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ABSTRACT

Aim: A study was carried out to determine the in vitro antibacterial activity of ethanol extract of root
and bark of Securidaca longipedunculata against two standard isolates of Neisseria gonorrhoeae
NO.0296 and WHO- K.

Materials and Methods: Plant materials were collected and dried at room temperature, followed by
ethanol extraction using a rotary pump. Antibacterial activity was done on the isolates using agar
disc-diffusion method with Dimethyl Sulfoxide (DMSO) as a negative control and ceftriaxone as a
positive control. Zone of inhibition was measured in millimeters. Minimum bactericidal concentration
of the extract was determined using different concentrations of the extract then plated on Neisseria
gonorrhoeae (GC) medium and a standard protocol was used to determine the presence of
phytochemical compounds.

Results and Discussion: The results obtained showed that both the root and bark extracts of S.
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longipedunculata have antibacterial activity against the two bacterial strains with a zone of inhibition
of 2 10mm and a bactericidal activity at 0.01ug'ml of 10% crude extract. Comparison of susceptibility
on tetracycline, penicillin and ciprofloxacin with the root and bark extract showed higher
susceptibility to the extracts. The extracts showed presence of saponins, steroids, glycosides,
flavonoids, terpenes, alkanoids, phenolics and tanins. The demonstrated antibacterial activity of S.
longipedunculata against N. gonorrhoeae provides a scientific basis for the traditional use in treating

venereal diseases in western Kenya.

Conclusion: This investigation and further studies will pave the way for use of this plant in
antibacterial drug development for alleviating human suffering. We recommend further studies to
identify the specific compound(s) responsible for the antibacterial activity.

Keywords: Securidaca longipedunculata; phytochemicals; Neisseria gonorrhoeae.

1. INTRODUCTION

N. gonorrhoeae is a sexually transmitted
bacterium that causes infections in the cervix, the
urethra, the rectum, pharynx of adults, and in
newborn infants, it affects the eyes. It belongs to
the genus Neisseria within the family
Neisseriaceae [1]. It is a kidney bean shaped
Gram-negative, non-spore forming, non-motile,
encapsulated, and non acid-fast bacterium. It
requires an aerobic environment with added CO,
and enriched media such as chocolate agar for
growth. It is oxidase positive and produces (-
lactamase. Small, smooth, and non-pigmented
colonies are produced after 18-24 hours of
incubation. WHO estimates that 340 million new
cases of Gonorrhea, Chlamydia and other
sexually transmitted infections occur every year,
of which 85% are in developing countries [2].
Gonorrhea and Chlamydia account for 62 million
and 92 million new infections respectively (2).

Antimicrobial resistance in gonorrhea is of
increasing concern, and successful treatment of
gonorrhea is becoming more difficult. Gonorrhea
causes pelvic inflammatory disease in women,
which can lead to severe reproductive health
complications, e.g., ectopic pregnancy, chronic
pelvic pain and even tubal infertility [3]. Though
not common, gonococci infections can also result
in localized septic arthritis, endocarditis, and
meningitis and eye infections that can change
course to blindness in infected infants.
Gonococcal infections can increase the risk for
sexual transmission of human immunodeficiency
virus (HIV) [4,3].

Medicinal plants are the major sources of new
medicines and may constitute an alternative to
the wusual drugs [5,6,7]. The violet ftree,
Securidaca longipedunculata, is the most popular
of all the traditional medicinal plants and is used
for almost every conceivable ailment [8,9]. It is
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widely distributed in woodlands and arid
savannas of tropical Africa, especially in the
Northwest and in the Lampoon provinces of
South Africa and Mozambique. The root
and bark are taken orally either powdered
or as the infusion for treating chest
complains, inflammation, abortion, ritual suicide,
tuberculosis, infertility, venereal diseases and for
constipation [10,11]. A toothache can also be
relieved by chewing the roots. Powdered roots
are used to treat a headache by rubbing them on
the forehead. Infusions of the root are used for
washing topical ulcers [12]. Studies show that
violet tree has antibacterial activity against
Escherichia coli, Pseudomonas aeruginosa and
Staphylococcus aureus. The tree has been used
traditionally to treat venereal diseases, thus the
aim of this work is to evaluate the antibacterial
potential of the root and bark extracts on N.
gonorrhoeae, determine the phytochemicals in
the extract and to test the different antibiotics
used in comparison with the extracts.

2. MATERIALS AND METHODS
2.1 Bacterial and Plant Samples

Two standard isolates of N. gonorrhoeae from
gonococcocal surveillance laboratory were sub-
cultured and pure cultures grown on modified
Thayer-Martin agar media. Plant samples were
collected from Bungoma County after being
identified by the locals who use it. They were
brought to the laboratory and dried at room
temperature and ground into powder. Extraction
was done using 90% Ethanol and solvent
removed by using a rotary evaporator.

2.2 Preparation of the Plant Extracts
From each material 600 g of powder was

weighed separately using a digital weighing
machine and placed in a conical flask and 1500
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ml of 90% ethanol added to it. The mixture was
stirred gently, tightly covered and left for 24
hours. The mixture was filtered using Whatman
filter paper No. 1. The filtrate was placed in a
rotary evaporator at 40°C to remove the solvent
[13].

2.3 Antibiotic susceptibility Testing

The bacterium was sub-cultured in modified
Thayer-Martin agar then colonies picked and put
in Muller Hinton broth. Turbidity was adjusted to
fit the 0.5 McFarland standard and examined for
susceptibility to penicillin (5 pg), ciprofloxacin (5
Mg), tetracycline (30 pg), ceftriaxone (30 pg) and
azithromycin (15 pg) on modified Thayer-Martin
medium by Kirby Bauer disc diffusion method as
per CLSI guidelines and protocol (2015). Data
was presented as percentages.

2.4 Antibacterial Activity of the Extract

A 24 hour old culture of the bacterium was used
as inoculums for the tests. The bacterial culture
turbidity was adjusted to 0.5 McFarland. The
Modified Thayer-Martin (MTN 1) medium for
bacterial growth was prepared and sterilized; it
was then poured in sterile Petri dishes. Bacterial
lawns were made aseptically on the agar plates
using sterile swabs then three wells were made
on each of the agar plates using sterile Durham’s
tubes. Water based 50 pl of 10% crude extract of
root and bark were used. Ceftriaxone with water
as a solvent was used as a positive control and
DMSO as a negative control. 50 ul extract was
placed in the wells and incubated at 37°C for 24
hours. After the incubation time, the plates were
examined for the presence of inhibition as a
property of antimicrobial activity. The following
was used as the standard: no activity (<7 mm),
8—-11 mm active, >12 mm very active.

Different concentrations of 10% crude extract
thus 10-', 107, 10°, 10% 10° and 10° was
prepared and also tested against the plant
extract to confirm the minimum inhibitory
concentration from the bark or roots of the
aqueous extract of S. longipedunculata.

2.5 Determining the Bactericidal Activity
of the Extract

The bactericidal activity of the extract was
determined by preparing Modified Thayer-Martin
agar with different concentrations of the 10%
crude extract thus, 18ml of media and two ml of
the extract starting with 10" 102 10 10* 10®°

63

and10® and inoculated with N. gonorrhoeae and
incubated for 24 hours before examining for the
bactericidal activity by checking the plates for
bacterial growth. The plate concentration at
which the bacteria started growing was termed
as minimum inhibitory concentration. Antibiotic
susceptibility of the common antibiotics was done
to determine which antibiotic is much more
effective and to compare with the extract to
confirm its strength. This was done by aseptically
preparing GC media and putting discs of the
different antibiotics that are used to treat
gonorrhea and cultured overnight. The zones of
inhibition were then measured in millimeters and
presented using a pie-chart showing percentages
of the zones of inhibition. Data was analyzed by
subjecting to Analysis of Variance (ANOVA) at p
value 0.05. The null hypothesis was
that Ethanolic root and back extracts of
S. longipedunculata do not have activity against
N. gonorrhoeae.

2.6 Phytochemical Analysis

The methods described by [14] were used to test
for the presence of saponins, tannins, phenolics
and alkaloids. Lieberman Burchad reaction as
described by [15] was used to test for steroids
and the Salkowski test was used to test for the
presence of glycosides. Testing for saponins,
each extract (0.5 g) was mixed with water in test
tube. Foaming that persisted on warming was
taken as an evidence for the presence of
saponins. Testing for tannins and phenolics,
each extract (0.5 g) was separately stirred with
10 ml of distilled water and then filtered. A few
drops of 5% FeCl; reagent were added to the
filtrate. Blue-black or blue-green coloration or
precipitation was taken as an indication of the
presence of phenolics and tannins. Testing for
alkaloids, each extract (0.5 g) was stirred with
5mL of 1% hydrochloric acid (HCI) on a steam
bath. The solution obtained was filtered and one
1mL of the filtrate was treated with a few drops of
Mayer's reagent. The turbidity of the extract
filtrate on addition of Mayer’s reagent was taken
as evidence of the presence of alkaloids in the
extracts.

2.7 Testing for Steroids

To test for steroids, 0.5 g of each extract was
separately added with 5 drops of acetic
anhydride and then a drop of concentrated
sulphuric acid H,SO,4. The mixture was steamed
for 1 hour and neutralized with sodium hydroxide
(NaOH), followed by the addition of chloroform.
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The appearance of a blue-green color indicated
the presence of steroids. Testing for glycosides,
0.5 g of each extract was dissolved in 2 ml of
chloroform. H,SO,4 was carefully added to form a
lower layer. A reddish brown color at the
interface indicated the presence of a steroidal
ring, that is, a glycone portion of the cardiac
glycoside.

3. RESULTS AND DISCUSSION

A number of phytochemical compounds were
confirmed to be present in the root and bark
extracts (Table 1). The root and bark extract of
S. longipedunculata have antibacterial activity
against N. gonorrhoeae, the causative agent for
gonorrhea. The bark showed a higher
antibacterial activity compared to the roots. The
bark and root extract of S. longipedunculata have
a plethora of phytochemicals, which contribute to
their  antibacterial  activities against N.
gonorrhoeae. These phytochemical compounds
have been documented as being biologically
active and exhibiting their effects on
physiological activity [16].

The extracts also showed bactericidal effects
against the two standard isolates of N.
gonorrhoeae, WHO standard K and the US
standard isolate 0296, suggesting that a
therapeutic concentration could be attained in a
living host. The high antimicrobial activity of the
ethanol extract observed is similar to the findings
of [11], who attributed these activities to the high
content of flavonoid. For the comparison with the
common antibiotics used, the root and bark
showed a higher antibacterial activity compared
to penicillin, tetracycline and ciprofloxacin. This
justifies its need to be used as a traditional
medicine.

Table 1. Phytochemical analysis of the
ethanol extract from the stem bark and Root
bark of the S. longipedunculata

Pytochemical Stem bark Root bark
components
Saponins
Tannins
Phenolics
Glycosides
Flavanoids
Steroids

Alkaloids

+ o+ o+ 4+ + o+ o+
+ 4+ + 4+ + ++

Table 1 shows the phytochemical profile of S.
longipedunculata. The ethanolic extracts from
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stem bark and root bark of the plant contained
alkaloids,  flavonoids, glycoside, phenols,
saponins, steroids and tannins.

3.1 Antibacterial Activity of the Root and
Bark Extract of S. longipedunculata

Both the root and bark extracts showed
antibacterial activity to N. gonorrhoea strains,
thus WHO standard K and the US standard
isolate 0296 from the urethral swab having
shown some zone of inhibition with the bark
extract having a higher activity against the
microorganism compared to the root extract.
Table 2 shows the antibacterial activity of 10% of
the root and bark extract of S. longipedunculata.

One sample t-test was used to test the
performance of the extracts against the
null/negative control (DMSOQO) in order to
statistically determine if the extracts were active
against N. gonorrhea. The results (Table 2)
indicated that the mean zone of inhibition for
extracts was significantly greater than the null
value (t= 40.695, P<.001). As such it was
concluded that the extracts were active against
N. gonorrhea.

Again, one sample t-test was used to test the
performance of the extracts against the positive
control (ceftriaxone). To facilitate this analysis,
the mean zone of inhibition for ceftriaxone across
all trials was calculated and used as the test
value against the mean zone of inhibition for the
extracts. The results (Table 3) indicated that the
mean zone of inhibition for extracts was
significantly lower than the positive control value
(t= -59.787, P<.001). This means that the
extracts were not as active against N. gonorrhea
as was ceftriaxone.

Further, one-way analysis of variance (ANOVA)
was conducted to determine the difference in
antibacterial activity between the root and back
extracts of S. longipedunculata. As indicated in
Table 4, there was significant difference between
the extracts with the back being more active than
the root (F= 102.081, P<0.001).

The bark showed a higher activity compared to
the root extract, which was 19.1 mm and 13.8
mm respectively. This shows a promising herbal
antimicrobial alternative in the face of increasing
resistance to synthetic antibiotics. The bioassay
showed that the bactericidal activity of the extract
was found to be 102 thus 0.01 ug mi™.
Antibacterial susceptibility to the common
antibiotics showed that N. gonorrhoeae is highly
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susceptible to ceftriaxone with the highest zone The 10% root and bark extract showed
of inhibition of 42 mm with WHO Standard isolate = susceptibility to N. gonorrhoeae as shown
K, while in US -0296 has a zone of inhibition of in the Fig. 1 where the bark extract was
39 mm. The bark showed a higher zone of found to have the same zone of inhibition
inhibition on the two isolates compared to with ciprofloxacin and root extract was
ciprofloxacin and tetracycline, while in penicillin found to be more susceptible than
the isolates showed that they are resistant with a  tetracycline. N. gonorrhoeae was not sensitive to
Omm zone of inhibition. Penicillin.

Table 2. Performance of the extracts against negative control

One-sample test
Test value =0

t df Sig. (2-tailed) Mean 95% confidence interval
difference of the difference
Lower Upper
Diameter of zone of 40.695 71 .000 16.47778 15.6704 17.2851
inhibition
Table 3. Performance of the extracts against the positive control
One-sample test
Test value = 40.686
t df Sig. (2-tailed) Mean 95% confidence interval
difference of the difference
Lower Upper
Diameter of zone  -59.787 71 .000 -24.20822 -25.0156 -23.4009
of inhibition
Table 4. ANOVA results with mean values of zone of inhibition for extracts
Descriptives
Diameter of zone of inhibition
N Mean Std. Std. error 95% confidence interval for
deviation mean
Lower bound Upper bound
Back extract 36 19.1056 2.78095 46349 18.1646 20.0465
Root extract 36 13.8500 1.41674 23612 13.3706 14.3294
Total 72 16.4778 3.43574 40491 15.6704 17.2851
ANOVA
Diameter of zone of inhibition
Sum of df Mean F sig
squares square
Between Groups 497.176 1 497.176 102.081 .000
Within Groups 340.929 70 4.870
Total 838.104 71
Table 5. Comparison of zones of inhibition of the plant extracts and standard antibiotics in the
market
Antibiotic WHO-K US STC-0296 % CONC
Ciprofloxacin 12 mm 19 mm 100%
Tetracycline 19.1 mm 13.1 mm 100%
Penicillin 0mm 0mm 100%
Ceftriaxone 42 mm 39 mm 100%
BARK 20.1 19.9 mm 10%
ROOT 13.5 mm 14.8 mm 10%
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Zone of Inhibition US-0296in mm
39

Fig. 1. Zones of inhibition on US STC-0296 expressed in percentages

Zome of Inhibition WHO-K in mm

42
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Fig. 2. Comparison of the zone of Inhibition of antibiotics to WHO-K

For WHO — K standard isolate was found to be
more susceptible to ceftriaxone than the rest of
the test antibiotic and the extracts as shown in
Fig. 2 above. The activity of the plant extracts
seemed to compare well with those of the
antibiotics albeit in their crude form. Isolation
and purification of the active compound is likely
to improve pharmacological activity of the
phytochemicals, and would be good candidates
for drug development.

of the S.
and Bark

3.2 Bactericidal Activity
longipedunculata Root
Extract on N. gonorrhoeae

Different concentrations of the 10% extract was
put in the modified Thayer-Martin media and
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inoculated with WHO —-K then incubated for
24hrs. The plates with a concentration of 107
had bacterial growth, thus the minimum inhibitory
concentration of root and bark extract after 24
hours was found to be 10'2, which is equivalent
t0 0.01ug mi™.

4, CONCLUSION AND RECOMMENDA-
TION

The ethanol root and bark extract of S.
longipendunculata showed antimicrobial activity
against N. gonorrhoeae.

Further studies would be required to isolate the
specific compound(s) of the plant responsible for
the bacteriocidal activity in order to standardize
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the plant preparation for maximum therapeutic
benefit. Based on these findings and the
medicinal potential of this plant, further research
should be done on this plant in
order to determine its major active compound(s).
Furthermore, this study concentrated on
the bark and root, which would not be
ecologically prudent to harvest for large scale
utilization. Our next study will focus on the
leaves, which can be harvested without
endangering the plant life, and to identify the

specific compounds responsible for the
antibacterial activities.
ACKNOWLEDGEMENTS

The authors wish to sincerely thank Dr.
Julius Otieno Oyugi of University of Nairobi
(UoN) for the bacteria used in the study, Mr.
Meshack Juma of UoN for technical
assistance and Mr. Walter Ogutu Amulla of the
University of Eastern Africa, Baraton (UEAB)
for statistical analysis. The Department of
Medical Microbiology of UoN is appreciated for
granting permission for EMW to carry out part of
the study in their Gonococcal Surveillance
Laboratory.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Famiglietti AMR, Garcia SD.
Gonorrhea in Men Sex Men and

Heterosexual Men. INTECH Open Access
Publisher; 2012

2. Kasanda G. Prevalence and determinants
of Neisseria gonorrhoeae and Chlamydia
trachomatis infections in patients with
pelvic inflammatory disease at lusaka,
Zambia. Medical Journal of Zambia. 2012;
39(4):24-32.

3. Kirkcaldy RD. Neisseria gonorrhoeae
antimicrobial susceptibility surveillance—
the gonococcal isolate surveillance project,
27 sites, United States, 2014. MMWR.
Surveillance Summaries. 2016;65.

4. Maldonado NG, Takhar SS. Update on
emerging infections: news from the centers
for disease control and prevention. Update
to the CDC’s sexually transmitted
diseases treatment guidelines, 2010: Oral
cephalosporins no longer a recommended

67

10.

11.

12.

13.

14.

treatment for gonococcal infections.
Annals of Emergency Medicine. 2013;
61(1): 91

Diarra N, van’t Klooster C, Togola A, Diallo
D, Willcox M, de Jong J. Ethnobotanical
study of plants used against malaria
in sélingué subdistrict, Mali. J.
Ethnopharmacology. 2015;166:352-360

Chinsembu KC. Plants as antimalarial

agents in Sub-Saharan Africa. Acta
Tropica. 2015;115:32-48

Adebayo SA, Amoo SO. South
African botanical resources: A gold

mine of natural pro-inflammatory enzyme
inhibitors? S. Afr. J. Bot. 2019;123:214-
227

Haruna Y, Kwanashie HO, Anuka JA,
Atawodi SE, Hussaini IM, Jayakumar K,
Bello F. Bioassay-guided fractionation
and anti-trypanocidal effect of
fractions and crude methanol roots
extracts of Securidaca longepedunculata
in mice  and Rats. International
Journal of Modern Biochemistry, 2013;
2(1):1-14

Mongalo NI, McGaw LJ, Finnie JF, Van
Staden J. Securidaca longipedunculata
Fresen (Polygalaceae): A review of its
ethnomedicinal uses, phytochemistry,
pharmacological properties and toxicology.
J. Ethnopharmacology. 2015;165:215-
226.

Orwa C, Mutua A, Kindt R,
Jamnadass R, Simons A. Agroforestree
database: a tree species reference and
selection guide version 4.0. World
Agroforestry Centre ICRAF, Nairobi, KE;
2009

Ajali U, Chukwurah BKC. Antimicrobial
activity of Securidaca longipedunculata.
Phytomedicine. 2004;11(7):701-703.
Kokwaro JO. Medicinal plants of
east Africa. University of Nairobi press;
2009

Anthoney ST, Obey JK, Kipngetich TE,

Miyogo E. In vitro antibacterial activity
of ethanolic extract of Pittosporum
viridifforum  leaves  extract  against
laboratory strains of selected

microorganisms. International Journal of
Bioassays. 2014;3(10):3388-94.

Odebiyi OO, Sofowora EA. Phyto-
chemical screening of Nigerian medicinal
plants Il. Lloydia, 1978;41(3): 234-246.



Makinia et al.; IJBCRR, 29(6): 61-68, 2020; Article no.lJBCRR.58245

15. Herbune JR. Phytochemical methods. A 16. Sofowora A. Recent trends in research

Guide to modern techniques of plant into African medicinal plants. Journal
analysis. Chapman and Hall London. of Ethnopharmacology. 1993;38(2-3):197-
1973;16.. 208.

© 2020 Makinia et al.; This is an Open Access article distributed under the terms of the Creative Commons Aftribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/58245

68



