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Abstract

Traditional medicines are useful in the management of various diseases, especially in low- and middle-
income countries. This study analysed the antibacterial activity of Cassia abbreviata Oliv roots against
Neisseria gonorrhoeae. This was a laboratory-based study in which the extracts of Cassia abbreviata
Oliv roots were tested against Neisseria gonorrhoeae. Additionally, the extracts of Cassia abbreviata
Oliv roots were combined with tetracycline to determine their synergistic effect. Data were analysed
using IBM SPSS version 22.0. All extracts were active against Neisseria gonorrhoeae, with a minimum
inhibitory concentration of 125 pg/ml for the ethanol and 62.5 pg/ml for the aqueous extract. Despite
both extracts having antibacterial activity against Neisseria gonorrhoeae, their effect were lower than
that of tetracycline. There was an increase in activity when tetracycline was combined with aqueous
extract. This study demonstrated that traditional medicines should be studied further for use in drug
discovery, especially with increasing resistance to conventional antibiotics.

Keywords: Antibacterial activity, antimicrobial resistance, Cassia abbreviate, Gonorrhoea, Neisseria
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Introduction
Gonorrhea is a global public health problem that requires immediate international public health
resources and attention [, It is a purulent infection of mucous membrane surfaces caused by
the pathogen Neisseria gonorrhoeae (N. gonorrhoeae) and responsible for nearly 86.9 million
new infections each year @. The bacterium principally infects the urethra in men and the
endocervix in women EI,
The treatment of gonorrhoea is complicated by the global emergence and dissemination of
strains of N. gonorrhoeae that are resistant to most antimicrobial agents available for treatment
(11, N. gonorrhoeae has developed resistance to antibiotics previously recommended for first-
line empirical treatment of gonorrhoea .. Resistance has been reported to antibiotics including
ciprofloxacin, azithromycin, cefixime, and ceftriaxone [“®1. Further, resistance to ceftriaxone,
the last option for monotherapy, is evolving . Consequently, antimicrobial resistance (AMR)
is a global public health problem, with consequences including increased morbidity and
mortality, and increased medical costs [10-2],
Accurate detection of drug-resistant pathogens is essential for the appropriate management of
gonorrhoea and the prevention of the spread of infections as well as complications in
individual patients 1. The World Health Organization's (WHO’s) global strategy for the
prevention and control of Sexually Transmitted Infections (STIs) stipulates that
comprehensive STI management should include as a minimum, accurate diagnosis by
syndrome or laboratory diagnosis, plus effective treatment to prevent complications and
further transmission [18-20],
Traditional medicines have been reported to be effective against various microorganisms 24,
For this reason, they can be used to treat various infectious diseases. Consequently, the use of
traditional medicines has increased due to the growing problem of AMR to conventional
medicines.
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To this effect, there is a need for intensified research to
identify novel antimicrobial compounds from natural products
[22-24]

Cassia abbreviata (C. abbreviata) is one of the plants with
vast medicinal values 5 21 |t is a small, umbrella-shaped
deciduous shrub in the genus Cassia that belongs to the
family Caesalpiniaceae . The shrub grows between 2 and
15 m in height, with a medium-round canopy 1. It has a dark
grey to brown stem bark that is very rough on older trees, as
well as young branchlets that are glabrous, pubescent, or
puberulous 1, Some studies have reported the potential use
of the plant treatment of gonorrhoea [?8 increased sperm
production 1, and potential use in lung cancer and treatment
of diabetes [0 311,

In Zambia, C. abbreviata is referred to as Umunsokansoka by
the Bemba-speaking people, Matholisi or Mulesa by the
Chewa-speaking people, and as Mululwe by the Ila-speaking
people 4. Traditionally, the roots are dried, dissolved in
water and taken orally to treat sexually transmitted infections
such as gonorrhoea, as well as alleviate stomachaches and
symptoms associated with pre-menstrual syndrome 4. The
stem bark is also crushed, soaked in water taken orally to treat
diarrhoea, and applied to help treat abscesses and many other
types of skin lesions 241,

C. abbreviata grown in Zambia is a rich source of
phytochemicals including tannins, flavonoids, glycosides,
saponins, alkaloids, triterpenoids, and sterols which are
thought to be responsible for its therapeutic indications such
as gonorrhoea [?. Studies have shown the antibacterial
activity of C. abbreviata against specific pathogens 24 32 331,
The ethanolic extract, for instance, was found to have
antibacterial activity against Staphylococcus aureus with a
minimum inhibitory concentration of 5mg/ml 2, However,
there is little information about its activity against N.
gonorrhoeae for the plant grown in Zambia. Therefore, this
study was undertaken to investigate the in-vitro antibacterial
activity of Cassia abbreviata Oliv root extract against
Neisseria gonorrhoeae.

Materials and Methods

Study design and site

This was a laboratory-based study in which N. gonorrhoeae
bacteria isolated from a patient and cultured in the laboratory
was used to investigate the antimicrobial activity of C,
abbreviata and the synergistic effect of C. abbreviata and
tetracycline in the treatment of gonorrhoea in-vitro. This
study was carried out at the University Teaching Hospital
(UTH), Food and Drugs Control Laboratory in the month of
September 2020. Only plants with green fresh leaves were
collected.

Materials

Neisseria gonorrhoeae strain (ATCC 49226), bacterial culture
plates, swabs, paper discs, agar plates, ethanol, distilled water
and C. abbreviata Oliv plant roots were the materials used in
this study. Ethanol and distilled water were used as solvents
to make extracts of the plant. C. abbreviata Oliv roots were
collected in August 2020 from Kapiri Mposhi, Central
province of Zambia. The plant parts were taken to Mount
Makulu Research Centre in Chilanga in the Herbarium section
for botanical identification and authentication of the plants.
The roots were separated from the stem using an axe, washed
and cleaned to remove insects and foreign matter. The C.
abbreviata oliv roots were then cut into smaller pieces using a
knife, spread on a newspaper and left to dry in the shade for
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21 days. The dried roots were then prepared into a powder
using a mortar and pestle. The powdered roots were stored in
amber-coloured containers 34,

The bacteria used in this study were obtained from the
University Teaching Hospital in Lusaka, Zambia.

Preparation of the aqueous and organic extract

The maceration method was used to extract the active
ingredients from the plant. The ethanol extract was prepared
by mixing 60 grams of powdered root with 200 ml ethanol
(95%) in a conical flask and subjected to mechanical shaking
for 8 hours. The sample was then filtered using Whatman
number one filter paper and the filtrate was then evaporated at
60 °C using a rotary evaporator under reduced pressure. The
remaining dry residue was labelled ET and stored in an
airtight container until the time of the experiment.

The aqueous extract was prepared using distilled water. A
weight of 50 grams of the powdered root was mixed with 150
ml of distilled water and filtered on the Whatman number one
filter paper. The extract was labelled AQ and stored in the
refrigerator at a temperature of 2 to 8 °C 4. The extracts
obtained were then reconstituted with Dimethyl Sulphoxide
(DMSO) to determine their antibacterial activity.

The percentage yield was calculated using the formula below.
Percentage

R 2 w Welght of extract recovered .,
Extractive yield (~) = B ————— X 100
w

Starting weight of dry plant

Inoculum preparation and inoculation

The direct colony suspension method was used. The bacteria
inoculum suspension was prepared using sterile saline and
turbidity was compared with 0.5 McFarland turbidity
standards. The media was inoculated by swabbing the agar
surface in two directions at 90° angle to each other and the
third line at 45° angle. Swabbing was then done to the rim of
the agar. The plates were allowed to stand for 24 hours to
allow excess inoculum to be absorbed before the test plant
was applied.

Determination of Antibacterial Activity

Paper disk diffusion assay

The suspensions of testing microorganisms were spread on
Muller Hinton Agar (MHA) medium, and the plates were
labelled. The filter paper discs (6 mm in diameter) were
placed in reconstituted (with DMSO) extracts of different
concentrations and were allowed to stand for 30 minutes to let
the disc soak the extract. The soaked discs were then put on
agar plates which were inoculated with the microorganism.
The plates were subsequently incubated at 37 °C for 24 hours.
After incubation, the growth inhibition zones were measured
using the diameter of the zone of inhibition in millimetres,
similar to what was reported in another study [°. The
Minimum Inhibitory Concentration (MIC) was determined as
the lowest concentration at which a clear zone of microbial
growth inhibition was observed.

Synergism between plant extract and tetracycline

The antibiotic disk (diameter=6 mm) was placed in each test
extract for 30 minutes and later put on the surface of each
inoculated plate to identify synergistic effects between the
plant extract and antibiotic. The plates were then incubated at
37 °C and the zone of inhibition was measured after 24 hours
of incubation. MIC was also determined as the lowest
concentration at which a clear zone of microbial growth
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inhibition was observed.

Data analysis

Data analysis was done using IBM Statistical Package for
Social Sciences (SPSS) version 22.0. GraphPad prism
statistical software version 7.0 was used to compare the mean
inhibition zone produced by the different concentrations of
organic (ethanol) C. abbreviata extract on N. gonorrhoeae to
the standard drug (tetracycline) as well as compared the
standard drug to a mixture of standard drug and ethanol
extract (at 1000 pg/ml concentration) using Repeated
Measures ANOVA.
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Ethical approval
Ethical approval was obtained from the University of Zambia
Health Sciences Research Ethics Committee (UNZAHSREC).
Additionally, permission was obtained from the Food and
Drug Control Laboratory and University Teaching Hospital to
conduct the study.

Results
This study found that the percentage yields of the ethanol and
water extracts were 19.5% and 14.4%, respectively (Figure 1).
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Fig 1: Showing percentage yields of ethanol and water extracts of C. abbreviata oliv roots.

The concentrations of ethanol and aqueous of C. abbreviata and the associated zones of inhibition (Table 1).

Table 1: Antibacterial activity of the organic (ethanol) and aqueous (water) extracts of Cassia abbreviata oliv roots showing the mean of zones

of inhibition.
Ethanol Concentration Zone of inhibition Mean
125 pg/ml 45 423 | 4.6 4.4
250 pg/ml 10 9.8 | 10.2 10
500 pg/ml 12 11.8 | 12.1 12
1000 pg/ml 12.5 123|127 | 125
Standard 18 18.1 | 17.9 18
Standard + sample (1000ug/ml) 17.5 172 | 176 | 174
Aqueous 62.5 pg/ml 3.5 31 | 36 3.4
125 pg/ml 6.5 6.3 | 6.6 6.5
250 pg/ml 10.5 10.2 | 10.7 | 10.5
500 pg/ml 12 123119 | 121
1000 pg/mli 14 14.2 | 13.8 14
Standard 18 18.1 | 17.9 18
Standard + sample (1000 pg/ml) 25 24.8 | 25.2 25

The concentrations (mg/ml) of the organic (ethanol) extract of
C. abbreviata oliv roots had dose-dependent activity against
N. gonorrhoeae which was lower than that of tetracycline

(Table 2). DMSO did not produce antibacterial activity (Table
2).

Table 2: The mean and standard deviations in the size of the inhibition zones produced by different concentrations of organic (ethanol) extract

of C. abbreviata oliv roots

Ethanol Concentration Zone of inhibition Mean + SD of the inhibition zones

DMSO 0 0|0 0

125 pg/mi 4.5 4.23| 4.6 4.40+0.19

250 pg/ml 10 9.8 10.2 10.0+0.20

500 pg/ml 12 11.8|12.1 12.0+0.15

1000 pg/mli 12.5 12.3|12.7 12.5+0.20

Standard 18 18.1|17.9 18.0+0.10

Standard + sample (1000 pg/ml) 17.5 17.2|17.6 17.4+0.21
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Fig 2: Zones of inhibition of ethanol extracts of C. abbreviata oliv
roots corresponding to their respective concentrations.

The minimum inhibitory concentration (MIC) for the ethanol
extract was found to be 125 pg/ml as shown in Figure 2.
There was a significant difference observed in the inhibition
activity of the ethanol extract and that of tetracycline. The
Tetracycline standard had high antibacterial activity compared
to the ethanol extract and the mixture of tetracycline and
ethanolic extract (Figure 2).

The aqueous (water) extract of C. abbreviata oliv roots had
variable antibacterial activity against N. gonorrhoeae (Table
3). The antibacterial activity of the aqueous extract was lower
than that of the tetracycline standard and no activity was
noted for the DMSO.

Table 3: The mean and standard deviations in the size of the
inhibition zones produced by different concentrations of aqueous
(water) extract of C. abbreviata oliv roots.

Agueous Concentration Zone of inhibition Mean + SD
DMSO 0 0 0 0
62.5 pg/ml 35 | 31 | 36 3.4+0.26
125 pg/ml 65 | 6.3 | 6.6 6.5+0.15
250 pg/ml 10.5 | 10.2 | 10.7 | 10.5+0.25
500 pg/ml 12 | 123|119 | 12.1+0.21
1000 pg/ml 14 | 142 | 13.8 | 14.0+0.20
Standard 18 | 18.1 | 17.9 | 18.0+0.10
Standard + sample (1000 pg/ml)| 25 | 24.8 | 25.2 | 25.0+0.20
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Fig 3: Zones of inhibition of water extracts of Cassia abbreviata oliv

roots corresponding to their respective concentrations.
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The MIC for the aqueous extract was found to be 62.5 pg/ml
as shown in Figure 3. There was a significant difference
observed in the inhibition activity between the different
concentrations of the aqueous extract, tetracycline, and that of
the mixture of tetracycline and aqueous extract. Tetracycline
standard exhibited higher antibacterial activity than the
aqueous extract. Consequently, a mixture of tetracycline and
the aqueous extract had greater antibacterial activity
compared to the standard tetracycline.

Discussions

This study investigated the antibacterial activity of C.
abbreviata olive roots against N. gonorrhoeae. The present
study yielded an ethanol extract of 19.5% and an aqueous
extract of 14.4%. We found that C. abbreviata had
antibacterial activity against N. gonorrhoeae and the effect
was higher for the aqueous extract compared to the ethanol
extract.

The wide traditional use of C. abbreviata oliv roots in the
treatment of STIs including gonorrhoea is an indication that
the roots of this plant have antibacterial activity against N.
gonorrhoeae. Optimisation of C. abbreviata use can
potentially help in dealing with the bacterial resistance that
has emerged to antibiotics in recent years 61,

The present study revealed that the ethanol extract of C.
abbreviata had a higher percentage yield of 19.5% while
aqueous extract had a percentage yield of 14.4%. These
results are similar to the ones obtained in a study which was
done in Zambia at the University of Zambia using the bark of
Cassia abbreviata oliv extracts which had ethanol and
aqueous percentage yields of 19% and 12% respectively 34,
This could mean that most of the phytochemicals were more
soluble in ethanol than water.

Our study found that both extracts (aqueous and ethanol) of
C. abbreviata oliv roots showed in-vitro antibacterial activity
against N. gonorrhoeae. The observed MICs were 125 pg/ml
and 62.5 pg/ml for the ethanol and aqueous extracts,
respectively, indicating that the aqueous extract had higher
activity than the ethanol extract. The results of this research,
therefore, support the use of an aqueous decoction of C.
abbreviata oliv roots in the treatment of gonorrhoea, as
reported earlier 3371,

According to Mulubwa (2015), the MICs of organic and
aqueous extracts of C. abbreviata oliv bark were determined
to be 46.88 pg/ml and 93.75 ug/ml respectively B4, However,
the C. abbreviata plant for this study was cultivated in
Lusaka. Therefore, the difference could be a result of
differences in the location of the plant, weather pattern, and
type of soil between Kapiri Mposhi and Lusaka. Another
possible reason for the difference could be due to differences
in the quantity of phytochemicals in the extracts.

The difference observed in MICs could arise due to
differences in the extraction of certain phytochemicals. Some
phytochemicals were more soluble in a particular solvent and
these phytochemicals may be responsible for antibacterial
activity against N. gonorrhoeae. The activity of plant extract
is said to be better when the MIC is lower or equal to 100
pg/ml B8 therefore, our findings indicated that the aqueous
extract had better antibacterial activity than ethanol extract in
the treatment of gonorrhoea. Studies have shown that the
antibacterial activities of C. abbreviata are due to its
phytochemical constituents belonging to different chemical
classes including anthraquinones, phenolics, triterpenoids,
organic acids, and proanthocyanidins 4 261, The polyphenolic
nature of proanthocyanidins and their structural diversity
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make them potential targets for the discovery of new
antimicrobial agents 261,

The present study demonstrated that the different
concentrations of the ethanol extracts produced less
antibacterial activity compared to tetracycline. Conversely,
tetracycline produced slightly higher zones of inhibition
compared to a combination of tetracycline and 1000pg/ml of
the ethanol extract. Therefore, our findings show that the use
of ethanol extracts of C. abbreviata oliv roots together with
tetracycline did not produce a synergism as the effect of
tetracycline seemed to have reduced.

Furthermore, our study also found that the aqueous extract
produced less antibacterial activity compared to tetracycline.
However, tetracycline alone produced smaller zones of
inhibition compared to the mixture of tetracycline and 1000
pug/ml of the aqueous extract. Therefore, a combination of
tetracycline (standard drug) and 1000 pg/ml of aqueous
extract produced a significant synergism.

With the rise in resistance to conventional therapeutic drugs,
the utilization of herbal and traditional remedies sometimes in
combination with other medications has increased
tremendously over the last decade B 401, Therefore, our study
supports the findings of Ritchie in 2007 [ which
demonstrated that the combination of herbal or traditional
remedies with conventional medicines could produce a better
effect.

We need to include something on the limitations of the study.
One of them could be the characterisation of the active
constituent causing the activity was not done.

Conclusion

In conclusion, there were variations in the antibacterial
activity of the ethanol and aqueous extract of Cassia
abbreviata Oliv roots on Neisseria gonorrhoeae. The aqueous
extract produces better antibacterial activity than the ethanol
extract on Neisseria gonorrhoeae. There was an increase in
activity when tetracycline was combined with aqueous
extract. Therefore, this study supports the combination of
tetracycline and aqueous extract in the treatment of
gonorrhoea. However, further studies are required on specific
phytochemicals of Cassia abbreviata Oliv roots to come up
with a potent antibiotic for the treatment of gonorrhoea.

Recommendations

Phytochemical screening is the first step in realizing the
potential of plants that are used in the traditional system of
medicines. Further studies should therefore be carried out, to
extract or separate these pure metabolites that have potential
antibacterial activity against Neisseria gonorrhoeae and test
them to observe their effects In vitro and in vivo.
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