
negative bacteria (ZFIC of 4-8).

Conclusions

When two or more plant parts are combined among themselves or with
antibiotics, the resulting antibacterial effects may either be synergistic,
additive or antagonistic depending on the phytochemical contribution of
each plant or part and also the bacteria or diseases intended.

Recommendations

Synergistic effects demonstrated in this study provide promising good
combinations to be considered as alternative antimicrobials. Toxicity
studies of the combinations of S. glaucescens stem barks of and C.
swynnertonii leaves and S. glaucescens root barks and C. swynnertonii
root barks which showed synergistic effects against Gram-positive bacteria
are recommended in the future.

Keywards: Synadenium glaucescens, Commiphora swynnertonii
Antibacterial activity, Crude extracts Synergy, Additive and Antagonism
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IKISIRI KUU

Mada ya utafiti
Kuchunguza uwezo wa mchanyiko wa dawa za asili pekee, pia, dawa za
asili na viuavijasumu katika kudhibiti ukuaji wa vimelea jamii ya bakteria.

Utangulizi

Tafiti za hivi karibuni zimeripoti kushindwa kwa mfumo wa kutumia dawa
ya aina moja katika kudhibiti au kutibu maambukizi ya magonjwa
yanayosababishwa na vimelea jamii ya bakteria. Hivyo, kumekuwa na
shauku kubwa ya kugundua madawa yatakayojumuisha viambata kadhaa
kwa pamoja kama njia mojawapo ya kupambana na usugu wa vimelea vya
magonjwa dhidi ya madawa tajwa. Miongoni mwa dawa jumuishi
zilizoripotiwa kuwa na matokeo mazuri juu ya hili tazizo ni pamoja na zile
zenye mchanganyiko wa mimea pekee na zile zenye mchanganyiko wa
mimea na viuavijasumu.

Malengo ya utafiti

Utafiti huu ulijikita katika kuchunguza uwezo wa viambata asilia
vilivyotokana na majani, magome ya mizizi na mashina ya Mvunjakongwa
na Mponda katika kupambana na bakteria vinavyosababisha vimelea vya
magonjwa ya kuambukiza kwa binadamu. Aidha, utafiti huu pia uliweza
kutathimini uwezo wa kudhibiti bakteria tajwa ikiwva mchanganyiko wa
viambata vitokanavyo na mimea-dawa tajwa na viuavijasumu vitatu,
zitachanganywa kwa pamoja. Viuavijasumu tulivyovitumia kwenye utafiti
huu ni gentamicin, ciprofloxacin, ampicillin na erythromycin.

Methodolojia

Tulikusanya majani, magome ya mizizi na ya mashina ya Mponda na
Mvunjakongwa kutoka mikoa ya Manyara na Njombe mtawalia.
Viuavijasumu tulizotumia kwenye utafiti huu ni gentamicin, ciprofloxacin,
ampicillin na erythromycin. Sehemu tatu za mimea zilikusanywa na
kuandaliwa kwa njia ya kuchemsha sampuli (Soxhlet) na kuloweka
(maceration) kwa kutumia kemikali aina ya dichloromethane na methanol.
Viambata vyote vilichunguzwa kuangalia ufanisi wa mimea-dawa dhidi ya
bakteria umbichanya na umbihasi kwa njia ya broth micro dilution, kwa
kutumia Minimum Inhibitory Concentrations (MIC) wakati Fractional
inhibitory concentration (FIC) indices zilipatikana kwa kukokotoa thamani
ya MIC ya kila kiambata ghafi ili kuona uwezo wa michanganyo husika.












Matokeo

Matokeo ya maabara yalionyesha kuwa viambata vya Mvunjakongwa
vimeweza kuzuia ukuaji wa bakteria umbichanya katika MIC kuanzia 0.01-
37 mg/mL, ikifuatiwa na viambata vya Mponda ambavyo vimeweza kuzuia
ukuaji wa aina hiyo ya bakteria kuanzia 0.04-0.37 mg/mL. Hata hivyo,
matokeo haya yanaonyesha kwamba viambata vyote vya mimea yote
miwili vilishindwa kudhibiti ukuaji wa bakteria umbihasi. Uwezo mkubwa
(synergistic effect) ulionekana tulipochanganya viambata vya magome ya
shina la Mponda na majani ya Mvunjakongwa dhidi ya S. aureus kwa
kiwango cha FIC index 0.5. Mchanganyiko wa magome ya mashina na
mizizi ya mimea yote miwili ulikuwa na mafanikio makubwa dhidi ya E.
faecalis (FIC index 0.5 na 0.3). Mchanganyiko wa viambata ghafi na
ciprofloxacin ulikuwa wa mafanikio makubwa dhidi ya E. coli, S. aureus na
E. faecalis (FIC index 0.02-0.5). Mchanganyiko wa ampicillin na viambata
vya mimea ulikuwa na mafanikio makubwa dhidi ya E. facalis (FIC index
0.03-0.1). Mwisho, udhaifu ulijionesha katika mchanganyiko wa viambata
vya mimea-dawa na erythromycin (FIC 4-8). Kiujumla matokeo ya
michanganyiko ya mimeadawa pekee na ile ya mimeadawa na
viuavijasumu ilionesha uwezo wa kawaida katika kudhibiti bakteria.

Hitimisho

Kutokana na tasnifu hii, tunajifunza kwamba, tunapochanganya sehemu
mbili au zaidi za mimea tofautitofauti, uwezo wa mchanganyiko unaweza
kuwa na mafanikio makubwa, ya wastani au dhaifu. Matokeo yatategemea
aina za mimea iliyochanganywa au sehemu ya mimea iliyochanganywa
(mfano, majani, magome au mizizi), na aina za vimelea vya magonjwa
yaliyolengwa kudhibitiwa.

Mapendekezo

Utafiti huu unashauri kuangalia usalama kwenye mchanganyiko
ulioonyesha matokeo mazuri zaidi kwasababu dawa inaweza kuwa na
uwezo wa kudhibiti ukuaji wa bakteria lakini isiwe salama kwa matumizi ya
binadamu na wanyama wengine.

Maneno muhimu: Mvunjakongwa, Mponda, Viuavijasumu, Viziduzi
Uwezo mkubwa, Uwezo wa kawaida na uwezo dhaifu
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CHAPTER ONE

1.0 GENERAL INTRODUCTION
1.1 Background information

Medicinal plants and their products have been used for treatment of
various diseases including bacterial infectious diseases since time
immemorial (Sofowora et al., 2013). The different plant species produce
phytochemical compounds such as alkaloids, flavonoids, phenols,
terpenoids, steroids, glycosides, tannins, carotenoids, essential oil,
phenolic and anthraquinones that function as defense substances against
pathogenic microbes (Sabandar et al., 2013).

Medicinal plants and their products have been used either individually
(herb), combination of herbs, or combination of herb(s) and drug(s) (Che et
al., 2013). The use of herbal products has increased dramatically in recent
years particularly in developing countries (Ekor, 2014). The demand for
medicinal plants is likely to continue rising due to the belief that they are
safe and environmentally friendly (Thomford et al., 2015). Herbal
medicines are cheap, easily available and very effective and easier
incorporated into the body since they contain more than one
compound/ingredient (Sam, 2019).

For decades of use, conventional drugs such as antibiotics have proven to
be effective therapy against bacterial infection that remain the standard for
healthcare today (North and Brown, 2021). However, extensive use of
these antibiotics not only inhibits bacterial growth but also promotes the
emergence and spread of antimicrobial resistance (English and Gaur.,
2010). The problem of antibiotic resistance in bacteria is increasing
throughout the world (Frieri et al., 2017). This rise is accompanied by a
sharp decline in the discovery of new antibiotics (Carlet et al., 2012).

Resistance mechanisms in bacteria include, the ability to utilize an influx
mechanism to remove antibiotics (Abushaheen et al., 2020) and an ability
to block the antibiotic mode of action (Sheard et al., 2019). A common
mechanism of resistance is modification of the target site, which allows the
bacteria to literally metabolize the drug by modifying its binding site
(Wright, 2011) or produce an enzyme to degrade the antibiotic (Guo et al.,
2011).

In environments where bacteria are continuously exposed to antibiotics
such as health care facilities or livestock keeping facilities, therapeutic
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combinations of either herb-herb, herb-antibiotic, or antibiotic-antibiotic
may be advantageous for treatments of infectious diseases (Chanda and
Rakholiya, 2011). Researchers have found that, the use of therapeutic
combinations may remove the selective advantage of bacterial resistance
(Baym et al., 2016) or impose a high cost on resistance evolution by
exertion of multiple selection pressure targeting different cellular processes
simultaneously (Baloch et al., 2018).

In addition, therapeutic combinations exert strong genetic background of
antibacterial effects and evolutionary stability against bacterial resistance,
and this condition is termed as synergism (Torres et al., 2017). Therefore,
the therapeutic combinations of herb-herb and herb-antibiotic could be
used as weapons for fighting bacterial infectious diseases in different
communities where antimicrobial resistance is a challenge.

1.2 Antibacterial effects of herb-herb and herb-antibiotic
combinations

Drug combination therapy, refers to treatment regimens that involve the
administration of two or more drugs together or sequentially to patients
(Sheng et al., 2018). When two or more drugs are administered together,
there is a possibility of causing chemical or pharmacological effects that
might increase or decrease the effectiveness or severity of adverse effects
(Shi and Klotz, 2012).

Drug combinations, may affect clinical safety and efficacy via synergistic,
additive, or antagonistic effects of herbal components and drug molecules
(Sheng et al., 2018). There have been several studies on the antibacterial
activities for herbal and antibiotic combinations. For instance, a study
conducted by Kudumela et al. (2018), involved a combination of Schkuhria
pinnata, Commelina africana,Dombeya rotundifolia and Elephantorrhiza
elephantine plants that exhibited synergistic effects against Pseudomonas
aeruginosa. Another synergistic effect was exhibited by combination
of Bidens pilosa and Leonotis nepetifolia extracts against Candida
albicans pathogen (Mbunde et al., 2019).

A study conducted by Che et al., (2013), combined root extracts of
Astragalus membranaceus and Rehmannia glutinosa and significantly
reduced the wound area of rats in a foot ulcer animal model. No wound-
healing effect was observed when an individual herb was applied to the
wound. The huge experience accumulated from clinical observations of
herb-herb and herbal-antibiotics combinations may provide a lead for
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future exploration of new therapeutic benefits and products development
from S. glaucescens and C. swynnertonii combination that could be more
effective antimicrobial agents than individual plant alone.

1.3 Synergistic, additive and antagonistic effects in drugs
combinations

With the increasing of antibiotic resistances, the combined effects of herbal
drugs and antibiotics is a new approach to treat multidrug-resistant
bacteria (Bhardwaj et al., 2016). This is because combination of two or
more drugs can have synergistic, additive or antagonistic effects
(Bhardwaj et al., 2016). Synergy is the combined effort of resources to
generate outcomes that are greater than the additive impact of each
resource (Someh and Shanks, 2013).

Whenever the effects observed after applying a mixture exceed an
expectation, the action of the agents is called synergistic (Schindler, 2017).
Synergy is complementary among resources applied together and it
creates super-additive value, referring to the joint effect of resources that is
greater than the sum of the effects from each individual i.e. A+B > (A) or
(B) alone (Schindler, 2017). Additive effects are observed when the
combined effect is equal to the sum of the individual effects while
antagonism is observed when the effect of two or more compounds
applied together is less than the individual effects (Kohanski et al., 2010).

1.4 Ethnobotany, phytochemistry and antimicrobial activity of
Synadenium glaucescens

The Euphorbiaceae family, is complex and heterogeneous and contains
approximately 300 genera and 7000 species that have been identified
worldwide including Synadenium species are shrubs or trees with sub-
fleshy cylindrical branches, when stem is cut copious a milky latex is
produced which has an unpleasant taste and is toxic when ingested in
significant quantities (Dawidar et al., 2011). Many chemical ingredients
and bioactive compounds have been reported from the family
Euphorbiaceae (Sabandar et al., 2013). The family Euphorbiaceae
contains flavonoids, saponins, diterpenes and phorbol esters (Hassan et
al., 2012). Dichloromethane extracts from S. glaucescens contains
lanosterol and cycloartenol sterols as main compounds while its ethanol
extracts possess phenolic compounds (Mabiki et al., 2013). Some studies
have reported S. glaucescens to possess antimicrobial activity against skin
infections, worms, sores, Human Immuno deficiency Virus (HIV),
tuberculosis ailments as well as exhibiting pesticidal effects when used in
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post-harvest storage of grains (Max et al., 2014; Nyigo et al., 2016).
Furthermore, it has been reported to contains antiviral chemical
constituents that act against infectious bursal disease virus and fowl pox
virus (Mabiki et al., 2013).

Plate 1: Photograph of Synadenium glaucescens upper shoot (Njombe)

1.5 Ethnobotany, phytochemistry and comparable bioactivity of
Commiphora swynnertonii

C. swynertonii, dispersed in tropical and sub-tropical parts of Asia, North-
eastern Africa, and South America is characterized by shrubs or small
trees with spinescent branches (Mkangara et al., 2014). The chemistry of
the genus Commiphora has been studied extensively and more than 300
compounds have been isolated and identified (Kalala et al., 2014; Credo et
al., 2022). The reported secondary metabolites associated with
antimicrobial activities in Commiphora species are flavonoids, terpenoids,
steroids and phytosterols and other constituents include carbohydrates,
lignans, and long-chain aliphatic alcohol derivatives (Su et al., 2012).
Myrrh, a traditional herbal medicine in China is derived from Commiphora
(Burseraceae).

It has been used widely for the treatment of fever, stomach complaints,
diseases of the gall bladder, skin infections, ache, dysmenorrhea or
amenorrhea, tumors, chest ailments and snake bites in India, China, Rome
and Greece (Su et al., 2012) This medicinal plant is reported to contains
anti-inflammatory, anti-microbial and anti-cancer properties and is used to
clean the body, and protect against sexually transmitted infections, skin
infections, worm infestation, coughs and chest problems in both humans
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and livestock, its bark exudates are also used as repellants for ticks and
other insects in livestock and poultry (Kalala et al., 2014).
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Plate 2: Photograph df ommiphora swynnertonii branc~h (Manyara)

1.6 Justification

There is increased failure of most single drug or medicine treatments in
many infectious diseases. Among the root causes of this failure are
reported to be antimicrobial resistance, narrowing of antimicrobial
spectrum and limited activityof these single drugs. As a result of the
increase several problems such as morbidity, mortality, disability and
socioeconomic costs in different communities. Those effects have led to
the search for combination therapies of either herb-herb or herb-
antibiotics. Despite the evidence of the potential observed in many drug
combinations, there are limited studies on antimicrobial effects of
combined crude extracts from the S. glaucescens and C. swynnertonii
medicinal plants with antibiotics. This study aimed to investigate the
antibacterial effects of the crude extracts from two medicinal plants in
combination with antibiotics. The results obtained from this study
contributs the knowledge on better combinations that can enhance the
efficacy of single herbs as well as combinations with conventional
antibiotics, thereby reducing the emergence of antimicrobial resistance.

1.7 Objectives
1.7.1 Overall objective

To evaluate the antibacterial effects of herb-herb and herb-antibiotic
combinations.



1.7.2 Specific objectives

i. To determine the antibacterial activity for combinations of S.
glaucescens and C. swynnertonii crude extracts against selected
bacteria.

ii. To assess the combined effects of S. glaucescens and C.
swynnertonii crude extracts with antibiotics against selected
bacteria.

1.8 Thesis Organization

This thesis is developed in the format of published papers, comprising of
five main chapters. Chapter one is the general introduction, chapter two
comprise published paper in African Journal of Infectious Diseases (AJID)
and chapter three comprise accepted paper in Journal of Medicinal Plants
Research. Chapter four is the general discussions and chapter five is the
general conclusions and recommendations of this research study.
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Abstract

Background: Swiadentum glaucescens and Commiphora swysnertonii are among the reported plants used traditionally
for treatment of bacterial infections. This study reports antibacterial effects of single and combined extracts from
Teaves, stem and root barks of Commiphora swynnertanis and Syeadenium gloucescens

Materials and Methods: Plants were collected from Manyara and Njombe regions in Tanzania, Extraction was done
using dichloromethane and methanol, The extracts were assessed for antibacterial activity against Gram-positive
bacteria (Supindococens aurens and Enterococeus faecalls) and Gramenegative bacteria (Escherichio coli, Kiebsiellu
poemonta and  Psendomonas aersginasa). Minimum [nhibitory Concentrations (MIC) was determined by broth
microdilution, while Fractional Inhibitory Concentration (FIC) indices were caleulated from MIC values of combined
extracts 1o determine combination effects,

Results: Strong antibacterial activities were demonstrated by all extracts of S glancescens (MIC 0.01140.375mg/mL)
against Gram-positive bacteria and methanol extracts of C. swynnerfoni (MIC 0.047-0.375mg/mL). Synergistic effect
was observed when combining methanol extracts of C. swynnertomii stem bark with S, glowcescens leaves against S
aurens (Y FIC 0.5), Other synergistic effects were observed against £, faecalis with dichloromethane extracts of ¢
swynnerfonii stem hark and S, glaucescens stem bark (YFIC 0.5), and O swimnertonii root bark and S, glancesceny root
bark (FIC index 0.3). For the remaining combinations, mainly additive effects were observed,

Conclusion: Synergistic effects on bacteria were observed by combining different plant parts of 8. glancescens and €.
swimnerfonii suggesting that it could be beneficial to combine such extracts when used for antibacterinl purposes,

Keywords: Synadenion glaucescens, Commiphora swynnertonii, Antibacterial activity, Synergism. Antagonism.
Additive and Crude extructs

Abbreviations: MIC= Minimum  Inhibitory  Concentration,  FIC=Fractional  Inhibitory  Concentration,
ATCC=AmericanType Culture Collection, DMSO=Dimethyl sulfoxide, CFUI mL" =Colon Forming Unit per milliliter,
mg'ml=Milligram per milliliter. § awreas=Staphviococeus  aurens, £ faecalis=  Enteracoceus  faecalls, E
coli=Escherichia coli, K preumoniv=Kiebstella pneumonia. . aersginosa =Pseudomonas  aeruginosa + =
combination, DCM/D= Dichloromethane crude extracts, MeOH'M= Methanol crude extracts, C37~Commiphoruy
swynnerfonil keaves extracts, Cs5=Commiphora swyanersonii stem bark extracts, Cs2=Commiphora swynrertonii root
bark extracts, Sg7= Swnadenium glowescens leaves extracts, Sg3=Synudenium gloncescens stem bark extracts, Sg2=
Synadentum glancescens root bark extracts.



Introduction

Herbal products have been used as medicines since the commencement of human life (Masimba et al.. 2014).
The recipes for medicinal plant preparation for the treatment of several ailments are evidenced from the eardiest
Sumerian, Indian, Egyptian, and Chinese publications (Karunamoorthi er al, 2013). Unlike pharmaceuticals, where the
ingredients are well delined and characterized, herbal products contain multiple bioactive compounds with little or no
understanding of how these compounds function, likewise the effect of herbal combinations is usually poorly
characterized {Gupta ef ol 2017). When herhal combinations are administered together there is a possibility of causing
chemical or pharmacological effects that may increase or decrease the effectiveness or severity of adverse effects via
synergistic. additive, or antagonistic effects (Shi and Klotz, 2012; Sheng ef ol,, 2018). In Tanzaniy, people access a
vaniety of medicines to meet their healtheare needs. At least 70% of the population is estimated to use traditional
medicines {Stanifer et al., 2015). Synadenium glaucescens (Mvunjakongwa in Swahili) and a tropical tree Commiphora
Swymnertont (Oltemwai in Maasai) which belong to the families Euphorbiaceae and Burseraceae respectively are
among the medicinal plants used by Tunzamans to treat vanous discases in humans (Bakani et ol 2012; Mabiki et al.,
2013; Mkangara ef of., 2014), These plants contain secondary metabolites such as alkaloids, flavonoids, phenols,
terpenoids, anthraquinones, steroids, and essential oils (Mabiki ez al, 2013; Kalala ef of,, 2014). Such compounds are
reported 1o have activity against infections caused by bacterin, fungi, viruses. and pests in humans and livestock (Bakari
ef al., 2012; Mabiki er ol 2013; Mkangara e af., 2014). Despite the exhibited potentials of some individual herbal
drugs in the treatment of some infectious diseases, there are reported fuilures of most single drugs or medicines in the
treatment of many pathogenic infectious diseases (Wang ef o/, 2021). The root casses of these hindrances are reported
to be the development of anti-microbial resistance, a narow antimicrobial spectrum, und limited activity of
antimicrobials agents (Rubaka ef af,, 2014; Ayukekbong ef @l , 2017). As @ result, these failures may cause an increase
in the number of morbidities. mortality, disability. and sociocconomic costs {Stanifer ef al., 2015). Therefore, there 1s a
need for the search for novel antibacterial drugs from natural resources like herbs 1o combat the reported hindrances for
antimicrobial activities (Bhardwaj et @l 2016). Due to synergistic effects resulting between the combination of more
than one drugs in the treatment of microbial infections. it has been reported 1o be the best techniques to fight against
hindrances for antimicrobial effects (Vuuren and Viljoen, 2011). Hence, this study focused on evaluation of
antibacterial activities of combined extracts from leaves, stem barks, and root barks of 8 gloncescens and C
swymnertondi. The results from this study, especially for the combinations which demonstrated synergistic effects, may
be adopted for the treatment of hacterinl infections. However, further study on safety for these combinations is highly
recommended.

Materials and Methods
Study design and study Area

This study was an experimental one where the antibactenial effects of combinations of berbal medicines were
assessed based on their effects and efficacies aganst selected bacteria. The study was conducted in the chemistry
laboratory, Department of Chemistry and Physics, and microbiology laboratory. Department of Biosciences, of the
College of Natural and Applied Sciences of the Sokeine University of Agriculture (SUA),

Plant collection and preparation

The leaves, stem, and root barks of Synadenium glancescens were collected from Miuulingala village in
Njombe region coordinates 08°34' to 08749 S and 08°34' to 0355" E meters above sea fevel, The root barks, leaves, and
stern barks of Commiphora swymnertonii were collected from  Mirerani-Simanjiro  District in Manyara region
coordinates 03736 10 03°14.73" § and 36°50' to 36°18.05' E meters above the sea level. Plant parts were washed with
clean water then peeled to separate the barks and wood. Plant materials were dried in a dark room at 20°C at the
Tanzania Tree Seed Agency Laboratory, Morogoro. Dry samples were grounded separately using a lab mill machine
(Christy Hunt Engineering Ltd, England) to obtain approximately 2mm particle size. The selection of these plant parts
was hased on the previously conducted studies on antimicrobial activity against selected bacteria (Max ¢f al., 2014,
Mkangara et al., 2014),

Reagents
Solvents used for extraction and dissolving sample in this study were methanol (Finer Chemical, Gujarat-

India), dichloromethane, and dimethyt Sulphoxide (Loba Chemie, Mumbai-lndia), The standard antibiotic used as
positive control was gentamicin (Sigma-Aldnich, Germany),

10
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Extraction and Concentration

Extraction of extracts were carried out using the method used by Bakan er @l (2012) and Max et ol (2014),
Briefly, 1000g of dry ground plant materials were extracted by dichforomethane using hot continuous extraction
method at 50°C for 4 hours whereby 33g of dry ground samples were injected into each thimble (33mm diameter,
80mm length) and extructed using Soxhiet apparatus, The samples were filtered and the obtained solid restdues were
soaked in methanol at room temperature (25-30°C) for 72 hours. All samples were filtered using Whatman No.1 filter
paper {Maidstone-Kent, UK). The filtrates were concentrated in a rotary evaporator (Buchi Labortetechnik, Flawil,
Switzerland) with a bath maintained at 40°C, The obtained crude extructs were air<dried to remove remains of solvents.
The Dried extracts were stored in a refrigerator at 6 °C until further use.

Test bacterial strain

Gram-positive  bactenia used were Staphylococens  wrens  American Type Culture Collection (ATCC
20213) and Enterococens  faccalis (ATCC 51559). Gram-pegative bacteria used were Escherichio coli (ATCC
25922), Kiebsielia pnexmonia (ATCC 1145), Pyeudomonay aeruginosa (ATCC 27853), These belong 1o species that
are major causes of nosocomial infections, and where antimicrobial resistance is a high treat to human health (WHO,
2002),

Preparation of individual and combined crude extracts solutions

A stock concentration of 3 mg/ml crude extract from leaves, stem barks and root barks of S, glascescens and
. Swynmertonii was mude. Depending on the MIC value of each crude extract, the different concentrations were made
to make working bench solutions. The extracts were combined in ratio 1:1viv, 12 1:lvivand 1:1:1:3viv.

Minimum inhibitory concentrations (MIC) by broth dilution method

MIC values were determined by a two-fold microdilution method to assess the antibacterial effects of herb-
herb combinations according 1o Kudumela e of. (2018), In brief. stenle, 96-well polystyrene microtiter plates was first
preloaded with 30uL of Mucller Hinton broth in each well foliowed by the addition of 50ul. of extract solutions into
the first well of each row 1o make a total volume of 100u1. Each of the test sample materials was tested in duplicate,
To the first well, the samples were mixed and SOpL was drawn from cach well and transferred to the subsequent wells
until the last wells, Then 50pL of the muxture from the last well was discarded. Thercafter, S0ul of the bacterial
suspension cquivalent to (.5 MacFarland standard turbidity (1.5%106 CFU ml.-1) was added to cach well. An
additional row containing 0. Img/ml of gentamicin (30ul) was used as a positive control, Wells containing (50u1)
solvent and bacteria only were used as negative controls, The plates were incubated at 37°C overnight. MIC was
determined visually. whereby the lowest concentration without growth of bacteria was considercd as the MIC.

Fractional inhibitory concentration (FIC)

Checkerboard assay was employed to determine the Fraction Inhibitory Concentration (FIC) as described {Jain
ef al, 2011). FIC is determined by a methodology similar to that utilized for the determination of MIC, however
modified so that it is useful 1o test the antibacterial activities of combinations of extracts { Meletiadis ef al.. 2010). The
summation of fractional inhibitory concentration (LFIC) was calculated for cach tested sample independently as
specified in the following algebraic formula (Kudumela et af,, 2018).

FIC index = FIC Cy + FIC Sg

Where:
_ MIC value of Cs in combination with 5g crude extract
FIC MIC value of Cs independently and
__ MiCvalue of 5gin combination with Cs crude extract
FIC S MIC value of the Sg Independently

Where the combined effect, was interpreted as synergistic if the FIC index <005, additive i1 0.5 > FIC Index <
4. or antagonistic if FIC Index > 4. This interpretanion follows the conventional model suggested by (Odds, 2003)
andd Kassim ¢t ol (2016),
888

1
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Results
Antibacterial activity of individual extracts

The evaluations of anibacterial activities of individual extracts were conducted and the MIC of exch extract
was obtained as indicated in Table | and 2, The MIC values were interpreted based on classification criteria as follows,
0.05-0.5mg'mL strong activity, (L6-1 Smg/'mL. moderate activity and above | Smg/mL weak activily (Sartoratto ef al..
2004). Among the cride extrcts tested, methunol extracts of leaves, stem barks and root barks of § glancescens and €
swimerfonii inhibited the growth of gram-positive bactenia S. aureny and E. faecalis considerable with the lowest MIC
values range 0.011 - 0.375mg'mL as shown in Tabke | and 2. Dichloromethane extracts of 8 glawcescens and €.
swynnerfonli showed moderate antibacterial activity against Gram-positive bacteria tested with MIC values range
0.75mg/mL-1.5mg/mL. Furthermore, all extracts showed weak activity against Gram-negative bacteria (Tables| and 2).
However, gentamicin showed stronger antibacterial activity than the extracts tested (Tables! and 2).

Table : Mimimum inhibitory concentration (mg/mL) of individual crede extracts of Commiphora swynnertonii tested

against sekected bactenia
Extracts/Gentamicin Minimum inhibitory concentration (mg/ml.)
(iram-positive bactera Gram-negative bactena
S ourens ATCC  E coli ATCC K faecalis K preumoniae P aeruging
29213 25922 ATCC 1559 ATCC 1145 ATCC 27853
57D 0.37 3 0.75 3 3
(M 0.09 3 0.37 3 3
Cs5D 0.75 3 1.5 3 3
CsSM 0.18 1.5 0.75 3 3
(52D 1.5 3 037 3 3
C52M 004 3 037 3 3
Gentamicin 0.002 0.004 0.002 0.008 0.004

Key: D= Dichloromethane extract, M= Methano! extract, Cv= Commiphora swynnerionii, Cs7 feavey extracts, (53
stem bark extracts, (52 root bark extracts,

Tuble 2: Minimum inhibitory concentration (mg/mL) of individual crude extracts of Symadenium glacesceny tested

against sekected bacteria
Extract/Gentamicin Minimum hibitory concentration (mg'mb.)
CGrram-positive bacteria Gram-negative bacteria
Saurens E foccalls E coll K. pocumonioe Paeriginoso

ATCC ATCC ATCC 1559 ATCC 1145 ATCC 27853

29213 1559
Se7D 0.75 0.75 3 3 1.5
NeT™ 0.37 0.37 3 3 0.75
Se5D 037 0.75 3 i
Se5M 0.02 1.5 3 R} 3
Se2D 0.02 037 3 3 L3
Se2M 0.01 0.02 1.5 3 1.5
Crentamicin .00z 0.002 0.004 LX) 0.004

Key: D= Dichloromethane extract, M= Methanol extract, Se=Sviadeniun glaicescens, Sg7=leaves extracts, Sg5-stem
hark extracts, $g2= root bark extracts

Antibacterial activity of combined erude extracts and fractional inhibitory concentrations

The combination effects were evaluated with respect to MIC value of each crude extract agamst bacteria, In
the combination of 1:1v/v, the extructs exhibited strong activity aguinst Gram-positive bacteria S aerreny und £.
Soecalis with MIC valoes <0.5 (Table 3). These combinations include methano! extracts of C. swimmerranii leaves and
stem barks of 8. ghoicescens, C. swynnertonii leaves and root barks of & glacescens, stem barks of (1
swimmerionii and 8 glaceseeny leaves, stem barks of . swymrersonii stem barks of 5. glancescens. stem barks of €
swynmerfondl and root barks of S glaucescens, root barks of C swynnertonli and S. glaucescens leaves, root barks of €.
swimmerionii and stem barks of 8. glancescens, and root barks of Cswysmmersonii and root barks 8. glancescens

12
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However, crude extracts combined i ratios 1:01:1 and 1110wy revealed moderate activity against S
auresis with MIC values range 0.6-1.5mg/mlL { Table 3). Additionally. these combinations exhibited weak antimicrobial
activity with MIC values above 1.5 mg/'ml (Table 3) against the tested gram-negative bacteria £ colf, K.
prewmeoniae and P, aeruginosa. The FIC values were calculated and antibacterial effects were outlined m Table 4. In
1:1v'y combinations, One (1) synergistic effect observed in combination of methanol extracts of € swymnertonis stem
barks and 8. gloncevceny leaves against S, aurews (SFIC 0,5) (Table 4). Other two synergistic effects were observed
aguinst E. faecalis in dichloromethane extracts of €. swymaertomi stem barks and S. glaucescens stem barks (3 FIC
0.5), and C. Swyenerfoni root barks and 5. glaucescens root barks with FIC ixdex 0.3 (Table 4). Furthermore, three (3)
antagomstic effects were observed in the combinations of dichloromethane Jeaves extruct of C. swynnertonii and root
barks of §. glaucescens, stem barks of (' ywynnersonii and root barks of S. glascescens, and root barks of €
siwynaerionii and root barks of S, glicesceny against. 8 anrews with FIC Index values 6, 19, and 38 (Table 4). In
uddition, other antngonistic effects were observed against £, faecalis in combinations of methane] feaves extract of
swymnertonii and 8. glawcescens leaves, stem barks of C. swywmnertanil, and root barks of . gloncescens, and leaves
of C swymnertonii and ool barks of 8. glavcescens with FIC Index values 10 and 19 (Table 4), The 1:1:1v/v and
I:1:1:1v/v combination ratios revealed antagonistic effects agamst S. aurvns and acditive cffects agamnst E. foecalis
(Table 4). Moreover, the extracts in the combination ratio of 1:1v/v and 1:1:1v/v tested against Gram-negative bacteria
revealed additive effects with FIC Index value 2 (Table 4), whereby the extracts in the combination ratio of
L1zE:1zbviv showed different antagonistic effects against Gram-negative bacteria with FIC Index values 4. 5. 6 and 8
(Table 4).

Table 3: Minimum inhibitory concentration (mg/mL) of combined crude extructs from Conmmiphora swinnertonii and
Svynadenium glancescens tested against selected bacteria

Combinations Minimum inbibitory concentration (mg/ml.)

Grum-posttive bacteria Gram-pegative bactersa

S weews E feecalls E colt K prewmaniae P aeruginosa

ATCC ATCC 1559 ATCC ATCC 1145 ATCC 27853

249213 25922
Cs7D+ 87D 1.5 0,78 3 3 3
CTM+85eT™ 0.07 0,75 3 3 3
Cs7D+825D 0.37 0.37 3 3 3
CsTM+55M 0.0z 0.07 3 3 ]
CaTDHSe2D 0,78 028 3 3 3
CsTM+822M 0.01 0.21 3 3 3
CsTM+5gTM+5g5M 0,73 0,37 3 3 3
CsTM+5gT™M +SeSM+8522M 0.09 0.37 3 3 3
Cs3D+Sg7D 0.75 0.75 3 3 3
COM+SET™M 0,07 014 3 3 3
Cs5D+8g5D 0.37 0.28 3 3 3
Cs5M+85g3M 0.4l 0,14 3 3 3
CiSDHSE2D 0.78 011 3 3 3
Cs3M+82M 0.1y 0.39 1.5 3 15
CsSM+SpTM+SeSM 018 0,75 3 3 3
CsSM+8gTM+ SgSM+5g2M 0.8 0.37 3 3 3
Cs2D+8527D 073 0.56 3 3 3
Cs2M+5g™ .05 037 15 3 3
C2D+8g5D 0.37 0.56 3 3 3
C2M+5g5M 0,008 014 15 3 3
Cs2D+Se2D 0.78 018 3 3 3
C2M +8522M 0.0l 0,05 075 3 3
Cs2M+SpTM+ SeSM 0.09 0.18 3 3 3
C2MA85gT™M 1+ SgSM + S22M 0,09 004 3 3 3

Key: + = combination, D= Dichloromethane crude extracts, M= Methanol crude exwracts, €57 Commiphora
swynnertonii leaves extracts, Cs3 Commiphora swinnertonii stem bark extracts, (52 Commiphora swynnerfonii root
bark extracts, Sg7  Synadenium glancescens leaves extracts, Sgd=Symadenium glouncescens stem bark extracts, Sg2
Synadenium glaucescens oot bark extracts.
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Table 4: Fractional inhibitory concentration Index (FIC Index) of combined crude extracts from Commiphora
swynnertonii and Synadenium glauceseens tested against selected bacteria,

Fractional inhibitory concentration {FIC) Index

Combinations Gram-positive bactenia Grum-negative bacteria

S awrens K. faecalis  E coli K. prewmoniae  P. aeruginosa

ATCC ATCC ATCC ATCC 1145 ATCC 27853

29213 1559 25922
(57TD+8g7D 6.1 2.1 2 3
CsTM+SET™ 1.8 25 2 2 2
C57TD+5g5D 2 1.3 2 2 3
CyTM+8SM 1.2 0.6 2 2 2
CyTD+8g2D 3 11 2 2 3
CsTM+Se2M 1.2 13 2 2 2
CsTM+3g M+Se3M 478 22 k! 3 6
CYTMASEIM+825M +5g2M 14.7 20.8 5 4 8
CSDHSeTD 3RS 1.1 2 2 3

NSM+SeT™ 0.5 12 25 2 5

CySDHSeSD 38 0.5 2 2 3
Cy3M+SgSM 0.7 22 3 2 5
Cs3D+Sg2D 383 0.6 2 2 3
CySMHSE2M 1.2 09 2 2 435
CSSMASETM+Se5M 104 35 4 3 6
CIMASETM+S25M=522M 284 204 S 4 8
Cs2D+5¢7D 1.3 16 2 2 3
Cs2M+Sg™ 22 34 | 2 3
(52D+5¢5D 32 1.6 2 2 2
C2IM+5g5M 19.2 19.8 1.5 2 2
Cs2D+522D 1.4 0.3 1.3 2 3
C2M+52M 22 10.6 22 2 3
SIS TM+Sa5M 69 1.1 3 3 6
Cs2IM=+SgTM=SeSM - 52M 159 22 3 4 8

Key: + = combination. D=Dichloromethane crude extracts. M=Methanol crade extracts. (57 Commiphora swynnertonii
leaves extract, €55 Commriphora swynnertonii stem bark extracts, (52 Commiphora swismmerfonii rool bark extracts,
SaT= Synadenium glancescens leaves extracts, SgS=Swiadenium glaucescens stem burk extracts. Sg2 Simadenium
loncescens root hark extracts

Discussion
Antibacterial activity of individual and combined crude extracts

Herbal medicines are normally prepared either singly or in combination with several plant species (Vuuren
and Viljoen, 2011), In this study, crude extracts from leaves, stem barks, and root barks of . swynnertonii and S.
gloncescens were sereened for antibacterial properties both individually and in combinations against sekected hacteria.
The findings of this study for the individual plant parts of C\ swynnertomi are in agreement with previous studies
reported by Bukar ef af. (2011) and Mkangara et ol (2014).

Bakari e af. (2011) confirmed antibacterial and anti-Candida activities of the methanol extracts of the leaves
from stem and root barks of C. swymmerfonii, and Makangara ¢! af. (2014) reported the activity of the same parts of the
plant against pathogenic bacterial amd fungal species. Hence, the results of this study together with those previously
reported supporting the traditional uses of these plant parts for the management of bacterial and fungal infections,

Furthermore. a4 previous study conducted by Max er of (2014) for the crude root extract of &
aloncesceny reparted antibactenial activity against S, awreny and moderate activity against P, eeruginose. Similary, in
the current study individual methanol extracts of the pans of S glacescens showed strong activity against S
aureus and E. faecalis.

14
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In this study, however, the individunl extructs of these plant parts displayed weak activity against Gram-
negative bacteria tested, The difference in susceptibility tor Gram-positive bacteria and Gram-negative-bacteria may be
associated with differences in their cell wall structure. Gram-negative bacteria are reported to be more resistant due to
impermeability/efflux of their outer membrane/cell wall which acts as a barrier to many environmental substances
including herbal drugs or antibiotics (Rawat and Nair, 2010).

Moreover, this study reports the antibacterial effects of combined crude extracts of S, glancescens and
swimnertonii. It is clear from Table 4 that there 15 a greater antibacterial activity in some combined extracts than
individual extracts, The combined extracts which showed synergistic effects may be. promising alternatives for
antibactersal therapy in the future, and their effects should be investigated further, Several synergistic effects of herh-
herb combinations done in different plants have been reported in previous studies. Rapper ef of. (2016} substantiated
this point of synergy in the combinations of Schkuhria pinnata  and Commeling  africana,  Dombeva
rotodifolia, and Schkuhria pinnata against P, aenginoso with YFIC values < 0.5, Another synergic effects were
demonstrated in the combinations of Bidens pifosa and Leanodis nepetifolia extracts against Candida olbicans (Mbunde
et al, 2019), The synergistic eflects observed in some combinations {Table 4) imply that there 15 un increase in
antibactersal activity of the combined crude extracts against Gram-positive bacteria as a result of the summation of their
individunl effects.

However, in this study additive eflects were also demonstrated in several combinations (Table 4). This effect
occurs when the activity of the combined extracts 15 eguivalent to the sum of the activity of each extract when used
individually {Adams ¢/ af, 2006), This effect signifies that the biological actions of the combined extracts interact with
similar molecular targets or metabolic pathways (Vuuren and Viljoen, 2011). Antagonistic cifects were also observed
in some combinations against the tested bacteria (Table 4), This indicates that, the extracts have conflicting effect that
may block or reduce the effectiveness of one or baoth extracts. Usually. this type of effect is discouraged for therapeutic
application {Bassolé and Juliani, 2012},

Conclusion

Combined extracts of §. gloncescens and C. swynnerionii have additive effects against gram-positive bacteria
tested. Further, combined extracts of root barks of C. swyvmmertonii and stem barks of 8. glancescens have synergistic
effect against gram-positive bacterin tested, suggesting that it can be advantageous to combine such extracts 1o form
their products,

I'herefore, based on the combinations which showed synergistic etfects against some of the tested bacteria,
this study provides promising altemative berbal antimicrobials from plants. However, it is recommended that further
studies on the combinations that showed synergistic effects should be carried out on their toxicity and mode of action to
optimize their use.
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Currently, there is an upsurge of bacterial resistance in single-drug treatment regimens. This has
stimulated a growing interest in research and development of new antibacterial agents containing
several ingredients as one of the means to combat bacterial resistance. Herb-antibiotic combination
therapy is one of the reported effective treatment regimens to combat antimicrobial resistance. This
study was aimed to assess antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii with antibiotics. In this study, three standard antibiotic
drugs namely, ciprofloxacin, ampicillin and erythromycin in combination with crude extracts from S,
alaucescens and C, swynnertonii were screened for antibacterial effects against two Gram-positive
bacteria, Staphylococcus  aureus and Enterococcus  faecalis  and  three  Gram-negative
bacteria Escherichia coli, Kiebsiella pneumonia and Pseudomonas aeruginosa. Broth microdilution
technique was used to determine the Minimum Inhibitory Concentration (MIC) while Fractional
Inhibitory Concentration (FIC) indices were calculated from MIC values of combined extracts to
determine the combination effects. Synergism was observed when ciprofloxacin was combined with all
tested crude extracts against E. coli (EFIC of 0.02), combination of ciprofloxacin with extract from root
barks of C. swynnertonii (EFIC of 0.5) against S. aureus, root barks of Synadenium glaucescens (EFIC
of 0.1) against S. aureus and combination of ampicillin with all tested crude extracts (ZFIC of 0.03-0.1)
against E. faecalis. Moreover, antagonism was observed between the combinations of ampicillin and
erythromycin with all tested crude extracts against Gram-negative bacteria (ZFIC of 4-8). Therefore, the
combinations which demonstrated synergism may be promising alternatives for the treatment of
infectious diseases caused by E. coli, S. aureus and E. faecalis. However, in the future, toxicity studies
for combinations which demonstrated synergism are recommended.

Key words: Antibacterial actwity, antibiotic, crude extracts, herbs, synergism.

INTRODUCTION

The “one drug, one farget, one disease” approach has for  approach to the development of medicines and treatment
some time remained the conventional pharmaceutcal  strategies (Zhou et al, 2016). However, due to rapsd



development of microbial resistance, this mono-
substance therapy model of either herbs or commercially
avallable antibiotics has gradually shifted toward the
adoption of combinztion therapies in which multiple active
components are employed (Sheard et al., 2019). Over
the last decade, there have been screening of the mono-
essential  effective, safe, cheap and available
therapeutics from various medicinal plants like herbs for
their potential antimicrobial effect (Atef et al., 2019).
Despite the fact that plant products proved as more
promising antimicrobials therapy thewr actvity is milder
than commercially available antibiotics (Bhardwaj et al.,
2016), The extracts from S. glaucascens which belong to
the family Euphorbiaceae (Mwine and Damme., 2011),
(known as “Mvunjakongwa® in Swahili language} have
been reported to have potential actwity agains infections
caused by bacteria, fungi, viruses and pests in human
and livesteck (Mabiki et al., 2013; Max et al, 2014), The
tropical free, C. swynnertonii (known as “Otemwai’ in
Masai language). from the family Burs eraceae, has been
reported 1o have antimicrobial activity (Mkangara et al,
2014). These plants contain secondary metaboltes such
as akaloids, FRavonoids, phenols, terpenoids,
anthraquinones, stercids and essential ofs (Mkangara et
al., 2014), responsible for varous bioactivities. Herbal
drugs alternatively can be used in combination with
antibiotics to enhanced actvity agamst bacterial
infections, Drug combinations can substantially kower the
nsk of the development of resistance and they useful as
their effects on cells may be ampified or weakened than
either drug alone a phenomenaon known as synergistic or
antagonistic interactions (Bobrowski et al., 2021). Usually
the amplified or synergistic effects are the most desired
outcome. The present study reports the antibacteral
effects between combinations of crude extracts of S.
glavcescens and C. Swynnertonii and ciprofioxacin,
ampiciflin and erythromycin from three different classes of
antibiotics (fluoroguinclones, R-lactams and macrolides),
with different modes of action and all having broad-
spectrum of antibactenal actwity (Christing and Adelaide,
2013). The effects were tested on strains of the bacterial
species (Staphylococcus aureus, Enferococcus faecalis,
Eschenchia  coll, Klebsiefla ~ pneumonia and
Pseudomonas aeniginosa) that are major causes of
nosocomial infections and nominated by WHO as critical
in relation to human health risks due to antimicrobial
resistance (Khan et al., 2015),

MATERIALS AND METHODS
Study design and study area

This shudy was an expermental one whereby the anbbactenal
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combrations of the harb-herb were assessed based an ther
effects and efficacies agains! selecled bacterda. The Stucy was
conducied in the chemistry Isbaratary, Departmant of Chemistry
and Physics, and microbiology laboeatory, Oepartment of
Biosciences, of the College of Natural and Applied Sciences of the
Sckoire Uriversty of Agriculture (SUA).

Plant collection and preparation

The fresh plent samples of 5. gisucescens were colected from
Muingala wilage in Nombe regicn in the Southem Highland of
Tanzaria focated at 08°34' fo 08°4%' S and 08°34' to 03°S5 E m
zbove the sea level on 30" Decamber 2018. Samples of C.
swymertani were collected from Mierani area in Smanjro district
of Manyara region in the Narthem Highland of Tanzania locatad at
03°36' fo 03°14.73' S and 36°50" 1o 36°18.05' E m abowe the sea
level an 19" December, 208 Authensication of plant species was
done by a botanist, Mr. Haji 0. Seleman and voucher specmen
number HOSIFM 3872 for S glsuoescens and FMM 3897 for C.
swyrnarfani wera stored n the hesbarium at the Departmerd of
Botany, Colege of Natural and Appled Scences of the University
dDaesSdam Tanzania. Planis names were verfied at

The leaves stem and roats of the
targeeed were collected. Plants parts were washed with ciean water
then peeled to separate the barks and wood. They ware dried in a
dark room 3t 20°C at the Tanzania Trae Seed Agency Laboratory,
Morogaro, Tanzania.

Dry samples were grounded separately using a laboratory mil
machna (Christy Hunt Enginearing Lid, Manchester-England},
approximsately 2 mm panicle sze. The selection of these plant parts
was based cn a previous report that demanstrated anfimicrobeal
activiy against selected bactera (Max et & 2014).

Reagents and drugs

Solvents used for extrachons were methanol (Finer Chemical,
Guierat, India), dichioromathane and dimeshyi suphoxide (Loba-
Chemie, Mumba, india). The standard antkxotcs used as postive
congrol inchuded aprofioxacin, empiclin and erythromycin (Sigme-
Aldrich, Barin-Gemany)

Crude extracts

Extracton was camied out using the method described by Max et al,
(2014). Briefiy, 1000 g of dry ground plant materials were exiracted
by 98% dichloromethane using hot contnuous exvaction method at
S0°C for 4 h whareby the 33 g dry ground samples were njected
into each thimbdle (33 mm diameter, 80 mm length) and extracted
using Soxhlet spparatus. The semples wera fitered and e
cbiained solid residues were sozked in 59% methanol at room
temperature (25-30°C) for 72 h. All samples were fitered using
Whatmen No. 1 fillar paper (Maidstone-Kent, UK) Tha filrates were
concentrated In a rolary evaporator (Buchi Labor tetechnix, Flawil,
Swizerdand) wih a water bath mantained &t 40°C. The
cblainedcrude extracts were ar-dried %o remove any remains ol
solvents, The dried extracis were stored &t -20°C unti the day of
use

Test bacterial strains
Gram-posifive bacteria used were S. aureus American Type Culture

*Conespanding author. E-mak: ochellohmarnyS0@gmailcom, Tak: +2557 14487056 or +25576% 146824
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Test bacterial straing

Gram-positive bactera used were S. aureus Amesican Type Culture
Collection (ATCC 29213)and E. faecalis (ATCC 51559). Gram-
regative bacteria used were £ cof(ATCC  25022) K
pnsumonia (ATCC 1145), and P aarugnose (ATCC 27853). The
four (4) strans which are S aureys, £ fsecalis and E coll and X
psumonia were cbiained fom Micrebioiogy laboratory n the
Department of Siostiencas, {SUA), and P. aeruginosa was bought
from the Muhimbli Universty of Heath and Allied Sciences
(MUHAS)

Preparation of Individual and combined herb-antibiotic
solutions

Stock concentraticns of 3 mg'mL from each crude exiract and 0.1
mg/mk. standard antibiotic were preparad and ndividually-tested for
their antibactenal effects. Depending cn the individual MIC of the
crude extrects and standard antibictics, the conoentration resulting
from combination was calculaled thereafter, sample solton of
exfracts and standard antibiotics wera combined i ratio of 1w i
make working bench soiusons. Al sample solutions were mixed
wali by overiaxing.

This study was an expenmental one whereby !e antbactera
combinations of the batb-barb were assessed based an their
effects and efficacies against selected bacteria, The study was
conducted in the chamistry laboratory, Department of Chemistry
and Physics, and microbiology leboratory, Depatment of
Blosciences. of the College of Natural and Appled Scences of te
Sokone University of Agriculture (SUA)L

Minimum inhibitory concentration by broth dilution method

The minimum inhititory concantration (MIC) was detemined by &
twe-fold microdilution meathod fo assess the ansbacterd effects of
heb-herh (Kudumela et al, 2018) In bref sterde, %6-wel
polystyrene microstre piate was frst preloaded with 50 L of
Mueller-Hindan broth in each well, falowed by the addition of 50 ylL
of extract in combinaton with standard drug soltions info the first
welis of each raw % maka a fofal volume of 100 pL. Each of the test
sample materials was lested In duplicate. To the first wel, the
samples were mixed and 50 yL was drown from each wall and
transfamed 1o the subsequent rows undl the last well, Then S0 L of
the mixture from the last well was dscarded. Thereafter, 50 L of
the bacteriad suspension equivelent to 0.5 MacFarand standard
turtdity {1.5%10° CFU mL") was added to each well. An additional
row contaning 0.1 mgimi of standard ansbiotic (S0 pL of
ciprofioxacin, ampiclin or enthromyon) was used as a posive
controd. Wells containing (50 pl) Muslier-Hinton brofh and DMSO
and bacteria only were used as negative controls. The plates were
incubated at 37"C overnight. MIC was determined visualy; whereby
the lowest concentration wihout growth was consklered as MIC,

Fractional inhibitory concentration

Among the techniques employed in the evolton of two
combinations of anémicrobisls actiities is the fractonal inhibfary
concentraticn (FIC) (Jain et al, 2011) The fractonal inhidilory
concantration (FIC) technique employs @ methodology similar fo
that used for the determination of minimum inhibitory concentration
(MIC) whech also appears useful o fast tha antibacterial activities of
combinations of herds or herbs with antibiotics (MeleSadss et &,
2010). The combinad effect was analyzed by using measurements
of MIC to caiculate the FIC indices, where the combination wes
defined 10 have a synergistic effiect ¢ the FIC index $0.5. addtive

20

effect If 0.5 > FIC Index < 4 or antagonistc effect (f FIC Index 2 4,
This interpretation followed the conventicnal model (Odds, 2003;
EUCAST, 2000). The #actional nhibiory concentration index
[ZFIC) i5 then calculated for sach test sample independantly as
specified in the folowing aigabraic formuta {Kudumeta et al., 2018)

FIC index = FIC Cs « FIC Antbiotic or FIC index = FIC Sg + FIC
Anbbyotc

Wihere:

WiCvalieof Ciin combization wia aothtk
F'c CS‘-' NIC vilue of £s ndeperdeatty

FICS MIC value of S5 i concbination with saribiedic
nE MK vadue ol the Sg ndependeatly

ibicti MICvakie of sertidlatic bn combrination with crade extract
FIC Anti - VIC valiw of the dntibietic indvperdently

RESULTS

Antibacterial Activity of individual extracts and
antibiotics

The MICs of the antibactenal activities of indwidual
extracts and antbofics investigated are indicated in
Tables 1 and 2. The MIC values were interpreted based
on classification criteria as follows: 0.05-0.5 mgmL" as
strong activity, 0.6-1.5 mgmL" as moderate activity, and
above 1.5 mg/mL as weak acfivity (Sarfcrafto et al.,
2004). Among the crude extracts tested, methanol
exiracts of leaves, stem barks and root barks of S.
glaucescens and C. swynnertonil inhibited the growth of
Gram-posifive bacteria S. aureus and E. faecalis with the
lowest MIC values ranging between 0,01 and 0.37 mgmL’
"_ Dichloromethane extracts of S. glaucescens and C.
swynnertonii showed moderate antibacterial  activity
against Gram-positive bacteria tested with MIC values
ranging from 075 to 15 mgmL’. Furthermere, all
exiracts showed weak activity against Gram-negative
bacteria (Tables 1 and 2). However, the antbiofics
(cprofioxacin.  ampicilin  and  erythromycn)  tested
showed strong antibactenial activity indidually (Tables 1
and 2).

Minimum inhibitory concentration of crude extracts
combined with ciprofloxacin

The study of antibacterial activity was conducted and the
MIC of combined extracts with ciprofioxacin was obtained
as indicated in Table 3. The MIC values were interpreted
based on classification criteria as described by Sartoratio
et al. (2004). The crude edracts combined wih
cprofioxacin  showed strong activity against Gram-
negatve bacteria (E cofl, K. pneumoniae, and P.
aeruginosa) with MIC value < 0.5 mgimL (Tabe 3),
Additionally, the combinations of crude extracts with the
antibiotic showed strong activity against S. aureus (MIC
value 5 0.5 mg/mL) except for dichloromethane root bark
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Table 1. Mnimum Inhibitary Concantration {maimil ) of indvidual crude extracts of C. swyrnarfony lested aganst bacteria.

MIC (mgimL)

s S. aureus E faecalis E. col K. preumonise P, seruginosa
CsTD 038 075 3 3 3
CsTM 009 038 3 3 3
Cs5D 078 5 3 3 3
CesM 018 075 15 3 3
Cs2D 15 038 1 3 3
CoM 0.4 038 3 3 3
Ciprofoacin 0.0007 0.0003 0.0001 00031 00012
Amgiclin 002 0025 03 03 03
Enthromycn 00015 0.0003 02 02 02

D= Dehicromethane extract, Mes Methanol exvact, Cs= Commiphors smynnestony, Cs7= leaf extract, CsS= siem bark eatracts. Os2s root bark extract

Table 2. Minimum inhibstory concentration (mgimd | of individual crude extrages of 3. glaucesoans tested against bactena.

- MIC mgimiL
EMU $S. aureus E faecalis E. coli K. pneumoniae P, aeruginosa
SgrD 0.75 075 3 3 15
SgT™ 038 0.38 3 3 0.75
$45D 038 075 3 3 3
SgaM 0.02 15 3 3 3
Sg2D 0.02 0.38 3 3 15
SgaM 001 0.02 15 3 15
Ciprofiaxacin 00007 0.0003 0.0001 0003t 0.0012
Ampicilin 0.02 0.025 03 03 03
Enhranyon 0.0015 0.0003 0.2 0.2 02

D= Dichicromethane exdract, M= Methano! exvact, Sg= Synadentm geupascens, SoT= leaf extract, Sg5= stem bark extract, Sg2= roct bark axtract.

Table 3. Minimum Inhibitory Concentraton (mg'ml) of crude extracts of C. swymnetond and S, gisucescans combuned wih
ciprofianacin against tested selected bactenia,

MIC mgimL.
R v, Ll Ecof K ewscoln: I sapiaots
CSTMACIPRO 002 150 0002 000 002
CS5MCIPRO 000 150 0.001 0 002
CSOMCIPRO 0 150 0.002 038 002
CSTD+CIPRO 048 150 0.001 0.04 002
Cs5D+CIPRO 047 150 0.001 004 0.02
Cs2D+CIPRO 07s 150 0001 004 00
STMCIPRO 000 075 0002 008 0.19
SFEM+CIPRO 001 075 0.001 000 004
SEMCIPRO 0.001 o 0.001 000 002
SgTDCHPRO 037 ors 0.001 004 002
SgSD+CIPRO 018 075 0.001 004 00
S@D+CIPRO 0.01 075 0001 004 002

+ = Combination, CIPRO=Ciproficxacin, D= Dictioromethane crude extract, M= Methancl crude extract, Cs7= Commiphora swynnaviony leaf entract,
Cs5= Commphara swynnariani stem berk extracts. Cs2= Commiphora swyrneriond oot bark extract Sg7, Synadenum glavcascans leaf exract,
Sgf= Symadenum glavcascans stem bark extract, Sg2= Synadenium glavcescens oot bark extract.
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Table 4, Mrmum Inhibitory Concantration {mg/mL)} of crude extracts of C. swynnerton¥ and §. glsucescens combined with

ampicilin jested against selected bacteria.

WIC mgimi
EXaampicite S.aureus  E. faecalis E.coll K. pneumonia P.aeruginosa
CsTMAAMP 074 0.006 1.55 155 155
CsSMHAMP! 077 0.006 155 155 155
Cs2M+AMPI 0.02 0.006 1.55 155 038
CSTD+AMPI 0.00 0.003 155 156 o7
CsSD+AMPI 0.04 0.003 155 155 1.56
Cs2D+AMPI 0.04 0.001 155 156 1.55
SgTMAMPI 0.10 0.00 155 155 1.55
SgEM+AMP 0.09 0.003 1.55 155 158
SqIM+AMP! 009 0.006 155 155 1.55
SgTDAMP| 019 0.04 1.5 156 158
SgEDAMPI 0.0 0.04 1,55 155 1.55
S2D+AMP 0.09 0.003 1.55 155 1.55

+ = Combination, AMPI= Ampiciin, D= Dichkvomethane crude extract. M Methanol crude extract Cs7= Comvimphors amynnatony
leaf exvact, Cs5= Commiphova swynnerony stem bark extracts, Cs2= Commiphavs swymnerfond ook bark extract, Sg7= Synadanivm
glaucssoens keaf exdract, Sg5=Synadantm glaucescans stem bark axtract. Sg2. Synadanum glaucescans root bark extract:

extract of C, swynnerfonii and combination of all crude
extracts with ciprofloxacin against £ faecalis, which
showed moderate activity to weak activity (MIC value 0.6-
1.5 mgimL).

Minimum inhibitory concentration of crude extracts
combined with ampicillin

The combinations of crude extracts with ampic¥in
showed weak activity with MIC of 1.6 mg/mL (Table 4)
against Gram-negative bacteria (E. col, K. pneumoniae
and P. aeruginosa). Additionally, methanol leaves and
stem barks extracts of C. swynnerfoni combined with
ampicillin  showed moderate actwvity against S.
aureus (MIC value 0.7 mgimL) while combination of
crude extracts with ampicilin  had strong activity
against E. faecalis (MIC values < 0.5 mg/mL).

Minimum inhibitory concentration of crude extracts
combined with erythromycin

Methanol leaves extract of S. glaucescens and C.
swynnertoni and dichioromethane leaves and stem barks
extract of S, glaucescens combined with erythromycin
showed modesate activity (MIC value = 0.7 mg/ml)
against S, aureus (Table 5). Additionally, combinations
of all crude extracts with erythromycin except methanol
leaves extract from S. giaucescens revealed strong
activity against E. faecalis (MIC values s 0.5 mg/mL)
while combinations of erythromycin with dichioromethane
extract of stem barks and root barks of C.

swynnertoni had strong activity against P. aeruginosa

(MIC value 04 mgimlL). Also, dichloromethane and
methanol leaves extract of C. swynnertonii combined with
erythromycin ~ showed  strong  activity  against K.
preumoniae (MIC value 0.4 mg/mL) whie methanol root
barks extract of C. swynnertonii showed moderate activity
(MIC 0.8 mgimL) against all tested bacteria. Also,
combination of erythvomycin with all crude extracts
showed weak activities against £ coll (MIC value1
mg/ml.) (Table 5)

Fractional inhibitory concentration index (3FIC) of
crude extracts combined with antibiotics selected

Ciprofloxacin combined with methanol roct barks extract
of C. swynnertonii and S, laucescens exhibded
synergistic effects against S. aureus at JFIC 0.5and 0.1,
respectvely (Table 6), The combinations of ciprofloxacin
with crude extracts against E col, K. pneumonise and E.
faecalis revealed synergistic, additive and antagonistic
effects at JFIC values 003, 0919 and 8481,
respectvely (Table 6). Additionally, crude extracts of C.
swynneronif combined with  ciprofioxacin  displayed
synergistic  effects  (JFIC  0.5)  against P.
aeruginosa  while combination of cprofloxacin with
methanol leaves exiract and dichioromethane leaves
extract, stem barks and root barks extracts of S.
glaucescens showed additive effects (JFIC 0.9-3.9)
Synergistic effects (YFIC 0.5) were observed against S.
aureus in the combinations of ampacillin with methanol
leaves, root barks and dichloromethane stem barks and
root barks of C. swynneroni (Table 7). Adddionally,
ampicillin combined with methanol stem barks and root
barks extracts of S. glaucescens showed synergistic



23

Table 5. Minimum Inhibitcry Concentration (mg/mL) of crude extracts of C. swynnevtors and S. glaucascens combined with

erythromycin fested against selected bacteria
MIC mgimL.
e S.aurous___E favcalis Ecol K pneumonias P, aeruginosa
CsTM+ ERVT 0.76 0375 155 036 155
Cs 8 + ERYT 038 075 155 155 155
Cs 2M + ERYT D02 Dot 158 078 155
CS7D + ERYT 004 018 155 038 158
Cs 0 + ERYT 008 036 155 155 036
Cs 2D + ERYT 0.04 0.18 155 155 038
Sg7M + ERYT 075 075 155 155 155
Sq 5M + ERYT 01 038 155 155 155
Sq2M » ERYT 0006 038 155 158 155
$970 + ERYT 075 0.3 158 155 155
$050 + ERYT 075 038 155 155 155
$020 + ERYT 01 0.18 155 155 155

+ = Combinatin, ERYT= Enthrammycin, b= Dichicramethane crude extract, M= Methanal cnde extract, Cs7= Commyphara smynnerion)
Commphaa i

lnaf axtract, Cs5=

ynnavfony stem bark extracts, Cs2= Cov sy

i roct bark exdract, Sg7= Synaderium

ahvescens leaf extract, Sgi= Synadeniim glwcescens stem ark extract, W'Wmmmm iyt

Table 6. Fractional inhiatory concantration of crude extracts of C. swynnatond and S. glaucescans combined with cipraflaxacin

testod against sefected bactora
FIC Index

it S. aureus E. faecalis Ecoli K pneumoniae P, aeuriginosa
CsTMFCIPRO 15.50 1212 005 193 048
CsSMCIPRO 1522 48125 002 0.96 0.48
Cs2MCIPRO 050 378 005 175 048
CsTOSCIPRO 784 1212 002 0% 048
Cs50+CIPRO 3131 15.50 002 056 048
Cs20+CIPRO £0.12 213 002 096 0.48
SgTMeCIPRO 12747 £049 005 183 398
SgAMICIPRO 185 2505 005 183 056
SgAMHCIPRO 015 801 002 188 048
SgTOCHPRO 24049 1255 002 056 056
SgSO+CIPRO 12049 1255 0029 0.6 096
_SgID+CIPRO 213 £0.49 0029 0.96 0.6

effects (FFIC 0.03). Moreover, when ampicillin combined
with methanol crude extracts of leaves, stem barks and
root barks of C. swynnerfonii then showed synergistic
effects of 0.06 were observed againstE faecals.
Also (JFIC), dichloromethane stem barks and root
barksof S.  glaucescens {JFIC  003) and
dichloromethane |eaves of S. glaucescens (3FIC 0.5).
Antagonistic effects were observed against £, coff, K.
pneumonige, and P. aeruginoss when subjected to
combinations of all crude exracts with ampicillin (Table
7).

Futhermore, when enthromycn combmed  with
methanol root barks extract of C. swynnertonii and S.
glaucescens was tested against S. aureus; it showed

two synergstic effects (FFIC 0.5 and 0.1 respactively)
{Table 8). In addition, combinations of erythromycin with
root barks extracts of C. swynnerfonii and S. glaucescens
against S. aweus showed two synergistic effects,
however the most of combinations of erythromycin with
crude extracts asgainstE.  faecals, E coi, K
pneumoniae, and P.  aeruginosa exhibited  antagonistic
effects (JFIC 2 4),

DISCUSSION

Herbal mediines derived directly or indirectly from plants
have been successfully used for treatment of different
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Table 7. Frachona nhibiary concantration of crude extracts of C. swymnevtond @0 S glaucescens combingd with ampiciin

tested against selected bactera.
FIC Index

Combinmion S, aureus E. fascalls Ecol K pneumonise P.seuriginosa
CoTMAAMP! 05 0.06 400 801 801
CSSMAMPY 7480 0.0 801 801 801
Cs2M+AMPY 025 0.0 400 413 525
CSTD+AMP! 101 0.3 400 801 801
CsSD+AMPI 05 003 801 801 801
C2D+AMPI 05 0.15 801 801 801
SgTMAAMPS 101 1 801 801 801
SEEMAMPY 003 0.03 400 801 8.0t
Sg2MSAMPY 003 061 400 801 801
SgTDAAMPY 200 05 801 801 801
SED+AMPY 101 05 801 801 801
_SEDAAMP! 101 0.03 801 801 801

Table 8. Fractional Inhibitory Concentration of crude extracts of C. swynnevform and 8. glaucescens combined with

erythromycn against tested selected bacteria,

- FIC Index
onb S.sureus ___E faecalis E.coll K pneumoniae _P. euriginosa
CSTM+ERYT 1550 1212 201 400 8
Cs M + ERYT 1532 28126 801 801 801
Cs M + ERYT 050 a7 a0t 801 8
Cs7D+ ERYT 784 120,19 a01 400 801
Cs 5D + ERYT 3131 48413 801 400 400
Cs 20 + ERYT 80.12 8012 801 801 400
Sq7M + ERYT 12147 24049 801 801 a0
Sg5M + ERYT 195 481,01 a0t 801 801
Sg2M + ERYT 015 775 801 801 400
$g7D+ ERYT 24049 24063 801 801 a0
$95D + ERYT 12049 240863 801 801 a1
Sg2D + ERVT 213 §0.12 801 801 801

human diseases includng infectious diseases for
thousand years worldwide (Shakya. 2016). In this study,
individual crude extract and antibiotics were screened for
antibactenal activity. The extracts showed activity against
Gram-positive bacteria while weak activity were observed
against Gram-negative bactena the resulis of this study
concurred with previous studies reporting on antibacterial
activity from simifar parts of the selected plants (Max et
al., 2014; Mkangara et al., 2014), Antibiotics used in this
study also showed wide range of antibacterial activity of
inhibiting growth of both Gram.negative and Gram-
postive bacteria.  Ciprofloxacin  exhibited  strong
antibactenal activity compared to ampicilin and
erythromycin, the strong antibacterial activity also
reported In previous studies (Gradmaru et al, 2014
Rapper et al., 2016). There are several studies, in the

combinations befween plant extracts and antibiotics
which indicated synergistic effects (Kuok et al,, 2017,
Sheard et al., 2019).

In this study, standard drugs in combmation with
methanof and dichloromethane exdracts from leaves stem
barks, and root barks of C. swynnerfoniand S.
glaucescens plants  that are used Itraditionally for
treatment of various adments inciuding Dbacterial
infections in Tanzania, were tested apainst selected
bactena both individually and in combinations with some
selected antibiotics to determine their antibacterial and
combination effects. Some synergistic effects were
observed in combinations of ciprofloxacin and crude
extracts. When methanol extract from stem barks of C.
swynnerfony and dichloromethane extract of root barks
of 8. glaucescens in combination with ciprofioxacin tested



against S awews, additve effects were observed.
Previous studies have aiso demonstrated synergistic and
addtive effects when ciprofioxacin is in combination with
bioactive compounds such as essential oil tested aganst
some pathogen bacteria {(Gradnary et al, 2014; Rapper
et al,, 2016). Some combinations of crude extracts with
ciprofloxacin in this study displayed antagonistic effecis
against S. gureus and E£. fsecalis. In some  previously
studies, antagonistic  effects occurred when a
combination of ciprofloxacin with plant materials were
tesled against some pathogenic bacteria; for instance,
this was observed when Moringa oleifera i combination
with penicillin or tetracycline tested agamst P, vuigans
(llanko et al., 2019). In the combination of ampicillin with
crude exiracts tested, the best outcome that is synergism
was obiained against Gram-positive bacteria n particular,
S, aureusand E faecalis, Antagonistic effects were
observed against Gram-negative bacteria (E. coff, K.
pneumonts and P. aeruginoss), The results of the
combination generated by the model of the study are
different from other previously published works (Torres et
al, 2017). This may be attributed to different plant
samples, different concentrations of bacterial used and
strain-dependent factors. In recent research work, two
synergistic effects have been observed against S, aureus
in the combinabon root barks extracts of C.
swynnertanii and S, glsucescens with erythromycin. In
previous study, synergistic effects were reported a3 a key
in phytomedicine research from orgamic extracts of
Indigofera suffruficosa leaves with erythromycin against
S. aureus (Santos et al, 2015). Other synergistic effecis
have been regorted on the combination of peaicillin and
plant extract against methicillin-resistant Staphylococcus
aureus (Kuok et al., 2017).

CONCLUSION AND RECOMMENDATIONS

The combinations of pfant extracts and antibiotics which
demonstrated synergism in this work may be considered
as altenatives for treatment of infectious diseases
caused by E cofi S. aureus and E faecalis. The
present im-vifro model provides an easy and simple
technique for the assessment of herbal-antibiotic
combinations specifically when a single antibiotic is
combined with the crude extract The methed can be a
useful tool to help traddtional users in the selecticns of
appropriate combination therapy and consequently, avold
delay n staring treatment of severe infections. Further
work needs to be performed involving a large number of
clinical Gram-negative and Gram-positive bacteria with a
wider secbon of antibiotics to verify the results obtaned
by the presented model and eventualy, come up with
more conclusive recommendations, Furthermore, toxicity
studies for the combinations which demonsirated
synergism are recommended in ordes to understand the
safety of such combinations.
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CHAPTER FOUR

4.0 GENERAL DISCUSSIONS

The combination therapy of either herb-herb or herb-antibiotic is an
important step towards minimizing bacterial resistance against standard
antibiotics. The current research which reports the evaluation of
antibacterial effects of herb-herb and herb-antibiotic combinations of S.
glaucescens and C. swynnertonii crude extracts with three standard
antibiotics namely, ciprofloxacin, ampicillin and erythromycin against
bacteria opened an important knowledge base as it registers some useful
combinations of these two medicinal plants and with the studied
antibiotics. This research work reports new findings on antibacterial effects
of combined crude extracts of S. glaucescens and C. swynnertonii (herb-
herb) and with antibiotics, it adds value to science. This study, opens an
avenue for further studies in combinations of these two medicinal plant
species as indicated in tables in papers chapters and additional
information are provided in supplementary figure S1 in appendences.

The antibacterial activity of individual crude extracts of plants was
observed against Gram-positive bacteria tested (S. aureus and E.
faecalis). Moreover, the crude extracts of S. glaucescens showed strong
activity against Gram-positive bacteria which is higher compared to those
of C. swynnertonii. In this study, we observed the weak activities of the
crude extracts were observed against gram-negative bacteria (E. coli, K.
pneumoniae, and P. aeruginosa). Similar results were reported by Max et
al., (2014) in S. glaucescens Bakari et al., (2011) ; Mkangara et al., (2014)
in C. swynnertonii.

In this study, the results of combined crude extracts and combination
which involved antibiotics showed activities against Gram-positive
bacteria. This concurs with a Che et al., ( 2013), that when herbs are used
in combination, the effects can be complicated as various interactions can
occur among individual components. In combination therapy, the potential
interactions may be higher due to many components (Alsanad et al.,
2016). The use of the drug in combination can minimize the cost of
resistance and suppress resistance evolution (North and Brown, 2021). A
review study reported that, the drug combinations that address multiple
targets simultaneously are better in controlling complex disease systems
and are less prone to drug resistance (Merzenich, 2014). Combinations of
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traditional and modern medicine provide several active agents that are
used in treating different diseases (Foucquier and Guedj, 2015). In this
work, the combination between crude extracts and antibiotics
demonstrated weak activity against gram-negative bacteria. The difference
in activities between Gram-positive and gram-negative bacteria is due to
the difference in their cell structure. Gram-negative bacteria have an
impermeable outer membrane that restricts the ability of antibacterial
action (Cloutier, 2017). Urinary tract infections, intra-abdominal infections,
and ventilator-associated pneumonia are the major hospital-acquired
infections commonly caused by Gram-negative bacteria with E. coli, K.
pneumoniae and P. aeruginosa (WHO, 2002). These bacteria can utilize
an efflux mechanism to remove the administered drugs that result indicate
primary impact of that significantly higher economic burden with treatment
costs and losses attributed to decreased productivity of affected people or
animals (Sheard et al., 2019).

Due to the emergence of drug resistance, affected communities turn to
combinations of the drugs which cause synergistic antimicrobial remedies
against diverse infections resulting from known causative agents (Akinyele
et al., 2017). This study has demonstrated synergistic effects between
crude extracts against gram-positive bacteria. The synergistic action may
add effectiveness of the medicines under use (Weibl, 2019). The
synergistic effect is considered to be the primary rationale for significantly
greater activity when the agents are combined (Jain et al., 2011).
Synergistic actions improve efficacy, minimize toxicity, cure faster, reduce
the occurrence of drug resistance and broaden the antibacterial spectrum
(Mbunde et al., 2019).

It is important not to confuse synergistic effect with additive effect. Synergy
occurs when two or more drugs/compounds are combined to produce a
total effect that is greater than the sum of the individual agents while an
additive effect is an add up of individual effects where each agent is not
affecting the other (Chou, 2010). A review study conducted by Bassolé
and Juliani, (2012) interpreted additive effects as combined effects that are
equal to the sum of individual effects. In this study, although some crude
extracts in combinations showed antagonistic effects using the two-fold
microdilution method, additive effects were mainly observed against five
bacteria tested. This effect is also known as the non-interactive effect
where the pure summation of the two substances is observed (Caesar
and Cech, 2019).
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CHAPTER FIVE

5.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions

The minimum inhibitory concentration was used in this study to determine
the antibacterial effects of combined crude extracts alone and with
antibiotics. The strong activities observed when two, three, or four crude
extracts were combined with standard antibiotics, and tested against
Gram-positive bacteria may be due to their synergistic effects. Weak
activities observed against Gram-negative bacteria in the combination of
crude extracts may be due to impermeability of their cell wall structure
while the antagonism which was observed in several combinations may be
due to the weak activities herb-herb or herb-antibiotic combinations.

5.2 Limitations of the study and Recommendations

Based on the findings from the current study, the following are
recommended:

1. The study involved only standard bacteria; there is a need for
testing of the combination of crude extracts from two medicinal
plants against clinical bacterial isolates.

2. The plant parts which inhibited the growth of bacteria through
synergism are a promising good alternative therapy in the future.

3. Since all combinations of the crude extracts exhibited the highest
inhibitory effects against gram-positive bacteria, further studies are
recommended to determine their effectiveness against clinical
isolates and toxicity when applied to humans and vet medicine.
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APPENDICES
Appendix 1: Supplementary Figure S1
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Figure 1: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii against Staphylococcus
aureus (FIC Index values 0.5) =synergistic effects and antagonistic effects
= (FIC Index values 5, 20, and 38), M=methanol extract,
D=dichloromethane extract, No 7, 5 and 2= leaves, stem barks and root
barks respectively
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Figure 2: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii against Escherichia coli and
Klebsiella pneumoniae (FIC Index values 2) =additive effects, M=methanol
extract, D=dichloromethane extract No 7, 5 and 2= leaves, stem barks and
root barks respectively
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Figure 3: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii against Enterococcus faecalis
(FIC Index values 0.5 and 0.3) = synergistic effects and antagonistic
effects = (FIC Index values 4, 10 and 18), M=methanol extract,
D=dichloromethane extract, No 7, 5 and 2= leaves, stem barks and root
barks respectively
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Figure 4: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii against Pseudomonas
aeruginosa (FIC Index values 2-3) =additive effects and antagonistic
effects = (FIC Index values 5), M=methanol extract, D=dichloromethane
extract, No 7, 5 and 2= Leaves, stem barks and root barks respectively
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Figure 5: Antibacterial effects of combed crude extracts of Synadenium
glaucescens leaves, stem barks and root barks of Synadenium
glaucescens and Commiphora swynnertonii with ciprofloxacin against
Synadenium glaucescens and Commiphora swynnertonii with ciprofloxacin
against Staphylococcus aureus (FIC Index values 0.1 and 0.5)= synergistic
effects and antagonistic effects = (FIC Index values 7, 15, 30, 250)M=
methanol extract, D=dichloromethane extract. No 7, 5 and 2=leaves, stem
barks and root barks respectively
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Figure 6: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii with ciprofloxacin against
Escherichia coli (FIC Index values 0.03- 0.06) =synergistic effects,
M=methanol extract, D=dichloromethane extract, No 7, 5 and 2= leaves,
stem barks and root barks respectively
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Figure 7: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii with ampicillin against
Staphylococcus aureus (FIC Index values 0.03- 0.5) =synergistic effects,
(FIC Index values 8) = antagonistic effects. M=methanol extract,
D=dichloromethane extract, No 7, 5 and 2= Leaves, stem barks and root
barks respectively
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Figure 8: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii with ampicillin against
Escherichia coli (FIC Index values 4 and 8) = antagonistic effects,
M=methanol extract, D=dichloromethane extract, No 7, 5 and 2= leaves,
stem barks and root barks respectively
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Figure 9: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii with erythromycin against
Staphylococcus aureus (FIC Index values 0.1 and 0.) = synergistic effects
(FIC Index values 4 and 8) = antagonistic effects. M=methanol extract.
D=dichloromethane extract. No 7, 5 and 2= leaves, stem barks and root
barks respectively
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Figure 10: Antibacterial effects of combined crude extracts of Synadenium
glaucescens and Commiphora swynnertonii with erythromycin against
Escherichia coli (FIC Index values 8) = antagonistic effects. M=methanol
extract, D=Dichloromethane extract, No 7, 5 and 2= leaves, stem barks
and root barks respectively



