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Abstract

Plant derived compound offer an alternative additional potential source of new
antimicrobial, Securidaca longipedunculata is one such medicinal plant with a Jong
history of use in Nigeria and African. Diabetic foot ulcers (DFUs) are a si nt
complication of diabetes mellitus, often leading to chronic infectio e to
antibiotic-resistant. This study aimed at investigating the in-vitro phyt @al and
antimicrobial activities of ethanol, n- hexane, chloroform, and aqueu;Q(yacts from
selected parts of S. longipendunculata (root bark, stem bark, add\leaves) against
wound isolates from DFUs. The tested microorganisms inc @ aphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae, Ps ohas aeruginosa,
Enterobacter cloacae, Streptococcus pyogenes, Acinetgbdeter baumannii and

Candida albicans. The In-vitro phytochemical and Q robial activities of the

plant extract were determined by agar well diffusi ethod and phytochemical
analysis of the plant extract was carried 01@151 g standard method. The
phytochemical analysis results of the extra wn the presence of alkaloids,
flavonoids, saponins, tannins, and terpeno he [In-vitro phytochemical and
antimicrobial activities results of the e)\t@:sing different solvent shown that at
150 mg/mL ethanolic extract had higl%% ne of inhibition 22.50+ 0.5mm against
(E. coli), 21.00mm £1.40mm agai . pneumonia) followed by S. longipendun cu
lata chloroform extract at 18 + Q. (A. baumannii) and aqueous extract has
lowest value of 0.6 = 0.0 mm (K~ pneumonia). The result of ethanolic extract were
compared with standard anti of Amikacin > 20mm and Ceftaxidime > 21 mm,
revealed that ethanolic € h&ts had a greater inhibition zone of 22.5 £ 0.5 mm and
21.0 mm =£1.40m st £. coli and K. pneumonia respectively. Also, the
ethanolic had gredter jzone of inhibition of 22 mm against C. albicans when
compared wi %ﬂ ard antifungi(fluconazole). The study concludes that S.

longipendupc ad antimicrobial activity which can be used to develop new
therapie ny aging diabetic foot ulcers
Ke : Securidaca longipedunculata, Antimicrobial Activity, Phytochemical

&

Word count: 300
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Chapter One

Introduction
1.1 Background to the Study

Plants have recently become a vital source of natural products for improvin
human health, especially in underdeveloped nations where tradi Ql
medicine continues to be the major source of healthcare fo(;/barge
proportion of the population'. Using plants to treat a Varie®lnesses is
not a recent development; primary healthcare has 1 ﬁw use of them.
The discovery of these medicinal plants' therapel@ualities has been made
possible in large part by observations %lee and efficacy?. Several
African nations, along with other g fbglons, have pushed for the testing
of plants used in traditional fnedgkto confirm their antibacterial qualities
and explore incorporating @mo primary healthcare. It has been claimed
that several plants '@1% the world contain antibacterial properties for
example, S. \@%a’unculata.3 Also Securidacalongipedunculata, 1is
comm I)Qgg%vn as the violet tree. The plant is well known for having
ther@utlc, pharmacological and medical benefits* Nearly every part of the
N@(Q is further utilized by humans to treat variety of illness such as couch,
constipation, pneumonia, diabetes. It is an african medicinal plant belongs to
the polygalaceae family’. The plant plays a significant role in both
conventional and alternative medicine. In Hausa, it is referred to as
Uwarmagunguna, which means "the mother of all drugs" because of its

plethora of therapeutic applicationss. In Igbo, its name, "ezeogwu," which



translates to "king of medicines" because of its great medicinal power in
treating illnesses, particularly inflammatory diseases such as asthma,
tuberculosis, chronic peptic ulcer, and active hepatitis where it is widely
used. In Yoruba, it is called Ipeta’. This plant's root has long been used to
treat a variety of conditions, including fungal infections, fever, headaches,
cancer, theumatism, tuberculosis (TB), diabetes, venereal diseases, syphilis\

sexual impotence, toothaches, pains, epilepsy, convulsions, const@
0, tre

pneumonia, backaches, blood purification, skin infections, n&/ at
wound infection, e.g., diabetes foot ulcer (DFU)°. Q
Furthermore, antimicrobial drug resistance is a c@tn global concern,
even with pharmaceutical companies' best effor@ create new and more
potent therapies °. Pathogens often coloni %Qﬁc areas and displace some
native flora but rarely lead to infecti an immune response. However,
any microbe that colonizes t?fg\’\o enters a wound can potentially cause
an infection if the skin b@ is compromised or the immune system is
weakened. The likékt&)% of infection depends largely on the bacteria
present on the@ s well as the depth and location of the wound*. Wound
is a loc 13@(&‘[ or excavation of the skin or underlying soft tissue where
pat@mc organisms have infiltrated into the surrounding viable tissue is

\/@ed to as an infected wound. When a wound becomes infected, the
body's immune system is triggered, which slows the healing process and
causes inflammation and tissue damage’. Many infections, such as an
infection from a scratch or hair follicle, are commensal and go away on their

own. If such infections are not treated; they may worsen and necessitate

medical attention’. When a wound becomes infected, the body's immune



system is triggered, which slows the healing process and causes
inflammation and tissue damage: A scrape or an infected hair follicle are
examples of infections that are self-contained and go away on their own. If
neglected, some infections might worsen and necessitate medical attention ®.
Wound is considered infected when bacteria are present and multiply,
causing an individual's body to react locally or systemically. Infections 1{
wounds are linked to chronic wounds, delayed healing, higher i f
hospitalization, amputation of a limb or finger, and highe althcare
expenses’.It is acknowledged that the existence of biofil problem
in an infected wounds and is linked to chronicity and@t ealing, example;
diabetes foot ulcer. Early detection and treatme wound infection can

speed up the healing process and lower th d\'é% of complications>.

The side effect of diabetes mellitus@betic foot ulcers (DFUs), which can
have a serious negative impio@orbidity and mortality. In their lifetime,
foot ulcers affect 1.5—&@}@ diabetes people'!. These ulcers can lead to
extended hospit s@}, amputations, and a marked decline in quality of life.
The mai? ca*s of DFUs' persistent nature are their poor wound healing
and hi@seeptibility to infections, which makes the hunt for potent

@%%erial drugs necessary'?.

A variety of aerobic and anaerobic bacteria, such as S. aureus, P. aeruginosa,
E. coli, and other anaerobic species, are frequently involved in infections
linked to DFUs'3. The therapy of these diseases is severely hampered by the

rising incidence of bacteria that are resistant to antibiotics. As a result, the



search for substitute treatment medicines capable of successfully combating

these resistant strains is urgent.
1.2 Statement of the Problem

The rising prevalence of antimicrobial resistance has rendered many
conventional antibiotics ineffective, particularly in managing infections i
DFUs. Infections caused by pathogens such as Escherichia coli, Kl Qa
pneumoniae, Staphylococcus aureus, and Candida albicans ar%&aylngly
resistant to commonly used antibiotics and antifungal agent is resistance
prolongs treatment duration, increases healthcare @, d escalates the
risk of amputations or death. Despite ad s in synthetic drug
development, plant-derived compounds G@Q a vital source of new
antimicrobial agents. However, t limited scientific data on the
antimicrobial efficacy of S. l.o } >unculata against clinical isolates from
DFUs. This study aims\gg\ﬁll this gap by evaluating the in-vitro
antimicrobial activft@% ethanol, n-hexane, chloroform, and aqueous

extracts from s@&paﬂs of the plant against wound pathogens, providing

eviden(fi@)otential use in managing resistant infections.

1! tification of the Study

Y

Medicinal plants such as S. longipendunculata are abundant, affordable, and
culturally accepted in African communities. Their bioactive compounds
represent a natural, sustainable alternative to synthetic antibiotics’. Previous
studies have demonstrated the antimicrobial potential of S

longipendunculata, but its application in treating infections related to DFUs



remains underexplored. By investigating the antimicrobial activities of the
plant against clinical isolates from DFUs, this study contributes to the search
for novel, plant-based therapies for managing antibiotic-resistant infections.
The findings may provide a scientific basis for developing new drugs or

enhancing existing treatments for DFU-associated pathogens.

1.4 Aim and Objective(s) of the Study Q\

To evaluate the in-vitro phytochemical and antimicrobial activit/qggected
parts of S. longipedunculata extracts on wound cli@lates from

diabetic foot ulcers. 0

Specific Objectives Q :

1. To identify and collect diffe@'ﬂs of S. longipedunculata used for

treating infections. \
S

2. To prepare variou Q,g acts from these plant parts using different

solvents ethzfn&- hexane, chloroforom and distilled water.

3. To dete\ée Phytochemical analysis for S. longipedunculata root

a@n and leaves extracts, for qualitative and quantitative, using.

BTO determine the antimicrobial activities of these extracts against
\/Qrb clinical wound isolates from DFUs.
5. To determine the combination of a plant extracts against wound
clinical isolates from DFUs.
6. To compare the effectiveness of the plant extracts with standard

antibiotics.



1.5 Research Questions

1. What part S. longepedunculata exhibit antimicrobial activity against
clinical wound isolate from diabetic foot ulcers?

ii. How effective are the extracts of these parts of S. longepedunculata
in inhibiting the growth of DFU-associated with clinical isolates?

iii. What are the phytochemical constituents of these plant parts? \

iv. How do the antimicrobial activities of these extracts cow@%u

those of standard antibiotics? &

v. What are the MIC and MBC values of the against the

targeted clinical isolates? :O
1.6 Significance of the Study &Q

This study has the potential of pro@ novel antimicrobial compound that
can be developed into th S % agents especially with the growing
concern of antibioti:: @ce. It will provide scientific validation for the
traditional use o xgipedunculata in treating infections diabetic wound
ulcer, cqn,g{p%ting to the body of knowledge on medicinal plants. The
fin 'ng&p\ey lead to the development of new, plant-based antimicrobial
a that can be used as alternatives or adjuncts to conventional antibiotics,
\articularly for treating antibiotic-resistant infections wound ulcer. Effective
management of DFUs can significantly reduce morbidity, healthcare costs,
and improve the quality of life for diabetic patients. Highlighting the
medicinal value of S. longipedunculata may promote its conservation and

sustainable use.



1.7 Scope of the Study

This study is limited to the investigation of the effectiveness of the plants
stem, root bark, and leaf extracts against wound clinical isolates
microorganisms by evaluating the antimicrobial potential of S.
longipedunculata plant.

The study involves in collection of the stem bark, root and lea

S .longipedunculata from selected location (Ijaye, Akinye @al

Government Area, Oyo State). The plants material wi properly
identified and authenticated. %
Antimicrobial assays will also be performed to e the susceptibility

of the selected microorganisms to the plant @c s. Efficacy of the plant
extracts will be done by comparing wit@%ard antibiotics. Appropriate
statistical method will be used tb\\glyze the result obtained from the
antimicrobial assays. The ’\&hl itory zone or minimum inhibitory

concentrations MIC &%&e calculated to determine the antimicrobial

activity of the e a@

Phytochergi\‘ analysis of the plant extracts will be carried out to identify

the ﬁarg&;Bioactive compounds.
\j&&‘imitations of the Study

The study will not cover the in-vivo effects of the plant extracts. The
study will be limited to bacteria and fungi isolates and may not cover

viral pathogens.



1.9 Operational Definition of Terms

1.

ii.

iil.

iv.

Antimicrobial Activity: The ability of a substance to kill or inhibit
the growth of microorganisms.

Securidaca longipedunculata: A medicinal plant native to Aftica,
known for its various pharmacological properties.

In-vitro: Refers to the technique of performing a given procedu@
a controlled environment outside of a living organism. 0
Diabetic Foot Ulcer (DFU): An open sore or wourg\toccurs in

approximately 15% of patients with diabetes, us&

bottom of the foot. O

Clinical Isolates: Microorganisms iso@d 20m clinical specimens

cated on the

for the purpose of identifyin&hogens and testing their

susceptibilities to antimicro@gents.

S
i



Endnotes

1. C.B. Aware, D. N. Patil, S. S. Suryanshu, P. R. Mali, M. R. Rane, R.
G. Gurav, & J. P. Jadhav, Natural Bioactive Products as Promising
Therapeutics, a Review of Natural Product-Based Drug
Development, South African Journal of Botany, 151, 2022, 512-
528.

2. LSintar, Importance of Ethnopharmacological Studies in Drug
Discovery:  Role of Medicinal Plants, Phytochemistry
Reviews, 19(5), 2020, 1199-1209. \

3. S. Dhingra, N. A. A. Rahman, E. Peile, M. Rahman, M. Sart@.
A. Hassali, & M. Haque, Microbial Resistance MovenSen An
Overview of Global Public Health Threats Posed by Amtimierobial
Resistance, and How Best to Counter, Frontiers in &[ealth, 8,
2020, 535668.

4. K. Shai, Z. B. Hassan, S. Lebelo, J. W. Ng’ i, M. Mabelebele, &
N. A. Sebola, Chemical Analysis and Biolog ctivities of Various
Parts of Securidaca longipedunculata from/South Africa, Natural
Product Communications, 19(9), 2(%6934578—241261018.

Togola, D. Diallo, & B. S. , Polyherbal Combinations Used

5. N. Moussavi, P. P. Mounkoros . Dembele, N. N. Ballo, A.
by Traditional Health P'S%qéoners Against Mental Illnesses in

Bamako, Mali, West 4dfgicayPlants, 13(3), 2024, 454.

Paperbacks, 3 , 36-39.

6. V. D. Modi‘,@ft& Cure For Common Diseases, Orient

7. S. R&hu, Cell  Injury, Causes, Mechanisms and
Respous athological Basis of Oral and Maxillofacial Diseases
(6)5& 66-69,0.1002/9781119989233.

g-ANang, F. Yang, W. Zhou, N. Xiao, M. Luo, & Z. Tang, The
nitiation of Oxidative Stress and Therapeutic Strategies in Wound
éb Healing, Biomedicine & Pharmacotherapy, 157, 2023,114004.

\/ 9. M. L. Pallikkunnel, T. M. Joseph, J. T. Haponiuk, & S. Thomas,
Alginate-Based Wound-Healing Dressings, In Foundation and
Growth of Macromolecular Science 1(20)2024, 323-351.

10.S. K. Kisoi, The Prevalence and Antimicrobial Susceptibility
Patterns of Bacteria that Cause Chronic Wound Infections Among
Patients at Kenyatta National Hospital (Doctoral Dissertation,
University of Nairobi), 2021. 14-15.



1.

12.

13.

14.

15.

Z. Moore, P. Avsar, P. Wilson, M. Mairghani, T. O'connor, L.
Nugent, & D. Patton, Diabetic Foot Ulcers, Treatment Overview and
Cost Considerations, Journal of Wound Care, 30(10), 2021, 786-
791.

M. S. Baig, A. Banu, M. Zehravi, R. Rana, S. S. Burle, S. L. Khan,
& S. Cavalu, An Overview of Diabetic Foot Ulcers and Associated
Problems with Special Emphasis on  Treatments  with

Antimicrobials, Life, 12(7), 2022, 1054.

F. S. Ahmed, H. S. Ibrahim, & M. 1. Saeed, Identification o
Anaerobic and Aerobic Bacteria that Can Be Associated with
and Their Therapeutic in Elnaw Teaching Hospital, s
Microbiology, 1 2024, 000616. 6

C. Pouget, C. Dunyach-Remy, A. Pantel, A. Bouéﬁu ois, S.
Schuldiner, A. Sotto, & P. Loubet, Alternative Approaches for the
Management  of  Diabetic  Foot  Ulcers Frontiers  in
Microbiology, 12, 2021, 747618.

J. L. Burgess, W. A. Wyant, B. Abdo Ara, R. S. Kirsner, & 1.
Jozic, Diabetic Wound-Healing Scienﬁ edicinal, 57(10), 2021,

1072. fb
O

10



Chapter Two

Literature Review
2.1 Securidaca longipedunculata

Securidaca longipedunculata is known as the violet tree, a tiny or perennial
tree that grows in tropical Africa. It is well-known for being widely used 1
conventional medicine to treat a wide range of illnesses, like antib 1
applied to wounds and infections!. Anti-inflammatory, Qeg for
inflammatory disorders, antipyretics are used to lower fe e@use of its
many medicinal qualities, this plant, which belon ﬁ Polygalaceae
family, is renowned for being widely used in trnal African medicine?.
The violet tree is a tiny, deciduous tree th %Qach a height of ten meters.
Its tall, pendulous fruit and purple et it apart. The leaves are simple,
alternating, and have a leatl}eg&l, while the bark is tough and grayish-
brown, widely utilized "c@l\:ient medicinal treatments®.  Securidaca
longipedunculata is'w&%y distributed and thrives in rocky hillsides, open
forests, throug@ub—Saharan African and savannas®. It is a hardy plant in
its natural %t because of its excellent adaptability to different soil types
and@ity to resist dry circumstances. The plant has been used in traditional
\/@"}Qan medicine for ages. The plant's roots, bark, leaves, and seeds are

among its elements that have many medical uses®*.

Bark and roots of Securidaca longipedunculata are utilized as anti-
inflammatory and analgesics. Bark is used to treat respiratory conditions like
coughs and bronchitis, while root preparations are traditionally used to treat

rheumatism, arthritis, and headachess*. Seeds of S. longipendunculata are

11



used as laxatives to treat constipation and other digestive problems, while
leaves, recognized for their antibacterial and antifungal qualities, are used to
treat skin infections, wounds, and ulcers, as well as gastrointestinal problems
like diarrhoea and dysentery. In addition to its medical properties, the plant

has cultural value in many African traditions and is employed in pest

management. \
2.2 Scientific Classification ( OQ

Kingdom: Plantae

Phylum: Streptophyta

Class: Equisetopsida 6
Order: Fables @

)

Family: Polygalacea&c)\

W
Genius: %@ca
Specie(l\\.%ecuridaca longipedunculata(Fersen.)
\?:b
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Figure 2:2: Secur&d@gepedunculata
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23 Phytochemical Constituents of Securidaca longipedunculata

The medicinal properties of S. longipedunculata attributed to its rich

phytochemical profile. The compounds include:

i. Flavonoids: Possess antioxidant, anti-inflammatory, and
antimicrobial activities. \

ii. Alkaloids: Exhibit a wide range of biological activities, in@g
analgesic and antimicrobial activities. (/

iii. Saponins: They exhibit antifungal and antibacterial e.

iv. Tannins: Known for their astringent prope@%eful in treating

wounds and ulcers® . Q

2.4 Antimicrobial Activity of Securidac&'pedunculata

Securidaca longipedunculata, is&%et tree, or plant that is well-known for
its therapeutic uses in trad&@l African medicine. It belongs to the family
Polygalaceae and is\%e to several parts of Africa, particularly West
Africa’. TradiS@lQmedicine has employed a number of plant parts,
includi @ts, leaves, and bark, to treat a range of conditions, including
infe@ns. Validating these traditional uses and comprehending the plant's
&tial as a source of novel antimicrobial compounds have been the main
goals of recent scientific studies. The high phytochemical makeup of S.
longipedunculata is ascribed to its antibacterial action®. Numerous bioactive
substances, including saponins, flavonoids, alkaloids, and tannins, have been
found in the plant through studies®. These substances have a well-known

capacity to impede the growth of bacteria, fungus, and viruses, among other
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antimicrobial qualities. These compounds' existence in S. longipediculata
highlights the plant's potential as a source of antibacterial agents®.

Several researchers have examined the antimicrobial characteristics of S.
longipediculata. For example, their studies have demonstrated that the
plant's roots and leaves have strong antibacterial action against a variety of
harmful bacteria, such as Pseudomonas aeruginosa, Escherichia coli, a&

Staphylococcus aureus'®. These microorganisms are frequently li@O
h

illnesses, including respiratory, urinary tract, and wound inf< ns e

presence of saponins and flavonoids, which have bee n trated to
%

damage bacterial cell membranes and stop bacw@' evelopment, is

frequently credited with the antibacterial actiVityQ
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2.4.1 Antifungal Activity

Securidaca longipedunculata has antifungal action in addition to
antibacterial qualities. Research has indicated that the plant's extracts had the
ability to proficiently suppress the growth of multiple fungal infections, such
as Aspergillus niger and Candida albicans'?. These fungi cause diseases
including Aspergillosis and Candidiasis, which can be especially harmfi

people with weakened immune systems. Alkaloids and tannins fo @he
S. longipedunculata are thought to be responsible for the anti al activity

of the plant by interfering with the formation and fu

walls!3. QO

2.4.2 Mechanisms of Action b’bQ
(8)

fungal cell

There are numerous and intricate@ S. longipedunculata carries out its
antibacterial activities. Oneé@ puts it that saponins break down the
membranes of micrs)o&%XIS, causing cell lysis and death'®. On the other
side, flavonoid a@Believed to block important enzymes needed for
microbial &abolism and replication. Furthermore, it has been
de n&@}d that tannins bind to proteins and other molecules on the
QA& of microorganisms, inhibiting pathogen adherence and colonization.
Mhe broad-spectrum antibacterial action seen in the extracts is a result of

these complex processes!>.

2.4.3 Applications in Modern Medicine

The antibacterial activities of S. longipedunculata have major significance

for modern medicine. New antimicrobial drugs are desperately needed as
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antibiotic resistance keeps growing on a global scale. The bioactive
substances in the plant present a viable path for the creation of brand-new
antibiotics and antifungal medications. Furthermore, the plant's historical
use as an infection remedy raises the possibility that it could be a useful tool
for creating supplemental treatments to cure microbial infections!'®.

The plant has strong antibacterial qualities, which have been confirmed b
both scientific studies and traditional usage. Its potent phytoc Ql
makeup, which includes tannins, alkaloids, flavonoids, and sapo ir&iﬁwhat

makes it effective against a variety of bacterial and funi ns. These
lant'

chemicals' various modes of action demonstrate t‘@ S promise as a

source of cutting-edge antibacterial agents. Q

o)
2.4.4 Pharmacological Activities ’bb
N

Antimicrobial intensity resea ch&ts indicated that plant extracts possess
noteworthy antibacterial aa{% against a range of pathogens, encompassing
bacteria such as P. d@@%w, E. coli, and S. aureus, as well as fungi like C.
albicans’’. Thi@es the possibility of creating novel antibiotic treatments,
particu f@ht of the growing prevalence of antibiotic resistance'’.
Eff% of anti-Inflammation and analgesia strong analgesic and anti-

\/ mmatory effects have been shown in research, primarily as a result of

the presence of alkaloids and flavonoids. Because of these characteristics,

the herb can help treat inflammatory diseases like rheumatism and arthritis!®,

The plant has strong antioxidant activity, which is attributed to its high
flavonoid content. Free radicals, which can harm cells and play a role in the

development of chronic illnesses including cancer and heart disease, are
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mostly countered by antioxidants!®.

Potential anticancer effects according to preliminary research, plant extracts
may possess anticancer capabilities, it has been discovered that some
substances cause cancer cells to undergo apoptosis, or programmed cell
death, which stops the cells from proliferating and growing. This region is

under intensive research, with the possibility for producing new anticance

therapies?. OQ

2.4.5 Toxicity and Safety &
Securidaca longipendunculata has several therapeuti¢ uses. According to
some research, if ingested in excessive amounts, ral parts especially the

seeds may be poisonous and resulted i n%Q)gical and gastrointestinal

problems. As a result, the plant must gba er the supervision of a licensed

<
2.4.6 Conservation St téCO\
D

healthcare provider is crucial®!, Q

Securidaca lon}érdunculata is not considered as an endangered plant. Its
.0 o . . .
popula 1@&16 wild could be threatened by habitat degradation and
ove@vesting for medical uses. In order to guarantee the long-term
N%l:lability of this priceless medicinal plant, conservation initiatives and
sustainable harvesting methods are essential?2.
The amazing plant has a long history of use in traditional African medicine.
Its broad therapeutic characteristics, supplemented by a variety of

phytochemicals, making it a great resource for treating numerous illnesses.

Its pharmacological properties are still being studied, and this leads to the
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discovery of new possible uses, especially in antibacterial and anticancer
treatments. To guarantee its survival for future generations, it is crucial to
strike a balance between its use and conservation initiatives. S.
longipendunculata can continue to play a significant role in healthcare by

combining traditional knowledge with cutting-edge scientific research to

Q
X

Diabetes mellitus-related plantar ulcers are prone to infection Us%use of the

provide natural therapies for a range of medical conditions®*.

2.5 Diabetic Foot Ulcer Wound Infections

increased frequency of mixed wound microbiota and th. rphonuclear
neutrophils (PMNs) poor defense against i microorganisms?,
However, wound infection can be reduced withrthe best care, which includes
pressure release, adequate dressings, and ement of the damaged tissue.
Diabetes wounds treated with a mo@retentive hydrocolloid dressing had
a 2.5% infection rate as opp6® 6% infection rate when covered with a
conventional gauze @*mg In diabetic foot wulcers treated with

hydrocolloid d@i@[‘aing also noted a comparable infection incidence of
ug

2%, even,& it was noted that the number of species increased
[ ]
throug@wrapy”.

S ococcus aureus, along with other aerobes such S. epidermidis,
\é‘treptococcus sp., P. aeruginosa, Enterococcus sp., and coliform bacteria, is
a common isolation in diabetic foot ulcers, as it is in most wound types?S.
Anaerobes have been isolated from up to 95% of diabetic wounds using
effective microbiological techniques; Streptococcus, Bacteroides, and
Prevotella sp. were the most frequently isolated microorganisms. The

necessity to identify the exact microorganism(s) causing diabetic foot ulcers
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was questioned in light of the polymicrobial character of these wounds, and
it was recommended that a deeper comprehension of the general
microbiology of these wounds should serve as the basis for infection
treatment®’. The statement that repeated cultures after the initial culture and

subsequent therapy do not confirm or rule out the presence of infection

supported this point of view. As a result, the foot infection must b

diagnosed predominantly on the basis of clinical findings®’. QQ
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Figure 2.6: Diabetic Foot Ulcer



2.6.1 Causes of Wound Infection
Wound infection can arise from major tissue trauma from surgery, Also, it
can also be from a minor cut, bite, or skin puncture from everyday
activities?®. The causes of wounds are infinite, the sources of infection are
most commonly two-fold which are bacteria and fungi. The skin's
colonization by its natural biome, or flora, includes bacteria that inhabit it
surface. These bacteria can contaminate injured areas, potentially leadin@do
wound infections. For instance, an infection might occur after st&gi)\g on
shells at the beach or cleaning a fish tank with an open c@n routine
tasks like these can result in infected wounds?’. %
More severe but less common infections can aris@n surgical site wounds
after medical procedures. These infectio aBQypically caused by bacteria
present on the patient's skin at the ti %t e surgical incision. Whether the
procedure involves joint regl@ or abdominal surgery, the exposure
and damage to tissue, ev@sterile environments, carry a slight risk of
infection. N \AQ
Wounds have B@se causes, and consequently, infections also stem from
variou '@ primarily bacterial and fungal microorganisms. Common
pat@ns that cause wound infections include: Bacterial such as;
N%’giylococcus aureus, Streptococcus pyogenes, Methicillin-Resistant
Staphylococcus aureus (MRSA), Clostridium and others causing conditions
like cellulitis.
Fungi such as yeast and molds, including Candida, Cladosporium, and

Aspergillus.
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Furthermore, some conditions can mimic wounds without being actual
injuries. For example, viral infections like shingles can present as oozing
rashes that resemble wounds. Diabetic foot ulcers (DFUs) are among the
most common and severe complications of type 2 diabetes. These chronic
wounds result from a combination of factors, including peripheral
neuropathy, peripheral arterial disease, and immune deficiencies associat&

with diabetes?®. DFUs pose a significant health challenge due to the@\

2.6.1 Historical Perspective %Q

Diabetes-related foot problems have long been knoy Q put. Foot ulcers and

risk of infection and the complexity of their treatment?!.

their remedies are mentioned in early medical bogks; including those written
by the Greeks and Egyptians. constitutéabcritical turning point in the
treatment of diabetes, but a bette ledge of the connection between
diabetes and foot ulcers didﬁ@to develop until the late 19th and early
20th centuries®. :H&@?gcovery decreased the frequency of acute
complications a @nced the prognosis for diabetic patients. On the other
hand, pe:rgi\' t 1ssues such as DFUs persisted to provide noteworthy
diffi cu@ Research on the particular consequences of diabetes, such as
n athy and peripheral artery disease, which are both important

\zontributors to the development of diabetic foot ulcers, started to pick up
steam in the middle of the 20th century. Research conducted in the 1950s
and 60s demonstrated how crucial blood glucose management is to averting
diabetes complications®*.

By the end of the 20th century, DFU management had changed dramatically.

The introduction of interdisciplinary approaches combining endocrinologists,
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podiatrists, vascular surgeons, and wound care specialists improved patient
outcomes. Treatment for DFUs has evolved significantly with the advent of
enhanced wound care products, including as dressings, growth factors, and
skin substitutes, along with the use of hyperbaric oxygen therapy?>.
2.6.2 Pathophysiology of DFUs
One of the main contributing causes to the development of DFUs i
peripheral neuropathy. It is the outcome of chronic hyperglycemia,
destroys the nerves and causes the feet to lose feeling?. Due to thQﬁc of
feeling, patients may not notice small wounds or press @ ts, which
could cause them to develop into ulcers without th t's knowledge™.
Peripheral Artery Disease (PAD), is another @Tant component. It is
characterized by artery narrowing or blo %ich lowers blood flow to
the lower extremities. As a result educed circulation, wounds and
ulcers heal more slowly anE1 are \oe prone to infection’’. Diabetes also
impairs immunological fu@, reducing its ability to fight off infections.
Due to this immunoﬂ@ency, ulcers can be difficult to cure if they become
infected, freq@ needing lengthy antibiotic therapy and occasionally
culmin{/@%psis”.
2.6.®inical Features and Diagnosis

\/@:Qetes Foot Ulcer (DFU) symptoms can vary, but they frequently involve
the following: continuous foot discomfort or tenderness; swelling and
redness around the wound; pus or discharge from the ulcer; an unpleasant
stench; and black tissue surrounding the ulcer, which indicates necrosis®. A
comprehensive clinical examination, evaluation of the feet's blood flow and

nerve function, and occasionally imaging tests to gauge the degree of tissue
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involvement are all part of the diagnosis process*’. A number of risk factors,
such as inadequate glycemic management, diabetes duration, smoking,
elevated cholesterol, obesity, a history of foot ulcers or amputations, and
inadequate footwear, raise the chance of developing diabetic foot ulcers. The

key to preventing DFUs is recognizing and controlling these risk factors .

2.6.4 Treatment Approaches Q\

Debridement (removal of necrotic tissue to promote healing) tQ}se of
specialty wound dressings to maintain a moist enviro Xad protect
against infection, the use of orthotic devices or speei twear to reduce
pressure on the ulcer, and the use of antibi@ to treat and prevent
infections are all important components o e%%e management of DFUs*.,
Utilizing bio-engineered skin to co% treat the ulcer, applying growth
factors to promote tissue Eeg)\" and using hyperbaric oxygen therapy
(HBOT) to speed up wméj\waling and fight infection are examples of
advanced therapies. Q&glcal intervention may be required in extreme
situations. Thﬁéﬂ involve angioplasty or bypass surgery, which are
metho '@ase blood flow, as well as partial or total amputations in

situ@ns where the infection is uncontrollable®.
\2.6.5 Prevention

Preventing diabetic foot ulcers is critical and includes having healthcare
professionals examine patients' feet on a regular basis, educating patients

about the value of blood glucose management and adequate foot care, and
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making sure patients wear shoes that fit properly and don't rub against their
skin or generate pressure points*.

2.7 Klebsiella pneumoniae in Diabetic Wound Ulcers

One prevalent and dangerous side effect of diabetes that can result in
significant morbidity and medical expenses is diabetic wound ulcers®.
Patients with diabetes have poor blood circulation and weakened immu&
systems, which makes these ulcers more prone to infection. Kle Qa
pneumoniae is one of the bacteria linked to diabetic wound inf;e< s that is

particularly noteworthy because of its rising incidence as stance to

several antibiotics 4. §
2.7.1 Epidemiology Q

Klebsiella pneumoniae is frequently iso m@m diabetic wound ulcers.
Research has indicated that indiv%‘fbwth diabetes have an increased
vulnerability to gram-negative ateXal infections, such as K. pneumoniae.
.

K. pneumoniae was fou@ be one of the most common pathogens
recovered from diabetiefoot infections in a study, showing its importance in
this patient pc}@%l. The bacteria's capacity to create biofilms on the
surface B@ds makes therapy and elimination even more challenging*’.
2.7.®th0genesis

N@Qerous virulence factors contribute to the pathogenesis of K. pneumoniae
in diabetic wound ulcers. Among these is a polysaccharide capsule that
shields the bacterium from the host immune system and phagocytosis®®.
Furthermore, the synthesis of siderophores—molecules that take iron from
the host—contributes to the development and survival of bacteria. Some

researchers' studies claim that K. pneumoniae adheres to host tissues through
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the use of fimbriae and adhesins, which promotes colonization and infection.
These virulence factors cause persistent infections that are challenging to
treat, especially in diabetes individuals who have weakened immune
responses®.
2.7.3 Antibiotic Resistance
Antibiotic resistance is a major problem for treating infections in diabeti{
wound ulcers. Numerous medicines, including carbapenems, whi e
frequently used as last-resort therapies, have been shown to be resi Q K.
pneumoniae®®. The emergence of carbapenem-resistan &eumoniae
(CRKP), which generates carbapenems enzymes N\that hydrolyse
carbapenems and make them useless, was repoy certain researchers.
The use of more toxic or less effective anti Qs is required as a result of
this resistance, which complicates tgﬁ@l plans’!.
2.7.4 Clinical Manifestatiorls %\
Klebsiella pneumoniae cak d to serious infections in diabetic wound
ulcers that cause 's&mt tissue damage and slow recovery>2. The
bacterium's c@?to create biofilms on the surface of the wound
aggrav@@pfection and increases its resistance to antibiotic therapy and
the @une system's reaction. According to a study conducted by certain
\/%(rgrchers, sepsis, a potentially fatal illness, can arise from bloodstream
infections caused by K. pneumoniae in diabetic patients.

2.7.5 Treatment and Management

Antibiotic medication and strict wound care are combined to address K.
pneumoniae infections in diabetic wound ulcers. Broad-spectrum antibiotics
are frequently used in empirical therapy until susceptibility testing allows for

the direction of more specialized care®*. Researchers have undertaken
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studies that suggest treating MDR and extensively drug-resistant (XDR) K.
pneumoniae infections may require combination therapy with polymyxins,
tigecycline, and aminoglycosides®. Additionally, to control biofilm
formation and encourage healing, regular debridement and appropriate
wound care are necessary>S.
Because of its resistance to antibiotics, K. pneumoniae is a prominen{
pathogen in diabetic wound ulcers, increasing the risk of serious inﬂ@s
and making treatment more difficult’’. The bacterium poses a s ri&s} reat
in clinical settings because of its virulence characteristics a@e eakened
immune system in diabetic patients. Maintaining K. ﬁziae infections
in diabetic wound ulcers and reducing their Ve effects on patient
outcomes require ongoing study and enha ct@Qfection control procedures®’.
2.8 Escherichia coli (E. coli) ’b
Gram-negative, rod-shaped ? %cteria are a typical component of the
human gut flora®. It can, h{@er, turn pathogenic and result in a variety of
illnesses, such as wby@mfections, sepsis, and urinary tract infections®. In
diabetic patien nd ulcers are a common and dangerous consequence,
and F. 'L@yquently isolated from these infections. Because E. coli can
dev@ iofilms and becomes increasingly resistant to antibiotics, its
\/% ence in diabetic wound ulcers poses a serious concern®s,
2.8.1 Epidemiology
Diabetic wound ulcers are particularly susceptible to infections by various
bacterial pathogens, including E. coli. A study by some researchers
highlighted that E. coli is one of the common pathogens isolated from

diabetic foot infections. The study underscored the bacterium's role in
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polymicrobial infections, which are common in diabetic ulcers. The
presence of E. coli in these ulcers is associated with prolonged healing times

and increased risk of complications®.
2.8.2 Pathogenesis

Multiple virulence factors are involved in the pathogenicity of E. coli i

diabetic wound ulcers. These include adhesins, which enable the bac Qo
stick to the surface of the wound, and biofilm formation, whic&@he
bacteria from antibiotic therapy and the human immuno, @ reaction®.
Because they create a persistent reservoir of infecti %challenging to
eliminate, biofilms are important in the devel@nt of chronic wound

infections. Additionally, E. coli produce?m iety of toxins and enzymes

that contribute to tissue damage anc@maﬁonw’

2.8.3 Antibiotic Resistanceéo\’\%
N

Antibiotic resistancé@gmajor problem for treating E. coli infections in

diabetic wouan@rs. Numerous antibiotics, such as aminoglycosides, beta-

lactam(@oroquinolones, have been shown to cause resistance in E.

coli@:cording to certain studies, the frequency of E. coli that produces
N%tended—spectrum beta-lactamases (ESBLs) is rising, making it more

challenging to treat these infections with conventional antibiotics®.

Treatment attempts are made more difficult by the propagation of resistance

genes via plasmids and other mobile genetic components’'.
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2.8.4 Clinical Manifestations

In diabetic wound ulcers, E. coli can cause severe infections characterized
by increased inflammation, tissue necrosis, and delayed healing. Group of
some researchers described the clinical presentation of infected diabetic foot
ulcers, noting that infections often manifest with signs of local inflammation,
purulent discharge, and sometimes systemic symptoms such as fever.

presence of E. coli in these wounds is associated with a high: @of

systemic infections, including sepsis, particularly in immuf@promised

diabetic patients’2. %

2.8.5 Treatment and Management Q

QO

One of the main issues with treating l;iéh infections in diabetic wound

ulcers is  antibiotic resistancé.\\QIumerous antibiotics, such as
. . ° .

aminoglycosides, beta—lactaz%\’&% fluoroquinolones, have been proven to

cause resistance in E@ Extended-spectrum beta-lactamase (ESBL)-

producing E. cob Q\ecoming more common, according to some research,

which ma it harder to treat these infections with traditional antibiotics.

Res$® genes spread through plasmids and other mobile genetic

QK@ nents, complicating treatment attempts™.

A"

2.9Pseudomonas aeruginosa in Diabetic Wound Ulcers

The rod-shaped, ram-negative bacteria Pseudomonas aeruginosa is a major
opportunistic disease in humans. It is well-known for having an innate
resistance to numerous antibiotics and for being able to flourish in a variety

of contexts, including medical facilities®*. Pseudomonas aeruginosa
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infections can cause serious consequences and extended healing times in

diabetes patients with wound ulcers™.
2.9.1 Epidemiology

Diabetic wound ulcers frequently become colonized and infected by a
variety of bacterial pathogens, including Pseudomonas aeruginosa. Studie{
have shown that P. aeruginosa is a common isolate from chronic w; ,
including diabetic foot ulcers’®. A study conducted by sor& earcher
reveal that P. aeruginosa is often associated with high \@y due to its
resistance to multiple antibiotics and its capacity to @%ﬁlms on wound

surfaces, which protects it from both the immun@tem and antimicrobial

treatments>°. E be

2.9.2 Pathogenesis ®%
Q)

The pathogenesis of P. aerﬂgmosa in diabetic wound ulcers involves several
key virulence facto‘rs\ﬁlese include the production of exotoxins such as
exotoxin A, wl@nhibits protein synthesis in host cells, and elastases that
degrad @ues. Furthermore, P. aeruginosa has a robust ability to form
bio%‘s, complex communities of bacteria that adhere to surfaces and are
N% edded in a protective extracellular matrix’®. With the study conducted
some years back, it was revealed that biofilm formation is a critical factor in
chronic infections, contributing to the persistence and resistance of P.

aeruginosa in diabetic wound ulcers®’.
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2.9.3 Antibiotic Resistance

One of the major challenges in managing Pseudomonas aeruginosa
infections is its high level of intrinsic and acquired resistance to multiple
antibiotics. P. aeruginosa has several mechanisms of resistance, including
the production of B-lactamases that degrade [B-lactam antibiotics, efflux
pumps that expel antibiotics from the bacterial cell, and mutations that

antibiotic targets®®. As noted by some researchers, the prev of
multidrug-resistant (MDR) P. aeruginosa strains has bee&lcreasing,

complicating the treatment of infections in diabetic woun@ 59,

O

2.9.4 Clinical Manifestations Q

QO

In diabetic wound ulcers, Pseudomonasféé‘ginosa infections can manifest
with various clinical features, inc@ increased exudate, a characteristic
sweet or fruity odor, and the | \e of blue-green pigments (pyocyanin) in
the wound. These ir&fﬁ@often lead to delayed healing, increased tissue
destruction, an Ql her risk of systemic complications. With some
researche.r& ings, P. aeruginosa infections are associated with a higher
inci&&}f osteomyelitis (bone infection) in diabetic patients, which can

| severe outcomes and even limb amputation if not adequately

\&
anaged®.

2.9.5 Treatment and Management

Antimicrobial medication along with strict wound care are two important
components of the multi modal strategy needed to address Pseudomonas

aeruginosa infections in diabetic wound ulcers. Empirical antibiotic therapy
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often involves drugs having action against P. aeruginosa, such as
piperacillin-tazobactam, ceftazidime, or carbapenems®!. However, sensitivity
tests and culture should direct final treatment. Treatment with combination
antibiotics may be required for MDR strains. Effective wound care
techniques, such as routine debridement, appropriate wound dressing, and
steps to increase blood flow and lessen pressure on the wound, are cruci

for fostering healing and preventing recurrence in addition to an@Qc

C

therapy®2. &
2.10 Streptococcus pyogenes in Diabetic Wound Ulcer: Q

Streptococcus pyogenes (Group A Streptococcm@;; is a Gram-positive,

beta-hemolytic bacterium that is a major athogen. It is responsible

for a wide range of infections, from%ﬁ@ erficial skin infections to severe

invasive diseases such as necro@fasciitis and streptococcal toxic shock
[ ]

syndrome. In diabetic pati{ﬁa\wound ulcers are particularly susceptible to

infections by S. p %s, leading to significant complications and

healthcare chaﬂ@%.
2.1% @jiology

N@wtic wound ulcers are prone to infections by various bacterial pathogens,
including S. pyogenes. Studies have shown that S. pyogenes is a common
isolate from chronic wounds, including diabetic foot ulcers. A study
emphasized the role of S. pyogenes in diabetic foot infections, noting its

capacity to cause rapid tissue destruction and severe systemic complications.
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The prevalence of S. pyogenes in these ulcers is associated with increased

morbidity and prolonged hospital stays®*.
2.10.2 Pathogenesis

The pathogenesis of S. pyogenes in diabetic wound ulcers involves several
virulence factors. These include the M protein, which inhibits phagocytosi
and helps the bacteria evade the host immune response, and qu

exotoxins such as streptolysins and pyrogenic exotoxins, whicl;i(gy

tissues and contribute to the severity of the infection @r ing to a

ost

researcher, the ability of S. pyogenes to produce a @u nic acid capsule
further aids in its evasion from the immune syste hancing its pathogenic

potential in diabetic wound infections®. be

2.10.3 Antibiotic Resistance ®%

)

Streptococcus pyogenes i&%gwrally sensitive to beta-lactam antibiotics,
such as penicillin, 'r®nce to other antibiotics used in diabetic wound
infections, su@ macrolides and clindamycin, has been reported. A
o XR
researc Nﬁlcted a study some years back noted that the emergence of
ma@de—resistant S. pyogenes strains complicates the treatment of these
NQfections, especially in patients allergic to penicillin. The spread of
resistance genes through horizontal gene transfer further exacerbates the

issue, making it essential to monitor antibiotic susceptibility patterns in

clinical settings®.
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2.10.4 Clinical Manifestations

In diabetic wound ulcers, S. pyogenes infections can lead to severe local and
systemic manifestations. The bacteria can cause rapid and extensive tissue
destruction, known as necrotizing fasciitis, which requires prompt surgical
intervention. Additionally, S. pyogenes can cause cellulitis, characterized by
diffuse inflammation of the skin and subcutaneous tissues, as wel

erysipelas, a distinct form of superficial cellulitis with T@HC
involvement. According to some researcher’s findings, thes &ctions are

often associated with systemic symptoms such as fevers y and signs of

systemic toxicity, highlighting the aggressive na

diabetic wound ulcers®’. Q
2.10.5 Treatment and Manageme\tgfbb

of S. pyogenes in

Antibiotic medication and @ wound care are combined to address

Streptococcus pyog.eniéctions in diabetic wound ulcers. In order to
address any co-i \g pathogens, beta-lactam antibiotics like amoxicillin
or peni(‘;ilg&re frequently used in conjunction with beta-lactamase
inhi it@ empirical antibiotic therapy. Clindamycin or macrolides may be
@gin penicillin allergy instances, although resistance needs to be taken
\Hlto account. A study emphasized the significance of supplemental
treatments, including intravenous immunoglobulin (IVIG), for severe cases
such as toxic shock syndrome caused by streptococcal bacteria®’.
Furthermore, strict wound care procedures are necessary to encourage
healing and stop recurrence. These procedures include routine debridement,

appropriate wound dressing, and actions to increase blood flow and lessen
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pressure on the wound. Because of its virulence features and propensity for
antibiotic resistance, S. pyogenes is a prominent pathogen in diabetic wound
ulcers, increasing the risk of serious infections and making treatment more
difficult. Because of the bacterium's capacity to quickly destroy tissue and
induce systemic problems, immediate and efficient management is required.
To manage these infections and enhance patient outcomes, strict wound ce&
procedures must be combined with tailored antibiotic medication. T e

S. pyogenes infections in diabetic wound ulcers, innovative a&pchyes to

explore pathogenesis and resistance mechanisms are nec@
2.11 Staphylococcus aureus in Diabetic Wound Eff%

Staphylococcus aureus is a Gram-positiv l@um that is a leading cause

of both hospital and community-ac infections. It is known for its

ability to cause a range of inf %, from minor skin infections to life-
.

threatening diseases such q&@%sis, pneumonia, and endocarditis. In diabetic

patients, wound ulce@%articularly susceptible to infections by S. aureus,

which can s@q@a tly hinder the healing process and lead to severe
compli@&%

2 Qpidemiology
\‘,?jb

Diabetic wound ulcers are commonly infected by S. aureus. Studies have
shown that S. aureus is one of the most frequently isolated pathogens from
diabetic foot ulcers. According to a study conducted by some researchers, S.
aureus is responsible for a significant proportion of infections in diabetic

foot ulcers, with both methicillin-susceptible S. aureus (MSSA) and
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methicillin-resistant S. aureus (MRSA) being prevalent. The high prevalence
of S. aureus in diabetic wound ulcers is associated with increased morbidity
and healthcare costs due to the need for prolonged treatment and the risk of

severe complications’’.

2.11.2 Pathogenesis

\

involves several virulence factors. These include surface & that

The pathogenesis of Staphylococcus aureus in diabetic wound

promote adhesion to host tissues, enzymes such gulase and
hyaluronidase that facilitate tissue invasion, and to %as alpha-toxin
and Panton-Valentine leucocidin (PVL) that age host tissues and
immune cells. A researcher emphasized t of biofilm formation in the
pathogenesis of S. aureus 1nfect10ns\6(@§
host immune response and ans&cs contributing to chronic and recurrent
infections’!. éco\
N

2.11.3 Antibioti iStance

ms protect the bacteria from the

A maj ?@ge in treating Staphylococcus aureus infections is antibiotic

resi@ce. MRSA, in particular, poses a significant threat due to its
N%lstance to beta-lactam antibiotics, which include methicillin and other
penicillin derivatives. Some researcher discussed the mechanisms of
resistance in S. aureus, highlighting the role of the MRSA gene that encodes
a penicillin-binding protein with low affinity for beta-lactams. The

emergence of vancomycin-resistant S. aureus (VRSA) further complicates
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treatment, necessitating the use of alternative and often less effective or

more toxic antibiotics’2.
2.11.4 Clinical Manifestations

In diabetic wound ulcers, Staphylococcus aureus infections can manifest
with a range of clinical features, from mild local inflammation to severe
spreading infections. These infections often present with signs of ce ,
abscess formation, and purulent discharge. In severe cases, S. akey can
cause necrotizing fasciitis and osteomyelitis, which ar Sated with
significant morbidity and require aggressive treatm %ording to some

researcher’s findings, S. aureus infections in tic foot ulcers are a

leading cause of hospital admissionszd% ften necessitate surgical

(e

O
2.11.5 Treatment and Mana %t
&
o)

Antibiotic medicati?)@ong with proactive wound care are combined to

intervention’>.

address Staph}@accus aureus infections in diabetic wound ulcers.
Empiri@@otic therapy frequently uses medications like clindamycin,
trirr@)prim—sulfamethoxazole, doxycycline, or linezolid to treat both
N@A and MRSA. However, the results of the culture and sensitivity tests
should direct definite therapy. A few research groups emphasized the
significance of complete wound care, which includes regular debridement,
suitable dressings, and techniques to enhance blood flow and lessen pressure
on the wound. Vancomycin or daptomycin are frequently used to treat

MRSA infections; however, depending on susceptibility patterns, other
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drugs such ceftaroline or delafloxacin may be taken into consideration.
Because of its virulence characteristics and antibiotic resistance,
Staphylococcus aureus 1s a prominent pathogen in diabetic wound ulcers,
increasing the risk of serious infections and making treatment more difficult.
The bacterium's capacity to create toxins and form biofilms worsens the
infection and slows the healing process. Effective management involves

mix of targeted antibiotic therapy and intensive wound care pr %
Further investigation into the pathophysiology and mechanism& sistance

is essential to creating novel approaches to treat S. c@

diabetic wound ulcers’. O

ctions in

2.12 Acinetobacter baumannii in Diabetic W@i;glcers

(e

Acinetobacter baumannii is a Gram-, e, opportunistic pathogen that

has become a significant cause msocomial infections worldwide. It is
.

known for its remarkable @ to acquire resistance to multiple antibiotics

and to survive in V@J@environmemal conditions. In diabetic patients,

wound ulcers @ticulaﬂy susceptible to infections by A. baumannii,

which C@to severe complications and present considerable treatment
cha@ges 3,

\}.12.1 Epidemiology

Diabetic wound ulcers are highly susceptible to infections by various
bacterial pathogens, including A.baumannii. Studies have shown that 4.
baumannii is increasingly isolated from chronic wounds and diabetic foot

ulcers. According to the findings of some researcher’s, the prevalence of 4.
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baumannii in diabetic wound infections has been rising, particularly in
healthcare settings where it can easily spread and persist. The bacterium's
ability to survive on surfaces and medical equipment contributes to its role

in hospital-acquired infections’®.

2.12.2 Pathogenesis

The pathogenesis of Acinetobacter baumannii in diabetic wound S
involves several virulence factors. These include outer mem%ggpteins
and lipopolysaccharides that facilitate adhesion and inve% ost tissues,
biofilm formation that protects the bacteria from t@m une system and
antibiotics, and the production of enzymes an@xins that cause tissue
damage. A study by some researchers, @ formation is particularly

important in the chronic nature of 4. annii infections, as it allows the

bacteria to persist in the wouy%&ro ment and evade host defenses”’.
N
2.12.3 Antibiotic Rf:si&%‘%c—’
N\
One of the maﬁémllenges in treating Acinetobacter baumannii infections
is its e@@ntibiotic resistance. 4. baumannii has developed resistance
to a@gle range of antibiotics, including beta-lactams, aminoglycosides, and
N%oroquinonin, through mechanisms such as the production of beta-
lactamases, efflux pumps, and modification of antibiotic targets. Some
researchers discussed the emergence of multidrug-resistant (MDR) and
extensively drug-resistant (XDR) 4. baumannii strains, which significantly

complicates the treatment of infections in diabetic wound ulcers. The ability
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of A. baumannii to acquire resistance genes through horizontal gene transfer

further exacerbates this issue’s.
2.12.4 Clinical Manifestations

In diabetic wound ulcers, Acinetobacter baumannii infections can lead to
severe local and systemic manifestations. These infections are oftx
characterized by increased inflammation, purulent discharge, and d
healing. In severe cases, A. baumannii can cause necrotizing infections and
osteomyelitis, leading to significant tissue destruction a @her risk of
systemic complications such as sepsis. According@évery by some
researchers, infections caused by MDR 4. bau@vii are associated with

higher morbidity and mortality rates, pa it@Qy in immunocompromised

diabetic patients”. \Q’b
2.13 Enterobacter cloacae in @tic Wound Ulcers

&

Enterobacter cloac’a&s a gram-negative bacterium belonging to the

Enterobacteria%%mﬂy, known for its potential to cause nosocomial

infecti@iculaﬂy in immunocompromised patients. In diabetic
u

indi als, wound ulcers are susceptible to infections by E. cloacae, which

\i&omplicate healing and lead to severe clinical outcomes®’.

2.13.1 Epidemiology

Diabetic wound ulcers frequently harbor Enterobacter cloacae as a
causative agent of infections. Studies have highlighted the presence of E.

cloacae in diabetic foot ulcers and other chronic wounds, often as part of
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polymicrobial infections. According to findings by some researchers, E.
cloacae infections in diabetic patients are associated with prolonged hospital
stays and increased healthcare costs due to the need for extensive treatment

and management'?!,

2.13.2 Pathogenesis

Q

The pathogenesis of Enterobacter cloacae in diabetic wound ulcers i S
several virulence factors. These include adhesins that facilitate ﬁ&ty&nt to
host tissues, lipopolysaccharides (LPS) that induce i ation and
immune responses, and the production of beta-@ﬁs that confer

resistance to beta-lactam antibiotics. E. cloacae@also form biofilms on

wound surfaces, which protect it from%Gmefenses and antimicrobial

agents, contributing to chronic infea@

2.13.3Antibiotic Resistanceéo\’\%
N
Antibiotic resistanée&ga significant concern in the management of
Enterobacter Nbae infections. E. cloacae strains frequently exhibit
resista(&/@ltiple antibiotics, including beta-lactams, fluoroquinolones,
and@noglycosides. The production of extended-spectrum beta-lactamases
N Ls) and Amp beta-lactamases is common among clinical isolates,

limiting treatment options. Surveillance of antibiotic resistance patterns and

susceptibility testing are crucial for guiding empirical and targeted therapy®?.
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2.13.4 Clinical Manifestations

In diabetic wound ulcers, Enterobacter cloacae infections can present with
various clinical manifestations, ranging from mild localized inflammation to
severe soft tissue infections. These infections may lead to increased wound
exudate, delayed healing, and systemic symptoms such as fever and malaise.
In immunocompromised diabetic patients, E. cloacae infections can pro

to bloodstream infections and sepsis, necessitating prompt interve, d

&

comprehensive management®®,
2.14 Candida albicans in Diabetic Wound Ulcers

Candida albicans is a yeast-like fungus that "anq of the normal human
microbiota but can become pathogenic un rtain conditions, including in
diabetic patients with compromis%@mune function. In diabetic wound

ulcers, C. albicans infec't@can occur as secondary infections,

S

complicating wound@kg and leading to persistent and recurrent

infections®*. QQ\

2.14.1 @yﬁplogy

Candida albicans primarily colonizes mucosal surfaces such as the

\Oral cavity and gastrointestinal tract, it can also infect skin and soft tissues,
particularly in moist and warm environments like diabetic foot ulcers.
Diabetic patients are predisposed to C. albicans infections due to
hyperglycemia, impaired wound healing, and altered immune responses. C.
albicans 1s one of the most common causes of fungal infections in

hospitalized diabetic patients, including those with chronic wounds®.
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2.14.2 Pathogenesis

The pathogenesis of Candida albicans in diabetic wound ulcers involves
several virulence factors. These include adhesins that facilitate attachment to
host tissues, secreted hydrolytic enzymes (e.g., proteases and phospholipases)
that degrade host proteins and lipids, and the ability to form biofilms on
wound surfaces. Biofilm formation protects C. albicans from host im

responses and antifungal agents, contributing to persistent infec@nd

treatment challenges®®. &
2.14.3 Antifungal Resistance §

In clinical settings, antifungal resistance of Cafitdida albicans has become a
major concern. Antifungal drugs like fl @zole and echinocandins usually

work on Candida albicans, howev§\®emse and chronic exposure to these

drugs can cause resistance. &% in drug targets (such as the ergosterol

production pathway) @'ﬂx pumps, which extract antifungal drugs from

fungal cells, are les of resistance mechanisms. In order to determine
the best ch'&)f treatment for diabetic individuals with Candida infections,
SO wes stressed the significance of monitoring for antifungal

T ce®’.

\/QJ

2.14.4 Clinical Manifestations

In diabetic wound ulcers, Candida albicans infections can present with
various clinical manifestations, depending on the severity and depth of the

infection. Superficial infections may manifest as erythematous and pruritic
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lesions, whereas deeper infections can lead to cellulitis, abscess formation,
and tissue necrosis. Systemic dissemination of C. albicans can occur in
immunocompromised diabetic patients, leading to invasive candidiasis with

septicemia and organ involvement®®,

2.14.5 Treatment and Management

Q

The management of Candida albicans infections in diabetic woun S
requires a tailored approach based on the severity of infection %&iﬁmgal

susceptibility testing. Topical antifungal agents such 1maz01e or
leNsy

miconazole may be used for superficial infections, 6 stemic therapy
with fluconazole, echinocandins (e.g., caspofun@ or amphotericin B is
warranted for deeper or systemic infe%% Combination therapy and
prolonged treatment courses may %essary in cases of persistent or
resistant  infections. Addit.i%n& optimizing glycemic control and
implementing effective w&&‘y\care practices, including debridement and
appropriate dressin'&%e essential for promoting wound healing and
preventing rec@egg.
Candi \@ns infections in diabetic wound ulcers pose significant
cha%ges due to their ability to form biofilms, develop resistance to

\/%}1 ungal agents, and cause both localized and systemic infections.
Effective management requires a multidisciplinary approach, integrating
antifungal therapy with meticulous wound care and management of
underlying diabetes. Continued research into the mechanisms of antifungal

resistance and new treatment strategies is essential for improving outcomes

in diabetic patients with Candida infections®.
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2.15 Antimicrobial Effects of Securidaca longipendunculata Parts

Research on Securidaca longipendunculata highlights its potent
antimicrobial properties against a spectrum of pathogens. Root extracts have
shown significant activity against gram-negative bacteria such as K.
pneumoniae, E. coli, P. aeruginosa, E. cloacae, and A. baumannii, as well i

&

gram-positive bacteria including S. aureus and S. pyogenes. Leaf GQ

S
also exhibit strong antimicrobial effects against these bacteria,’i&y by

studies indicating their efficacy in inhibiting K. pneum
§

aeruginosa, S. aureus, S. pyogenes, E. cloacaQa

. coli, P.

A. baumannii.
Additionally, seed extracts have demonstrate@omising antimicrobial
activity, particularly against S. aureus, L@md P. aeruginosa. These
antimicrobial effects are attributed %gb'werse phytochemical composition
of S. longipendunculata, includig%)kaloids, flavonoids, and tannins, which
disrupt microbial cell m@aes and inhibit vital enzymatic processes
crucial for microbial suexival®!.
Research on ~Sbggipendunculata highlights its potent antimicrobial
prope "s’&g%st a spectrum of pathogens®?. Root extracts have shown
sigr@an‘t activity against gram-negative bacteria such as K. pneumoniae, E.

N@Pseudomonas aeruginosa, E. cloacae, and A. baumannii, as well as
gram-positive bacteria including Staphylococcus aureus and S. pyogenes.
Leaf extracts also exhibit strong antimicrobial effects against these bacteria,
supported by studies indicating their efficacy in inhibiting K. pneumoniae, E.
coli, P. aeruginosa, S. aureus, S. pyogenes, E. cloacae, and A. baumannii.

Additionally, seed extracts have demonstrated promising antimicrobial

46



activity, particularly against S. aureus, E. coli, and P. aeruginosa. These
antimicrobial effects are attributed to the diverse phytochemical composition
of S. longipendunculata, including alkaloids, flavonoids, and tannins, which
disrupt microbial cell membranes and inhibit vital enzymatic processes
crucial for microbial survival®?.

2.16 Standard Antibiotics

a. Levofloxacin: Levofloxacin belongs to the fluoroquinolone class Qs
widely used for its broad-spectrum activity against both gram- o@y and

gram-negative bacteria. It inhibits bacterial DNA gyrase ;r@o somerase

IV enzymes, essential for DNA replication and repai e authors have

extensively studied its pharmacokinetics, @acy, and resistance

mechanisms®, er

b. Amikacin: Amikacin is an ami side antibiotic effective against

aerobic gram-negative bacteriK}eudomonas aeruginosa and E. coli. Its
[ ]

mechanism involves bindi@he bacterial 30S ribosomal sub unit, thereby

inhibiting protein sy'n@ls. Studies by some researchers have contributed to

understanding h@?ical applications and resistance patterns®>.

c. Ge@ Another aminoglycoside, gentamicin acts similarly to
ami@n

\jb'gre gram-negative infections and has been extensively researched for its

y binding to the bacterial 30S ribosomal subunit. It is used for

pharmacokinetics and efficacy. Some Authors have contributed to the
literature on its clinical use and resistance mechanisms®®.

d. Cefuroxime: Cefuroxime is a second-generation cephalosporin antibiotic
effective against a wide range of gram-positive and gram-negative bacteria.

It inhibits bacterial cell wall synthesis by binding to penicillin-binding
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proteins. Another Authors have explored its pharmacokinetics, efficacy in
various infections, and resistance patterns®’.

e. Ceftriaxone: Ceftriaxone is a third-generation cephalosporin known for
its broad-spectrum activity against gram-positive and gram-negative bacteria.
It inhibits bacterial cell wall synthesis. Research has contributed to
understanding its clinical applications, pharmacokinetics, and resistan&

mechanism?. Q

f. Augmentin (Amoxicillin/Clavulanate): Augmentin is a bl ation

antibiotic consisting of amoxicillin (a penicillin derivativ ).c avulanate
(a beta-lactamase inhibitor). It is effective agams@%ad spectrum of
bacteria, including beta-lactamase-producing st@. Some Authors have
studied its efficacy, pharmacokinetics, an. %ce patterns®’.
g. Imipenem: Imipenem is a car @1 antibiotic with broad-spectrum
activity against gram-positiv.e and, gram-negative bacteria, including multi-
drug resistant strains. It J{%l\S bacterial cell wall synthesis. Studies by
some authors ha\'/\Qontributed to understanding its clinical use,
pharrnacokinet@nd resistance mechanisms'®,
h. Str 't’ﬁ&n: Streptomycin is an aminoglycoside antibiotic effective
aga@ tuberculosis and certain gram-negative bacteria. It binds to the
\/@ erial 30S ribosomal subunit, inhibiting protein synthesis. Some authors
have explored its pharmacokinetics, clinical efficacy, and resistance!?!.
i. Ciprofloxacin: Ciprofloxacin is a fluoroquinolone antibiotic used to treat

a wide range of infections, particularly gram-negative bacteria. It inhibits

bacterial DNA gyrase and topoisomerase IV enzymes. Research by some
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researcher has contributed to understanding its pharmacokinetics, efficacy,
and resistance mechanisms!'®,

j. Erythromycin: Erythromycin is a macrolide antibiotic effective against
gram-positive bacteria and some gram-negative bacteria. It inhibits bacterial
protein synthesis by binding to the 50S ribosomal subunit. Some Authors

have studied its clinical use, resistance patterns, and pharmacokinetics'2.
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Chapter Three

Methodology
3.1 Collection and Processing of Plant Materials
Fresh roots bark, stem bark and leaf of S. longipedunculata was collected
from Jjaye, Akinyele Local Government Area in Oyo state. Identificatio
was done in the taxonomy department of the Forestry Research Insti Qf
Nigeria (FRIN). The plant was verified before depositing in the herbarium

under voucher number FHI. 113621. The plant materi 1®re properly
washed under tap water, rinsed with distilled water@r-%

d, blended and
kept in a clean container for subsequent use. Q

Pure clinical isolates of bacterial strai . coli, K. pneumonia, S. aureus,

3.2 Collection of the Test Organisms

S. pyvogenes, A. baumannil;, P. buginosa, E. cloaca and C. albican
collected from the Micro@ Laboratory Department in the University
College Hospital, Ib@%igh‘[ clinical isolates were collected maintained
on nutrient ag@ at 4°C and sub cultured on nutrient agar plate for 24hr
prior t '@ Similarly, the fungal isolate was maintained on potato
dex%e slant and sub cultured on Potato dextrose agar plate. The
\/&obacteriaceae were identified by using (API)20E kit while
Streptococcus pyogenes was identified by using (API) 20 Strep kit. and
Staphylococcus aureus. Also identified by using (API)20 staph kit.
3.3 Preparation of Plant Extracts

Preparation of Extract

59



Fifteen grams (15 g) each of the powdered plant material was weighed using
electronic weighing scale (a Metler Toledo FA21041A) and soaked
individually in 100 ml of ethanol, hexane, chloroform and aqueous (solvent)
measured in a 1000 ml capacity conical flask. The mixture was covered with
aluminum foil and allowed to stay forl 24 hours (h) at room temperature
with optical shaker for homogeneous mixture. Thereafter, the solvents were
concentrated and evaporated on a rotary evaporator at 400°C to produce the
extracts, which were then filtered using Whatman NO 1 filter paper with a
pore size'.

3.4 Phytochemical Screening of the Extracts of the @1,\14?af and Root of

S. longipedunculata Q

3.4.1 Qualitative Determinations Proced eer

Phytochemical investigation was o\\&ut on the plant extracts for both

qualitative and quantitative tc& ith the solvent extract of the plant using
standard procedures tc@%p(?tify the bio-active constituents in which
described?. Q\A
a. Test foﬂ\&nins

A@.S g of the dried powdered sample was be boiled in 20ml of water in

\g{est tube and then filtered. A few drops of 0.1% ferric chloride were be

added and observed for brownish green or a blue-black coloration'!.
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b. Test for Phlobatannins

Deposition of a red precipitate when an aqueous extract of mixture of each
plant sample was boiled with 1% aqueous hydrochloric acid taken as

evidence for the presence of Phlotannins.

c. Test for Saponin ( OQ
About 2 g of the powdered sample was boiled in 20 ml o@water ina
water bath and filtered. 10 ml of the filtrate was mixgdwi ml of distilled
water and shaken vigorously for a stable persist@oth. The frothing was

mixed with 3 drops of olive oil and shakegf'&usly, then observed for the

formation of emulsion. ’b

O
d. Test for Flavonoids '@
&

Three methods wer'e%&%to determine the presence of flavonoids in the
plant sample?. Xégdilute ammonia solution was added to a portion of the
aqueo 'f@of each plant extract followed by addition of concentrated
H>SOn, A yellow coloration observed in each extract was indicated in the
\/%’ane of flavonoids. The yellow coloration disappeared on standing. Few
drops of 1 % aluminum solution were added to a portion of each filtrate. A

yellow coloration observed indicated the presence of flavonoids.

A portion of the mixture powdered plant sample was in each case heated
with 10 ml of ethyl acetate over a steam bath for 3 min. The mixture was

filtered and 4 ml of the filtrate was shaken with 1 ml of dilute ammonia
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solution. A yellow coloration observed indicated a positive test for

flavonoids.
e. Test for Steroids

About 2 ml of acetic anhydride was added to 0.5 g Ethanolic extract of each

sample with 2 ml H>S04. The color changed from violet to blue or green &

S
O

About 5 ml of each extract was mixed in 2 %ﬂoroform and

some samples indicates the presence of steroids.

f. Test for Terpenoids (Salkowski Test)

concentrated H2S04 (3ml) was carefully added a layer. A reddish-

brown coloration of the interface was forrg@ow positive results for the

presence of terpenoids.

g. Test for Anthraqunmk}'\
\‘9

Two hundred milligra&gf the mixture samples were boiled with 6 ml of
1% HCI and ﬁ{@‘ he filtrate was shaken with 5 ml of benzene, filtered
and 2 W ammonia solution was added to the filtrate. The mixture
was and the presence of a pink, violet or red color in the ammoniacal

é& indicated the presence of free hydroxyl anthraquinones.
h. Test for Carbohydrates

Few drops (3ml) of mixture sample solution were taken in a clean and dry
test tube. Then a few drop of a- naphthol solution was added to it and
shaken carefully. Finally, Iml HoSO4 concentration was be added to the test
tube slowly and the solution was allowed to stay for few mins The presence
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of carbohydrate was indicated by the formation of a violet ring or purple
violet coloration at the junction of the two liquids.

3.4.2 Quantitative Determinations Procedure

a. Tannin

Sample of 0.20g was measured into a 50 mL beaker 20mL of 50% methanol
was added and covered with Para film and placed in a water bath at 77- 800
for 1 hour. It was shaking thoroughly to ensure a uniform mixin
extract was quantitatively filtered using a double layered Wha m@
filter paper into a 100 mL volumetric flask, 20 mL watet ’g 2.5 mL
folin-Denis reagent and 10 mL of 17% Na2COs3 %ed and mixed
properly6. The mixture was made up to mark @water mixed well and
allow to stand for 20min, the bluish —gr @ was developed at the end
of 20 min Working standard soluti annin of range 0-10ppm was
treated similarly as ImL samgﬂe&ﬁbsorbance of the Tannic acid standard

N

Spectronic 21D spe@@otometer at a wavelength of 760 nm. % Tannin

was calculated@m formula’.
%TAN@%rbance of sample X average gradient factor X Dilution factor

Wt. of Sample X 10,000

solutions as well as sa was read after color development on a

Qrélkalmds Procedure: This is a distillation and titrimetric procedure 2g
of finely ground sample was weighed into a 100 mL beaker and 20 mL of
80% absolute alcohol added to give a smooth paste. The mixture was
transferred to a 250mL flask and more alcohol added to make up to 100 mL
and 1g magnesium oxide added. The mixture was digested in a boiling water

bath for 1.5 hr under a reflux air condenser with occasional shaking. The
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mixture was filtered while hot through a small Buchner funnel. The residue
was returned to the flask and re-digested for 30 min with 50 mL alcohol
after which the alcohol was evaporated, adding hot water to replace the
alcohol lost. When all the alcohol has been removed, 3 drops of 10% HCI
was added. The whole solution was later transferred into a 250 mL
volumetric flask SmL of zinc acetate solution and 5Sml of potassiu&

ferrocyanide solution was added, thoroughly mixed to give a homo@s

solution. QJ
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The flask was allowed to stand for a few minutes, filtered through a dry
filter paper and 10 mL of the filtrate was transferred into a separator funnel
and the alkaloids present was extracted vigorously by shaking with five
successive portions of chloroform. The residue obtained was dissolved in 10
mL hot distilled water and transferred into a kjeldahl tube with the addition
of 0.20g sucrose and 10 mL Conc.H2SO4 and 0.02 g selenium for digestio«
to a colorless solution to determine %N by Kjeldahl disti %
method9. %Nitrogen got was converted to % total alkaloid by, m t@ng
by a factor of 3.26 i.e % Total alkaloid = %N X 3.26 6\
% Alkaloids = %N X 3.26 O$
c. Flavonoids Determination Q
Finely of 0.50 g ground sample was wei @%Q) a 100 mL beaker and 80
mL of 95%, Ethanol added and stitre a glass rod to prevent lumping.
The mixture was filtered th.r }Whatman No.1. filter into a 100 mL
volumetric flask and made@ mark with Ethanol. 1 mL of the extract was
pipetted into 50 mL® metric flask, four drops of Conc. HCL was added
via a dropping\@?e after which 0.5 g of magnesium turnings added to
develo é@ﬂa red coloration. Standard flavonoid solution of range 0-5
ppnﬁgs prepared from 100 ppm stock solution and treated in a similar way
\/@ HCI and magnesium turnings like sample. The absorbance of magenta
red coloration of sample and standard solutions was read on a digital.
d. Saponin
Finely of 1 g ground sample was weighed into a 250 mL beaker and 100 mL
of isobutyl alcohol was added. The mixture was shaken on a UDY shaker for

5 hours to ensure uniform mixing.

65



Thereafter the mixture was filtered through a whatman Nol filter paper into
a 100 mL beaker and 20 mL of 40% saturated solution of maganesium
carbonate was added. The mixture obtained with saturated MgCO; was
again filtered through a Whatman Nol filter paper to obtain a clear colorless
solution. 1 mL of the colorless solution was pipetted into 50 mL volumetric
flask and 2 mL of 5% FeCls solution was added and made up to mark wit&
distilled water. It was allowed to stand for 30min for blood red c Qo
develop. 0-10 ppm standard Saponin solutions were prepared fi or&sg)onin
stock solution. The standard solutions were treated similar &ﬁ 2 mL of
5% FeCl; solution was done for 1 mL sample @%enway V6300
Spectrophotometer at a wavelength of 520 nm@ percentage flavonoid

was calculated using the formula. er

Absorbance of sample x average gradi ctor x dilution factor

Wt. sam@,ooo
The absorbance of the s@as well as standard saponin solutions was
read after color de\'/@nent in a Jenway V6300 Spectrophotometer at a

wavelength of 380min.

%Sapo(@orbance of Sample x Gradient Factor x Dilution Factor
6 Wt. of sample x10,000
\/%’getermination of Glycoside
10 mL of extract was pipetted into a 250 mL Conical Flask. 50ml
Chloroform was added and shaken on a Vortex Mixer for 1 hr. The mixture
was filtered into 100 mL Conical flask and 10 mL pyridine, 2 mL of 2%
sodium nitroprusside was added, shaken thoroughly for 10 minutes. 3 mL of

20% NaOH was later add to develop a brownish yellow colour®.
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Glycoside standard of concentrations, which range from 0-5mg /mL was
prepared from 100 mg/mL stock Glycoside standard. The series of standards
0-5 mg/mL was treated similarly like sample above.

The absorbance’s of sample as well as standards were read on a Spectronic
21D Digital Spectrophotometer at a wavelength of 510 nm. % Glucoside

was calculated using the formula: \

Absorbance of sample x gradient factor x dilution factor O

9

Sample of 0.50 g extract was weighed into a 100.mL ‘beaker 20 mL of

Wt. of sample x10,000

f. Determination of Steroids

Chloroform-Methanol (2:1) mixture was added solve the extract upon
shaking for 30 minutes on a shaker. T l@le mixture will later filter
through a Whatman No. Ifilter pape%@nother dry clean 100 mL Conical
Flask. . \
The resultant residue wa\c;\zl'tedly treated with Chloroform-Methanol
mixture until free of oids. ImL of the filtrate was pipetted into a 30 mL
test tube and @%alcoholic KOH was added and shaken thoroughly to
obtain h@nous mixture. The mixture was later placed in a water bath
set 67 -40°C for 90 minutes. It was cooled to room temperature and 10
\/@rybof petroleum ether added followed by the addition of 5 mL distilled
water. This was evaporated to dryness on the water bath. 6 mL of
Liebermann Burchard reagent was added to the residue in dry bottle and

absorbance taken at a wavelength of 620 nm on a Spectronic digital

Spectrophotometer”.
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Standard Steroids of concentration of 0-4 mg/mL was prepared from 100
mg/mL stock steroid solution and was treated similarly like sample as
above. % Steroid was calculated using the formula:

Absorbance of Sample x Gradient x Dilution Factor

Wt of sample x 10,000

g. Determination of Cardenolides

Extract of 0.50 g was accurately weighed into 100 mL beaker follo \
the addition of 50 mL of Chloroform to dissolve the extract.0.2 Sodium
bicarbonate powder (NaHCO3) was added after compl t@gluﬁon of
extract in Chloroform to remove any free acid. 6 ixture was later
transferred into a 250 mL Separatory funnel and@)ughly shaken to allow
the two layers to separate. 5 drops of ac 'O%deride were added to allow
the mixture to be cleared and free o {@, suspensions1 1. This was filtered
through a Whatman No 1 F.ilte hr into 100 mL Volumetric Flask and
make up to mark with @form. Standard cardenolides solutions of
concentration 0-10 r\& was prepared from 100 mg/mL stock cardenolide
solution and @?similarly as sample above to obtain the gradient
factor. % ®olide was calculated using the formula:

b ance of Sample x Gradient Factor x Dilution Factor

Wt. of sample x 10,000

%

h. Determination of Phlobatannin

Sample of 0.50 g extract was weighed into 50 mL beaker. 20 mL of 50%
Methanol was added and covered with parafilm and placed in a water bath
set at 77-80°C for 1 hour. The mixture was properly shaken to ensure

uniform mixing and later filtered through a Whatman No 1 Filter paper into
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a 50 mL volumetric flask using aqueous methanol to rinse, and make up to
mark with distilled water. 1ml of the sample extract was pipetted into a 50
mL volumetric flask, 20 mL water 2.5 mL Folin-Dennis reagent and 10 mL
of 17% Sodium carbonate was added to the solution in the 50 mL Flask.
This mixture was homogenized thoroughly for 20 mins.0-5 mg/mL of
Phlobatannin standard concentration will be prepared from100 mg/rr&
phlobatannin stock solution and treated like sample above®. The absc@e
of standard solutions as well as sample was read on a Spectronic, 21D
spectrophotometer at a wavelength of 550 nm. %ta nin was

calculated using the formula: O

Absorbance of Sample x Gradient Factor x Dilut@ctor
Wt. of sample x 10,000 Q

(&

Sample of 0.50 g was weighed i?@O mL beaker and 60 mL benzene

i. Determination of Anthraquinones

added and stirred with a glas: prevent lumping. This was filtered into

100 mL volumetric ﬂ@g Whatman No.1 filter paper.10 mL of filterate

was pipetted intg r 100 mL volumetric flask and 0.2% Zinc dust was
y the addition of 50 mL hot 5% NaOH solution. The

added fo.llg)&
mi uer} heated just below boiling point for five minutes and then
r filtered and wash once in water. The filtrate was again heat with
\A’mther 50 mL of 5% NaOH to develop a red colour!?. Standard
Anthraquinone solution of range 0-5 mg/l was prepared from 100 mg/l stock
Anthraquinone and treated in a similar way with 0.2% Zinc dust and NaOH
like sample. The absorbance of sample as well as that of standard
concentrations was read on a Digital Spectrophotometer at a wavelength of

640 nm. The percentage anthraquinone was calculated using the formula:
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Absorbance of Sample x Gradient Factor x Dilution Factor
Wt. of sample x 10,000

j- Determination of Terpenoid

Sample of 0.50 g was weighed into a 50 mL Conical Flask, 20 mL of 2:1
Chloroform-Methanol mixture was added, shake thoroughly and allow to
stand for 15 minutes. The mixture was later centrifuge for another

minutes. Supernatant obtain was discarded, and the precipitateq/@e—
0

washed with another 20 mL chloroform-methanol mi)é\e r re-

centrifugation'>. %Q

The resultant precipitate was dissolved in 40ml g\;f‘ Sodium Deodocyl

Sulphate solution. Iml of 0.01 M Ferric Chlotgis ution was added to the
above at 30s interval shake well, and allt@% stand 30 minutes. Standard
Terpenoid of concentration range@g/ml was prepared from 100 mg/l
stock Terpenes solution fr@igma—Aldrich chemicals, U.S.A. The
absorbances of samlzle&@&il as that of standard concentrations of Terpenes

was read on a Di \Spectrophotometer at a wavelength of 510 nm. The

Absorbancg‘of Sample x Gradient Factor x Dilution Factor
Wt. of sample x 10,000
\)(. Determination of Phenol

Sample of 0.20 g was weighed into a 50 mL beaker, 20 mL of acetone was

percentage '%ene is calculated using the formula:

@

4

added and homogenize properly for 1 hr to prevent lumping. The mixture
was filtered through a Whatman No.1 filter paper into a 100 mL Volumetric
Flask using acetone to rinse and make up to mark with distilled water with

thorough mixing. 1 mL of sample extract was pipetted into 50 mL
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Volumetric flask, 20 mL water added, 3mL of phosphomolybdic acid was
added followed by the addition of 5 mL of 23% Na2CO3 and mix
thoroughly, make up to mark with distilled water and allowed to stand for 10
min to develop bluish-green colour.

Standard Phenol of concentration range 0-10 mg/mL was prepared from 100
mg/L stock Phenol solution from Sigma-Aldrich chemicals, U.S.A. Th
absorbances of sample as well as that of 105 standard concentrati f
Phenol was read on a Digital Spectrophotometer at a waveleng’tQ 510 nm.
The percentage Phenol was calculated using the formula:

Absorbance of sample x gradient factor x dilution fac;em%

Wt. of sample x 10,000 :\ )

1. Determination of Chalcones be

Sample of 0.50 g extract was wei @n o a 100 mL beaker 20 mL of
Chloroform-Methanol (2:1) Eni e\/as added to dissolve the extract upon
shaking for 30minutes o@ker. The whole mixture was later filtered
through a Whatman'@ ilter paper into another dry clean 100 mL Conical
Flask/Beaker. TQgﬂtant residue was repeatedly treated with Chloroform-
Metha 'l@re until free of Chalcones. ImL of the filtrate was pipetted
intoéi%Oml test tube and 5ml of alcoholic KOH was added and shaken
\/%’boughly to obtain homogenous mixture. The mixture was later placed in a
water bath set at 37 0C — 40 0C for 90 minutes. It was cooled to room
temperature and 10 mL of petroleum ether added followed by the addition of
5 mL distilled water. This was evaporated to dryness on the water bath. 6

mL of Liebermann Burchard reagent was added to the residue in dry bottle
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and absorbance taken at a wavelength of 620 nm on a Spectronic digital
Spectrophotometer.

Standard Chalcones of concentration of 0-4 mg/mL was prepared from 100
mg/mL stock steroid solution and treated similarly like sample as above. %
Chalcones was calculated using the formula:

Absorbance of Sample x Gradient x Dilution Factor

Wt of sample x 10,000

3.5 Preparation of Extract

Fifteen grams (15 g) each of the powdered plant material was weighed using
electronic weighing balance (a Metler Toledo FA21041A) and soaked
individually in 100 ml of ethanol, n-hexane, chloroform and aqueous
(solvent) measured in a 1000 ml capacity conical flask. The mixture was
covered with aluminum foil and allowed to stay for 24 hours at room
temperature with optical shaker for homogeneous mixture. Thereafter, the
solvents were concentrated and evaporated on a rotary evaporator at 400°C
to produce the extracts, which were then filtered using Whatman NO 1 filter
paper with a pore size.

3.6 Validity of Test Organisms

The erganisms was maintained in nutrient agar slants for 48 hours in a
pefrigerator at about 40C before they are further sub-cultured into freshly
prepared petri dishes using streak plate method. Gram staining procedure
and other relevant biochemical tests such as catalase, starch hydrolysis,
oxidase, urease, indole and citrate was carried out on each of the isolates to

establish the validity and viability of the test bacteria’.
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3.7 Biochemical Tests Identification of Tested Microorganisms
3.7.1 Gram’s Staining Procedure
Thin smear of pure bacterial culture was made on clean glass slide air dried
and heat fixed. Smear was covered with crystal violet for 30 seconds
washed with distilled water and smear was flooded with Grams i e
solution for 60 seconds, washed with 95% ethyl alcohol and t e&iij illed
water again, the smear will be covered with safranin for 3@&01&, wash
with distilled water and blot dried. Air dried@ﬁsewed under
microscope®. Q
3.7.2 Catalase Test be
Catalase test is used to identify n%%anisms that produce the enzyme
catalase. This enzyme deto>§iﬁ }rogen peroxide by breaking it down
into oxygen and water 2%@;\—>ZH20+02, This test was carried out in a
lamina flow hood. S@lnoculum of bacteria isolate was mixed into two to
three drops of@%n peroxide solution (3%) and observed for the rapid
elabor: 'B@;(ygen bubbles occurs. The lack of catalase was observed by
a la@r weak bubbles production’.

N@Indole Test
This test is important in the grouping and identification of anaerobic bacteria.
The indole test screens for the ability of an organism to degrade the amino
acid tryptophan and produce indole. Tryptophan is an amino acid that can
undergo deamination and hydrolysis by bacteria that express tryptophanase

enzyme.
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Twenty-four hours young culture media was inoculated into 10 mL of
tryptophan broth which was already sterilizes at 121 °C for 15 minutes and
allow cooling before the inoculation, incubated at 37°C for 24-48 hours.
After 48 hours of incubation, 5 drops of 0.5 mL of Kovac’s reagent were
added to the broth culture, shaken gently allow to stand for 20 minutes.

Formation of a deep red color at the top layer indicates a positive and yellox

coloration indicates negative result®. OQ

3.7.4 Citrate Test &
This test was carried out to study the ability of an organse citrate as

a sole source of carbon and energy. 24g of citrate ag@va dissolved in 500
mL of distilled water followed by sterilization @toclave. Dispense into
the petri dishes allow to cool, asepti Hb%oculate by streaking the
organisms once across the surface %oculated medium was incubated
for 24 to 48 hours, the colos 0 e\iedium indicates the result. A change
from green to blue indicatxca;ﬁzation of the citrate which is positive but if

the media retain the @n color after incubation period then the bacteria is

citrate negative’gQ
3.75 l—(’d@s of Starch Test

Thi@st was done to identify bacteria that can hydrolyze starch (amylose
N&amylopectin). Starch agar plates were inoculated with the selected
isolates and incubated at 35°C for 2 days. After incubation each plate was
flooded with aqueous iodine for 30 seconds. The iodine reacts with the
starch to give a dark brown color. Hence a clear zone around the bacteria
growth indicates positive results, while blue black coloration indicates a

negative result®.
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3.7.6 Oxidase Test

Impregnated oxidase strip was put on clean Petri dish, using a sterile
inoculating loop to pick up a well-isolated colony of test bacteria from fresh
culture and make a smear on the oxidase strip. Observation for color change
from initial color to purple was noted within 60 seconds, this indicates

oxidase positive, but with no color change indicate negative'’. \

"\
3.8 Preparation of Media < O
3.8.1 Preparation of Nutrient Agar (NA) %Q
Nutrient agar (NA) was prepared in line with t Qactures instructions
and following the method described by a spb » Briefly, 28 g of NA was
dissolved in 1000 ml of distilled Wéﬁt@ﬂ suspension was mixed until
completely homogenized. The %cgl flask containing the media was
plugged with cotton wool ﬁ

ed with aluminum foil. The flask was

sterilized using auto t 121°C for 15 minutes, cooled to 30°C and

N\
poured into ste@eslo.
3.8.2 (@ Agar

@%te agar was prepared by adding defibrinated blood to the warm base
Media (>60 °C) and gently shaking the mixture for 15-20 min, promoting
the hemolysis of erythrocytes and the release of hemin (X factor) and
nicotinamide adenine dinucleotide (NAD) which are particularly required
for the growth of microorganism. Suspend 20 g in 460 ml of distilled water
and heated with frequent agitation until the medium boils well. Sterilize by

autoclaving at 121 °C for 15 minutes. Cool to 50 °C and add aseptically 35
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ml of sterile defibrinated blood and chocolate by heating at 80 °C for 10

min?.

3.8.3 Chromogenic Agar \

Chromogenic agar for isolation and differentiation of major< c@al-
significant Candida species. About 47.7 g of powder b s slowly

dispersed in 1 liter of purified water. Stir until agar is \%ﬂCkened. Heat

and bring to boiling (100 °C) while swirling 0@ regularly. Do not

heat more than100 °C!!, ’bQ

3.9 Anti-bacterial Activities of the Pl tract against Test Pathogen
Using inoculating wire loop, the e\sN) ganisms was streaked on the surface
of the solidified nutrient a@e . A sterile 6 mm cork-borer was used to
make a uniform deep “Q’mto the agar gel. Each of the well was filled with
1 mL of the @repared in different solvents. The Petri plates were
allowed t@d for 30minutes at room temperature to allow the proper
diffasio \extract. The controls were then set up using the solvents alone,
Q%ut the extracts. Sterilized distilled water was used as control for the
\/aqueous sample. The plates were then incubated at 37°C for 24hours after
which the zone of inhibition was measured with the transparent ruler.

3.9.1 Determination of Different Concentrations of the Leaf, Root Bark,
And Stem Bark Extract Used

Stock solution of the plant fractions were prepared by mixing 15 g of each

extract in 100ml of solvent (150 mg/ml). Then other concentrations were
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prepared from the stock solutions by using law of equivalence proportion

formula'> C,Vi=CyV;

3.9.2 Antibiotic Susceptibility Test

Antibiotic susceptibility testing was carried out with the use of antibiotic

discs (Gram positive and Gram negative) by the disk diffusion method

following the method of a researcher’. Before each antibiotic disc wa
placed on each of the media surface, the pathogenic bacteria isolate
streaked on each of the nutrient agar plates after which the an b tic,discs
were aseptically placed on each of the agar plates using s e ceps. The
agar plates were incubated at 37°C for 24 hrs. Afte %he plates were
examined for zones of inhibition. The zones @1 ibition around each
antibiotic disc were measured in millimet S%Q
3.9.3 Determination of Minimum ry Concentration (MIC)
The minimum inhibitory con %ion was determined on the tested
organism. Minimum inhib&&}boncentration is the lowest concentration of
extract required to @pletely inhibit test organism up to 48 hours
incubation or @t concentration that can result to significant decrease in
inocuh{/@lity greater than 90%*.
3.9.®inimum Bacteria Concentration (MBC)

\/®1 is the minimum concentration that is required to completely destroy
over 75% viable inoculum. This is practically determined on Agar well
diffusion (AWD) technique by a measure of > 10mm diameter of zone of
inhibition. It determines the effectiveness or potency of an extract!4.

3.10 Method of Data Analysis
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All collected data were entered into a computer, and analyzed using the
statistical package for the social sciences (SPSS) version 23. The data were
subjected to descriptive (i.e. frequency distribution tables, percentages and
proportions, mean and standard deviations) and inferential statistics (i.e. t-
test and F-test) statistical treatment. Descriptive statistics was employed to
describe characteristics of the study variables; t-test was used to compare th
means of extract concentrations; and F-test was also used to comp Qe
means within the extract concentrations and the various solwents for

%5 for all

extraction. The level of statistical significance was set a

analysis in this study. The results were displayed in t @percentages”.
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Chapter Four \
4.1 Result of Findings S OQ

The rising prevalence of bacterial diseases in Africa, partlcular jgeria,

is primarily attributed to the growing resistance to antiba rugs, often

stemming from the misuse and overuse of antibioti %result the quest
for alternative sources of chemotherapeutic agen@ combat this challenge
has emerged as a global priority. From th@gch finding of this work the
antimicrobial activity of the ro@ of S. longipedunculata against
selected pathogenic microorganisms was evaluated using various solvent
extracts at concentration@\&SO mg/mL, 100 mg/mL, 75 mg/mL, and 60
mg/mL. The MIC ] um Inhibitory Concentration) is identified as the
lowest concent n at which growth is inhibited, while the MBC
(Mmm@rmdal Concentration) would indicate the concentration at
whléhe pathogen is effectively killed.

\/%oles 4.1 and 4.2 revealed the phytochemical screening of S.
longipedunculata with a range of bioactive compounds in the stem bark, leaf,
and root bark, both in qualitative and quantitative terms. Qualitative analysis
showed the presence of terpenoids, flavonoids, alkaloids, tannins, and

saponins in all plant parts, with varying intensities. Terpenoids were found

in moderate to high concentrations in ethanol extracts of all parts, while
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flavonoids were present at low intensities across all extracts. Alkaloids were
abundant in the leaf, showing a high intensity in ethanol and chloroform
extracts, while tannins and saponins appeared with moderate presence in
most extracts. Interestingly, anthraquinones, steroids, and phlobatannins

were absent in all parts of the plant, both qualitatively and quantitatively.

In terms of quantitative analysis, the root showed the highest concentrati
of terpenoids (12.235 mg/mL), while the leaf had the highest con n
of alkaloids (7.033 mg/mL). Saponins were found to ‘&e similar

concentrations in all plant parts, with the root bark showi@ ighest value

(1.321 mg/mL). Flavonoid concentrations were -:% in the root (1.884

mg/mL), while tannins were most concentrat%'n e leaf (2.594 mg/mL).
These results suggest that different parts &longipedunculata are rich in
different phytochemicals, with the@bark being particularly abundant in
terpenoids and saponins, WHi@leaf is a good source of alkaloids. The
stem bark, althougl.l @Xe for many compounds, generally had lower

concentrations @:hemicals compared to the other parts.

x@b
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Table 4.1: Quantitative Phytochemical screening of Stem Bark, @
and Root bark (S. Longipedunculata)

P
Phytochemical Ethanol Hexane CK fopm Aqueous
S L R S L R : r rR S L R

9.001 6.026 12.235 - - 8.06 ~ -

Terpenoid Q

1.130 1.048 1.884 - -&QO.Z%S -
Flavonoid - - -
o \Q’b :

N

Alkaloid 2.729 7.033 5.19 é—;@) 0.249 0.2685 - - -
Tannins 1.457 2.5946@ 0.19  0.283 0.2605

Saponin 1.1% QJ}O 1.321 1.010 1.012 0.028 - - -
Anthraquinones\f - - - - - - -
Steroids - - - - - - - - -

Phlobatannins - - - - - - - R -
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Source: Author work, 2024
Key:--= negative = S-Stem Bark
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Table 4.2: Qualitative Phytochemical screening of Stem Bark, Leaf and
Root Bark (S. Longipedunculata)

Ethanol Hexane Chloroform Aqueous
Phytochemical S L

S L R S L R S L R R

++ ++ - - + - - - - -
Terpenoid

+ + + - - + - Q -
Flavonoid (

+++ +++ ++ + + + = - -
Alkaloid

+ + + o+ + ’b + - - B
Tannins 6

+ + + * + + - - -
Saponin \

Q
Anthraquinones - QQ - - - - - -

Steroids - (@- - - - - - - -
Phlobatannins ’bb‘ - - - - - - -

\%urce: Author’s field Work, 2024
KEY: - =Negative, + = positive, ++ =Moderate, +++ =Heavy

S-Stem Bark L-Leaf R-Root Bark
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The antimicrobial activities of the root bark of S. longipedunculatain table
4.3 were evaluated against several pathogenic microorganisms usi

different solvent extractions: ethanol, hexane, chloroform, and aqu @he
results demonstrate varying degrees of inhibition deperﬁ% on the
microorganism and the concentration of the solvent ex%gr Klebsiella
pneumoniae, the ethanolic extract exhibited the % table antimicrobial
activity, with an inhibition zone of 15.0+1.4~nm" at 150 mg/mL, and a
reduced activity of 11.0+1.41 mm at 1062?%11. Hexane and chloroform

extracts showed weaker or no ac"t@, while the aqueous extract had a

smaller inhibition zone of 12&@1 mm at 150 mg/mL.

In the case of Escﬁs&za coli, the ethanolic extract displayed moderate
inhibition, with\éne of 13.50+0.71 mm at 150 mg/mL, decreasing slightly
at 100 @2.8%:0.71 mm), and further reducing to 7.5+0.70 mm at 75
mg/@ Hexane showed some activity (10.5+0.70 mm at 150 mg/mL), but
N@ activity was observed with the chloroform and aqueous extracts. While
Staphylococcus aureus, was showed effective inhibition zone of 19.50+0.71
mm at 150 mg/ml with ethanol extract and no activity was observed from
the hexane, chloroform, or aqueous extracts. In Acinetobacter baumannii,
the ethanol extract also showed intermediate activity with an inhibition zone

of 17.50+1.41 mm at 150 mg/mL, which dropped to 6.00+0.10 mm at 100
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mg/mL. Hexane, chloroform, and aqueous extracts showed no antimicrobial

effect.
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For Pseudomonas aeruginosa, the ethanolic extract demonstrated the
strongest activity, with a zone of 22.0+1.41 mm at 150 mg/mL and
20.0+1.40 mm at 100 mg/mL. The hexane extract had a lower but notable
activity of 10.50£0.71 mm at 150 mg/mL, while chloroform showed a

smaller inhibition (14.0£0.00 mm). No activity was observed in the aqueous

extract. \

In the case of Enterobacter cloacae, the ethanolic extract shotﬁ ood
e

activity with a zone of 20.0+0.71 mm at 150 mg/mL, whi exane
extract also exhibited moderate activity, showing 14 mm at 150
mg/mL and 10.0£0.70 mm at 100 mg/ml. No acti as detected in the

chloroform and aqueous extracts for Strepto%cu pyvogenes, the ethanol
extract showed mild inhibition (12.0ﬂ@%m at 150 mg/mL), which
decreased at lower concentrations.\\\@hloroform extract exhibited activity
(15.0£0.51 mm at 150 mg/ml,@0.49 mm at 100 mg/mL), but the hexane
and aqueous extract.s K(@& no activity. Finally, for Candida albicans, the
ethanol extract mild inhibition (10.0+0.70 mm at 150 mg/mL) and

decreased a%er concentrations. No activity was observed from hexane,

chlq‘ro@ or aqueous extracts.
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Table4.3: Antimicrobial Activities of Root Bark of S. Longipedunculata

(mm)/ Concentration (mg/mL) against Selected Pathogenic
Microorganisms
Solvent Extraction Isolates 150 100 75 60 Solvent Negative Control
Ethanol K. pneumonia  15.0£1.4 11.0£1.41 - - -
Hexane 14.0+0.90 - - - -
Chloroform 18.0+0.00 - - - -
Aqueous 12.50+0.71 - - - - l
Ethanol E. coli 13.50+0.71 12.80+£0.71  7.5+0.70 - -
Hexane 10.5+0.70.1 - - -
Chloroform - - - -
Aqueous - - - - (
Ethanol S. aureus 19.50+0.71 - - - N4
Hexane - - _ - -
Chloroform - - _ Q
Aqueous - - _ %
Ethanol A. baumannii  17.50+£1.41 5.00+£010 - M
Hexane - - - -
Chloroform - - Q
Aqueous - - Q -
i SO
Ethanol P. aeruginosa  22.0+£1.41 20.0@ - - -
Hexane 10.50+0.71 8.5% - -
Chloroform 14.0+0.00 Q - - -
Aqueous - \ - -
a <\
Ethanol E. cloacae 20.0: m - - -
Hexane 14.@& 10.0+0.70 R -
Chloroform Q\ - _ - -
Aqueous o A- - _ _
a N
Ethanol S. pyo, SN 12.0£0.50 10.0+0.48 _ - -
Hexane 6 - - - -
Chlorofor . 15.0+0.51 13.0+0.49 - -
Aqueous ( \\' - - - -
Ethanol Nl albicans 10+0.70 8+0.69 - -
Hexane ’b - - - -
Chlorof Q - - _ -
Aqueous - - _

Source: Authors Field Work, 2024

Key: mean * (standard error)

- = negative control
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The antimicrobial activities of Securidaca longipedunculata extracts from its
leaf, stem bark, and a mixture of root bark, leaf, and stem bark were tested
against several pathogenic microorganisms at varying concentrations (150
mg/mL, 100 mg/mL, 75 mg/mL, 60 mg/mL). The results reveal notable

trends in antimicrobial effectiveness, particularly for ethanol extracts.

Leaf Extract (Table 4.4) The ethanol extract from the leaf exhibitg
significant antimicrobial activity against a range of microorganisw@ﬁ
highest inhibition was observed for Klebsiella pneumoniae (1:& mm
at 150 mg/mL), Escherichia coli (15.5 = 0.71 mm at g/mL), and
Acinetobacter baumannii (18.0 £ 141 mm 50 mg/mL). For
Staphylococcus aureus, ethanol at 150 mg/mL @Jced a zone of 13.0 +
1.41 mm, which decreased with lower @’b‘- rations. The Pseudomonas
aeruginosa inhibition was 15.5 £+ (@ at 150 mg/mL, reducing to 4.0 +
0.00 mm at 60 mg/mL. Fqﬁterobacter cloacae and Streptococcus
pyogenes, ethanol extrac@cca}lowed activity, but the inhibition zones were

smaller, with Value@ing from 13.5 £ 0.71 mm to 16.0 + 2.83 mm for S.

pyogenes. H&}br, hexane, chloroform, and aqueous extracts were
ineffec(we\,éﬁ'o

St@ark Extract (Table 4.5): The ethanol extract from the stem bark

s all microorganisms.

&)wed significant inhibition against Escherichia coli (13.5 £ 0.5 mm at 150
mg/mL), but weaker activity was observed for Acinetobacter baumannii
(12.0 £ 1.41 mm at 150 mg/mL) and Pseudomonas aeruginosa (11.0 £ 1.0
mm at 150 mg/mL). The hexane extract exhibited stronger activity against .
coli (15.5 £ 0.5 mm at 150 mg/mL), but the other solvents (chloroform and

aqueous) showed no significant inhibition. Enterobacter cloacae was
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weakly inhibited by hexane (9.5 £ 0.5 mm at 150 mg/mL), while no activity
was observed for other extracts. The stem bark’s ethanolic extract
demonstrated only limited activity against Streptococcus pyogenes (12.5 +
0.5 mm at 150 mg/mL), and no significant inhibition was seen for Candida
albicans. Mixture of Root Bark, Leaf, and Stem Bark Extract (Table 4.6):
The mixture of root bark, leaf, and stem bark extracts demonstrated th

strongest antimicrobial activity, particularly with the ethanolic extra Qr

Klebsiella pneumoniae, inhibition was 21.0 = 1.40 mm at 15(}@;&1}” and

for Escherichia coli, it was 22.5 = 0.5 mm at 150 mg/%@

aureus showed inhibition of 20.5 £ 0.05 mm 150 mg/mL, while

lococcus

Acinetobacter baumannii was also effectively in (22.0 £ 1.42 mm at
150 mg/mL). For Pseudomonas aerugin at&Qethanolic extract produced
inhibition of 20.0 + 1.0 mm at 150 . The mixture’s ethanolic extract
was also effective against l;?nt >ter cloacae (22.0 = 1.42 mm at 150
mg/mL) and Streptococc@bgenes (19.5 £ 1.5 mm at 150 mg/mL).
Candida albicans w'a@u ited by the ethanol extract with a zone of 22.0 +

\

1.50 mm at mg/mL. While hexane and chloroform extracts

demon 'a@me activity, they were generally less potent than the

etha@ic extract. Aqueous extracts were largely ineffective.

\/%le ethanol extract of Securidaca longipedunculata from both the leaf and
the mixture of root bark, leaf, and stem bark exhibited the strongest
antimicrobial activities across a wide range of microorganisms, with
significant inhibition zones observed at 150 mg/mL concentrations. The leaf
extract showed consistent activity, particularly against K. pneumoniae, E.

coli, and A. baumannii, while the mixture of all three plant parts was the
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most potent, particularly against K. pneumoniae, E. coli, S. aureus, and P.
aeruginosa. In contrast, the stem bark extract was less potent, showing
weaker inhibition overall. Hexane, chloroform, and aqueous extracts
displayed minimal or no antimicrobial activity across the tested pathogens,
confirming that ethanol is the most effective solvent for extracting

antimicrobial compounds from S. longipedunculata.
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Table 4.4: Antimicrobial Activities of Leaf of S. longipedunculata

(mm)/Concentration(mg/mL) against Selected Pathogenic

Microorganisms
Solvent Extraction Isolates 150 100 75 60 Solvent
Negative
Control
Ethanol K. pneumonia  13.5+0.71 12.5+071 10.5+0.71 8.5+0.71 -
Hexane - - - - -
Chloroform - - - - -
Aqueous - - - - -
Ethanol E. coli 15.50+0.71 - - - -
Hexane - - - - -
Chloroform - - - - Q
Aqueous - - - B, 0
Ethanol S. aureus 13.0+1.41 11.5+0.71 11.0+£1.410  7.5+0. \/
Hexane - - - - -
Chloroform - - - _ Q
Aqueous - - - g
Ethanol A. baumannii 18.0£1.41 - - A
Hexane - - - - -
Chloroform - - - Q
Aqueous - - Q -
i AN
Ethanol P. aeruginosa 15.5+0.71 9.5+0.7 .5+0.71 4.0+0.00 -
Hexane 10.50+0.71 8.50% - -
Chloroform 14.0+0.00 Q - - -
Aqueous - \\ - -
Ethanol E. cloacae 13.5:0&\'\ 11.0£1.41  9.50.71 7.5+0.71
Hexane - \ - - -
Chloroform = \ 3 - - - -
Aqueous ° Q - - -
PN
Ethanol N\ 16.0£2.83 15.0£1.41  11.5£0.71  6.5+0.12 -
S.pyogi
Hexane - - - - -

Chloroform

Aqueous ('@ ;

\g

Ethanol Nt ulbicans 18.0+1.4
Hexane -
Chloroform Q’b

AqueousN

10+0.70 -

Source: Author’s Field Work, 2024

Key: mean + (standard error)

- = negative control
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Table

4.5: Antimicrobial Activities of Stem Bark of Securidaca

longipedunculata (mm)/Concentration (mg/mL) against

Selected Pathogenic Microorganisms
Solvent Extraction Isolates 150 100 75 100 Solvent

Negative
Control

Ethanol K - - i ) )

pneumonia
Hexane - - - - -
Chloroform - - - - -
Aqueous - - - - - (\\
Ethanol E. coli 13.540.5  11.5£0.5 - - S
Hexane 15.5+0.5 14.0+£0.00 - -
Chloroform - - - - < )
Aqueous - - - - &
Ethanol S. aureus - - - N -
Hexane - - - -
Chloroform - - - _
Aqueous - - - 0 -

N
Ethanol A.baumannii  12.0+1.41 - \) -
Hexane - Q _ _
Chloroform - - ’b_
Aqueous - o\ - -
- N

Ethanol P 11.0£1.0 @Hs 705071 85005 -

aeruginosa
Hexane 10.§ 8.50+0.71 _ _
Chloroform 2 18.0£1.39  16.0+0.15 - -
Aqueous (6 - - -
Ethanol E. cloacd Qﬁ-.‘bio.ﬂ - - -
Hexane Q\ 9.5+0.5 - - -
Chloroform Q - - - - -
Aqueous . ; ; - - - -

[ ]

Ethanol

-pyogenes  125+05  10.040.00 i i
Hexane 6 - - -
Chloroform ’b - - R

Aqueous \ib - .

Ethanol
Hexane
Chloroform

Aqueous

v

C. albicans 12.0£0.05 -

Source: Author’s Field Work, 2024

Key: mean + (standard error)

- = negative control
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Table 4.6: Antimicrobial Activities of Mixture (Root Bark, leaf and

Stem bark) of Securidaca longipedunculata (mm)/
Concentration (mg/mL) against Selected Pathogenic
Microorganisms
Solvent Extraction Isolates 150 100 75 60 Solvent
Negative Control
Ethanol K. pneumonia 21.0+1.40 19.5+0.5 7.0+0.00 _ _
Hexane 12.54+0.71 10.5+0.5 - - -
Chloroform 18.0+1.42 - - - -
A - - - -
queous 6.0£0.00 -\
Ethanol E. coli 225405  18.0£0.5 - - N
hexane 12.0£0.5 - - -
Chloroform 18+1.42 16+1.40 - - (
Aqueous - - - - y)
Ethanol S. aureus 20.5+0.05 11.0+0.00 6.5+0.5 5&5 -
hexane - - - Q -
Chloroform - - - %
Aqueous - - . ('\ -
Ethanol A.baumannii ~ 22+1.42 18.0£1.40 Q\} _
Hexane - - -
Chloroform 18.0+1.40 16.0 lb
Aqueous - b }
Ethanol P. aeruginosa  20-0+1.0 \‘; 11.040.01 - -
Hexane 10.50+0.71 .50+0.71 - -
Chloroform o \\' - - -
Aqueous {c’) - -
Ethanol E. cloacae &6&1 2 19.04139 - -
Hexane Q - - -
Chloroform Q 18.041.40  10.040.70  _ ] ]
Aqueous A ; ; - - -
Ethanol
Q}S- pyogenes  19s5i15  175:140 OO0 - -
Hexane 6 - - - - -
Chloroform Q’b 12.0+£0.5 - - - -
A - - - - -
queous \v'
Ethanol C. albicans 22.0+1.50  20+1.00 12.0+0.14 - -
Hexane - - - - -
Chloroform - - - -
Aqueous - - - - -

Source: Author’s Field Work, 2024

Key: mean + (standard error)

= negative control
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Table 4.7 showed the antimicrobial susceptibility testing results compared
with Clinical and Laboratory Standard Institute (CLSI) standards reveal
distinct patterns of antibiotic efficacy against the selected pathogens.
Gentamycin (10 pg) demonstrated sensitivity against K. pneumoniae (18
mm) and E. cloacae (19 mm), both meeting the CLSI threshold for
sensitivity (>18 mm). However, it was only partially effective against E
coli (16 mm) and S. aureus (16 mm), within the intermediate range \
mm). A. baumannii, S. pyogenes, and P. aeruginosa were registant, with
inhibition zones far below the sensitivity level. Amikaci ’g) showed
high efficacy against K. pneumoniae, E. coli, E. cloa %S. aureus, with
inhibition zones above or meeting the 20 threshold, indicating
sensitivity. For S. pyogenes (17 mm), It @in the intermediate range.
(17-19 mm), and it was less e e against A. baumannii and P.
aeruginosa, which showed .rgs\'s%lc . Augmentin (30 pg) was effective
against K. pneumoniae, F\ce), S. aureus, and Streptococcus pyogenes,
showing susceptibilf ith inhibition zones of 17 mm or higher. However,
it showed inte?@%e effectiveness against E. cloacae (16 mm) and A.
bauma@ mm), indicating only partial effectiveness, while
Pse@monas aeruginosa was resistant. Fluconazole displayed 20 mm
\/@fgition zone against Candida albicans, suggesting a possible
susceptibility despite no direct CLSI values for reference. Ciprofloxacin (5
ug) was largely ineffective, with most microorganisms showing resistance,
including K. pneumoniae (20 mm), E. coli (21 mm), Enterobacter cloacae

(16 mm), Acinetobacter baumannii (15 mm), Streptococcus pyogenes (14

mm), S. aureus (6 mm), and Pseudomonas aeruginosa (6 mm), all below the
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CLSI sensitivity threshold of >26 mm. Ceftriaxone (30 pg) displayed
intermediate activity, with K. pneumoniae, E. coli, and Enterobacter cloacae
showing inhibition zones within 15-22 mm, while Streptococcus pyogenes
(19 mm) met the sensitivity threshold. However, it was ineffective against
Acinetobacter baumannii, S. aureus, and Pseudomonas aeruginosa, all
showing resistance with zones below 15 mm. Ceftazidime (30 pg) als
exhibited moderate efficacy across K. pneumoniae, E. coli, Entero Q
cloacae, and S. pyogenes, each showing intermediate susceptibility, w1th
inhibition zones around 17-20 mm. However, it was i &e against
Acinetobacter baumannii and Pseudomonas aerugl % resistant with
low inhibition zones. Lastly, Cefoxitin (30@ displayed moderate
effectiveness, showing inhibition zones o 18@ mm for K. pneumoniae, E.
coli, Enterobacter cloacae, ter baumannii, Streptococcus
pyogenes, and S. aureus, 1ndlcaﬂ§§}ne degree of susceptibility, though no
CLSI standard was provy Pseudomonas aeruginosa, however, was
resistant with an inh@on zone of just 6 mm. In summary, S. aureus, K.
pneumoniae, 3«@/? coli were notably susceptible to Amikacin and
Genta 'a@ile Augmentin and Cefoxitin displayed moderate efficacy
acr%several strains. Ciprofloxacin and Ceftriaxone were less effective,
N@ most pathogens resistant, especially Acinetobacter baumannii and

Pseudomonas aeruginosa.
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Table 4.7: Antibiotic Susceptibility (mm) Test against Selected
Microorganism

Antibiotic Code Conc. Klebsiella Escherichia  Enterobacter Acinetobacter s Candida Staph  Pseudomon

. . . . treptococcus . .
Disc pneumonia  coli cloacae baumannii albicans aureus aeruginosa

pyogenes

Gentamycin CN  10ug  [8(S) 16(1) 19(S) - 10(R) - 16() -
Amikacin AK  30ug  21(S) 20(S) 20(S) 10(R) 17(D) - 20(S)  18(D)
Augmentin  Aug  30ug  18(S) 20(S) 16(I) 15(1) 18(S) - \ 17(S) -
Fluconazole FLX - - - - - - 6%) - -
Ciprofloxacin  Cip loug  20(R) 21(R) 16(R) 15(R) 1 4(]}&&_ - -
Ceftriaxone Cro 10ug 18(R) 18(R) 17(R) 14(R) - - -
Ceftazidime  CAZ 30ug  20(I) 19(1) 20(1) 14(R) 0 17(R) - 17(R)  19(1)
Cefoxitin ~ Fox 30ug  20(S) 18(1) 19(I) D 18(1) - 20(8) -

A N

Source: Author’s Field Work, 2024 6

I: Interme 'k\\g

Key: S: Sensitive

X
&
N

i

O
&
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4.2 Discussion of Findings

In this study, Table 4.1 highlights the significant antimicrobial activity of
root bark extracts, with ethanolic extract showing strong inhibition against K.
pneumoniae (15.0 £1.4 mm), S. aureus (19.5+ 0.71 mm), and P. aeruginosa
(22.0 £ 1.41mm) at 150 mg/mL. These findings align with prior studies t%
have reported on the high antimicrobial potential of root bark e@,
attributed to bioactive compounds like flavonoids, tannins, (@,pbmns
which have been found to disrupt bacterial cell mem exane and
chloroform extracts also exhibited activity against %msms though
generally lower than ethanolic extract. Not@ chloroform showed
inhibition against K. pneumoniae and S. @%, indicating that non-polar
compounds within the root bark @sess antimicrobial properties. In
table 4.1 ethanolic extracts of ot bark which has zone of inhibition of
220 £ 141 mm dis l&c@ notable activity, particularly against P.
aeruginosa at 150 @L with the MIC of 100mg/mL and MBC of
150mg/mL . E cloacae inhibited MBC at150mg/mL and S. aureus
shows Q}&lbltlon at 150mg/mL . These findings align with prior
stucéthat have reported on the high antimicrobial potential of root bark
\/@lracts, attributed to bioactive compounds like flavonoids, tannins, and
saponins, which have been found to disrupt bacterial cell membranes?.
Hexane and chloroform extracts showed moderate activity against some
isolates, but their efficacy was generally lower than ethanol extracts
indicating that nonpolar compounds within the root bark also possess

antimicrobial properties,
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compared with leaf ethanol extract presented in Table 4.2, the leaf extracts
showed high to moderate activity, with ethanolic extracts again proving
most effective. The highest inhibition was observed against A. baumannii
(18.0£1.4mm) and S. pyogenes (16.0£0.15) at 150 mg/mL. The
effectiveness of the leaf extracts could be linked to the presence of phenolic
compounds, known for their antimicrobial properties®. N-hexane a&
chloroform extracts were generally less effective, though hexane dis d
low activity against P. aeruginosa at higher concentrations. The lerylvity
with hexane and chloroform is consistent with findings @h r studies,
which suggest that polar compounds in the leaves m:@a ore responsible

for the antimicrobial effects®. Q

Table 4.3 showed that stem bark extract%%hmited activity compared to
root bark and leaf extracts, altho nolic extracts did inhibit E. coli
(13.5+£0.02mm) and 4. baumanaiif12.0+0.01 mm) at 150 mg/mL. N-hexane
extracts displayed significiut activity against E. coli (15.5 £ 0.5mm), which

is consistent with gs from studies that attribute the antimicrobial
properties of &oark to terpenoids and alkaloids®. Chloroform exhibited
moder(c.lﬁf?o ion against P. aeruginosa (20.0+£1.0 mm) and E. cloacae
(%ék.OS mm). These results support the idea that stem bark might contain
\/?péciﬁc non polar compounds that are selectively effective against some

gram-negative bacteria’.

Furthermore, the combination of root bark, leaf, and stem bark extracts
revealed enhanced antimicrobial activity, particularly with ethanolic extracts,
which showed significant inhibition zones for K. pneumoniae (21.0+1.50

mm), E. coli (22.5£0.5mm), and C. albicans (22.0£1.50 mm) at 150 mg/mL
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as shown in Table 4.4. The mixture’s superior efficacy aligns with current
literature on the synergistic effect of combining different plant parts, as the
varied phytochemical profiles enhance antimicrobial potency®. This synergy
is attributed to multiple compounds working in concert to inhibit bacterial

growth through diverse mechanisms, such as disrupting cell walls, inhibiting
enzyme activities, and reducing protein synthesis. \

Table 4.5 provides insights into the antibiotic susceptibility testing@

selected microorganisms. using convectional antibiotics, wever, the

inhibition zones for certain pathogens than conv@na antibiotics like

ethanolic extracts of S. longipendunculata exhibited co or greater

gentamicin and ciprofloxacin, particularly againsQem pneumoniae, E. coli,
and S. aureus. This observation aligns &% indings in recent literature
where plant-based antimicrobials)\&wn to be effective, particularly
against  multidrug-resistant \ hogens’.  Studies emphasize that
phytochemicals in plané&c@h\ as alkaloids and saponins can enhance

antibiotic activit @n overcome some resistance mechanisms, making
181

them valuabl e fight against antimicrobial resistance®.The observed
antimiéﬁ}q\%ctivity against both Gram-positive and Gram-negative
b%@, as well as fungi (C. albicans), highlights S. longipedunculata’s
\%ﬁential as a broad-spectrum antimicrobial agent. This efficacy is
particularly notable in the mixed extracts, which achieved larger inhibition
zones for certain organisms compared to the individual plant parts.
Literature supports the clinical relevance of such findings, with many studies
indicating that traditional medicinal plants can serve as a source of effective,

natural alternatives to synthetic antibiotics’.
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The phytochemical screening revealed that the ethanolic extracts of S.
longipedunculata contained the highest concentrations of bioactive
compounds, followed by hexane, and chloroform and aqueous extracts
generally showing no detectable levels of the tested phytochemicals. In this
work revealed the presence of tannins, saponins. terpenoids, alkaloids and
phlobatannins. The presence of these phytochemicals in this cannot b
emphasized. This agrees with findings that discovered that phytoch Qs

in medicinal plants are the active content responsila{(for, the

pharmacological potentials of medicinal plants>. Q

The root bark contained the highest concex@o% of terpenoids
(12.235+1.08 mg/mL) and a moderate value of al ds (5.19+£0.03 mg/mL)

and tannins (2.407+0.04 mg/ mL) in the& ol extract. Hexane extracts
also contained these compounds b@iﬁcantly lower quantity.

The leaf extracts contained a°1i\$€'§f value of alkaloids (7.033+0.03 mg/ mL)
and tannins (2.594i0.0®§3 mL) in ethanolic extracts, indicating its

potential as a ric s@&: of these bioactive compounds.

The stem ?&was found to have lower concentrations of phytochemicals
[ ]

a ds (2.729+0.03 mg/ mL) were the most abundant compounds in the

\ethanolic extract.

The results suggest that S. longipedunculata contains a range of bioactive

coga@ the root bark and leaf. Terpenoids (9.001+0.01 mg/ mL) and

phytochemicals, which contribute to its antimicrobial properties. Ethanol is
the most effective solvent for extracting these compounds, highlighting the
importance of solvent choice in phytochemical and antimicrobial studies.
The root bark appears to be the most potent part of the plant, particularly in
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ethanolic extracts, due to its higher concentration of terpenoids, alkaloids,
and tannins, which are likely responsible for its strong antimicrobial activity.
The synergistic effect observed in the mixture of different plant parts
suggests that a combination of extracts may enhance the overall

antimicrobial efficacy.

From the finding of this study the ethanolic extracts of S. longipedunculat

showed significant antimicrobial activity against various patl@%,
including K. preumoniae, E. coli, and S. aureus. Previous stu&,(mﬁorted
the efficacy of ethanolic extracts in disrupting bacterial c s due to the
presence of bioactive compounds like flavonoid %kaloidsm. The
moderate antimicrobial activity observed wiﬂ@xane and chloroform
extracts can be compared with findings f@%&uchers, who reported that
non-polar solvents like hexane a &G’Qform are effective in extracting

terpenoids and alkaloids, whi,clgqi\known to have antimicrobial properties'!.

The significant presence@i%enoids in the root bark, especially in ethanol

and hexane extrﬁ@ﬁgns with findings from studies conducted last year,
h

who reportedthat*S. longipedunculata is rich in terpenoids, contributing to

. \'
its anti@bla efficacy'?.

T esence of flavonoids and tannins, particularly in ethanol extracts, is
\Consistent with the literature, where these compounds are frequently cited
for their antioxidant and antimicrobial properties. In accordance with a study
by some researchers support the role of flavonoids in enhancing the

antibacterial activity against Gram-positive and Gram-negative bacteria '2.

The significant alkaloid content in ethanolic extracts, which is higher in the
root bark and leaves, is corroborated with the studies that are conducted
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some years back, which highlight alkaloids’ role in disrupting microbial cell

functions!“.

The combined and the separate plant crude extracts showed great activity
against most microorganisms tested. The combined root, leave and stem
ethanol and chloroform extracts showed sensitivity against all the
microorganisms tested, follow by ethanolic root extract that showed
sensitivity against S. aureus, P. aeruginosa and E. cloacae. However, le
ethanolic extracts showed sensitivity against 4. baumannii and C

albicans at the highest concentration and stem bark chloroforr{;g:

shown highest sensitivity inhibition zone against P. aerug is is
probably due to the solvent used and phytochemical conte sent at each
part of the plant contributed to its effectlve gainst selected

microorganism present. The antimicrobial actiViQ ifferent parts of S.

longipedunculata were assessed against sever. genic microorganisms,
including K. pneumoniae, E. coli, S. aurer&baumanmz P. aeruginosa, E.

cloacae, S. pyogenes, and C. alblcin;'@

extracts generally exhibited the h t antimicrobial activity across all

results indicated that ethanol

tested microorganisms, follo N- hexane and chloroform extracts, with
aqueous extracts show1 e to no activity. The results, displayed in
Tables 4.1 through'@ vealed that ethanol extracts exhibited the most
consistent anti act1v1ty across the different plant parts, followed by
n-hexane a roform. This trend is supported by existing literature,
where tmg extracts is often found to be an effective solvent for

extr i0active compounds due to its ability to dissolve a wide range of

@ and nonpolar compounds, thus maximizing the antimicrobial efficacy
\) plant extracts'?.
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Chapter Five

Conclusion
5.1 Summary of Findings

The findings from the antimicrobial activity tests on Securidaca
longipedunculata extracts reveal that ethanol is the most effective solvent
for extracting antimicrobial compounds from the plant. Ethanol extracts
from both the leaf and the mixture of root bark, leaf, and stem bark sh(Qd
the strongest inhibitory effects against a wide range of pathogénic
microorganisms, including Klebsiella pneumoniae, E.@l ia coli,

Staphylococcus aureus, Acinetobacter baumannii, PSf:@LIS aeruginosa,

Enterobacter cloacae, Streptococcus pyogenegl Candida albicans,

particularly at higher concentrations (150 y@‘ The leaf extract exhibited

significant activity against K. pneumon%s. coli, and A. baumannii, while

the mixture of the three plant Xvas the most potent, with substantial
. \

inhibition against several \gen , including P. aeruginosa and S. aureus.

The stem bark ex&&s less effective overall, with weaker activity

primarily again@li and P. aeruginosa. In contrast, hexane, chloroform,

and aq c@tracts demonstrated minimal or no antimicrobial activity.
The%e'sﬁi

@e of natural antimicrobial agents, particularly through its ethanol

ts highlight the potential of Securidaca longipedunculata as a

extract.

5.2 Conclusion

The study concludes that Securidaca longipendunculata possesses diverse
phytochemicals, with its ethanolic extracts demonstrating significant

antimicrobial activity against pathogens like Escherichia coli, Klebsiella
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pneumoniae, Staphylococcus aureus, Acinetobacter baumannii, and
Candida albicans. Ethanolic extracts of the plant’s root bark, stem bark, and
leaves showed the highest potency, often comparable to standard antibiotics
like Amikacin and Ciprofloxacin, supporting its traditional use in treating
infections. The antimicrobial activity varied with the extraction solvent, with

ethanol consistently being the most effective. This highlights its potential a

a natural source of antimicrobial agents. OQ

5.3 Recommendations &

Based on the findings of this research, the following r%wndations are
proposed: O
1. Further Phytochemical Research: detailed phytochemical
analysis is necessary to isola%&dentify the specific active
compounds responsible for\\l\gntimicrobial activity observed in S.
longipedunculata exéiﬁ%v is will help in developing new, targeted
antimicrobial 2@
2. In Vivo%@ Future studies should focus on conducting In Vivo
ez@wnts to evaluate the safety, efficacy, and pharmacokinetics of
Qﬁ)lant extracts in animal models and eventually in humans.
Q’b Broader Solvent Testing: In addition to ethanol, hexane, chloroform,
\/ and aqueous extractions, other solvents should be explored to
determine if they can yield even more potent antimicrobial
compounds from the plant.
4. Development of Pharmaceutical Formulations: Efforts should be
made to develop pharmaceutical formulations (such as ointments,
creams, or capsules) using the extracts, particularly for treating
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infections like wound infections, where microbial resistance to
synthetic antibiotics is a growing concern.

5. Cytotoxicity and Toxicology Studies: To ensure the safe use of
Securidaca longipendunculata extracts, toxicity and cytotoxicity
studies should be conducted to determine safe dosages and rule out
harmful side effects.

6. Exploration of Synergistic Effects: Future research should @e
the synergistic potential between S. longipedunculata gxtgacts and
conventional antibiotics, as this could provide n %utions to
combat multi-drug-resistant infections. %

7. Consideration of Regional Variability: Gi Qat the phytochemical

composition of plants can vary b ernvironmental factors, the

antimicrobial properties . (Yongipedunculata from different
geographic regions .s@oe compared to ensure consistent
effectiveness in Va@ettings.

5.4 Contribution to %’edge
This study cor@ to the field of phytochemistry and microbiology by

providing @nsight into the phytochemical composition and antimicrobial
acti 'ty(ol S. longipedunculata extracts. The research highlights the
éétial of S. longipedunculata as a source of novel antimicrobial

compounds which can be used to develop new therapies for managing

diabetic foot ulcer.
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5.5

Suggested Areas for Further Research

While this study has made important contributions, it also opens several
avenues

for future research.

L

II.

1.

\/QJ

Mechanism of Action: Further studies are needed to understand the
specific mechanisms by which the plant extracts inhibit microbia{

growth. This could involve biochemical and molecul@l

investigations. &Q/

Phytochemical Analysis: More in-depth phyto @al analysis
should be conducted to isolate and identif active compounds
responsible for the antimicrobial acti\@ich could help in the

formulation of new drugs. 6’6

In Vivo Studies: While th: \Qitro results are promising, in vivo

studies are necessé?;@ evaluate the safety, efficacy, and

pharmacokine@w plant extracts in living organisms.
L]

N
¢

O
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IV.  Synergistic Effects: Research into the synergistic effects between S.
longipedunculata extracts and standard antibiotics could provide new
strategies for treating infections, particularly those caused by multi-

drug-resistant pathogens.

V. Formulation and Application: Investigations into developing
pharmaceutical formulations (e.g., creams, ointments, or capsu
from the extracts could explore the potential for clinic 1

treating infections, especially wound infections lik€\those from

diabetic foot ulcers. %Q
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Appendix i

In-vitro Antlrmg 1 Activity of Ethanolic Extract of the Root Bark of
du

Securidaca [

of Inh1§
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culata on Pseudomonas aeruginosa Showing the Zone

or’s Laboratory Work 2024
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Appendix ii @
In-vitro Antimicrobial Ac\@f E
Securidaca longipedi@ta on Acinetobacter baumannii Showing the

N\
Zone of Inhibi%Q

Source: A@s Laboratory Work 2024

thanolic Extract of the Leaf of
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Appendix iii 0

In-vitro Antimicrobial Activity of Ethanolic E)@ of the Stem Bark of

Securidaca longipendunculata on Klebsiqél@@tmonia Showing the Zone

of Inhibition fb
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Appendix iv @
In-vitro Antimicrobial Ac@sﬁ/ﬁx
Stem of Securidacas l@ndunculata on Staphylococcus aureus Showing

N\
the Zone of Inhib Q

Source: Aﬁ@s Laboratory Work 2024

ture of Ethanolic Root, Bark, Leaf,
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Appendix v

In-vitro Antimicrobial Activity of Mixture of EthanolicExtract of
Securidaca longipendunculata on Escherichia coli showing the Zone of
Inhibition.

Source: Author’s Laboratory Work, 2024
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