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Abstract. Ibiye A, Green BO, Ajuru MG, Chikere LC. 2024. Phytochemical and proximate compositions of frond extracts of Nephrolepis
biserrata, Phymatosorus scolopendria, and Microgramma mauritiana in Rivers State University, Nigeria. Asian J Nat Prod Biochem 22:
1-7. Pteridophytes have a great range of forms and are cosmopolitan in distribution. There are about 13,500 species of fern and al lies
distributed throughout the world. This research was carried out to investigate the phytochemical and proximate compositions of three
species of ferns growing at Rivers State University, Nigeria. The three fern species were Nephrolepis biserrata (Sw.) Desv.,
Phymatosorus scolopendria (Burm.fil.) Pic.Serm., and Microgramma mauritiana (Willd.) Tardieu. The phytochemical and proximate
composition analyses were done using standard procedures. Results from the phytochemical analysis showed that glycoside was the
highest content in the three ferns, that is, P. scolopendria (17.24%), N. biserrata (14.47%), M. mauritiana (12.8%), followed by alkaloid
in M. mauritiana (7.18%), N. biserrata (6.10%), P. scolopendria (4.42%). Phenol content in M. mauritiana, P. scolopendria, and N.
biserrata were 4.09%, 2.17%, and 1.33%, respectively. Flavonoid content in N. biserrata, P. scolopendria, and M. mauritiana were
3.16%, 2.87%, and 2.43%, respectively. Saponin content in P. scolopendria, M. mauritiana, and N. biserrata were 1.65%, 1.35%, and
1.29%, respectively. Tannins content in P. scolopendria, M. mauritiana, and N. biserrata were 2.54%, 1.91%, and 0.98%, respectively.
Results from proximate analysis showed that the highest moisture content was in M. mauritiana (53.39%), followed by P. scolopendria
(50.78%) and N. biserrata (44.58%). The lowest content in the frond extracts was ash, with the values of M. mauritiana (0.84%), N.
biserrata (0.83%), and P. scolopendria (0.73%). The results of the phytochemical and proximate evaluation of the species studied

indicated that they are nutritionally and medicinally important, and their consumption can provide essential nutrients humans need.

Keywords: Microgramma mauritiana, Nephrolepis biserrata, Phymatosorus scolopendria, phytochemicals, proximate analysis

INTRODUCTION

Pteridophytes are non-flowering vascular cryptogamic
plants.  Pteridophytes comprise 400 genera and
approximately 10,500 species, including living and fossil
plants. Ferns are vascular plants with xylem and phloem
bundles, which enable them to transport water from the
root to other parts of the plant (xylem) and to translocate
food to different plant parts (phloem). Most ferns
are leptosporangiate, producing coiled fiddleheads that
uncoil and develop into fronds. There are about 10,560
known living species of ferns, and they are generally
grouped as Polypodiopsida, which comprises both the
leptosporangiate (Polypodiidae) and eusporangiate ferns.

Nephrolepis biserrata (Sw.) Desv. plants are mainly
used for ornamental purposes. In Sarawak, it is used to treat
wounds, blisters, abscesses, and boils on the skin. In India,
the rhizomes are used to treat respiratory diseases. It is also
used to prevent miscarriage, promote fetal development,
and treat stomach pain, bleeding, and wounds
(Piggott 1996; Malan and Neuba 2011). Due to its high
nutritional value, it serves as fodder for African dwarf
goats (Christensen 1997). The tip of young shoots is used
as a vegetable by the indigenous people of Malaysia.

Phymatosorus scolopendria (Burm.fil.) Pic.Serm.
frond is pounded in Indo-China and used to treat boils and
filariasis. Whole fronds are kept on beds to ward off bed
bugs, while the young fronds are used to treat chronic
diarrhea. In Polynesia, the fronds are ground and mixed
with scrapings of Atuna racemosa Raf. to produce perfume.
Also, the mashed fronds are wrapped with leaves of
Morinda citrifolia L., then boiled and used as medicinal
bandages. Frond juice is used in Fiji to treat stomachaches,
swollen breasts, and boils (Snogan et al. 2007). They are
also used to treat asthma, cough, and inflammatory
diseases.

Microgramma mauritiana (Willd.) Tardieu is mainly
found in moist scrubs, short forest patches, and climbing
shrubs, and it produces fertile fronds in higher light
intensity. Whole plants are used against pubic lice in
humans and to prevent the reproduction of the lice.

Phytochemicals or plants’ secondary metabolites are
often restricted to a particular species within a phylogenetic
group. Secondary metabolites are very important in treating
diseases and in the ecological interaction of plants with
other organisms. Proximate analyses of plant extract
include moisture, ash, crude protein, crude lipid, crude
fiber, and digestible carbohydrates. Proximate composition
analysis is used to determine the nutritional constituents of


https://en.wikipedia.org/wiki/Polypodiopsida
https://en.wikipedia.org/wiki/Polypodiidae_(plant)
https://en.wikipedia.org/wiki/Eusporangiate_fern
https://www.tandfonline.com/doi/full/10.3109/13880209.2014.909502
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plants. It is essential because most medicinal plants are
consumed due to their medicinal value; therefore,
analyzing their nutrient content could provide added value
to these plants (Pandey et al. 2006).

Ferns are plants widely distributed, including Nigeria,
with emphasis on Rivers State. Generally, ferns have been
classified into different taxonomic hierarchies, though there
is very poor or little information on the relationships or
differences between several ferns in their taxonomic
classification. Most ferns are neglected, while some are
endangered due to inadequate information, cultivation, and
taxonomic studies. Researchers globally have carried out
credible taxonomic works on several fern families. In
Nigeria, the information characterizing these ferns is
scanty, and the morphological approach seems to be
predominant, especially those that are epiphytic and
terrestrial. For example, two fern species of Nephrolepis
have been investigated based on their morphological
parameters. The use of biosystematic methods can improve
the classification system. This work focused on providing
systematic information using the phytochemical and
proximate analysis.

MATERIALS AND METHODS

Collection, identification, and preparation of plant
materials

The research work took place from July to November
2023. The different fern species were freshly collected
from various trees in Rivers State University, Nkpolu-
Oroworukwo, Rivers State, Nigeria. The plant samples
were identified and assigned their accession numbers at the
Department of Plant Science and Biotechnology
Herbarium, Rivers State University, Nigeria, by a Plant
Taxonomist. The plant specimens were then deposited in
the Herbarium. Fresh fronds from each species were
thoroughly washed with distilled water thrice and then
dried in a shady place for five days. Dried plant samples
were ground to powder using mortar and pestle.

Extraction of plant materials

About 100g of the powdered plant was carefully
weighed and loaded into a soxhlet extractor. The powdered
materials were extracted separately with redistilled
methanol and petroleum spirit (60-80°C) using soxhlet
extraction and cold maceration. The extracts were then
concentrated in a vacuum using a rotary evaporator at
40°C. Dried extracts were used for further analysis.

Procedures
Proximate analysis
Determination of moisture content

The standard AOAC (2000) method was followed to
deduce the Moisture contents. One gram of the sample was
placed in a dry, empty, pre-weight (W1) clean petri dish
(with lid). Samples were oven-dried at 105°C for 4-5 hours
until a constant weight was obtained, and then the sample
was placed in a desiccator for 30 minutes. After cooling the
dish, the petri dish and sample were weighed as final

weight (W2). The percentage of moisture was calculated as
follows:

Wt. of residue (W= — W)
UoMoisture = Wi of S l » 100
of Sample

Determination of ash

Ash content was determined following the AOAC
(2000) method. A clean crucible was heated in a muffle
furnace for an hour at 660°C, then placed in a desiccator to
cool. After cooling, it was weighed (W1). Ten g of dry
sample was taken in the crucible. The sample was burned
on the burner with the help of a blowpipe. The crucible that
contained the sample was then heated at 550°C for 6-8
hours in a muffle furnace. After cooling to room
temperature, the crucible was weighed as (W2). Percent ash
was calculated as follows:

% Ash Wt. of Ash (W* — W) 100
FUL = x ]
: Wt of Sample

Determination of fat

A thimble with a dry sample was prepared, and its
weight was recorded as W1. Soxhlet extractor was used for
the extraction, with diethyl ether as the solvent; the thimble
inside the thimble holder was clipped, and then 40 mL of
diethyl ether was added into a round bottom flask to extract
fat content. Next, the round-flask bottom was attached to
the extractor with the ring clamped tightly. The
temperature was adjusted to 40°C, and the heater, main
power, and the condenser water were switched on. The
extraction process was carried out for 16 hours at a
condensation rate of 2 to 3 drops per second. After the
extraction, the ether was allowed to drain out of the thimble
after about 30 minutes. The extract was transferred into a
pre-weighed Beaker (W2) for further evaporation at room
temperature. Room temperature drying was employed to
avoid possible explosion from oven-induced drying of the
ether solvent. The weight of Beaker and residue (W3) was
recorded on completion of the drying process. Note:
Excessive drying may oxidize the fat and give high results.

The remaining residue in the thimble was used for fiber
analysis and calculated as follows:

Wt. of Extract (W? — W?)
Wt of Sample (W!)

Yo Fat(Crude Lipid) = » 100

Determination of crude fiber

Crude fiber was determined by acid and alkali digestion
using fiber tec apparatus following AOAC (2000). The
thimble residue was weighed (W1) and then digested with
acid, followed by alkali. Then, 100 mL of 2.5% HCI was
added to the sample into a beaker, heated with stirring for
about 30 minutes, and drained into the beaker. The residue
was redigested in 2.5% NaOH. The residue was transferred
to a pre-weighted (W2) dried crucible to remove the
moisture. The crucible was kept in the furnace until white
and grey ash formed. The crucible was cooled in
desiccators and weighed again. The weight loss of the dry
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residue upon ignition (W3) was taken as the amount of
crude fiber. Then, the crude fiber percentage was calculated
as follows:

Wt of dry residue (W? —W?)

4o Crude Fibre = Wt of Sample (W)

= F o 100

Where, F: Value of crude fat; W1: Weight of Sample;
W2: Weight of dry crucible; W3: Weight of crucible after
heating.

Determination of protein: Kjeldahl method

Stage 1. Digestion

One gram (1 gram) of the sample, 3 grams of the
digestion catalyst, and 20 mL of concentrated sulphuric
acid were placed in a 250 mL conical flask and then heated
to digest until the mixture inside the conical flask turned
black to sky blue. The digest was allowed to cool down to
room temperature and then diluted with distilled water to
100 mL.

Stage 2. Distillation

The digested catalyst was measured (20 mL) and
deposited into a distillation flask, which was inserted into
the electrothermal heater. A Liebig condenser was
connected to a receiver with the flask attached. The
receiver contained 10 mL of 2% boric acid as an indicator.
40 mL of hydroxide solution was injected into the digest
using a syringe attached to the single-arm steelhead until
the digest became highly alkaline. Then, the mixture was
boiled. Distilled ammonia gas was added to the receiver
beaker through the condenser, which changed the color of
boric acid from purple to green.

Stage 3. Titration

The distillate was titrated back to purple from green
using a standard 0.1N hydrochloric acid solution. The
quantity of hydrochloric acid used for the titration was the
titer value and calculated as follows:

titer value x 1.4 x 100 = 100
1000 x 20=x 0.1

Uh0rganic nitrogen =

The titer value is the HCL volume used to titrate the
ammonium distillate. 1.4 is the quantity of Nitrogen
equivalent to the volume of HCI used in the titration of
0.1N. The total volume of digest dilution was the first 100
and the second 100 is the Percentage factor. The
conversion factor from gram to milligram was 1,000 and
the value 20 is the integral volume of digits analyzed, and
0.1 is the weight of the sample in grams digested.

Carbohydrate screening

The following formula was used to calculate
carbohydrate content: The weights of protein, fats, crude
fibers, ash, and moisture were subtracted from 100.

TCH (%) = 100-%(CP+A+CF+M)

Phytochemical analysis
Quialitative analysis

Determination of flavonoids

One gram (1 g) of the extract was dissolved in 1%
Aluminum chloride in methanol and then added to a few
drops of concentrated HCL, magnesium, and potassium
hydroxide solution. The change in color from orange to
pink indicated the presence of flavonoids.

Determination of alkaloids

One gram (1 g) of the powdered sample was mixed in a
steam bath with 5 mL of 1% HCL; this mixture was then
filtered. After the filtration, 1 mL of the filtrate was
exposed to a few drops of Dragendorff’s reagent, which
caused the sample to change to black, indicating the
presence of alkaloids.

Determination of saponin

Next, two grams (2 g) of the sample boiled in 20 cm?® of
distilled water inside a water bath and then filtered. Then, 5
cm?® of the filtrate was mixed with 5 cm3 distilled water and
shaken thoroughly. The stable foam formation indicates the
presence of saponin.

Determination of phenol

Two (2) mL of extract was added with 2 mL of ferric
chloride (FeCls) solution in a test tube; the presence of
phenol was indicated by a deep bluish-green solution.

Screening of terpenoid

One gram (1 g) of the powdered sample was stirred to
form a layer, with 2 mL chloroform and 3 mL of H2SO4
concentration, and the presence of terpenoids was indicated
by a reddish-brown interface.

Screening of tannins

Ten (10) mL of distilled water was mixed with 1 g of
sample in a test tube, heated, and then filtered. Next, a few
drops of 5% ferric chloride were added to the filtrate. The
filtrate's black color indicated the presence of tannins (Banso
and Adeyemo 2006).

Screening of cyanogenic glycosides

Three grams (3 g) of chloroform and 1 mL of a 10%
ammonium solution were added to 2 mL of the extract. The
formation of a pink color indicated the presence of
glycoside.

Quantitative phytochemical evaluation

Alkaloids analysis

Quantitative analysis for alkaloids followed the method
by Harborne (1973). Hence, 5 g of the sample was placed
in a 250 ml Beaker glass. Then, 200 mL of 10% acetic acid
in ethanol was mixed with the sample and covered. The
mixture was left for 4 hours and then filtered. After
filtration, the extract was concentrated in a water bath until
one-quarter of the original volume was obtained. Then,
concentrated ammonium hydroxide was applied drop by
drop until the residue was complete. It was allowed to
stand for some time, after which the precipitate was
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collected and rinsed with dilute ammonium hydroxide
before filtering. The residue was alkaloid, and it was dried
and weighed. The alkaloid content was calculated as
follows:

o Filtered paper with residue — weight of dried filtered paper
Alkalotd(%) = Weight of Sample X100

Determination of flavonoids

Determination of quantitative flavonoids followed the
method by Kumaran and Karunakaran (2006). The method
is based on the formation of a flavonoid-ammonium
complex, which has an absorptivity maximum of 415 nm.
Then, 100 pL of the extracts in methanol (10 mg/mL) was
added by 100 uL of 20% aluminum trichloride in methanol
and a drop of acetic acid. The mixture was diluted with
methanol to 5 mL. The absorption was observed at 415 nm
and read after 40 min. The blank sample was prepared by
adding a drop of acetic acid and added with methanol to 5
mL. Under the same conditions, the rutin solution
absorption standard (0.5 mg/mL) in methanol was
measured. It was determined in triplicates.

. Flask with residue — weight of empty flask
Flavonoid () = Weight of Sample x 100

Determination of saponin
Obadoni and Ochuko's (2001) method was used to
determine saponin quantitatively. Next, 20 g plant powder
was put into a conical flask and mixed with 100 ml of 20%
aqueous ethanol, and then heated in a hot water bath (55°C)
for 4 hours and stirred continuously. Then, it was filtered.
The residue was then re-extracted by another 20% ethanol
at 20 mL. The combined extracts were then reduced to 40
mL using a hot water bath at around 90°C. The concentrate
was taken, placed into a 250 mL separator funnel, added
with 20 mL of diethyl ether, and shaken vigorously. The
ether layer was discarded while recovering the aqueous
layer. This purification process was repeated, and 60 mL of
n-butanol was added. The extracts were rinsed twice with
10 mL of 5% aqueous sodium chloride. Next, the
remaining solution was heated in a water bath. Finally, the
samples were dried in the oven to a constant weight after
evaporation. Saponin content was calculated as follows:
weight of conical flask with residue — weight of empty conical flask

S in(%) = 100
aponin (%) Weight of Sample

Determination of phenol

One gram (1 g) of the powdered sample was then
weighed and poured into a conical flask and added with 10
mL of ethanol. Then, the flask was sealed with aluminum
foil. After shaking it vigorously, the mixture was left for
proper extraction to stand for 30 min. Next, to determine
the total phenolic content quantitatively, the mixture was
centrifuged to form a clear supernatant.

Conc, obtained inmg /I x volume of sample x DF
Phenol content mg/kg (TAE) =

Sample weight

DF: Dilution factor, if not diluted, then DF = 1

Determination of terpenoid

0.4 g of the sample was placed into a conical flask,
added with 9 mL ethanol, and macerated for 24 hours.
After maceration, the mixture was filtered using a funnel,
filter paper, and a conical flask. 20 mL of petroleum ether
was employed for the extraction with a separating funnel,
then 10 mL of distilled water was added to the extract. The
plant sample was then added to a pre-weighed moisture can
and dried in the oven for 1 hour at 150°C for complete
dryness. It was calculated as follows:

Terpenoid = Can + Solvent - Can weight

T (% Total Terpenoid 100
h)=—F——F— X
erpenoid(%) Sample weight

Determination of tannins

The sample of about 500 mg was placed into a 50 mL
plastic bottle, added with 50 mL of distilled water, shaken
for an hour by a mechanical shaker, and then filtered into a
50 mL volumetric flask and added to the mark with
distilled water. Afterward, 5 mL of filtrate was pipetted
into a test tube, and 2 mL of 0.1M FeCL3 in 0.1N, HCL,
and 0.008M potassium ferrocyanide were added. The
absorbance was measured at 120 nm in 10 minutes and
calculated as follows:

The gradient of tannin x absorbance of sample x 100
2

Tannin (mg/kg) =

Determination of cyanogenic glycosides

Five grams of the sample was placed into a clean
distillation flask and added with 20 mL of distilled water;
for proper hydrolysis, it was allowed to stand overnight.
The sample was distilled using 200 mL of 0.5g NaOH
pellets/ 1 L distilled water (AOAC 2000). The distillate
was titrated with 0.02 N Silver Nitrate, 5% Potassium
iodide, and 1 mL of 6 N Ammonia hydroxide solution to
permanent turbidity, which indicated the endpoint.

Cyanogenic glycoside in the sample was calculated as
follows: 1 mL 0.02N AgNO; = 1.08 mg HCN.

Statistical analysis

The Statistical Package for Social Sciences (SPSS)
software version 25 was used to analyze data, and the
results were expressed as the mean + Standard Error (SE).

RESULTS AND DISCUSSION

Proximate analysis

The result of the proximate analysis of the studied
ferns is presented in Table 1. The highest moisture content
was in M. mauritiana (53.39+0.16), followed by P.
scolopendria (50.78+0.13) and N. biserrata (44.58+0.25).
Protein content in N. biserrata was (35.56+0.68), followed
by M. mauritiana (31.20+0.05) and P. scolopendria
(28.12+0.09). Fibre content in P. scolopendria is
(11.25+0.06), N. biserrata (8.07+0.07), M. mauritiana
(6.23+£0.13). Carbohydrate content in N. biserrata
(8.29+0.48), P. scolopendria (7.83+£0.12), M. mauritiana
(6.59+0.26). Crude Lipid in N. biserrata was (2.65+0.08),
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M. mauritiana (1.76+0.06), P. scolopendria (1.34+0.03),
and ash content in M. mauritiana was (0.84+0.03), N.
biserrata (0.83+0.03), P. scolopendria (0.73+0.04).

Phytochemical composition

Qualitative phytochemical analysis of three fern species
Table 2 shows the qualitative phytochemical analysis

and revealed that Glycosides were the highest (++) in all

three fern species, followed by Saponin (+), Flavonoid (+),

Alkaloids (+), Tannins (+), and Phenols (+).

Quantitative phytochemical analysis of three fern species
studied

The result of the quantitative phytochemical analysis is
presented in Table 3. Glycoside content was the highest in
the three ferns, i.e., P. scolopendria (17.24+0.13), N.
biserrata (14.47+0.26), M. mauritiana (12.8+0.18), followed
by Alkaloid in M. mauritiana (7.18+0.18), N. biserrata
(6.10+0.20), P. scolopendria (4.42+0.16), the next was
Phenol in M. mauritiana (4.09+0.08), P. scolopendria
(2.17+0.04), N. biserrata (1.33+0.77), next to Flavonoid in N.
biserrata (3.16+0.19), P. scolopendria (2.87+0.04), M.
mauritiana  (2.431£0.02), Saponin in P. scolopendria
(1.65+0.03), M. mauritiana (1.35+0.04), N. biserrata
(1.29+0.08) and Tannins in P. scolopendria (2.54+0.09), M.
mauritiana (1.91+0.02), N. biserrata (0.98+0.11).

Table 1. Proximate compositions in the fronds of the studied ferns

Parameter Nephrolepis Phymatosorus Microgramma
(%) biserrata scolopendria mauritiana
Moisture Conten 44.58+0.25 50.78+0.13 53.39+0.16
Carbohydrate 8.29+0.48 7.83+0.12 6.59+0.26
Crude lipid 2.65+0.08 1.34+0.03 1.76+0.06
Proteins 35.56+0.68 28.12+0.09 31.20+0.05
Fibre 8.07+0.07 11.25+0.06 6.23+013
Ash 0.83+0.03 0.73+0.04 0.84+0.03

Note: Mean (z) SD, n=3

Table 2. Qualitative phytochemical constituents of the ferns

Phytochemical nghrolepis Phymatosor_us Microg_rgmma
iserrata scolopendria mauritiana
Saponin + + +
Flavonoid + + +
Alkaloids + + +
Tannins + + +
Phenols + + +
Glycosides ++ ++ ++

Note: +: Present; ++: Highly present

Table 3. Quantitative phytochemical constituents of the ferns

Phytochemical Nephrolepis Phymatosorus Microgramma
(%) biserrata scolopendria mauritiana
Saponin 1.29+0.08 1.65+0.03 1.35+0.04
Flavonoid 3.1610.19 2.8740.04 2.4340.02
Alkaloids 6.10£0.20 4.42+0.16 7.1840.18
Tannins 0.98+0.11 2.54+0.09 1.91+0.02
Phenols 1.33+0.77 2.1740.04 4.09+0.08
Glycosides 14.47+0.26 17.24+0.13 12.18+0.18

Note: Mean (z) SD, n=3

Discussion

The proximate analysis of the three species showed
that the fern has a high moisture content. These results in
the high activity of water-soluble enzymes and co-enzymes
needed for metabolic activities, helping their leaves stay in
a dry environment for an extended period.

The protein content of three fern species ranged from
28-35%. Plants with more than 12% protein are considered
good sources of protein. Therefore, the fern species in this
study are a good protein source and can be used as
supplements in protein-deficient diets. It is comparable to
the daily protein requirement of 23-65 g (Chaney 2006).
Proteins in the body are used to produce hormones,
enzymes, and blood plasma. Proteins increase immunity
and can help cell division and growth. Proteins are also
needed to replace dead tissues, energy supply, and amino
acid source (lgile et al. 2013).

Fiber content in three ferns ranged from 6.23%-8.07%
in the fern species. According to Bouttwell (1998), dietary
fiber could slow down the bloodstream glucose absorption
rate, thereby reducing the risk of hyperglycemia. They also
reduce plasma cholesterol levels and prevent colon cancer
and cardiovascular diseases. The fiber in plants aids
digestion, softens stool, and prevents constipation.

Carbohydrate content in the three fern species ranged
from 6.59%-8.29%. The presence of carbohydrates in ferns
shows they could be a good energy source. Carbohydrates
are by-products of photosynthetic processes. It is used as
the primary source of energy. Carbohydrates are
hydrolyzed in the body to produce glucose, which can be
stored as glycogen in the muscles and liver or utilized
immediately (Raven et al. 2005).

Crude Lipid in N. biserrata was 2.65+0.08%,
1.76+0.06% in M. mauritiana, and 1.34+0.03% in P.
scolopendria. The results showed that ferns in this study
have a low content of crude lipids and can be easily
incorporated into a weight-reducing diet. Dietary fats are
important because of their high energy value and the
soluble vitamins and essential fatty acids in natural foods'
fat. Dutta (2003) reported that fats and oil help regulate
blood pressure and play a role in synthesizing and repairing
vital cell parts.

Ash content in the three ferns in this study was low.
Ash content is an indicator of the total sample mineral
content. Minerals can be used to establish and maintain the
acid-alkaline balance of the blood system (Vunchi et al. 2011).

The results of the phytochemical analysis in three fern
species are presented in Table 3. Glycoside was the highest
compound in the three ferns, i.e., P. scolopendria was
17.24+0.13%, 14.47+0.26% in N. biserrata, and
12.8+0.18% in M. mauritiana. Glycosides are natural
toxins found in plants (Walker et al. 2000) and, if
consumed in excess, can cause chronic and acute health
problems (Singh and Upadhyay 2012; Khoja et al. 2022;
Murthy et al. 2023).

Alkaloid content in M. mauritiana was 7.18+0.18%, N.
biserrata was 6.10+£0.20%, and in P. scolopendria was
4.42+0.16%. Alkaloids are naturally present as organic
compounds found in plants with various pharmacological
activities, including anti-malaria, anti-cancer, and anti-
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asthma (Kittakoop et al. 2014). Other alkaloids possess
psychotropic and stimulant activities, while some can be
toxic. A high alkaloid content may be used as an
antimalarial, anti-cancerous, and anti-asthmatic
(Bandyopadhyay and Dey 2022).

Phenol content in M. mauritiana was 4.09+0.08%, in
P. scolopendria was 2.17+0.04%, and in N. biserrata was
1.33+0.77%, Phenolic compounds are natural, large, and
complex substances in plants. Phenolic compounds possess
defense functions. They display several properties that are
quite beneficial to man, including antioxidant properties to
protect plants against free radical-mediated diseases. They
also perform a defensive role against pathogens, parasites,
and predators and provide colors to plants (Walton et al.
2003; Priti et al. 2021).

Flavonoid content in N. biserrata was 3.16+0.19%, in
P. scolopendria was 2.87£0.04%, and in M. mauritiana
was 2.43+0.02%. The presence of flavonoids in the fronds
of these ferns makes them possible to be used in food,
medicine, and cosmetics because flavonoids have anti-
oxidative, anti-carcinogenic, anti-inflammatory, and anti-
mutagenic properties, besides their ability to modulate key
cellular enzyme functions. Flavonoids in plants are
responsible for the flower's aroma and color, and fruits
attract pollinators (Griesbach 2005; Antonisamy et al.
2023).

Saponin in P. scolopendria was 1.65+0.03%, in M.
mauritiana was 1.35%0.04%, and in N. biserrata was
1.29+0.08%. Saponin in the fern species showed that it can
be used as a surfactant with the potential ability to interact
with cell membranes (Lorent et al. 2014). Saponins can be
utilized as adjuvants in vaccine development, soap making,
medicine, fire extinguishers, dietary supplements,
producing steroids and carbonated beverages, anti-feedants,
and protecting plants against microbes and fungi (Sun et al.
2009).

Tannin in P. scolopendria was 2.54+0.09%, in M.
mauritiana was 1.91+0.02%, and in N. biserrata was
0.98+0.11%. Tannins protect against predators and help
regulate plant growth (Ferrell 2006). McGee (2004)
showed that tannin's astringency can cause a dry and
puckering feeling in the mouth following consumption.

In conclusion, the results of the proximate evaluation of
P. scolopendria, M. mauritiana, and N. biserrata support
the utilization of the fronds as food supplements. It also
showed that they have good nutritional value. They also
possess antioxidant activity, which may have potential in
the pharmaceutical industry.
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Abstract. Ali S, Munazir M. 2024. Medicinal plants used in the management of cancer and other diseases in Swat District, Pakistan.
Asian J Nat Prod Biochem 22: 8-18. The provision of healthcare in impoverished nations is significantly influenced by traditional
medicine. It has been revealed that many cancer patients use traditional medicine, either as a complementary therapy or as a primary
treatment. Among noncontagious infections, cancer is one of the main causes of morbidity and mortality worldwide. This study aimed to
determine the plants that people in the Swat regions, Pakistan used to treat cancer through traditional medicine. Interviewing consenting
individuals about the ethno-medicinal plants they use to treat cancer was done using a structured questionnaire. Also, an assessment of
the literature published on the mentioned plants was done. Questions about plants used to cure cancer, parts of plants used, the form of
cancer cured, therapeutic applications of the plants, and the preparation and administration of the plant parts were posed to the
practitioners and the locals. About 12 plants in all, comprising five herbs, three climbers, three trees, and one shrub, were used to treat
cancer. About 50% of plants contain flavonoids, compounds with various anticancer properties. Fruits accounted for 41% of all the parts
used in the documented species, with leaves coming in second at 25%, bark at 17%, roots at 17%, and the entire plant at 8%. However,
the highest RFC was shown by Vitis vinifera L. (0.56), the lowest was shown by Viola biflora L. (0.03), while the highest FL was shown
by Hedera nepalensis K.Koch (83), and the lowest was shown by V. biflora (30). According to the study, the gathered plants were used
to treat a variety of malignancies: general tumors were treated by 75% of the plants, breast cancer was treated by 17%, and lung cancer
was treated by 8%. The reported uses of the medicinal plants from prior ethno-pharmacological studies conducted in Swat regions align
well with the traditional uses of the plants mentioned in this study. Therefore, if sufficiently investigated, the Swat district's indigenous

herbs used to treat cancer may play key roles in searching for and creating anticancer medications.

Keywords: Bioactive compounds, cancer, local people, medicinal plants, Swat

INTRODUCTION

The term "traditional medicine” describes methods of
maintaining and regaining health that predate the
development of contemporary medicine (Domfeh 2007).
According to WHO (2003), a third of people on the planet
do not regularly have access to basic modern medicine. An
estimated half of the population in some regions of Africa,
Asia, and Latin America is thought to lack access to basic
healthcare, primarily due to inadequate government
funding. This explains the stark disparities in healthcare
quality in underdeveloped nations. People in developing
nations suffer greatly from the high drain of infectious
syndromes (HIV, AIDS, Malaria, TB, Pneumonia and
Diarrhea) also the rising menace of non-infectious ailments
(NCDS) like diabetes, cancer, hypertension, and ischemic
heart disease, among several others (Payyappallimana
2010). Human health is enhanced using ethnomedicinal
plants, which support the primary healthcare needs of the
local population (Kambizi and Afolayan 2001). Traditional
medicine is used for primary healthcare by around (80%)
of individuals in remote areas of emerging nations
(Bodeker et al. 2005). Several cancer patients generally use
customary remedies as key treatment and complementary
medication (Cassileth and Deng 2004; Verhoef et al. 2005).

Many plant-based anticancer medicines are used in

clinical practice, including taxol, vincristine, vinblastine,
etoposide, irinotecan and topotecan. Worldwide research is
still being done on ethnomedicine to treat cancer, and the
National Cancer Institute USA is a major participant in
medicinal plant investigation for cancer treatment. The NCI
gathered around thirty-five thousand plant models from
twenty different nations, and roughly 114,000 excerpts
have been tested for anticancer bustle (Manju et al. 2017).
According to projections, there will be 11.5 million cancer
deaths by 2030, up from seven million in 2002 (Mathers
and Loncar 2006). Deterioration of quality of life is linked
to cancer, not only for the patients but also for spouse
caregivers. The quality of life for spouse caregivers is
significantly influenced by the diagnosis, period of
hospitalization, intensity, and duration of care (Chen et al.
2004). Among several serious side effects, treatment for the
condition with some medications has been linked to a
decline in the worth of life, as well as in the stimulation of
exhaustion and roughly marginal neuropathy.

Many commonly used anticancer medications can
induce Chemotherapy-Induced Peripheral Neuropathy (CIPN),
which compensates for equally large and small afferent
sensory neurons (Mantyh 2006). Other medications have
been shown to suppress bone marrow, which leaves
patients more vulnerable to infections and other illnesses.
Therefore, it is crucial to design medications that provide
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the best possible treatment for an illness without lowering a
patient's quality of life. In an attempt to reduce side effects,
many patients often combine traditional medicine with
their conventional therapy or, in some cases, forego it
entirely. In many developing nations, a sizable section of
the populace gets their healthcare from traditional healers
and the usage of medicinal herbs; these health treatments
are supposed to be inexpensive, easily accessible, and
effectively treated (Konno 2004). Particularly in wealthy
nations, many traditional remedies are now more widely
accessible commercially. Strict manufacturing
requirements are applied to producing these medications in
certain nations (WHO 2002).

Traditional medicine knowledge has been primarily
transmitted verbally between generations without extensive
documentation. The absence of documentation may have
resulted in the loss of some knowledge. Most communities'
dependence on ethnomedicinal plants for basic healthcare
has assisted in sustaining the body of knowledge on
medicinal plants (Maroyi 2011). Preserving medicinal
plants and protecting indigenous knowledge systems (IKS)
in traditional medicine may be aided by documenting the
IKS. Globally, especially for indigenous people, it depends
on acknowledging IKS for cultural and economic
emancipation. Therefore, developing successful adaptation
solutions that may be affordable, inclusive, and sustainable
might result from including native information in relevant
strategies, like those about healthiness or the environment
(Robinson and Herbert 2001).

Although traditional medicine is becoming more and
more popular in the Swat district, little is known about the
indigenous expertise in using medicinal plants to treat
cancer. This specific ethnobotanical survey was conducted
in an attempt to close the gap. Documentation helps conserve
medicinal plants by ensuring that knowledge of traditional
medicine is maintained. It also simplifies the process for
further research projects that can concentrate on verifying
the detected plants' activity in contrast to the claims.

MATERIALS AND METHODS

Study area

Swat District, Khyber Pakhtunkhwa State, Pakistan is
known as "Paradise on Earth" for its outstanding natural
appearance, spreading across its domain of 5,337 km?2.
Swat is famous for its abundant greenish-beautiful scenery,
including snow-covered mountains, broad water springs
and streams, colorful meadows, clear environmental
conditions, and pleasing and welcoming people (Ali 2023).
Until 1969, Swat persisted as an independent and sovereign
state known as "The Yusafzai State of Swat." The State of
Swat voluntarily merged with Pakistan on 14 October
1969. This union occurred 22 years later, in 1947, when
Pakistan gained independence from British rule. Swat is
bordered by Chitral to the Northwest, Dir to the West,
Malakand to the South, and Buner to the Southeast. Also,
to the east is Shangla, to the Northeast is Kohistan, and to
the North is Gilgit-Baltistan (Figure 1) (Ali et al. 2023).
Swat is known for its impressive mountains at the foot of
the Hindu-Kush range. The Swat River Valley, which
endeavors through the district's southern boundaries, has an
elevation of about 600 meters and emerges rapidly to the
north. Various peaks have altitudes ranging from 4,500
meters to over 6,000 meters above sea level. Its climate is
quite intermediate and changeable but often highly hot. It is
an area where you can see all four seasons in one day, but it
is a 20 to 30-minute drive one way, and the weather is
often completely different. During the spring, high
temperatures in March to May range from about 7°C to
13°C. Summers in Swat, such as June to August, are
usually the warmest months, with average highs of around
15°C to 17°C. Swat's Autumn (or fall) temperatures can
range from about 8 °C to 14 °C from September to
November. December to February are usually the coldest
months in Swat, with average high temperatures around
5°C.
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Figure 1. Study area in Swat District, Khyber Pakhtunkhwa State, Pakistan
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Data collection

This study was conducted to gather information about
plants used to fight or prevent cancer. The data were
collected using questionnaire-type forms. The data were
collected over almost one year (December 2021 to
December 2022). We interviewed well-informed
respondents based on their knowledge of ethno-medicinal
plants, and all respondents’ consent was obtained before the
interviews. About 300, including 216 male and 84 female
respondents, were chosen based on specific criteria, such as
who prescribes treatment recipes, is involved in selling, is a
plant collector, is an elderly member, or is a young,
educated individual. We also included some professionals
for interviews, such as physicians, pathologists,
nurses, medical technologists, radiologic technicians, and
other health- and hospital-related individuals. Generally,
the professions were investigated to collect data about the
signs and symptoms, clinical treatment, and benefits and
side effects of clinical treatments like chemotherapy,
radiotherapy, and other related treatments. We also used
different literature databases, including PubMed, Scopus,
Online Science Web, Google Scholar, and previously
published literature.

Data analysis

The collected data were analyzed statistically via
Microsoft Excel (2016) and cross-checked with old
published literature. Additionally, the quantitative indices,
including Fidelity Level (FL) and Relative Frequency of
Citation (RFC), were used to assess the obtained data
statistically.

Fidelity Level (FL)

Multiple plant species are certainly utilized in the
treatment of a single ailment within a certain category. The
formula established was carefully considered while
determining the Fidelity Level (FL) index.

FL= Np/N x 100

Where: N is the total number of informants who cited
the species for any ailments, and Np is the number of
informants who mentioned using the plant for a particular
disease. A high FL score indicates that the study area's
informants use the plant species more frequently to treat a
certain illness category.

Relative Frequency of Citation (RFC)
RFC is the most utilized plant taxon by the native
people. It was determined by using the formula:

RFC = FC/N
Where: (0 <RFC < 1), FC is the ‘Number of informants

citing a useful species’ and N is the ‘total number of
informants’ in the survey.

RESULTS AND DISCUSSION

Information

A total of 40 field trips were to collect data on
medicinal plants. The entire period of the fieldwork was
about one year, from December 2021 to December 2022. A
total of 300 individuals were interviewed. Almost all the
participants were natives of the area. The greatest number
of people were aged between 60 to 80 years (50%), 40 to
60 years (33%), and less than 30 years (17%), as shown in
Table 1. Approximately 200 people were illiterate, 30 were
metric passers, 20 held bachelor's or master's degrees, and
50 were chosen from professional fields. Among these 50,
10 were selected from the laboratory (a pathologist or
microbiologist), 20 were nurses by profession, 10 were
medical technologists, and 10 were radiologic technicians,
as shown in Table 1. Most of the individuals were Pashto
speakers. Most informants were male (72%) rather than
female (28%). This could be because the male interviewer
made them feel at ease and allowed them to speak freely.

Using plants as a complementary and alternative
medicine for cancer

Plants and their product-based treatments play a vital
role in cancer prevention. Nowadays, scientists have been
trying to make drugs or introduce possible ways to treat
cancer, but it is unlikely they have not successfully
introduced a proper form of medication for cancer except
chemo and radiotherapy. Therefore, people across the
world still depend on plant-based products for cancer
treatments. As a result, the current study involves
examining the plants to document their importance in
cancer prevention. The current study documented about 12
plants that were used to treat various diseases. In addition
to being effective against other diseases, these plants are
also effective against cancer in the study area, as shown in
Tables 2 and 3. Current research indicates that about 12
plants belong to 9 families. As shown in Table 3, the
documented 12 plant species have been described to be
used in treating human cancer, most of them being 42%
herbs, 25% vines, 8% shrubs, and belonging to different
plant families, including 25% trees, as shown in Figure 2.
For the treatment of cancer, the highest RFC was shown by
Vitis vinifera L. (0.56), and the lowest was shown by Viola
biflora L. (0.03), while the highest FL was shown by
Hedera nepalensis K.Koch (83), and the lowest was shown
by V. biflora (30), as shown in Table 3.

The most common compounds were flavonoids, found
in 50% of plants and have various anticancer effects
because they regulate the activity of enzymes that scavenge
Reactive Oxygen Species (ROS), contribute to cell cycle
perturbations, and persuade and suppress apoptosis and
autophagy cancer cell growth and invasion. Along with
cancer, the documented 12 plant species custom to cure a
range of other ailments, including laxatives, expectorants,
heart problems, stomach problems, as a plaster, carbuncles,
diuretic effects, aphrodisiac tonics, rheumatism, skin
inflammation, fever, purgatives, respiratory diseases,
dyspepsia, brain disorders, asthma, jaundice, piles, joint
aches, diabetes, blood purification, and epilepsy.
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Table 1. Demographic characteristics

Demographic characteristics Number Percentage

Age

30 or below 50 17%

40 to 60 years 100 33%

60 to 80 years 150 50%
Sex

Male 215 2%

Female 85 28%
Education status

Educated 100 33%

Uneducated 200 67%
Professions

Farmer and others 200 67%

Pathologist or microbiologist 10 3%

Nurses 20 %

Medical technologists 10 3%

Radiologic technicians 10 3%

Govt school teachers 15 5%

Private school teachers 5 2%

No proper profession (jobless) 30 10%

Plant parts used against cancers

Locals used several parts of the plant, like leaves, roots,
bark, seeds, fruits, and occasionally the whole plant, to
create medicines for careful control. The fruits and leaves
were the most commonly used parts. In 12 plant species,
fruits (41%) were extracted, followed by leaves (25%),
bark (17%), roots (17%), the whole plant (8%), gum (8%),
kernel (8%), needle (8%), and twigs (8%) as shown in
Figure 3 and Table 3. It was also noted that the reported
plants were used to treat cancer and many other diseases.
However, we noticed that a single plant can treat more than
one disease. During the interviews with local people, these
plants were also brought from an adjacent area when they
were not available there.

Types of cancer treated with plants

During the field study, we documented that several
forms of cancer have been cured with medicinal plants
such as blood, lung, colon, rectum, prostate, skin, breast,
uterus, thyroid, and lymphatic system. Chemotherapy,
precision medicine, radiation therapy, surgery, stem cell
transplantation, hormone therapy, immunotherapy, and
targeted therapies have all been used to treat cancer.
However, the present study revealed that they were used to
treat various cancers, such as generalized cancer. As shown
in Table 2, 75% of plants treated general cancers, 17%
treated breast cancer, and 8% treated lung cancer, as shown
in Figure 4. The study showed that all the collected plants
were used to treat all types of cancer.
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Figure 4. Cancer type treated with plants

Secondary metabolites and their anticancer effects
Secondary metabolites serve crucial supporting roles in
plant development and evolution, even though they are not
necessary for it. These include promoting herbivore
defense, preventing the growth of rival plants, thwarting
the growth of bacterial and fungal diseases, and facilitating
pollination. They include many antioxidant and anti-
inflammatory substances (Adebayo et al. 2015). The
chelation of redox-active metal ions, which results in lipid
peroxidation and free radical outflow, is a component of
antioxidant action. These items aid in the management of
cancer as well. Plant secondary metabolites are categorized
into alkaloids, terpenoids, polyphenols, and flavonoids
based on their structural makeup (Singh et al. 2016).
Vinblastine, vincristine, and camptothecin are examples of
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known anticancer alkaloids; lycopene and gamma-
tocopherol are examples of terpenoids. Resveratrol,
curcumin, etoposide, and epigallocatechin gallate (EGCG)
are examples of polyphenols. Camphorol, genistein, and
apigenin are examples of flavonoids. These bioactive
substances are necessary for the development, proliferation,
microtubule formation, and cell death of cancers. They can
act alone or in concert with other substances to produce
anti-tumor effects through classical metabolic and signaling
pathways (Kojima-Yuasa et al. 2015). Numerous botanical
and herbal infusions have been studied for their
antiproliferative qualities over time; many show ontogeny
and effectiveness in slowing the spread of cancer.

Table 3 summarizes some of the plants that have been
studied and their active ingredients with good cancer-
preventing and limiting effects. A detailed study of the
implicit chemical processes behind the actions of these
compounds and the actions of several other new
compounds can shed light on the biological underpinnings

of their anticancer properties. As a result of this goal, it is
important to recognize changes in cancer physiology that
differ from normally proliferating cells to transfer the side
effects of anticancer drugs to normal cells.

Compounds found in different parts of plants can help
treat diverse forms of cancer, and all compounds collected
from plants belong to different classes. For example,
flavonoids are plant-derived polyphenol secondary
metabolites. Sterols are assigned to lipids (fat in the
broadest sense). There are 11 major classes of saponins
(dammarane, tirucallane, lupine, hopane, oleanane,
taraxasterane, ursan, cycloartane, lanostane, cucurbitan,
and steroid). Squalene is an acyclic triterpene, while
achilleol A, lanostane, dammarane, and euphane are
monocyclic, pouoside A is a bicyclic triterpene, and oleane
group, ursan group, lupine group, and hopane group are
pentacyclic triterpenes. The two primary classes of
carotenoids are carotenes and xanthophylls. Antioxidant
qualities are present in both forms of carotenoids.

Table 2. Plants used for the treatment of cancers in Swat District, Pakistan

Plants Extract from

Anticancer Potential

Carthamus oxyacantha Seeds and flowers

M.Bieb.

Convolvulus arvensis L. Whole plant

According to an anti-oxidation investigation, a 40ug extract from this plant
indicated more than 40% inhibition of cancers (Souri et al. 2004).

Its alcoholic infusions have essential anticancer effects against cell lines. Oral

administration of proteins and polysaccharides suppressed tumor growth dose-

Hedera nepalensis K. Koch
Malus pumila L.

Prunus armeniaca L.

Rosa moschata J. Herm.

Solanum nigrum L.

Taxus wallichiana Zucc.

Viburnum grandiflorum
Wall. ex DC.

Viola biflora L.

Vitis vinifera L.

Withania somnifera (L.)
Dunal

Leaves and barks
Fruits

Kernel and gums

Fruits and flowers
Leaves and fruits
Barks, needles, twigs,
and roots

Fruits and barks

Flowers

Fruits

Leaves and roots

dependent (Meng et al. 2002).

It has two major compounds that are prudent for anticancer activities: hederagenin
3-O-L-arabinopyranoside and pulsatilla saponin A (Li et al. 2015).

Apple has bioactive substances that contribute to the prevention of cardiovascular
disease, diabetes, inflammation, and cancer (Han et al. 2020).

The plant has bioactive compounds, which can activate different anticancer
processes and signaling pathways, such as tumor suppressor proteins that reduce
the proliferation of tumor cells (Kitic et al. 2022).

It is also used as a food that may reduce the incidence of cancer and as a means of
stopping or reversing cancer growth (Mathews 1994).

The plant's crude infusion has demonstrated anti-tumor effects in a variety of
cancer types, including colorectal, endometrial, cervical, and breast malignancies in
humans (Li et al. 2008; Liu et al. 2021).

The plant has recently attracted attention because of the discovery that taxol, a
powerful anticancer medication, is mostly present in its leaves and bark. Numerous
other biological functions are also present in it (Juyal et al. 2014).

The plant extract activated apoptosis through a caspase-dependent route, thereby
inhibiting the viability of lung cancer cells. As a result, its extract effectively
inhibits the growth of lung cancer cells (Liu et al. 2021).

The plant has anticancer properties (Hamayun et al. 2007). The present study
recommended this plant for further phytochemical studies.

Its extract showed cytotoxic against cancer cells. Infusion isolated from seeds and
stems investigated anti-tumor action in human breast cancer cell lines (Kaur et al.
2009).

The plant has main constituents like withanolide A and withaferin A; withaferin A
is mostly found in the plant leaves and produces fast apoptosis in cancer cells
(Malik et al. 2007).




Table 3. Plants used for the treatment of different diseases in Swat District, Pakistan

Family Plants Local name  Habitat Extract from Medicinal uses RFC FL
Avraliaceae Hedera nepalensis K. Koch Zela Bota Climber Leaves and bark Used as cancer, also used as fodder and ornamental. 0.2 83
Asteraceae Carthamus oxyacantha M.Bieb. Kareeza Herb Seed and flower Used as fuel and food. Seed oil is used to control cancer, urination, 0.4 58

and stomach problems.
Caprifoliaceae Viburnum grandiflorum Wall. ex DC. - Shrub Fruit and Bark Fruit is used to cure cancer and stomach problems. 0.23 71
Convuluaceae Convolvulus arvensis L. Perwathai Herb Whole plant Used for cancer, diabetes, and blood purification. 0.31 42
Rosaceae Malus pumila L Manra Tree Fruits It is an economical fruit, laxative, and expectorant, used in jamsand 0.5 40
jellies and for heart diseases. Its tough wood is used to make
agricultural tools and fuel wood. Leaves are used as fodder.
Rosaceae Prunus armeniaca L. Khobanay Tree Kernel and gum Used as fresh or dried fruits and seeds. In addition to being utilized  0.43 60
as fuel wood and a honeybee species, it is a purgative for cancer.
Foliage is made from leaves.
Rosaceae Rosa moschata J. Herm. Qaroch Climber Fruits and flowers  Used for cancer and curing stomach disorders 0.1 67
Solanaceae Solanum nigrum L. Kachmacho Herb Leaves and fruit ~ The leaves are used to treat skin inflammation, while the fruits are 0.13 38
used to treat fever.
Solanaceae Withania somnifera (L.) Dunal Kotilal Herb Leaves and root  Used as a plaster, it is also used for cancer, ulcers, and carbuncles.  0.51 58
Fruit has a diuretic effect. Root is an aphrodisiac tonic, diuretic,
narcotic, and rheumatism treatment.
Taxaceae Taxus wallichiana Zucc. - Tree Bark, needles, Its leaves are used for cancer and respiratory diseases. It is also 0.33 40
twigs, and roots used in dyspepsia and brain disorders; the leaves and fruits are
sedative and aseptic; it is utilized in constructing roofs; and due to
its strength against dense snowfall, its wood is placed on graves.
Violaceae Viola biflora L. Banfsha Herb Flower It is used as a diaphoretic, antipyretic, cancer preventive, and 0.03 30
febrifuge, as well as for epilepsy and nervous diseases.
Vitaceae Vitis vinifera L. Kowar Climber Fruits It is used to cure piles, joint aches, cancer, fever, asthma, jaundice, 0.56 59

vomiting, and stomach issues. It is also used as a laxative,
purgative, diuretic, and aphrodisiac.
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Furthermore, taxol is a member of the plant alkaloids
class of chemotherapeutic medicines. Because each
amygdalin molecule contains a nitrile class that beta-
glucosidase might release as a deadly cyanide anion,
amygdalin is categorized as a cyanogenic glycoside.
Mannose is a member of the hexose class of chemical
compounds, where monosaccharides are molecules with six
carbons as the sugar component. Luteolin is a flavone, a
type of flavonoid, and kaempferol belongs to the flavonol
group of organic compounds. Sesquiterpenes are a group of
terpenes belonging to three isoprene units. Sesquiterpenes,
like monoterpenes, can be cyclic or have several specific
combinations of rings. Vibsin-type diterpenoids are thought
to be common in natural products.

Why plant-based drugs are best for the treatment of
cancer instead of other clinical drugs

During a field survey, some professionals and cancer
patients said that about 85% of cancer patients faced
various side effects when treated with chemotherapy and
radiotherapy, such as impotence, fatigue, nausea, hair loss,
and vomiting. Sore mouth and numbness are also common
side effects, and less common are diarrhea, abdominal
cramps, and memory loss, which are reported as erogenous
zone side effects. A similar report was made by Aslam et
al. (2014) from Pakistan. Current research, therefore,
indicates that chemotherapy aims to be as efficient as
possible with manageable side effects. The morbidity of
chemotherapy drugs can pose significant difficulties in
treating cancer with symptomatic or conventional drugs.
Several therapies have been developed to cure cancer,
many of which use plant-derived products, and those plants
have great potential for new drugs and are endowed with
anticancer chemo-protective  properties. Remarkable
improvement has been made in warning and guiding
malignancy (cancer) development, but there is still
considerable validity and room for enhancement. Some
unexpected side effects may occur during chemotherapy.
Natural remedies can reduce harmful side effects, such as
using herbal products to cure malignancies (cancer), and
recent investigations have found about a dozen botanical
products. Nevertheless, a myriad of products prepared from
the documented 12 plants have been found to have very
promising anticancer properties but need to be evaluated
for further applications in human cancer treatments. It is
necessary to determine the efficacy of these botanical
products.

Knowledge and awareness of cancer among residents of
Swat

During the fieldwork for the present study, we asked
the people about cancer, and their responses were very
surprising; they did not know about cancer. Cancer is
referred to as "Sakha" (bad) or "Khatrnaka Bemari"
(dangerous diseases) by the locals. Thus, the current survey
results show extremely low cancer awareness or
consciousness among Swat residents. According to our
general observations, about 95% of illiterate people did not
know about cancer. As a result, this study found that few
residents knew much about cancer, while most knew

almost nothing about the risk factors and early symptoms
of the disease. In this regard, several efforts must be made
to increase people's awareness of cancer and its prevention
and treatment.

Discussion

Medicinal plants, including in many countries, contain
frequent alternative medicines for treating cancers
worldwide (Tascilar et al. 2006). About 3,000 plants are
reported as anticancer sources worldwide (Graham and
Quinn 2000). Worldwide, the frequency of use of products
derived from plants for cancer ranges from 10 to 40%, but
now it is reaching 50% in Asian patients. Throughout the
Middle East and Europe, herbal medicine has been used for
a long time (Cassileth and Deng 2004; Molassiotis et al.
2006). A recent WHO (2004) report reveals that many
developing countries believe traditional herbs are
legitimate anticancer drugs. About 5-15% of these herbs
are bheing studied to find bioactive anticancer compounds
(Ahmad et al. 2016).

The study shows that the root of V. biflora is used for
stomach disorders and jaundice, expectorants, epilepsy,
nervous disorders, antispasmodics, diaphoretic purposes,
colds, flu, and laxatives, as shown in Table 3; similar
applications are found for V. biflora in the study area
described by Hamayun (2007). The plant contains

compounds like aurantiamide acetate, solalyratin B,
esculetin, scopoletin, lupeol, 2S-hydroxypheophytin,
vomifoliol, dibutyl phthalate, (-)-dihydrovomifoliol,

grasshopper ketone, crassifol, and -sitosterol (Cong et al.
2016). The Convolvulus arvensis L. is used in medicine to
cure purgatives and skin disorders. Similar uses for the
plant were also suggested by Akhtar et al. (2013) and Sher
et al. (2003); it is used as an anticancer agent on different
cell lines. Saponins, steroids, flavonoids, alkaloids,
proteins, and lipids are the major compounds found in this
plant (Kaur and Kalia 2012). However, alcoholic infusions
have essential anticancer effects against IMR-32 and Colo-
205 cell lines (Kaur and Kalia 2012). Particularly, oral
administration of proteins and polysaccharides suppressed
cancer progression in a dose-dependent; around 70% of
tumor development was suppressed at a broad, indefinite
dose (200 mg) daily. Over 70% of tumor growth is
suppressed by  subcutaneous or intraperitoneal
administration at 50 mg daily (Meng et al. 2002).

The Carthamus oxyacantha M.Bieb. controls urination
and cures stomach problems and cancer, as shown in Table
3; similar uses for the plant are also documented by Khan
et al. (2015). Its flowers and seeds contain glycosides,
serotonin, flavonoids and sterols (Souri et al. 2004).
Among the chemical components, it also contains oils such
as oleic and linoleic derivatives; the pyrrolizidine alkaloids
were also isolated and defined from the plant. Its fruit
contains 20-25% protein. HPLC was used to isolate two
glycosides, 2-O-methyl glucopyranosyl carthamo side and
beta-D-fructo furanosyl carthamo side, as well as
compounds 3', 4', 5, and 7-tetrahydroxy flavanone (Ahmad
et al. 2010). Oxidative stress is linked to several
degenerative illnesses, such as cancer. Therefore, the trend
of looking for antioxidants from natural sources is growing
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daily. In an antioxidant study, a 40 pg extract of C.
oxyacantha showed over 40% inhibition (Souri et al. 2004).
studied the antifungal activity of crude extracts (methanol,
ethanol, and aqueous) of this C. oxyacantha against fungal
strains  (Bipolaris sorkiniana Shoemaker, Fusarium
oxysporum  Schltdl.,, Rhizoctonia solani J.G.Kihn,
Phytophthora drechsleri Tucker) and found that the
extracts were effective against these strains found to exhibit
a broad spectrum of activity. A dichloromethane extract of
C. oxyacantha at a 25 pg/ml concentration exhibited 27.5%
neuroprotection and inhibited 44.5% of ROS (Abdolmaleki
et al. 2011).

The H. nepalensis is used for diabetes, scabies, boils,
cancer, heart disease, and diabetes, as shown in Table 3; a
similar result was also found by Ahmad et al. (2014). It has
inositol, carotenes, and cardiac glycosides (hederagain)
(Kanwal et al. 2011). Cytotoxic can affect HeLa and HelLa
cancer cell lines. N-hexane and ethyl acetate from the
examined plants appear to offer good potential in cancer
chemoprevention, according to the evaluation's results. The
n-hexane fractions containing lupeol and ethyl acetate have
a reduced 1C50 (0.20 + 1.9 pM) when assessed by NF«B.
The three cancer cell lines' ontogeny was reduced by
roughly 60% by the crude extract and its fractions, and
their IC50 values for lupeol ranged from 2.32 to 10.2 uM.
Plant leaves are a rich source of lupeol, as demonstrated by
the HPLC-DAD-based measurement of lupeol in diverse
plant tissues (0.196 mg/100 mg dry weight).

The V. vinifera is used to cure skin malignancy
(cancer), heart ailment, and antimicrobial activity, as
shown in Table 3; similar uses are also noted by Ahmad et
al. (2014). The grape infusion did, however, demonstrate
cytotoxicity against PC-3, A-549, and MCF-7 cancer cells.
In human breast cancer cell lines (MCF-7 and MDA-MB-
23), colon (HT29), kidney (786-0 and Caki-1), thyroid
(K1), hepatocellular carcinoma, oral squamous cell
carcinoma, and normal human fibroblasts, infusions
derived from seeds and stems were employed to investigate
anti-tumor activity in cell lines (Kaur et al. 2009).
Resveratrol, a chemo-protective compound found in grape
skins, stimulates autophagy and has anticancer properties.
In gastric cancer cells that were activated with TNF-a and
whose ICAM-1 mRNA levels were suppressed by
methanol infusion, the result was cell death and the control
of inflammation (Kaliora et al. 2008). However, increasing
evidence from human medical institution trials has shown
that consumption of grape juice promotes many health
problems and may have anticancer effects. Therefore, there
is a great deal of promise for using grape skin and seed
infusions to prevent cancer, and further research in this
promising area is needed (Zhou and Raffoul 2012).

Rosa moschata J. Herm. is widely used to cure stomach
disorders, as shown in Table 3; a similar result was found
by Ali et al. (2011). Moreover, it contains important fatty
acids, which is uncommon for a fruit. It has also been
researched as a diet that can stop or reverse the growth of
cancer and lower the incidence of cancer (Matthews 1994).
It is an extremely rich source of minerals and vitamins,
particularly flavonoids, bioactive compounds, and vitamins
A C,and E.

Taxus wallichiana Zucc. is used as a hypnotic and
antispasmodic. The leaves are used in bronchitis, whooping
cough, and asthma. It is also used in indigestion and
epilepsy; the leaves and fruits are sedatives and antiseptics,
as shown in Table 3; a similar result was also found by
llyas et al. (2013). Its bark and leaves have garnered
attention recently since it was discovered that they are the
primary source of taxol, a highly effective anticancer
medication. Numerous other biological functions are also
present in it (Juyal et al. 2014).

Prunus armeniaca L., locally known as Khobani,
belongs to the Rosaceae family. It is a laxative, and the
gum extracted from the stem is anticancer, as shown in
Table 3; similar uses of the plants mentioned by Akhtar et
al. (2013) from the area. The gum extracted from the stem
of P. armeniaca was used to treat cancer (Igbal and
Hamayun 2004; Akhtar et al. 2013). Various parts of the
apricot plant are used worldwide for their anticancer
properties, either as a primary remedy in traditional
medicine or as complementary or alternative medicine
(Kitic et al. 2022). Bioactive compounds may mediate
anticancer properties, activating various anticancer
processes and signaling pathways, such as tumor
suppressor proteins that reduce tumor cell proliferation
(Kitic et al. 2022). It strongly and concentration-
dependently reduced cell growth during the incubation
period (P 0.05). In both types of cancer cells, the
expression levels of the Bax and c-FLIP genes were
consistently higher in the untreated group as compared to
the control group (P < 0.001). According to Mahmoudi et
al. (2019), it had a very significant time-dependent mode (P
0.001) of inhibiting the expression of the Bax and c-FLIP
genes in cancer cells.

Solanum nigrum L. is an effective treatment for
digestive disorders, chronic skin disease, hepatitis,
inflammation, and liver problems, as shown in Table 3;
similar uses for the plants mentioned by Akhtar et al.
(2013), Ali et al. (2011), and llyas et al. (2013) from the
study area. Plant infusions have shown anti-tumor effects
on various cancers, including human melanoma, colorectal,
endometrial, and cervical breast cancer (Wang et al. 2010;
Liu et al. 2021). Aqueous plant infusions are essential
components of a number of traditional Chinese medicine
recipes that demonstrate anti-tumor effects in human HCC
cells and are used to cure cancer in Hep3B and HepJ5 cells
carefully. These recipes help the cells integrate AE-SN-
enhanced cytotoxicity induced by doxorubicin and cisplatin
by accumulating microtubule-associated protein-1-light
chain-3 A/1B Il (LC-3 A/B II), which in turn causes both
cells to undergo autophagy and apoptotic cell death (Wang
et al. 2010).

Withania somnifera (L.) Dunal is used in Swat to treat
aphrodisiacs, as a poultice for swellings, ulcers, and
carbuncles, as a diuretic, a narcotic, and to treat
rheumatism, as shown in Table 3; similar uses for the
plants also mentioned by Akhtar et al. (2013). It has
sitoindosine, anferine, isopellertierine, withanolides, and
withaferins. The plant's infusion has a number of biological
effects (Winters 2006). Because of its anti-stress, anti-
aging, anti-peroxidative, anti-inflammatory, antioxidant,
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anti-tumor, cardio-tonic, and immunomodulatory qualities,
it is utilized in a variety of preparations (Malik et al. 2007).
Among the plant's primary components are withanolide A
and withaferin A, the latter of which is mostly present in
the leaves and causes cancer cells to undergo rapid
apoptosis. This plant preparation's cell signaling pathways
largely rely on the wide range of withferin (Malik et al.
2007). Preparation of W. somnifera induced cell
cytotoxicity in a number of human cancer cell lines.
Additionally, by upregulating the expression of IL-2 and
IFN-gamma, its preparation alters the T cell population in
tumor-bearing mice (Malik et al. 2007).

Viburnum grandiflorum Wall. ex DC. belongs to the
Lotus family. It has been used to cure gastrointestinal
complications in the study area, as shown in Table 3;
similar uses for the plant were also mentioned by Akhtar et
al. (2013) and Ali et al. (2011). Plants are pretreated with
UVB-exposed cells, and inflammatory and apoptotic
signaling cascades are profoundly regulated. Its VG can act
against UVB-induced photodamage (Liu et al. 2021).
Viability of H1650, HCC827, and H1299 cells by VGE
happened in a way that was dependent on both
concentration and time. At 48 and 72 hours, the VGE
treatment markedly elevated the apoptotic rate of H1650 (P
< 0.05) and H1299 (P < 0.02) cells. The number of cells in
the sub-G1 phase was dramatically increased when 10 uM
VGE was applied to H1650 and H1299 cells. In H1650 and
HCC827 cells, VGE treatment resulted in the cleavage of
procaspase-8/-9 and -3 after 72 hours. His VGE treatment
decreased the expression of the Mcl-1 protein in HCC827
and H1650 cells. VGE treatment significantly decreased p-
Akt levels in H1650 and HCC827 cells. On H1650 and
HCC827 cells, however, the viability-inhibitory effects of
VGE were neutralized by transfection with the caspase-9
dN plasmid. When VGE was applied to H1650 and
HCC827 cells, cytosolic cytochrome C levels rose. (Han et
al. 2020).

Malus pumila L., also called apple, belongs to the
Rosaceae family. It is used as a purgative, a source of iron,
an expectorant, in jams and jellies, and is good for the
heart, as shown in Table 3; similar study uses of the plant
also collected from the study area by Igbal and Hamayun
(2004). Fruit-derived biologically active substances are
attracting attention as regulators for various diseases
because they have fewer side effects than chemical drugs.
Apples, one of the most popular fruits, are high in bioactive
components and a rich source of nutritious elements.
Pentacyclic triterpenes, phytosterols, polyphenols, and
polysaccharides (pectins) are the main structural classes of
apple components. Trace minerals and vitamins complete
the apple fruit's nutritional profile. These physiologically
active ingredients found in apples and their skins have
benefits for human health, including the prevention of
cancer, diabetes, inflammation, and cardiovascular disease.
Numerous scientific studies have demonstrated that it
might enhance health (Patocka et al. 2020).

In conclusion, people in the area used different plants to
treat diseases, including cancer. However, this
investigation showed that the same plant was used to cure
different ailments in some cases, while in others, different

plants were used to cure different ailments. Before, people
were not well aware of the diseases, but currently, cancer is
the most spread disease with a high ratio in the area. Now,
the locals face this extremely uncured disease, of which the
most common are breast, colon, blood, and lung cancers.
As a result, the current study is being carried out to create a
primary report on cancer in the area and to assess the
outcome and significance of plants in this dangerous
disease. Hence, this study reported that 12 plants are
superior for cancer treatment. Studying these plants could
serve as a template or conductor for malignancy medicine
innovation and development. The increasing trend of
malignancy (cancers) in Swat is alarming. This preliminary
study will be important in cancer prevention, treatment, and
future planning in Swat.

As other nations have done, the Pakistani government,
through the Ministry of Health, is obligated to incorporate
medicinal plants into the healthcare system so that folks
can freely take advantage of the opportunities it presents
and freely discuss with physicians the various herbal
medicines without fear of retaliation. To facilitate long-
term preservation and increase access, further research has
to support documenting the existing plant practices.
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Abstract. Ekpo GI, Eteng OE, Ekam VS, Onyemaizu MU, Ofonime N, Blessing OE, Uduak OL, Robert AE, Ufot S, Eyong U. 2024.
Hesperidin and quercetin modulate carbon tetrachloride (CCls) induced hepatotoxicity in male rats. Asian J Nat Prod Biochem 22: 19-
26. Quercetin and hesperidin are bioactive chemicals that have shown considerable promise in both conventional and herbal medicine
due to their significant impact on treating various human diseases. Oxidative stress is linked to the etiology of many liver disorders.
Quercetin-containing foods and fruits include kales, onions, berries, apples, cherries, and other citrus fruits like grapefruit, oranges,
lemons, and mandarins. The purpose of this study is to examine the potential therapeutic benefits of quercetin and hesperidin on
oxidative stress-induced hepatotoxicity using male rats treated with carbon tetrachloride (CCl4). A total of (30) male rats weighing 160-
180 g were divided into 5 groups (n = 6). For twenty-one days, rats were gavaged with quercetin and hesperidin (2.4 and 2.4 mg/kg
each) after being exposed to CCls (0.5 mg/kg). Samples were taken to evaluate several biochemical markers. Nitric oxide (NO),
Hydrogen peroxide (H202), and Malonialdehyde (MDA) levels were assayed for oxidative damage. The enzymes alanine transferase
(ALT) and alkaline phosphatase (ALP) activity were estimated to represent liver function. Glutathione peroxidase (GPx), Catalase
(CAT), and Glutathione (GSH) levels were evaluated for antioxidants, and histopathology was also assessed. CCls increased
significantly (P <0.05) the concentration of MDA, NO, H202, SOD, CAT, GPX, GSH, and also, the activities of ALT, ALP, and AST in
serum. Following treatment with quercetin and hesperidin, significantly (P <0.05) reduced MDA, NO, H20, ALT, AST, and ALP
activities and modified SOD, CAT, GPX, GSH, in rats substantially (P <0.05). Hepatotoxicity caused by carbon tetrachloride (CClas)
was protected by quercetin and hesperidin treatment. This study concludes that by recovering from ROS-mediated oxidative stress, the
injection of quercetin and hesperidin helps to offset the damage that CCls-induced hepato-renal ailments generate. Hence, quercetin and
hesperidin supplements may be recommended as an adjunctive natural therapy because they can scavenge free radicals and prevent
hepato-renal damage.

Keywords: Antioxidant, carbon tetrachloride (CCls), hepatotoxicity, oxidative damage

INTRODUCTION

The condition known as hepato-renal syndrome (or
toxicity) is linked to the development of kidney failure as
well as severe liver damage when exposed to carbon
tetrachloride (CCls) by multiple routes such as ingestion,
inhalation, and cutaneous absorption (Khan et al. 2012).
This disorder is frequently observed in people who have
severe liver failure. Symptoms include weight gain,
jaundice, confusion, delirium, nausea, vomiting, dementia,
reduced urine output, dark urine, swollen abdomen, and
decreased antioxidant-mediated body defense (Tabeshpour
et al. 2020). The severity of this condition is thought to be
caused by decreased urine production, which leads to the
buildup of nitrogenous waste materials. These materials
then help to produce reactive oxygen species, which
interact with macromolecules to cause organ damage (Low
et al. 2015). Enhancing the body's antioxidant capacity,
which comes from natural sources like fruits and

vegetables, has also been demonstrated to help lessen the
effects of hepatorenal syndrome (Douglas et al. 2020).
Although it is well known that nutrition can prevent a wide
range of diseases, including infectious ones, it seems that
modern medicine, especially when treating infectious
diseases, has overlooked or undervalued this aspect of
health care (Aune et al. 2018)

Over the years, research has evaluated the role and
possible mechanisms by which most chemical agents
induce tissue damage, especially in the liver and kidney,
which are directly responsible for the metabolism and
excretion of chemicals following exposure (El-Boshy et al.
2017). Among the compounds mentioned is carbon
tetrachloride (CCls), one of the principal xenobiotics that
have been demonstrated to produce both acute and chronic
tissue damage with a well-established hepatotoxicity (Xu et
al. 2010). Douglas et al. (2020) state that quercetin is a
polyphenolic flavonoid component widely found in red
wine, tea, onions, berries, apples, broccoli, cherries, and
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red grapes. According to Douglas et al. (2020), quercetin's
high solubility, bioavailability, and capacity to form
complexes or combine to generate certain unique
preparations utilized for human health care contribute to its
medicinal value. According to Tabeshpour et al. (2020),
hesperidin (HSP), a pharmacologically active subclass of
flavonoids (flavonoid aglycone), is widely distributed in
citrus species, including blood orange, orange, lemon, and
lime. According to Tabeshpour et al. (2020), it is a
disaccharide derivative that has hesperidin substituted by a
6-0-(alpha-L-rhamnopyranosyl)-beta-D-glucopyraosyl
moiety at position 7 by a glycosidic linkage with a diphenol
structure with the molecular formula C28H34015.
According to the paper by Zanwar et al. (2018), it has been
shown that flavanone exhibits various of pharmacological
activities such as anti-inflammatory antioxidant, analgesic,
anticarcinogenic, antiviral, and anti-coagulant. It is utilized
in herbal formulations. Recent studies on the protective
effects of hesperidin have shown that, as a major dietary
polyphenol, its ability to guard against organ damage is
well known (de Aja et al. 2020). It is used as a
supplemental agent in complementary therapy protocols
with success because of its biological and pharmacological
properties, which are effective in lowering lipid levels,
scavenging free radicals, and acting as powerful
antioxidant, anti-inflammatory, anti-carcinogenic, and anti-
hypertensive agents (Sedky et al. 2017). Hesperidin's
antioxidant properties protect the testicles from cadmium
poisoning and regulate the hepatic synthesis of cholesterol
by blocking the action of 3-hydroxy-3-methyl-glutaryl-
CoA (HMG-CoA) reductase, as per a study by Saleh et al.
(2022). The vital roles that bioactive chemicals from plants
play in combating various human diseases have led to their
widespread usage in conventional and botanical medicine.
Calas, onions, berries, apples, red grapes for quercetin, and
a variety of citrus fruits, including oranges, lemons,
mandarins, and grapefruit for hesperidin, are excellent
sources of them (Low et al. 2015). They have higher
antioxidant activity due to their high solubility and
bioavailability. Examples of this activity include their
effect on glutathione (GSH), enzymatic activity, signal
transduction pathways, and the elimination of Reactive
Oxygen Species (ROS) brought on by chemical and
environmental toxicological factors, such as the CCl, used
in this study. Therefore, the study aimed to clarify how
hesperidin and quercetin can work in concert to lessen the
harmful effects of CCl..

MATERIALS AND METHODS

Chemicals and reagents

Pfizer International (NY, USA) provided the CCl, that
was used. Randox Laboratories Limited (Admore, Crumlin,
Co-Antrim, UK) produced the alanine transaminase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP),
gamma-glutamyl transferase (-GT), and total protein Kkits.
Cayman Chemical (Ann Arbour, Michigan, USA) supplied

the Griess reagent kit, Potassium persulfate (K3S:0g),
dipotassium hydrogen phosphate (K;HPO.), potassium
dihydrogen phosphate (KH,POs4), potassium chloride
(KCI), sodium nitroprusside (CsFeNsNa2O), hydrogen
peroxide (H.0,), butylated hydroxytoluene, 2-deoxy-D-
ribose, 2-thiobarbituric acid (TBA), and Aldrich Sigma
Chemical Company (St. Louis, MO, USA) provided
Ellman's reagent. Randox Laboratories Limited (Crumlin,
UK) biochemical test kits were used instead of Lab Kit
Biochemical Kits (Barcelona) to estimate urea, uric acid,
and creatinine. All other chemicals and reagents, except
those noted otherwise, were of the analytical grade and
were bought from British Drug Houses in Poole, UK.

Animal model

Male albino test subjects In the Animal House of the
Department of Biochemistry at the University of Calabar in
Calabar, Nigeria, Wistar rats were produced artificially.
The weight of the rats varied between 150 and 200 grams.
They were housed in a plastic hanging cage with standard
12-hour light/12-hour dark cycles in a rat housing that was
appropriately ventilated and maintained at 25°C. Fresh
water and standard pellet meal were provided to the rats
without restriction. The animals were allowed to acclimate
for two weeks before the start of the tests. The National
Academy of Science's (NAS) "Guide for the Care and Use
of Laboratory Animals" by National Research Council
(2010), provided guidelines that all of the animals were
treated with care. The institution has accepted the
researcher's experiment under number 17/042144175.

Experimental protocol

Therefore, according to their treatments, 30 rats were
randomly divided into five (n = 6) groups. Before testing,
hesperidine and quercetin were added to the vehicle,
sweetened condensed milk diluted 1:6 in water. For 14
days consecutively, the animals consecutively were given
oral aliquots containing doses of hesperidin and quercetin
(2.4, 2.4, and 1.4 mg/kg bw) every day between 8.00 and
9.00 AM. These different doses of quercetin and hesperidin
have been demonstrated to shield rats against oxidative
stress, inflammation, and liver damage (Seema et al. 2021).
The vehicle was given to the rats that were CCl, alone and
the normal control, as indicated in Table 1. Except for
normal control group |, which just received sterile injection
water, all of the groups (Il - 6) were subsequently given an
intraperitoneal (i.p.) injection of CCls (0.5 mg/kg)
formulated in sterile injection water.

Preparation of serum

At the end of the experiment, precisely 24 hours after
the CCl, administration, the animals were slaughtered
under light ether anesthesia, meaning the CCl, would have
fully metabolized by then. After piercing the heart, blood
samples were taken using basic centrifuge tubes. Serum
was created by centrifuging it at 3000 g for 10 minutes
using an MSE bench centrifuge. The clear supernatant was
used to estimate serum enzymes.



EKPO et al. — Hesperidin and quercetin modulate carbon tetrachloride 21

Table 1. Treatment protocols

Groups (n=6)  Treatment

| Control (administered vehicle)

1l CCl4 (0.5 mg/kg b.wt., respectively)
1| Hesperidin (2.4 mg/kg b.wt.)

v Quercetin (2.4 mg/kg b.wt.)

\Y Hesperidin (1.2 mg/kg b.wt.)

Preparation of tissue

The livers and kidneys of the sacrificed rats were
quickly removed. A portion was dried using filter paper,
weighed, and rinsed with ice-cold 1.15 percent KCI. To
create 10% homogenates, the liver and kidney were
chopped with scissors in 9 vol of ice-cold potassium
phosphate buffer (0.1 M, pH 7.4). Next, a Teflon pestle
homogenizer was used to homogenize the kidney and liver.
(Thomas Scientific, Swedesboro, NJ, US). An aliquot of
the homogenate was centrifuged at 12,000 g at 4°C for 15
minutes in a TGW16 Micro Centrifuge (Tingtai, China).
This process produced the Post-Mitochondrial Fractions
(PMF). We kept the supernatant at 20°C until we needed it
for biochemical testing.

Biochemical assays

The manufacturer's instructions for the kit are available
here. Total bilirubin, total protein, urea, uric acid, and
creatinine were measured using spectrophotometry at 546
nm, while the interaction between cupric ions and protein
peptide bonds in an alkaline medium to form a colored
complex was observed.

Determination of liver integrity biomarkers

Measurement of ALT (alanine transaminase) activity in
the blood and liver. ALT catalyzes the transamination of L-
alanine to pyruvate, which subsequently combines with
2,4-dinitrophenylhydrazine (DNPH) to produce a brown-
colored complex, pyruvate2,4-dinitrophenylhydrazone
(PDNPHO) in alkaline medium (L-alanine + o-
oxoglutarate — L-glutamate + pyruvate; + DNPH —
PDNPHO), the intensity of the brown colored complex,
PDNPHO at 340 nm is proportional to the activity of ALT,
as described by Reitman and Frankel (1957). Units/mg
protein was used to express the ALT-specific activity. The
generation of reactive species — H20O, and nitric oxide (NO)
— was estimated according to the methods of Junglee et al.
(2014). Oxidative degradation of lipids and proteins was
assessed as malondialdenyde (MDA), and MDA was
determined according to the method of Buege and Aust
(1978) as thiobarbituric acid reactive substances (TBARS).

Determination of serum and hepatic aspartate
transaminase (AST) activity.

A combination of malate and NAD+ is produced by the
combination of AST-catalyzed transamination of aspartate
to oxaloacetate and L-glutamate + oxaloacetate; + NADH
malate + NAD+, according to Reitman and Frankel (1957).
The AST-specific activity was expressed in units/mg of
protein.

Determination of serum and hepatic alkaline phosphatase
(ALP) activity

ALP catalyzes the hydrolysis of p-nitrophenyl
phosphate to pnitrophenol, a yellow chromogen, at a
wavelength of 405 nm, according to Akamo et al. (2015)
technique. The activity of ALP, quantified in units per
milligram of protein, is directly correlated with the
intensity of yellow chromogen.

Determination of antioxidants
The liver homogenate's 12,000 g post-mitochondrial
fraction was tested for antioxidant content.

Determination of reduced glutathione (GSH) concentration

The GSH concentration was determined
spectrophotometrically at 412 nm by tracking the rate of
production of the chromophoric product 2-nitro-5-
thiobenzoate (TNB) after Ellman's reagent DTNB [5,5-
dithiobis(2-nitrobenzoic acid)] was reduced. The method of
Jollow et al. (1974) indicates that the intensity of the
yellow-colored complex formed is directly proportional to
the amount of -SH groups. by the reduced glutathione's free
sulphydryl group (2GSH + DTNB TNB + GSSG). The
GSH data were expressed as GSH/mg protein using a GSH
molar extinction value () of 9.6 0.017 mM 1 cm 1.

Determination of superoxide dismutase (SOD) activity

SOD activity was measured spectrophotometrically at
420 nm by measuring the suppression of autoxidation of
pyrogallol, a superoxide-reacting indicator molecule
(SRIM) that rivals SOD for its interaction with superoxide
in an alkaline media. Applying the method
(pyrogallol/SOD + O2 « + 2H+ H202 + O2) described by
Marklund and Marklund (1974). The units/mg protein or
pyrogallol auto-inhibition/min/mg protein was calculated
using the pyrogallol molar extinction coefficient () of 8.0
105 M 1 cm 1 to express the specific activity of SOD.

Determination of catalase (CAT) activity

The method of Hadwan and Abed (2016) involved
measuring the rate of hydrogen peroxide (2H20,.2H,O +
0,) oxidation at 374 nm was used to quantify catalase
activity spectrophotometrically. The specific activity of
catalase was expressed as Units/mg protein or mmol H,O;
degraded/min/mg protein using the H202 molar extinction
value () of 43.6 M 1cm 1.

Determination of glutathione peroxidase (GPx) activity
Using GSH as a co-factor (H.O, + 2GSH —2H,0 +
GSSG), the remaining GSH content during the breakdown
of hydrogen peroxide was measured
Spectrophotometrically at 420 nm to quantify the GPx
activity, following the methodology of Mohandas et al.
(1984). Using a GSH molar extinction coefficient (X) of 9.6
0.017 mM— 1 em— 1, GPx-specific activity was reported as
Units/mg protein or nmol of residual GSH/min/mg protein.

Histopathological examinations
Dr. Kris Uko, a consultant pathologist at the University
of Calabar Teaching Hospital in Nigeria, conducted the
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histological analysis of the liver and kidney samples. Small
pieces of liver tissue were gathered in 10% neutral buffered
formalin for the proper fixing. These tissues were
processed and embedded in paraffin wax. Sections of 5 mm
thickness that had been cut, mounted, and stained were
stained with hematoxylin and eosin. After that, the slices
were examined under a light microscope.

Statistical analysis

Data were expressed as the mean + Standard Deviation
(SD) of five replicates in each group. Analysis of Variance
(ANOVA) was conducted to test for the level of
homogeneity among the groups. Where heterogeneity
occurred, the groups were separated using the Duncan
Multiple Range Test (DMRT). A p-value of less than 0.05
was considered statistically significant. All the statistics
were carried out by SPSS (Statistical Package for Social
Sciences) software for Windows version 20 (SPSS Inc.,
Chicago, Illinois, USA). Graphs were plotted using Graph
Pad Prism 8 Software (Graph Pad Software Inc., San
Diego, USA).

RESULTS AND DISCUSSION

Quercetin and hesperidin pre-treatment preserved
hepatic integrity

It was found that quercetin and hesperidin may reduce
CCls-mediated liver injury by assessing the activities of
ALT, AST, and ALP in the serum (Figure 2). Therapy with
CCl4 markedly (p <0.05) raised the activities of serum ALT
(Figure 2), AST (Figure 2.B), and ALT. The findings of
comparing each serum's ALP, AST, and ALT levels to the
corresponding negative control (normal) group are
displayed in Figures 2.C, 2.D, and 2.E, respectively.

In contrast to the corresponding negative control
(normal) group, the function and activity of the hepatic
liver enzymes were considerably (p <0.05) decreased
following the administration of CCls. When quercetin and
hesperidin were administered to the CCls-intoxicated group
at doses of 2.4, 2.4, and 1.4 mg/kg, they significantly (p
<0.05) reduced the altered activities of ALT, AST, and
ALP that were released into serum as a result of CClys-
mediated liver injury. By increasing their hepatic activities
compared to the CCl, alone treated groups, the various
doses of quercetin and hesperidin also significantly (p
<0.05) increased the hepatic functional activities of ALT,
AST, and ALP. In the two compartments, quercetin and
hesperidin exhibited a concentration-dependent protective
effect against hepatotoxicity generated by CCl.. Figure 5
show

Quercetin and hesperidin pre-treatment prevents the
alterations of the oxidative stress markers induced by
CClsin rat organs

The effects of a single dose of 0.5 mg/kg CCls were
measured on the levels of reduced glutathione and the
liver's activities of glutathione-S-transferase, superoxide
dismutase, catalase, and glutathione reductase after pre-

treatment with 2.4, 2.4, and 1.4 mg/kg quercetin and
hesperidin for 21 days in a row (Figure 1). After CCls
injection, intracellular GSH levels were considerably (p
<0.05) lower than in the healthy control group (Figure
3.A). Conversely, CCls-induced decreases in the activities
of glutathione reductase (Figure 3), glutathione peroxidase
(Figure 3), and catalase (Figure 3) were seen in comparison
to the healthy control group. Glutathione-S transferase and
superoxide dismutase activities were significantly (p <0.05)
increased by CCls-intoxication compared to the healthy
control group. The oral administration of the rats with
quercetin and hesperidin to varying degrees significantly
(p<0.05) reverses the CCls;-mediated changes in the
oxidative stress markers.

Histopathological changes in the liver

Even though there were no reported deaths in any of the
groups during this experiment, some of the liver tissues
from group A (0.4% DMSO) showed a conserved
architecture with a noticeable modification observed in the
liver and kidney tissues of the CCl4 exposed groups (Figure
4). After pre-treatment with Q and H, the liver and kidney
tissues are clearly repaired, suggesting that the
histopathological study indicates a little increase in
nucleated cells.

Discussion

Reactive Oxygen Species (ROS) produced by a
biological system are not balanced with the system's
capacity to detoxify the reactive intermediates or repair the
damage that results in the impacted tissues quickly (EI-
Boshy et al. 2017). This imbalance is known as oxidative
stress. According to a study by Medline (2022), this led to
the accumulation of oxidative stress indicators and a
notable decrease in antioxidant indicators.

The current study's findings demonstrated that the
injection of CCl, resulted in an imbalance in the level of
oxidative stress indicators tested, as seen by differences
between the CCl, and the water groups (Figure 5).
According to EI-Boshy et al. (2017), peroxides and free
radicals, which harm all parts of the cell, including
proteins, lipids, and DNA, are produced when there is a
disruption in the normal redox state of cells. According to
the results of this investigation, CCl4 administration was
able to cause damage to cellular components, increase the
generation of reactive oxygen species, and entirely reduce
their clearance from the system. These reported damages
may help to explain them. However, other results showed
that serum CCl4 poisoning led to a considerable decrease in
antioxidant levels, including SOD, CAT, GPx, and GSH.
On the other hand, CCl, injection and liver and kidney
homogenates cause an increment in AST, ALT, ALP, SOD,
and CAT activities. Therefore, a high level of ALT may
indicate liver damage, which could be brought on by toxic
chemicals or certain drugs that restrict blood supply to the
liver. While ALP levels are reported to be a sign of liver
disease or specific bone disorders, AST is directly linked to
heart issues that are associated with damage to the kidneys
or liver (Medline 2022).
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Figure 1. Effects of quercetin and hesperidin pretreatment on CCls mediated increased in oxidative stress markers in rats on kidney
parameters. A. MDA level, B. Nitric oxide, C. Hydrogen peroxide. Bars represent mean + SEM (=5). Bars with different letters are
significantly different at P <0.05
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Figure 2. Effects of quercetin and hesperidin pretreatment on CCls mediated increase in antioxidant markers in rats on kidney
parameters. A. SOD, B. CAT, C. GPx, D. GSH. Bars represent mean +SEM (=5). Bars with different letters are significantly different at P<0.05
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Figure 3. Effects of quercetin and hesperidin pretreatment on CCls mediated increase in liver enzymes markers in rats on kidney
parameters. A. AST, B. ALT, C. ALP. Bars represent mean +SEM (=5). Bars with different letters are significantly different at P<0.05
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Figure 4. Liver histology of control and CCL4-exposed rats treated with quercetin and hesperidin. Group A: 0.4% DMSO, Group B:
CCL4; 0.5 mg/kg, Group C: Quercetin (2.4 mg/kg), Group D: Hesperidin (2.4 mg/kg), Group E: Hesperidin 1.4 mg/kg).
Photomicrograph of the liver section showing arrays of hepatocytes (black arrows) severe diffused fatty degeneration (#) with both a
mixed microvesicular (mi), macrovesicular (ma) steatosis and hepatocellular ballooning degeneration (asterisk). Also seen was a
congested blood vessel (V) necrotic liver cell (Red arrow). Haematoxylin and Eosin (H&E) Stain. X100 and x400 magnification on the
CCL4 mediated group upon treatment with quercetin and hesperidin changes showed hepatocytes (black arrows), Central Vein (CV) and

average-sized sinusoidal spaces (Thin Blue arrow). No pathological lesion was seen. H&E stain. x400 magnification
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Figure 5. The inflammatory and anti-inflammatory mechanisms due to administration of CCl4 as well as quercetin and hesperidin

The current study's results corroborate the earlier report
since exposure to CCls, which has a well-documented
history of hepatorenal toxicity, led to a rise in the levels of
these enzymes. All live cells include the enzyme
superoxide dismutase (SOD), which aids in the breakdown
of potentially hazardous oxygen molecules within the cells
and guards against cellular damage. Because it plays a part
in detoxifying harmful produced O; in the system, its
concentration has been found to increase in excessive
accumulation of reactive oxygen species. According to
(Biju et al. 2014), one of the host defense mechanisms
facilitating a quick rise in oxygen uptake may be the

protective and adaptive mechanisms against oxidative
stress that are developing in the tissue, which could explain
the increase in SOD. This report is consistent with the
findings in liver and kidney homogenates from the current
study, which indicated that the system produced more SOD
and its activity to protect itself and promote O, clearance
from the system as a result of the damage caused in the
tissues by CCly; this resulted in low substrate in the serum
and reduced SOD activity. Similar decreases in serum
levels of catalase (CAT) were also observed; they have
been linked in earlier studies to CAT gene mutations, and
the decreases encourage the accumulation of hazardous
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levels in specific cells Medline (2022). CAT is responsible
for maintaining an optimal amount of the molecule in the
cell, which is linked to crucial cellular signaling pathways,
by using hydrogen peroxide, a non-radical ROS, as its
substrate and neutralizing it by breakdown (El-Boshy et al.
2017). However, the rise in CAT activity observed in the
tissues in this study may result from the body's attempt to
correct the disruption in the antioxidant levels and reduce
the negative effects of reactive species and their
byproducts. CAT is essential for reducing oxidative stress
to a great degree since they break down cellular hydrogen
peroxide to create oxygen and water. The present study's
observation of elevated CAT activity indicates the
deleterious consequences of administering CCla.

The present study indicate that serum levels of
glutathione peroxidase (GPx), a family of peroxide-active
enzymes whose primary biological function is to protect
the body from oxidative damage by reducing lipid
hydroperoxides to their corresponding alcohols and free
hydrogen peroxide to water, were decreased. This study
suggests that CCI4 toxicity caused a reduction in GPx
concentration, which may indicate disease condition, but
higher concentrations of GPx were recorded in the tissues.
El-Boshy et al. (2017) also reported a similar reduction and
stated that the measured reduction may contribute to
vitiligo and most other disease conditions, including
diabetes. As stated in the study by Dibal et al. (2018),
reducing oxidative stress, which can exacerbate symptoms
of various chronic illnesses, including autoimmune disease,
is one of the potential health benefits of boosting GPx
concentration. The rise in this study could be attributed to a
systematic process used by the system to counteract the
tissue-damaging effects of CCl,. Glutathione (GSH), which
is known as the body's master antioxidant because of its
function in cell protection, is another significant
antioxidant that is of interest in the current investigation.
The report claims that it immediately quenches radical
centers on DNA and other biomolecules, as well as other
free radicals with oxygen centers and reactive hydroxyl
centers. This enzyme's decrease has been linked to long-
term exposure to pollutants, alcohol, chemicals, cadmium,
and other medical conditions. This could account for the
serum result that showed a decrease, indicating that the
administration of CCl4 induced a medical state, including
liver illness. Glutathione plays a role in detoxifying
endogenous and xenobiotic substances and the excretion of
oxidative molecules. This could explain the rise in tissue
homogenate seen in the current study. Nonetheless, dietary
antioxidants support the antioxidant activity of cells (El-
Boshy et al. 2017). By scavenging active oxygen and free
radicals and neutralizing lipid peroxides, antioxidants and
anti-inflammatory drugs play a crucial role in the fight
against CCl, intoxication. This raises antioxidant levels,
restores the structural integrity of injured organs, and
improves ameliorative effects. This was observed in both
the liver and kidney but not in the serum for SOD, CAT,
GPx, and GSH; it was also shown in a dose-dependent
manner in the hesperidin groups. The groups treated with
2.4 mg/kg quercetin showed substantial results. According
to a study by Dibal et al. (2018), elevated levels of AST,

ALP, and ALT in the liver indicate a dysfunctional liver
condition with an unbalanced level of oxidative stress
markers. nevertheless, most research indicates that this
outcome could result from a disordered lipid profile in the
liver. Furthermore, the results should support the findings
of Dibal et al. (2018), which showed that quercetin has the
potential to significantly reduce ALT, AST, and ALP
activity in hepatorenal injury; similarly, Apaydin et al.
(2018) reported hesperidin's ability to ameliorate
chemically induced hepatorenal toxicity. Treatment with
plant extracts should also be able to restore these effects,
particularly in the groups treated with 2.4 mg/kg quercetin.

In conclusion, this current study concludes that by
recovering from ROS-mediated oxidative stress, the
injection of quercetin and hesperidin helps to offset the
damage that CCls-induced hepato-renal ailments generate.
The quercetin and hesperidin supplements may be
recommended as an adjunctive natural therapy because
they can scavenge free radicals and prevent hepato-renal
damage.
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Abstract. Lamy GML, Likeng JLN, Ndjib RC, Ndounga SEN, Elomo LB, Mbuh SM, Nnanga LS, Mahama, Biyon JBN, Harmsen K, Nga EN,
Tchinda AT. 2024. Ethnomedicine, improved traditional medicine from Cocos nucifera water and evaluation of antibacterial activity on
four bacterial strains in Center, Cameroon. Asian J Nat Prod Biochem 22: 27-34. In 2017, the WHO published its first list of “priority
pathogens” resistant to antibiotics to combat growing antimicrobial resistance globally. These include bacteria that are multi-resistant to
several antibiotics (Acinetobacter, Escherichia, etc.) and others (Salmonella, Shigella, etc.). Currently, research is focused on new
antibiotics and medicinal plants are among the favored natural resources. Worldwide, Cocos nucifera water (Arecaceae) or coconut
water, is traditionally reported to fight bacterial diseases. Unfortunately, information is lacking on its antibacterial potential in Center,
Cameroon. The aim is to determine the traditional antibacterial uses of this water in Central, Cameroon. Then, transform this water into
Improved Traditional Medicine (ITM). Finally, evaluate the antibacterial activity of ITM on 4 bacterial strains following the respective
Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of 0.015 and 0.25 pg/mL. The methods
were ethnomedicinal surveys, the pre-formulation protocol of medicinal syrup, and sensitivity tests in liquid and solid media. Therefore,
76 informants belonging to several ethnolinguistic groups participated. Women (55.27%) exceed men (44.73%) traditionally used
coconut water more to treat digestive disorders (stomachache and constipation). An antibacterial ITM named Coco Water Cure (CWC)
was manufactured. The more sensitive Salmonella enteritidis and Shigella dysenteriae bacteria with CWC had an MIC of 0.25 pL/mL,
respectively. In conclusion, coconut water containing actives compounds such as lauric acid is eligible among the natural antibiotic
resources from Center, Cameroon.

Keywords: Antibiotic resistance, coconut water, MIC, pathogens, traditional medicine

INTRODUCTION and social and technological changes, without ignoring the
abusive and uncontrolled use of antibiotics. This
phenomenon, which can be described as universal, is the
leading cause of infant mortality and morbidity in the

world, killing around 50, 000 people per day (O’neill

The number of deaths due to antibiotic-resistant
infections worldwide is worrying. To this end, the WHO
published in 2017 a list of “priority pathogens” resistant to

antibiotics. This led to and promoted new antibiotics
research and development (Asokan et al. 2019), with 12
families of bacteria most threatening to human health; these
including Acinetobacter baumannii, Escherichia coli,
Salmonella enteritidis and Shigella dysenteriae. Certain
antimicrobials, called conventional antibiotics, face
resistance from many pathogenic microorganisms. This
microbial resistance can be intrinsic or acquired because
microbes can observe resistance during a spontaneous
mutation or when new genes are transferred from another
species. Several factors linked to antimicrobial resistance
are, in general, microbial characteristics, selection pressure,

2016); microbial agents are responsible for 70% of these
deaths. Among antimicrobial agents, antibiotics or even
antibacterial have been the subject of numerous studies
(Gianluigi et al. 2015; Privalsky et al. 2021; David and
Wessel 2022). Moreover, bacteria cause several diseases in
humans such as cholera, diarrhea; among them responsible
for these diseases are Campylobacteriosis, Salmonellosis,
Shigellosis, Listeriosis, etc. These bacteria are increasingly
resistant to conventional antibiotics (Maertens de
Noordhout et al. 2017; Agnieszka and Katarzyna 2018). An
antimicrobial evaluation obeys certain technical criteria
such as the determination of the Minimum Inhibitory
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Concentration (MIC), the Minimum Bactericidal
Concentration (MBC), and the Susceptibility Test.
Therefore, to compensate for the resistance of bacteria to
antibiotics, which are high costs of modern drugs for
predominantly poor populations, many hopes remain
placed in the therapeutic effect of medicinal plants and the
consideration of traditional medicine in Public Health
systems in sub-Saharan Africa. Medicinal plants offer a
varied and infinite range of secondary metabolites, making
it possible to find new molecules with unprecedented
antibacterial properties. Therefore, it is crucial to research
new antibiotics targeting the priority pathogens on the
published WHO list, and natural resources seem to be an
avenue to explore in this search for new antibiotics. This is
the case for medicinal plants, which are increasingly in
demand; Cocos nucifera (Arecaceae) is among these
medicinal plants. The water or juice of C. nucifera
commonly called “coconut water,” has multiple uses
worldwide. More than five decades have passed since this
water’s use in traditional medicine was reported (Kheraro
1975). In Benin, coconut water is traditionally used against
several ailments, such as colic, gastroenteritis, and
abdominal pain (Dougnon et al. 2017). In Nigeria, there are
numerous uses of C. nucifera water in ethnomedicine
(Amujoyegbe et al. 2016). In Ivory Coast, the study of the
biochemical parameters of coconut water reveals that it can
be consumed (Konan et al. 2016) and that it contains
soluble sugars (Assa et al. 2007). In Guadeloupe, coconut
water is also used in traditional medicine (Jiounandan
2019). Unfortunately, in Central region of Cameroon, there
is a lack of information on the traditional antibacterial
medicinal knowledge of C. nucifera water. However, in the
Center, Cameroon, such information has recently been the
subject of transformation of traditional preparations into
easily accessible Improved Traditional Medicine (ITM)
syrups (Lamy et al. 2023). The aim is to determine the
traditional antibacterial uses of this water in Central,
Cameroon. Then, transform this water into Improved
Traditional Medicine (ITM). Finally, evaluate the
antibacterial activity of ITM on 4 bacterial strains
following  the  respective ~ Minimum Inhibitory
Concentration (MIC) and Minimum  Bactericidal
Concentration (MBC) of 0.015 and 0.25 pg/mL.

MATERIALS AND METHODS

Study area

The study took place in the Center region, Cameroon,
precisely in two subdivisions (Lékié and Mfoundi)
belonging to the agro-ecological zone of humid forests with
bimodal rainfall (zone V) favorable to the cultivation of C.
nucifera (IRAD 2008). Botanical samples of coconut palms
(coconut, inflorescences, stipules, etc.) were collected in
the study area. Then, they were brought to the National
Herbarium of Cameroon (NHC). NGANSOP Eric (Botanist
and Systematician) identified said samples, as C. nucifera
(Arecaceae) compared with the specimen from herbarium
collection No. 67488 HNC.

Ethnomedicine

The ethno-medicine part was carried out using an
ethno-medicinal survey sheet. All informants voluntarily
gave their informed consent by name or anonymously. In
accordance with the recommendations of the Nagoya
Protocol on access and benefit sharing from local
knowledge, informants who agreed to participate by name
were cited as co-authors (Lamy et al. 2020). The questions
focused on the informant’s identity, socio-economic life,
nomenclature, and therapy (illness to treat, part used,
method of preparation, consumption by age, duration of
treatment, quantity used).

Improved traditional medicine
Pre-formulation of syrup based on coconut water

Pre-formulation consists of preparing 15 vials of 125 g
of coconut water extract. Excipients will be associated with
the active ingredients.

Generally, the preparation of the syrup is done in two
stages (preparation of the simple syrup and incorporation of
the medicinal and aromatic principles). In addition, the
European Pharmacopoeia only recommends the dosages for
100 g of simple syrup, in particular, preservative 0.4 g and
flavoring 0.03 g (Dénou et al. 2021). Because the
recommended dosages (100 g, 0.4 g and 0.03 g) were
insufficient for the quantity of final syrup, i.e. 1,875 g;
thus, a multiplication factor named K was used to adapt the
values of each ingredient to the final quantity.

Yield at first pre-formulation trial

The quantity of simple syrup obtained is (100-
(0.4+0.03)) = 99.57 g. For the 15 bottles of 125 mL to be
packaged, we will have 15x125 g = 1,875 g (the exact
quantity of syrup to prepare). For a 10% loss
compensation, we have, 1/10x1875 = 185.5 g. That is a
total to be prepared of 1,875+187.5 = 2,062.5 g. The
multiplication factor (K), which justifies the individual
quantity of simple syrup, flavoring and preservative to be
obtain in a quantity of final syrup, is:

100 % — 2,062.5 g

1% — 20,625 g, So that K = 20,625

Preparation of sugar syrup or simple syrup

The ingredients used to prepare the simple syrup were
sugar (sucrose) and distilled water (Table 1). The method
of preparation was decoction. The preparation was done
hot, at 70°C, with purified water. The incorporation of 650
g of sugar (sucrose) was done by dissolution, followed by
filtration (Dénou et al. 2021).

Table 1. Ingredients, their quantities (100 g and 3,500 g), and
functions necessary to prepare a simple syrup

. Quantity for  Quantity for Functions
Ingredients 100gor1L 3500gor35L (Roles)
Sugar (sucrose) 650 g 22759 Taste, viscosity
Distilled water 175¢g 61259 Solvent, excipient
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Second step
Incorporation of medicinal and aromatic principles

The active ingredient was coconut water, collected
through immature eyes coconuts using new syringes. The
flavoring used was vanilla and the antimicrobial
preservative sodium benzoate.

Examination of organoleptic characters

The sense organs (eyes, tongues, and nose) recorded
some organoleptic parameters (color, flavor, smell, texture,
etc.) of the syrup obtained from coconut water to evaluate
the organoleptic characteristics.

Packaging and labeling
It will be a question of producing 15 bottles with a
capacity of 125 mL each, labeled with white packaging.

Evaluation of antibacterial activity
Sensitivity test in liquid media

Mueller Hinton Broth (MHB) media were prepared to
perform the test in liquid media. The inoculum consisted of
solutions (Mueller Hinton Broth), and the microorganisms
consisted of bacterial strains (S. enteritidis, E. coli; S.
dysenteriae, and A. baumannii) and 3 extracts (oil from
coconut kernels or HA, Coco water cure or CWC and
COVID Med) with different transplanting strains methods
(reactivating the microbial strains). This subculturing is
carried out in a microplate using the micro-dilution
method. It is carried out in triplicate (3 times).

Determination of inhibition parameters (MIC, MBC)

The microdilution technique determined the extracts’
inhibition parameters in a liquid medium following the
CLSI protocol (2011). This is a reference method, which
consists of distributing decreasing concentrations of an
antimicrobial substance in the wells of a plate under the
same volume, then adding, under the same volume, a
culture of bacteria in the exponential growth phase. After
incubation for 24 to 48 hours, microbial activity can be
visible to the naked eye or by color change inside the cup.
The reference antibiotic used was Ciprofloxacin.

Determination of the Minimum Inhibitory Concentration (MIC)

The stock solutions of the two syrups and the almond
oil used were prepared at a concentration of 100 mg/mL,
and the stock solution of Ciprofloxacin concentrated at 20
mg/mL. The bacterial inoculum was prepared to obtain a
turbidity corresponding to the 0.5 Mc Farland standard (1.5
x108 Cells/mL) and 250x 1073 pg/mL.

Three extracts (oil from coconut almonds, medicated
syrup from coconut water and Covid Med syrup) were
triplicate for a single isolate. In each well of a 96-well
microplate, 100 pL of MHB culture medium was
introduced. Subsequently, 100 pL of a stock solution of the
3 extracts or Ciprofloxacin® was introduced into the first 3
wells of column 1 (lines A, B, and C). In columns 1 to 12,
successive dilutions following a geometric progression of
reasons 2 were carried out (from wells A, B, and C) up to
the 11th well, which should vary the concentration range of
500 pL/mL to 0.48 pL/mL for the 3 extracts and from 500

pg/mL to 0.48 pg/mL for Ciprofloxacin. Finally, 100 pL of
bacterial inoculum was introduced into each well, thus
varying the concentrations from 250x10° pL/mL to 0.24
uL/mL for the extracts and from 250x10 pg/mL to 0.24
pg/mL for Ciprofloxacin. All tests were carried out in
triplicate.

The fourth line of the microplate was used as a negative
control for the activity of our 3 extracts and MHB. The
wells of column 12 were used as positive controls for
bacterial growth (MHB+ inoculum). The microplate was
sealed with its lid and covered with film paper, then
incubated at 37°C for 18 to 24 hours.

After incubation, bacterial growth was demonstrated by
adding 20 pL of Blue Alamar at a concentration of 0.4
mg/Ml in two (2) of the three (3) wells of the test lines; the
wells of the third line will used for determining the MBC.
The MIC was defined as the lowest concentration of our
extracts and Ciprofloxacin, for which no bacterial growth
was visible to the naked eye (CLSI 2011).

Determination of Minimum Bactericidal Concentration (MBC)

A volume of 50 uL from the wells of the third line,
whose concentrations of extracts and Ciprofloxacin® are
greater than or equal to the MIC, was transferred into a
microplate containing 150 pL of sterile culture broth. The
plate was incubated under optimal conditions. After
incubation, 20 pL of Blue Alamar was added to the wells at
concentration of 0.4 mg/mL and left to act for 30 minutes.
The smallest dilution of the extracts where no color change
was observed corresponds to its CMB.

Data processing and analysis

The data were processed with Word and Excel 2013
software. Data analysis was done using STATGRAPHICS
Plus 5.0 software.

RESULTS AND DISCUSSION

Ethnomedicine
Uses of coconut water in traditional medicine

Regardless of the subdivisions, constipation and
stomachaches have the greatest incidence (Figure 1). These
results reflect that coconut water is mainly used in the
study area to treat digestive disorders (stomachaches and
constipation). The pharmacological activities of coconut
water could explain these results. Indeed, previous studies
have demonstrated that coconut water has antibacterial and
antifungal activities, as in Benin (Dougnon et al. 2017).

Characteristics of informants

Moreover, 76 informants participated in the study, i.e.
35 people in the Lékié Department and 41 in Mfoundi
(Table 2). Regardless of the department, women were in
the majority, with a total of 42 or 55.27%, than men, with
34 or 44.73%. These results reflect that women in the study
area have more knowledge than men about the coconut
water’s antibacterial uses in traditional medicine. These
results could be explained by the fact that, in rural areas,
women being closer to the sick use coconut water for
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primary health care as practiced from generation to
generation. Using coconut water as an antibacterial in
traditional medicine for primary health care has already
reported in Ivory Coast (Assa et al. 2007).

Improve traditional medicine
Pre-formulation of syrup based on coconut water

The results show that the pre-formulation of coconut
water as medicated syrup is real (Table 3). These results
could be explained by the meticulous follow-up of the
observed syrup preparation protocol, which the European
Pharmacopoeia recommends. According to Ouedraogo et
al. (2021), herbal medicines can be packaged in liquid
forms, including syrup, thanks to the introduction of modern
technology in the commercial production of herbal products.

Packaging and labeling

Figure 2 shows that the final syrup was packaged in
bottles with a label filled in as follows: name of the syrup
(Coco Water Cure); active ingredient (coconut water);
simple syrup (99.5%); preservative (Sodium Benzoate);
aroma (0.03%); place of manufacture (Galenics and
Pharmaceutical ~ Legislation  Laboratory); date  of
manufacture (2022.09.16); expiration date (2026.09.15)
and bundle number (001). These results are consistent with
drug packaging and label presentation (Begert 2015). From
the manufacturing and expiration dates on the label, we see
that coconut water can be stored for 4 years. This long-term
conservation was made possible thanks to the preservative.
However, the shelf life of coconut water is generally one
year. Recently, the use of sodium benzoate as a
preservative has made it possible to preserve a traditional
preparation based on medicinal plants in the long term
(Lamy et al. 2023).

Stomachache
Fever
Malaria
Diabetes
Others

Lack of intelligence

Diseases treated with coco water

Diarrhea

Constipation

0 5 10 15 20
Number of informants
= Mfoundi m [ &i¢
Figure 1. Diseases treated by coconut water depend on the
number of people

Table 2. Socio-economic characteristics of coconut water
informants in the Center region, Cameroon

Characteristics Lékié Mfoundi
Gender
Women 20 22
Men 15 19
Ages groups (years)
15-35 15 16
36-55 12 13
55-75 8 12
Religions
Christians 34 37
Muslims 2 4
Others 0 0
Matrimonial status
Single 15 17
Divorcee 3 10
Married 12 8
Windwer/ Window 5 6
Educational levels
Illiterate 0] 4
Primary 8 6
Secondary 12 20
Superior 15 11
Number of individuals per family
1-5 6 8
6-10 25 22
11-20 4 7
20 0 4
Income per day (FCFA)
655-1300 5 0
1300-2000 13 11
2000-5000 12 19
Others 5 11
Ethnolinguistics groups
English-speaker 0 0
Bamileke 8 4
Ewondo 6 13
Fufulde 2 3
Sawa 1 5
Bulu 1 8
Eton 11 5
Others 6 3

Note: NTFPs: Non Timber Forest Products, 1 Dollar = 500
FCFA; 1 Euro = 650 FCFA

Table 3. Ingredients, their quantities and roles that made it possible to obtain the final syrup

Ingredients Quantities per 100 g Quantities per 2,062.5 g for 100g x K Functions (roles)
Simple syrup 99.57¢g 2,053.63g Taste, viscosity

Vanilla 0.03g 0.618g Flavoring

Sodium benzoate 049 8.25¢ Antimicrobial reservative
Coconut water 1759 61259 Active ingredient
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Evaluation of antibacterial activity
Sensitivity tests in solid media

Regardless of the bacterial strain, it is observed that the
reference antibiotic (CIP) shows the largest zone of
inhibition (36 mm) (Table 4). Regarding the extracts used,
CWC (Coco water cure) does not present any zone of
inhibition (00 mm) with three strains (E. coli, S.
dysenteriae and S. enteritidis). In comparison, it presents a
zone of inhibition with the bacterial strain A. baumannii
with a value of 10 mm. According to Asif et al. (2019), the
scientific community pays particular attention to A.
baumannii because of its resistance to the latest wave of
antimicrobials. It is a Gram-negative bacteria is multi-
resistant to several antibiotics and causes nosocomial
infections (Reina et al. 2022). The results obtained could be
explained as follows. Coconut water (CWC) consists of:
simple syrup (95.25 mL), flavoring (0.03 mg), preservative
(0.4 mg) and active ingredient (4.32 mL). The active
compounds present in this medicinal syrup (lauric acid,
etc.) can explain its action on A. baumannii which would
not have been the case with the three other strains. It should
be remembered that lauric acid is a fatty acid. Fatty acids
(oleic acid, etc.) inhibit A. baumannii (Khadke et al. 2021).
The impact of fatty acids on the physiology of A.
baumannii has been reported (Zang et al. 2022).
Escherichia coli and S. dysenteriae are enterobacteria
similar in terms of biochemical characteristics (gram-
negative bacillus, mobile or immobile, aerobic-anaerobic).
According to Ragupathi et al. (2018), molecular studies are
needed to differentiate between these two bacteria. S.
enteritidis, also an enterobacterium, differs from the two
previous strains regarding antigenic characteristics. The
genus Salmonella has antigens. This difference in their
structure and biological compounds may explain why only
A. baumannii reacted and not the other three strains. The
active compounds in coconut water, particular lauric acid,
have an antimicrobial effect on A. baumannii by disrupting
its cell membrane (Marion et al. 2018). Lauric acid has a
lipid structure that can penetrate the bacteria’s cell
membrane and disrupt its stability, leading to a leak of
essential substances inside the bacteria, which leads to its
death. Also, lauric acid can interfere with the bacteria's
metabolic pathways, disrupting its function and survival.
However, it should be noted that the effectiveness of lauric
acid may vary depending on various factors, such as
concentration, exposure time, individual resistance of the
bacteria, etc.

Table 4. Values of the inhibition zones of bacterial strains
depending on the reference antibiotic (CIP) and the 3 extracts
(CWC, COV Med and HA)

. Reference
if:};ﬁ;lal antibiotic Extracts used
CIP CWC COVMed HA

E. coli 36 mm 0 0 0
32 mm 0 0 0
32 mm 0 0 0

S. dysenteriae 36 mm 0 0 0
30 mm 0 0 0
32 mm 0 0 0

S. enteritidis 30 mm 0 0 0
30 mm 0 0 0
26 mm 0 0 0

A. baumannii 26 mm 0 0 0
30 mm 0 0 0
30 mm 10mm 0 0

Note: E.C: Escherichia coli, CIP: Ciprofloxacin, CWC: Coco
Water Cure, COV Med: COVID medicinal syrup, HA: Almond
oil, 0: no inhibition zones observed
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Figure 2. Syrup bottles after labeling

Table 5. MIC and CMB of the antibiotic and the three extracts on the four strains used

Bacterial strains tested

Priority pathogens S. dysenteriae S. enteritidis A. baumannii E. coli
MIC MBC MIC MBC MIC MBC MIC MBC
Extracts used H.A (uL/mL) - - - -
Cov Med (puL/mL) - - - -
CWC (uL/mL) 0.25 0.25 0.25 0.25 - -
Reference antibiotic CIP (ug/mL) 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96

Note: Indeterminate: (-), MIC: Minimum Inhibitory Concentration, CMB: Minimum Bactericidal Concentration, pL: microliter, mL:

milliliter, HA: Almond Oil, CWC: Coconut water cure
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Figure 3. Three respective replicates for A. E. coli, B. A. baumanii, C. S. enteritidis and D. S. dysenteriae strains. Note:
Circle/rectangular: Halo zone. White rectangular: Delimitation of CWC extract inhibition zone

Figure 3 shows the inhibition zones formed by the
different bacterial strains in contact with the extracts and
the reference antibiotic. As for the behavior of the E. coli
bacterial strain (Figure 3.A), regardless of the petri dishes
used (repetition), only the reference antibiotic (CIP)
presents a zone of inhibition delimited by the box green in
color because no zone of inhibition is observed with the
extracts used (CWC, Cov Med and HA). Regarding the
behavior of the bacterial strain A. baumanii (Figure 3.B),
whatever the petri dishes used (repetition), the reference
antibiotic (CIP) presents an inhibition zone delimited by
the yellow box. However, with the extracts used, only the
CWC extract presents a zone of inhibition delimited by the
white box. Concerning the bacterial strain S. enteritidis
(Figure 3.C), whatever the petri dishes used (repetition),
only the reference antibiotic (CIP) presents a zone of
inhibition delimited by the red box. Therefore, no zone of
inhibition is observed with the extracts used (CWC, COV
Med and HA). Regarding the behavior of the bacterial
strain S. dysenteriae (Figure 3.D), regardless of the petri
dishes used (repetition) only the reference antibiotic (CIP)
presents a zone of inhibition delimited by the blue box
because no zone of inhibition is observed with the extracts
used (CWC, COV Med and HA).

Sensitivity tests in liquid media
Table 5 on the 3 (CWC, COV Med and HA) and
reference antibiotic (CIP) show that of the four (4) bacterial

strains tested, only two (2) of them (S. enteritidis and S.
dysenteriae) were sensitive. Indeed, S. enteritidis and S.
dysenteriae, respectively, show a MIC of 0.25 pL/mL,
were much more sensitive to the CWC extract. These
results reflect that in CWC extracts < 0.25 uL/mL
concentration, the bacteria S. enteritidis and S. dysenteriae
are sensitive and not sensitive to the other bacterial strains
(A. baumannii and E. coli). Indeed, these CWC extract
compounds would act on S. enteritidis and S. dysenteriae
due to more biochemical and bacteriological similarities.
Unlike A. baumannii and E. coli, which are similar in
constitution and biochemistry (EIl-Housseiny et al. 2017).
Specifically for S. dysenteriae, fatty acids, including lauric
acid, interact with certain proteins to abolish their
transcription and promotion activities (Trirocco et al.
2023). In addition, all the bacterial strains tested on the
reference antibiotic have an identical MIC and CMB value
(3.96 pg/mL). These results reflect that all the bacterial
strains tested are sensitive for a value < 3.96 pg/mL of
extract. MIC values for ciprofloxacin may vary depending
on the type of bacteria targeted. Generally, the MIC of
ciprofloxacin for Gram-negative bacteria is around 0.015 to
0.25 pg/mL, while for Gram-positive bacteria, it can be
around 0.015 to 0.5 pg/mL. However, these values may
vary depending on the bacterial strain and the testing
method. When a bacteria is inhibited or Kkilled at
ciprofloxacin MICs greater than 1 pg/mL, this indicates
that this bacteria is resistant to ciprofloxacin MICs less
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than 1 pg/mL (Grillon et al. 2016). In other words, the
bacteria requires a higher concentration of ciprofloxacin to
be inhibited or killed, indicating that ciprofloxacin
treatment is less effective against that specific bacterial
strain. Additionally, those four bacterial strains tested are in
the list of “priority pathogens” made public by the WHO in
2017. The results of the antibacterial ITM from coconut
water of Center, Cameroon, on these strains, indicate that
this water is eligible for research into new antibiotics.

In conclusion, the initial hypothesis confirms that
coconut water has traditional antibacterial uses in Center,
Cameroon, and improved traditional antibacterial medicine
(ITM) has been made from this water. The evaluation of
the antibacterial activity of this ITM on four bacterial
strains (A. baumannii, E. coli, S. enteritidis and S.
dysenteriae) shows an effect on two of them. Only the
bacteria S. enteritidis and S. dysenteriae were observable in
a MIC and MBC of 0.25 pg/mL with the antibacterial ITM
extract; therefore, C. nucifera water of Center, Cameroon is
eligible for research into new antibiotics. In perspective, it
would be interesting to extend the evaluation of the
antibacterial activity of this ITM on other bacterial strains.
Other methods of evaluating antibacterial activity should
also be explored.
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Abstract. Ejeh SA, Abu HA, Onyeyili PA, Abenga JN, Abalaka SE, Enefe NG, Eugiene 1. 2024. Ethanol leaf extract of Alchornea cordifolia
(Euphorbiaceae) effects on reproductive dysfunctions in streptozotocin-induced diabetic male Wistar rats. Asian J Nat Prod Biochem
22: 35-42. Diabetes and some of its treatment agents reportedly induce male reproductive dysfunction in male Wistar rats. Therefore,
the study investigated the therapeutic effects of ethanol leaf extract of Alchornea cordifolia (Schumach. & Thonn.) Mill. Arg. on
diabetic male Wistar rats. Twenty-five male Wistar rats were used, and 50 mg/kg freshly prepared streptozotocin in cool citrate buffer
single intraperitoneal injection was used to induce diabetes mellitus. The rats were grouped into 5 of 5 rats each. Group 1 was normal +
distilled water; group Il was diabetic untreated; group 1l was diabetic + 100 mg/kg metformin HCI; and IV and V rats were diabetic and
received 100 and 200 mg/kg of the extract orally, respectively. Treatment was done for 28 days; after that, reproductive parameters such
as extrapyramidal sperm parameters (sperm motility, count, concentrations, viability, morphology, and acrosome integrity) and
hormonal assay (FSH, LH, and Testosterone) were evaluated using a standard protocol. Testicular and epididymal histopathological
changes were analyzed using standard procedure. The results revealed a marked impairment in all the parameters evaluated in the
untreated diabetic group. However, groups exposed to the ethanol leaf extract of A. cordifolia recorded a significant (p <0.05)
improvement in the above-mentioned reproductive parameters, including the restorations of the collapsed epididymal tubules observed
in the diabetic untreated group. Therefore, the ethanol leaf extract of A. cordifolia can potentially facilitate and restore reproductive
dysfunctions associated with diabetes mellitus complications, hence a possible alternative to synthetic antidiabetic agents.

Keywords: Alchornea cordifolia, diabetes mellitus, histopathology, morphometry, sperm parameters

INTRODUCTION complications such as microangiopathy and macrovascular
diseases, resulting in higher morbidity and mortality (E-
Garcia et al. 2018; Yun and Ko 2021). Besides the various
complications recorded in diabetes, the recent rise in cases

of infertility among diabetic patients has increased the

Diabetes mellitus is a non-infectious endocrine,
metabolic  condition with  persistent hyperglycemia
resulting from deficient insulin secretion or the inability of

insulin receptors to function effectively or both. The global
estimate of people affected with diabetes mellitus stood at
463 million, with about 1.5 million deaths annually
(American Diabetes Association (ADA 2022)). Diabetes
mellitus is a highly devastating disease with increased
morbidity and mortality (Lotti and Maggi 2023) if not
properly managed and could lead to increased
complications such as retinopathy, neuropathy, and foot
ulceration (ADA 2021) and macrovascular complications
and several other systemic disorders (Zawada et al. 2018).
Studies have shown that diabetes mellitus affects the health
status of an individual, leading to poor quality of life by
enhancing and modulating several risk factors associated
with the condition and a consequential increase in several

awareness of many researchers regarding the role of
diabetes in reproductive failure (Ventimiglia et al. 2017).
According to He et al. (2021), there is a growing incidence
of diabetes mellitus among male couples worldwide
compared to their female counterpart, prompting an
insinuation that most infertility in couples may be caused
by male factor-induced infertility. Investigations into the
possible mechanisms of diabetes-induced reproductive
dysfunctions revealed a serious change in semen/sperm
quality owing to an increase in mitochondria DNA
fragmentation, apoptosis, and DNA integrity decrease (Shi
et al. 2017). Oxidative stress induced by hyperglycemia has
been implicated in the pathophysiology of diabetes
reproductive dysfunctions (Shoorei et al. 2019), resulting in
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increased DNA sperm damage and decreased sperm
motility, viability, and count. Increased oxidative stress-
induced reproductive dysfunction in diabetic patients has
also been attributed to the impairment of the hypothalamic-
pituitary-gonadal axis, leading to hormonal disorders
(Temidayo and du Plessis 2018). Several treatment
protocols have been used in the management of diabetes
and its complications, including the use of oral antidiabetic
agents such as Metformin, which is considered the first-line
drug of choice (Fatima et al. 2018). However, exposure of
diabetes patients to these agents has been shown to exert a
negative effect on the reproductive system, resulting in
reduced testosterone levels, sexual motivation, libido, and
erectile dysfunctions (Al-Kuraishy and Al-Gareeb 2016).

Recent scientific improvement has led to the
development of several treatment protocols for managing
diabetes and its complications. However, side effects such
as hepatic and gastrointestinal disorders, hypoglycemic
coma, and lactic acidosis have been associated with the use
of current antidiabetic agents (Chaudhury et al. 2017).
Interestingly, the World Health Organization recommends
alternative plant-based medicine to treat the disease (da
Rocha Fernandes et al. 2016). Therefore, there is a need for
a search for alternative remedies for the therapeutic
management of diabetes and its reproductive complications
that will be readily accessible, available, and potent.

The use of plants as alternatives to synthetic
antidiabetic agents has continued to attract researchers'
concerns, given the presence of important bioactive
molecules with therapeutic properties (Solati et al. 2021). It
has become a major source of disease management among
the rural population in sub-Saharan Africa (Solati et al.
2021). Alchornea cordifolia (Schumach. & Thonn.) Miill.
Arg. is a dioecious evergreen plant belonging to the family
Euphorbiaceae. It is a widely used plant in both tropical
and sub-Saharan African traditional medicine for managing
diverse disease conditions ranging from respiratory,
gastrointestinal, wound healing, infectious diseases, and
inflammatory conditions (Noundou et al. 2016). Several
reports have attributed A. cordifolia medicinal actions to
the presence of vital phytochemical compounds such as
flavonoids,  polyphenols, alchornedine, triterpenes,
quercetin, steroids, and protocatechnic acids (Kouakou-
Siransy et al. 2010; Osadebe et al. 2012) Pharmacological
activities associated with A. cordifolia have also been
reported, including; antimicrobial, anti-inflammatory,
antidiarrheal, antidiabetic, and antioxidant activity (Agbor
et al. 2004; Manga et al. 2004; Effo et al. 2017).

Although the antidiabetic and reproductive enhancing
potentials of A. cordifolia have been investigated
(Mohammed et al. 2013; Ngaha-Njile et al. 2019), its
ameliorative activity on reproductive dysfunctions
associated with diabetic complications remains poorly
understood. Hence, this work aimed to evaluate the
therapeutic effects of A. cordifolia on reproductive
dysfunctions in streptozotocin-induced diabetic Wistar rats.

MATERIALS AND METHODS

Ethical clearance was sought and received from the
University of Abuja Ethics Committee on Animal Use
(UAECAU), Nigeria with approval number
UAECAU/2022/005. It was performed according to
national guidelines on the use of animals for scientific
investigation.

Plant collection

The A. cordifolia leaf was collected from a farm in
Alkpali, Ugbokolo, Okpokwu Local Government Area,
Benue State, Nigeria during the dry season. Dr Okoh
Thomas identified and authenticated the leaf at the
herbarium of the Department of Botany, Faculty of
Biological Sciences, Joseph Sarwuan Tarka University
Makurdi, Nigeria, where the voucher's number
(FUAM/BOT/HERB/02781) was deposited for future
reference.

Extract preparation

The harvested leaves were washed in running tap water
to remove sand and other solid particles/impurities and
dried under laboratory conditions before pulverization into
a fine powder using an electric blender. Next, 500 g of the
leaves powder was loaded into the thimble and extracted in
1000 mL ethanol using the Soxhlet apparatus and
concentrated at 40°C for three (3) hours in a rotary
evaporator (Shanghai Yarong Re-52aa/52CS, China) before
evaporating it to dryness using a water bath at 40°C to
obtain a yellow-brown Ethanol Leaf Extract of A.
cordifolia (ELEAC) residue. The percentage yield recorded
was 28.8%.

Induction of diabetes mellitus in male albino Wistar rats

Diabetes mellitus was injected by intraperitoneal
injection of 50 mg/kg of streptozotocin in freshly prepared
0.1M cold citrate buffer at a pH of 4.5 after eighteen (18)
hours of fasting. The rats were then exposed to clean water
and feed before measuring their blood glucose levels using
blood from the tail vein on an Accu-chek® glucometer
(Accu-chek® GB, Roche Mannheim Germany) after forty-
eight (48) hours of treatment. Male Wistar rats with fasting
blood glucose above 200 mg/dL concentrations were
considered diabetic and selected for the study.

Testicular and epidydimal morphometric evaluation
Morphometric parameters such as weight, length,
width, and volume of the epididymis and testes were
measured using conventional instruments such as a ruler,
scientific weighing scale, measuring cylinder, and ropes.

Evaluation of epididymal sperm motility

Sperm motility was determined using the swim-out
technique (Veen and Preeti 2017). After exteriorization and
trimming of the cauda epididymis to remove fat and tissue
debris, a small incision was made through it and then
placed in 1 mL of normal saline for a few minutes to allow
the spermatozoa to swim into the fluid. After that, a drop of
the suspension was placed on a pre-warmed grease-free
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glass slide, and a cover slip was placed on it, which was
viewed at X400 magnification. Individual sperm motility
was assessed by counting progressive motile sperm across
different fields per unit area. The values were presented as
percentages of motile spermatozoa.

Evaluation of epidydimal sperm viability

Sperm viability was assessed using the method of
(Blom 1973). Briefly, about 0.1 mL of sperm suspension
was mixed with 0.1 mL of eosin-nigrosin stain on a grease-
free microscope slide and allowed to stand for a few
seconds. Next, a smear was made, air-dried, and viewed at
X400 magnification. After that, 200 spermatozoa were
counted across different fields, and the percentage of live
spermatozoa was recorded.

Evaluation of epididymal sperm concentration

The method of (Robb et al. 1978) was used to evaluate
epididymal sperm concentration. Briefly, a drop of sperm
suspension prepared in 0.05% formol-saline was placed on
a pre-warmed improved hemocytometer and counted to
determine the epididymal sperm concentration.

Evaluation of epididymal sperm morphology

The effect of the extract on sperm morphology was
evaluated using sperms from the cauda epididymis,
following the method of (Linder et al. 1992). Next, 0.1 mL
sperm suspension was placed on a grease-free slide to
make a thin smear. The smear was air-dried, fixed in
methanol, and stained with Giemsa. After that, the slide
was washed in running water, dried, and viewed at X40
magnification. Abnormal spermatozoa were counted in
different fields and expressed as a percentage of the normal
spermatozoa.

Assessment of the effects of the extract on acrosome
integrity of spermatozoa of streptozotocin-induced
diabetic male albino Wistar rats

In this study, the method of (De-Oliveira et al. 2011)
was used to assess the effects of the extract of A. cordifolia
on the acrosome integrity of spermatozoa in
Streptozotocin-induced diabetic rats. Briefly, 0.1 mL of
sperm suspension was placed on a pre-warmed glass slide,
and a smear was made on it. The smear slides were fixed in
methanol for 10 minutes and rinsed for a few minutes in
running tap water. After that, the slides were stained in
buffer Giemsa for three hours, rinsed in running water,

dried, and examined at X400 magnification. Next, 200 cells
were counted under the microscope, and the number of
intact acrosome, which is characterized by purple head,
was calculated by dividing its number by the total number
of spermatozoa multiplied by 100%

Evaluation of the effects of ethanol leaves extract of A.
cordifolia on male hormones of streptozotocin-induced
diabetic Wistar rat

Male hormones [testosterone, luteinizing hormone
(LH), and Follicle-Stimulating Hormone (FSH)] were
evaluated using commercial ELISA Kkits obtained from
Monobind Inc. (Lake Forest, CA 92630, USA) following
the manufacturer's instructions. The values were extracted
from the plotted absorbance curve versus the
concentrations and recorded accordingly.

Histopathological analysis

The testis and the epididymis were harvested after the
last day of treatment following the humane sacrifice of the
experimental Wistar rats. For histopathological preparation
according to standard procedures (Bancroft and Cook
1994), combined ketamine (0.1 mg/kg)/xylazine (0.5
mg/kg) was administered after fixation in 10% formalin for
histopathological evaluations.

Statistical analysis

Data obtained from this study were analyzed and
represented as mean + standard error of the mean (Mean +
SEM). Data were subjected to a One-way analysis of
variance, and tests of significance between treated groups
and control were evaluated using Dunnett's multiple post
hoc test. All statistical analyses were done using GraphPad
Prism version 7 software (Graph Pad Prism Inc., San
Diego, CA, USA), and values of P <0.05 were considered
significant.

RESULTS AND DISCUSSION

Testicular and epidydimal morphometry

The results of testicular and epididymal morphometry
revealed a significant (p <0.05) increase in the weight of
the epididymis compared with the diabetic untreated group.
However, no significant changes in the other parameters
were measured (Table 1).

Table 1 The effects of ethanol leaf extract of Alchornea cordifolia on testicular and epidydimal morphometry of streptozotocin-induced

diabetic male albino Wistar rats

Groups Testes weight ~ Testes length  Testes width ~ Testes volume Epididymal Epididymal

(9) (cm) (cm) (cm) weight (g) length (cm)
Control 1.31+0.21 1.81+0.13 1.08+0.25 1.21+0.21 0.33+0.03? 4.100.14
Diabetic contr. 1.2240.13 2.0310.02 1.09+0.03 1.28+0.12 0.3620.02 4.47+0.18
Extract (100 mg/kg) 1.21+0.13 1.88+0.12 1.08+0.06 1.28+0.11 0.38+0.06 3.84+0.36
Extract (200 mg/kg) 1.24+0.04 1.89+0.05 1.03+0.01 1.31+0.06 0.51+0.02° 4.54+0.10
Metformin (5 mg/kg) 1.33+0.04 1.98+0.02 1.13+0.04 1.27+0.07 0.39+0.01 4.60+0.10

Note: Different superscripts within columns are statistically significant (p<0.05) compared to the control after post hoc Dunnett's

multiple comparison test
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Table 2. Effects of ethanol leaf extract of A. cordifolia on sperm parameters of streptozotocin-induced diabetic male albino Wistar rats

Groups Epididymal sperm Percent sperm Percent sperm Percent Percent acrosome
count (x10°) motility viability abnormal sperm integrity
Control 84.63+12.622 80.60+3.37 85.00+2.202 1.88+0.432 72.50+4.472
Diabetic control 44.44+16.31 59.00+5.10 64.25+2.78 6.00+0.96 22.90+3.83
Extract (100 mg/kg) 66.50+11.52 72.00+11.25 83.80+4.74° 4.10+1.16 36.00+4.09
Extract (200 mg/kg) 111.6+9.27° 85.60+7.13 90.20+2.35¢ 3.70+0.56° 40.80+4.03°
Metformin (5 mg/kg) 74.15+16.81 79.00+5.34 87.20+2.52¢ 2.90+0.29¢ 30.50+3.66

Note: Different superscripts within columns are statistically significant (p<0.05) compared to the control after post hoc Dunnett's

multiple comparison test

Table 3. Effects of ethanol leaf extract of A. cordifolia on male
hormones of Streptozotocin-induced diabetic Wistar rats

LH FSH Testosterone
Groups (ng/mL) (ng/mL) (ng/mL)
Control 8.96+3.12 4.90+1.12 62.10+16.63%
Diabetic control 6.2241.90 3.30+1.16  42.50+16.22
Extract (100 mg/kg) 7.16+2.64 5.14+1.76 61.20+3.46
Extract (200 mg/kg) 7.52+1.96 3.50+1.18  63.96+6.07°
Metformin (5 mg/kg)  8.72+3.56  3.0+0.52 68.10+5.14¢

Note: Different superscripts within columns are statistically
significant (p<0.05) compared to the control after post hoc
Dunnett's multiple comparison test

Effects of ethanol leaf extract of A. cordifolia on sperm
parameters of streptozotocin-induced diabetic male
albino Wistar rats.

The results of the ethanol leaf extract of A. cordifolia on
sperm parameters such as epididymal sperm count,
percentage viability, motility, percentage acrosome
integrity, and morphological abnormality percentage were
presented in Table 2. Diabetes was observed to induce
marked acrosome damage and increased morphological
abnormality. However, treatment with the extract of A.
cordifolia at 200 mg/kg significantly (p<0.05) improved
the integrity of the acrosome (40.80+4.03%). It markedly
decreased (3.70+0.56°) the percentage of sperm damage
observed in the diabetic control group (6.00+0.96). Though
no significant (p>0.05) changes were noted in the groups
treated with 100 mg/kg (36.00+4.09) and standard
antidiabetic drug (30.50+3.66) (Metformin hydrochloride),
there was an improvement in the level of acrosome damage
compared with the diabetic control (22.90+3.83). There
were also no significant (p>0.05) changes in the
morphological abnormality of the treated groups compared
to the diabetic untreated group. However, a non-significant
(p>0.05) reduction in the percentage morphological
abnormality was observed in the 200 mg/kg treated group
and standard antidiabetic drug (Metformin hydrochloride).
There was also a significant (p<0.05) increase in the
percentage viability of the sperm cells of extract-treated
groups compared to the diabetic control. Decreased
epididymal sperm count induced by diabetes was
significantly (p<0.05) increased at 200 mg/kg exposure.

However, there was no significant change in the other
treatment groups compared to the diabetic untreated group.

Effects of ethanol leaves extract of A. cordifolia on
hormones male reproductive in streptozotocin-induced
diabetic male albino Wistar rats.

The results of the effects of the extract of A. cordifolia
on male hormones are presented in Table 3. The results
showed a significant (p<0.05) increase in serum
testosterone level at 200 mg/kg extract treated groups
compared to the diabetic control. Despite Luteinizing
hormone (7.16+2.64; 7.52+1.96) and follicle-stimulating
hormone (5.14+1.76; 3.50+1.18) levels elevations in the
study, the values were not statistically significant (p>0.05)
when compared to the diabetic control.

Histopathological findings

There were no obvious cellular changes in the testes of
male Wistar rats exposed to streptozotocin alone (45
mg/kg) (Figure 1. B) and in conjunction with either 5
mg/kg, 100 mg/kg, or 200 mg/kg (Figure 1. C, 1.D, and 1.
E, respectively) of the ethanol extract of A. cordifolia by
gavage. However, there were collapsed epididymal tubules
within a fibrous stroma (33%) in the diabetic untreated
group (Figure 2. B), which was greatly ameliorated by the
extract-treated groups (100 and 200 mg/kg) (Figure 2c and
2d) and the standard antidiabetic drug used in this study
(Figure 2. E).

Discussion

The presence of numerous bioactive compounds and the
array of natural plant communities (Ezeonu and Ejikeme
2016) across sub-Saharan Africa has enhanced the herbal
medicine use as an undisputable alternative to synthetic
antidiabetic agents in diabetes management and its
complications, especially those associated with male
functions and fertility. Diabetes mellitus, a disease
associated with disorders of carbohydrates, proteins, and
lipids metabolism, is known to greatly impair reproductive
functions, including male fertility (Jangir and Jain 2014).
The use of streptozotocin as a chemical model for the
induction of experimental diabetes mellitus in animal
species continues to be relevant in diabetology due to its
ability to destroy pancreatic beta cells selectively (Shi et al.
2017).
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Figure 1. A-D: Photomicrograph of a section of the testis of streptozotocin-induced diabetic male Wistar rats exposed to various ethanol
leaf extracts of A. cordifolia (100 mg/kg, 200 mg/kg) and Metformin (5 mg/kg). A: Control; note the intact basement membrane of the
seminiferous tubule (arrowhead) with the spermatogonia spermatocytes (X) and spermatozoa (arrow). B: Diabetic untreated. Note the
inter-tubular congestion (arrow) and intact basement membrane (arrowhead) with necrosis of the spermatogonia, primary spermatocytes,
secondary spermatocytes, and the spermatids C: Diabetic + drug; note the seminiferous tubule with intact basement membrane (arrow)

containing spermatogonia and spermatocytes (X) and spermatids (arrowheads) D: Diabetic + 100 mg/kg extract. E: Diabetic + 200
mg/kg. Note the inter-tubular congestion (arrowhead) with the necrosis of the primary spermatocyte (arrow) and secondary

spermatocyte (double arrowheads). H and E: x 400

Figure 2. A-D: Photomicrograph of a section of the epididymis of streptozotocin-induced diabetic male Wistar rats exposed to various
ethanol leaf extracts of A. cordifolia (100 mg/kg, 200 mg/kg) and Metformin (5 mg/kg). A: Note the epididymal tubules (arrows) with
pseudostratified columnar epithelial cells (arrowheads). B: Diabetic untreated. Note the collapsed epididymal tubules (arrows) within a
fibrous stroma (X), C: Diabetic + drug, Note the epididymal tubules (arrows) containing spermatozoa, D: Diabetic + 100 mg/kg extract,
Note the epididymal tubules (arrows) containing spermatozoa. E: Diabetic + 200 mg/kg. Note the epididymal tubules (arrows)

containing spermatozoa (X). H and E: x 400
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This study evaluated the effects of ethanol leaf extract
of A. cordifolia on male reproductive dysfunctions induced
by diabetes. Although the morphometric analysis of the
testes and the epididymis revealed diabetes-induced organ
weight reduction (1.22+0.13; 0.36+0.02), significant
(p<0.05) increases were recorded in groups exposed to the
various doses of the extract as well as in the epididymis
weight (0.51+0.02°) compared to the diabetic untreated
group. The increased epididymal weight could be
attributable to the presence of more spermatozoa in the
epididymal tubular lumen, as evidenced in the
photomicrographs (Figure 2. C-D). The finding was
consistent with the report of Allassane et al. (2021), who
associated the gain in epididymal weight with the
androgenic activity of the plant extract since testicular
growth and secretions are strictly under the influence of
androgens (Bakloul et al. 2016). Allassane et al. (2021)
also reported significantly (p<0.05) increased testicular
weight and volume in streptozotocin-induced diabetic rats
coadministered with hydroalcoholic extract of Alpinia
officinarum leaf extract (Heidari et al. 2021).

The significantly (p<0.05) increased extrapyramidal
sperm count and enhanced sperm motility and viability
suggested that the exposure of those diabetic rats to ethanol
leaf extract of A. cordifolia greatly improved the
hyperglycemia-induced damages. The ability of the ethanol
leaf extract of A. cordifolia to enhance the evaluated
reproductive parameters could be linked to the presence of
their inherent important bioactive phytoconstituents,
according to Solati et al. (2021). Several studies have
demonstrated that important phytochemicals such as
polyphenols and flavonoids could restore damaged sperm
parameters and hormonal disturbances associated with
disease conditions because of their potent antioxidant
activity (Jangir and Jain 2014).

Oxidative stress damage has been implicated as the
main instigator of complications in diabetes (Nna et al.
2019), including male infertility (Alsenosy et al. 2019).
This is because increased oxidative stress induced by
hyperglycemia could disrupt the hypothalamic-pituitary-
gonadal system to trigger hormonal disorder with a
consequential decrease in male fertility as a result of lower
gonadotropins, sperm motility, count, and viability
(Abbasihormozi et al. 2019). The positive impact of this
plant extract could be attributed to the presence of vital
phytochemical constituents such as phenol and flavonoids
earlier reported by Ejeh et al. (2023), which possess strong
radical scavenging abilities (Kaushik et al. 2011).

This study revealed that streptozotocin diabetes
induction lowered serum gonadotropins (6.22+1.90;
3.30+1.16) and testosterone levels (42.50+16.22), which
agreed with the findings of Arikawe et al. (2012), Jangir
and Jain (2014), and Soliman et al. (2019), who recorded
similarly decreased hormonal values. The findings showed
the ability of diabetes to disrupt the synthesis of these
hormones and cause Leydig and Sertoli cell functional
alterations with subsequent impairment of spermatogenesis
(Jangir and Jain 2014). However, the exposure of diabetic
male Wistar rats to ethanol leaf extract of A. cordifolia in
this study significantly (p<0.05) elevated serum

testosterone levels (63.96x1.96) and insignificantly
(p>0.05) increased FSH (5.14+1.76) and LH levels
(7.52+1.96). Although the LH and FSH values were not
statistically significant (p>0.05), they might be clinically
relevant as both hormones influence Leydig and Sertoli's
cellular functions. The finding was consistent with the
work of (Ngaha-Njile et al. 2019), who reported an
increased testosterone concentration in male Wistar rats
exposed to various doses of A. cordifolia. The elevated
testosterone level might be responsible for the improved
sperm motility, viability, counts, and acrosome integrity
recorded in the present study.

According to Tian et al. (2020), testicular and
epididymal damage resulting in defective spermatozoa
production and maturation has occurred in diabetes-
induced oxidative stress. Histopathological findings in the
present study revealed complete epididymal tubular
collapse with seminiferous cellular damage. Heidari et al.
(2021) have reported testicular damage with a manifested
tubular atrophy, reduction in seminiferous tubular diameter,
and thickness of the seminiferous epithelium in
streptozotocin-induced diabetic animals. The reported
testicular damage could probably be due to elevated
oxidative stress damage.

In conclusion, the study has demonstrated that
streptozotocin-induced diabetes causes serious damage to
male reproductive structures and parameters. However, the
exposure of diabetes-induced Wistar rats to various doses
of the ethanol leaf extract of A. cordifolia improved the
evaluated reproductive structure and profile of the exposed
Wistar rats. Therefore, the ethanol leaf extract of A.
cordifolia could be employed as an alternative to synthetic
antidiabetic agents in managing male reproductive
dysfunctions associated with diabetic complications.
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Abstract. Ngemenya MN, Itoe LO, Awah LA, Asongana R, Ndip RA. 2024. Antibacterial activity against multidrug-resistant Salmonella,
toxicity and biochemical effects of Moringa oleifera leaf extracts in mice. Asian J Nat Prod Biochem 22: 43-50. The emergence of
multidrug resistance has significantly compromised the treatment of Salmonella infections. The anti-Salmonella activity, toxicity, and
biochemical effects of Moringa oleifera Lam. leaf crude extracts were studied by disc diffusion and microdilution against Multidrug-
Resistant (MDR) strains. Cytotoxicity was investigated on monkey kidney epithelial cells (LLCMK2) and acute toxicity in BALB/c
mice. Both hexane (MOxex) and methanol (MOwet) extracts produced small zones of inhibition of 8mm at 1 mg and 2 mg per disc,
indicating weak activity, but the minimum inhibitory concentration showed high (0.0625 mg/mL) to low activity (10 mg/mL) activity.
No minimum bactericidal concentration was recorded at the concentrations tested. The 50% cytotoxic concentration (CCso) for methanol
and hexane extracts were 2524 pg/mL and 5004 pg/mL, respectively, indicating a low risk of toxicity. No mortality or adverse effects
were recorded in the acute toxicity test. Both extracts had no significant effects (p < 0.05) on renal function and one liver enzyme
(alanine aminotransferase), but MOwer significantly increased aspartate aminotransferase (p = 0.04), suggesting possible liver toxicity.
The study shows that M. oleifera leaves possess bacteriostatic activity against multidrug-resistant Salmonella and are non-toxic; hence,
it is a potential alternative treatment against multidrug-resistant Salmonella. Further studies of fractions and pure natural products of the

extracts should be pursued.

Keywords: Antibacterial, biochemical, Moringa oleifera, multidrug-resistance, Salmonella, toxicity

INTRODUCTION

The morbidity and mortality of Salmonella Lignieres,
1900 infections, including typhoidal and non-typhoidal, are
persistently high, particularly in developing countries. The
global burden of Salmonella infections has been reported to
be very high, resulting in over 10% mortality of all cases
(He et al. 2023). In situations of poor hygiene, food and
water are easily contaminated with Salmonella, leading to
the contraction of the infection via the oral and fecal routes.
Managing severe infection cases requires antibiotics, given
that a suitable preventive vaccine is unavailable.

Antibiotics initially used to treat Salmonella infections
included penicillins, sulphamethoxazole—trimethoprim,
chloramphenicol, and some macrolides. Due to the
emergence of multidrug resistance in Salmonella to these
antibiotics, other antibiotics, including fluorogquinolones,
third-generation cephalosporins, and azithromycin, are
currently being used to treat infections caused by
multidrug-resistant Salmonella strains. However, recently,
there have been reports of increasing resistance to the
currently used antibiotics (Tack et al. 2020; Ndip et al.
2022) in both typhoidal and non-typhoidal Salmonella
(Matic et al. 2018; Marchello et al. 2020; Park et al. 2021).
Multidrug-Resistant (MDR) Salmonella is increasing with
high levels in Africa and Asia, where extensively resistant
strains have been detected (Marchello et al. 2020).

Meanwhile, there is a high burden of invasive non-
typhoidal Salmonella infections in sub-Saharan Africa
mainly due to Salmonella enterica serovar Typhimurium
with emerging extensive and pan-drug resistance (Puyvelde
et al. 2023). Pursuing the discovery and development of
efficacious anti-Salmonella therapies is imperative in this
context. The approaches employed include synthetic
medicinal chemistry, drug repurposing, combination
therapy, study of natural products, and synthetic biology
(Vilaetal. 2020; Ahmed et al. 2023a).

Moringa oleifera Lam. (Moringaceae) is a tropical tree
indigenous to India but has spread to Africa, Asia, and
Southern America (van den Berg and Kuipers 2022). It is
used in Indian traditional medicine in poultices and
ointments to treat wounds, infections, and abscesses, and
its leaves are a rich source of proteins. It is also used to
improve memory and alertness, treat respiratory system
ailments (asthma, sore throat), fevers, urinary tract
infections, and diarrhea, as a food preservative and water
purification; hence, it is termed a miracle tree due to its
numerous properties (van den Berg and Kuipers 2022). An
ethnobotanical survey in South Benin revealed various
medicinal uses for infectious and non-communicable
diseases involving all plant parts, with the leaves being the
most used (Agoyi et al. 2017). Several parts of the plant,
particularly the leaves, are widely used as food and in food
recipes across Africa due to their rich nutrient content
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(Matic et al. 2018). Studies of the plant have demonstrated
anti-cancer, anti-diabetic, plasma lipid-lowering, tissue-
protective, anti-inflammatory, and antimicrobial effects.
These effects are due to its rich phytochemistry and
nutrient contents (van den Berg and Kuipers 2022). Several
studies have reported wide-ranging antibacterial activity for
various parts of M. oleifera. A review of its antibacterial
activity by (van den Berg and Kuipers 2022) reported that
the leaf extract showed weak to moderate activity against
Gram-negative bacteria (Klebsiella pneumoniae (Schroeter,
1886) Trevisan, 1887, Proteus vulgaris B, Escherichia coli
E, Pseudomonas aeruginosa A); however, the methanol
extract showed the best activity among the three solvents
analyzed. A study reported high antibacterial activity
against pyogenic multidrug-resistant bacteria isolated from
camel abscesses (Fouad et al. 2019). Significant inhibition
of the growth of food-borne pathogens, including S.
enterica serovar Typhimurium, in preserved food by an
aqueous extract of the leaves has been reported (Abdallah
et al. 2023). In other studies, the aqueous and ethanolic
extracts of M. oleifera leaves showed high activity against
control strains of Salmonella typhi (Schroeter, 1886)
Warren & Scott, 1930 and S. enterica (Ahmed et al.
2023b), while moderate activity was recorded for the
ethanol extract only against multidrug-resistant clinical
Salmonella isolates (Enerijiof et al. 2021). However,
reports of studies conducted on characterized clinical
multidrug-resistant bacteria, including Salmonella, are very
rare. Considering the well-documented use of M. oleifera
in ethnomedicine against a wide range of infectious
diseases, this study aimed to investigate the activity of M.
oleifera leaf crude extracts against multidrug-resistant
clinical strains of Salmonella, which has not been
extensively investigated. In addition, the investigation of
the toxicity of the extracts was among the objectives of the
study.

MATERIALS AND METHODS

Plant collection and preparation of extracts

The leaves of M. oleifera were collected in Kumba in
the South West region of Cameroon. A voucher specimen
was taken to the Limbe Botanic Garden, where it was
authenticated by a botanist using the voucher specimen
number SCA 7706. The fresh leaves were dried under a
shaded area for 4 weeks and ground to a fine powder. The
powder was weighed, giving a mass of 700.9 g. It was
macerated sequentially, first by submerging it in hexane
and then kept for 48 hours with occasional stirring. Then,
the mixture was filtered through Whatman filter paper
No.1, and the residue was dried at room temperature to
constant mass to remove the hexane solvent. The filtrate
was concentrated at 69°C in a rotary evaporator (BUCHI
Rotavapor R-200, Switzerland). The dried residue was
similarly macerated in methanol and concentrated at 40°C.
The two extracts were dried to constant mass at room
temperature to remove residual solvent and then stored at -
20°C. Amounts of extract required for use were weighed
from the stored stock.

Screening of phytochemical constituents

Standard chemical tests were done to detect the
presence of phytochemicals (flavonoids, glycosides,
saponins, tannins, steroids, phenols, alkaloids) in the
extracts and their relative amounts, based on the color
intensity of the test reaction mixture as described (Pant et
al. 2017; Shaikh and Patil 2020).

Antibacterial screening

Sixteen (16) multidrug-resistant clinical isolates of
Salmonella and two (2) control strains were used in this
research. The clinical strains were isolated and
characterized using culture, biochemical, and molecular
analyses and stored in 50% glycerol in Muller Hinton
(MH) broth (Liofilchem, Italy) at -20°C (Ndip et al. 2022).
All assays were conducted under sterile conditions.

The antibacterial screening was initially done using a
disc diffusion test as described (Mbah et al. 2012), with
some modifications. Briefly, 100 and 200 mg of each
extract were dissolved in 1mL of 0.5% dimethyl sulfoxide
(DMSO0), giving 100 and 200 mg/mL solutions. Each
Salmonella strain was first cultured on nutrient agar to
obtain a pure culture. Paper discs (6 mm in diameter) were
cut out from Whatman filter paper No. 1 and sterilized by
autoclaving, then 10 pL of extract solution containing 1
and 2 mg of extract were transferred onto separate discs
and kept to dry. A 0.5 McFarland bacterial suspension (1.5
x 108 CFU/mL) was prepared by adding a pure colony to
about 1 mL, then mixed and diluted to the required density
with saline. Then, 100 uL of the suspension was spotted
and spread on the surface of Mueller Hinton (MH) agar
culture plates, followed by gently placing the extract discs
on the bacterial spread. Positive control discs of
gentamycin (10 pg) and ciprofloxacin (5 pg) and a negative
control disc (10 pL of 0.5% DMSO) were included. The
plate was incubated at 37°C (DHP-1952, England
incubator) for 24 hours; the inhibition zone around each
disc was first observed for the absence of any colonies, and
the diameters of clear zones were measured using a
millimeter scale.

The Minimum Inhibitory Concentration (MIC) was
determined by microdilution (Ngemenya et al. 2022).
Briefly, 40 mg of each extract was dissolved in 1 mL of 5%
DMSO and then diluted to 20 mg/mL in MH broth. The
extract solution was diluted to give double the required
concentrations, then 75 pLof each solution was added into
a 96-well microtitre plate in duplicate wells, followed by
75 uL of bacterial suspension (1 x 106 CFU/mL) in broth to
obtain final extract concentrations of 10, 8, 6, 4, 2, 1, 0.5,
0.25, 0.125 and 0.0625 mg/ mL and cell density of 5 x 10°
CFU/mL. Gentamycin or ciprofloxacin (50 pg/mL) and
DMSO (2.5%) were positive and negative controls,
respectively. The plate was observed visually, and optical
densities (ODs) were read at 595 nm (Emax microplate
reader, Molecular Devices, USA). The plate was incubated
at 37°C for 24 hours, and the ODs were recorded after 24
hours. The percentage inhibition was calculated from the
change (A) in OD using the formula (Ngemenya et al. 2022):

AOD Negative control — AOD extract

%Inhibition = X 100

AOD Negative control
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MIC was taken as the lowest concentration of extract
that produced at least > 50% inhibition of bacterial growth.
Minimum  Bactericidal Concentration (MBC) was
determined by spotting 10 pL of inhibited MIC well
contents on nutrient agar on culture plates and incubating
them at 37°C for 24 hours. The lowest concentration of the
corresponding well without growth was considered the
MBC.

Cytotoxicity test

This was done on monkey Kkidney epithelial cells,
LLCMK2 Original (ATCC® CCL7™), (Virginia, USA),
by the method of Ngemenya et al. (2019). Briefly, a
complete culture medium, RPMI-1640 medium (CCM),
was prepared with the addition of NaHCOs; 25 mM
Herpes, 0.3 g y-irradiated L-glutamine powder, 10% heat-
inactivated newborn calf serum, 200 units/mL penicillin
and 200 pg/mL streptomycin and 0.25 pg/mL amphotericin
B, and pH adjusted to 7.4. An incomplete medium (ICM,
no calf serum) was also prepared similarly. The extract
solution (2 mg/mL) was prepared in 4% DMSO in CCM.
The cells were cultured in a T-shaped flask in a Heracell
150i (USA) incubator under conditions of 5% CO; and
humidified air at 37°C. When cells grew to confluence, the
medium was decanted, and the flask was washed off with
ICM two times. The cells were dislodged with trypsin and
centrifuged at 1000 rpm for 10 min (Eppendorf 5810R,
Germany). Then, they were re-suspended in ICM and
counted using a microscope (Nikon Eclipse TS100, China).
The cells were diluted with CCM such that 3,000 cells in
100 uL were added in duplicate in a 96-well flat bottom
microtitre plate. This was followed by incubation under the
same conditions for 3 days for the cell to reach confluence.
The extract was tested at 1 mg/mL by adding 100 pL of
test solution. Wells containing auranofin (30 uM) and 2%
DMSO were included as positive and negative controls,
respectively. The plates were incubated at the same
conditions for 5 days while well contents were examined
for dead cells using a microscope daily to check for
toxicity. An extract that showed toxicity was diluted to 15-
1000 pg/mL and re-tested to determine the CCso. After
incubation, the medium was discarded, ICM was added to
all wells, and the plate was shaken (IKA Labortechnik
KS125 basic shaker) at 600 rpm for 5 minutes to wash off
any colored solution. Then, 100 pL the cytotoxicity test
reagent MTT formazan (5 mg/mL in ICM) was added into
the required wells and then incubated for 30 minutes. The
formazan precipitate formed in the MTT reduction reaction
was dissolved by adding 100 uL DMSO.

Well contents were gently mixed by shaking, ODs
were read at 595 nm, and percentage inhibitions were
calculated using the formula below (Ngemenya et al.
2019):

0D of control - OD of treatment

0D of control

Percent inhibition (%) =

Acute toxicity

A stock solution of hexane extract was prepared by
dissolving 25 mg in 60 pL of acetone to dissolve partially,
and 250 pL DMSO was added for complete dissolution,

followed by 690 pL of distilled water to give 25 mg/mL.
The stock solution of the methanol crude extract was
prepared similarly by adding 25 mg/mL in 1 mL of 2%
DMSO (SIGMA, USA) and vortexed for complete
dissolution. Corresponding control solutions without
extract were prepared similarly. All solutions were stored
at 4°C. The University of Buea granted the study ethical
approval by the Institutional Animal Care and Use
Committee (No. UB-IACUC No 13/2021). The guidelines
of the Organization for Economic Cooperation and
Development version 423 (OECD 2002) were followed
concerning the dosage and handling of animals during the
acute toxicity test, which was conducted according to the
procedure of (Ngemenya et al. 2019). Briefly, nine-week-
old mice were placed in three groups of five animals (the
control and two test groups, with three females per group);
the mice were acclimatized to the study conditions for one
week before the test.

One animal per test group was weighed, fasted
overnight with access to water only, and administered
2,000 mg/kg body weight extract orally in a 1 mL/100 g
body weight volume using an oral gavage needle with a
22G ball tip. The treated animals were fasted further for 2
hours and observed for 24 hours with access to food.
Following the survival of treated animals, the others were
treated as above, and control solutions were also
administered to corresponding animals. All animals were
observed for gross changes as outlined (Ngemenya et al.
2019) for 14 days with access to food and water. After that,
animals were weighed, fasted overnight, anesthetized with
ketamine/xylazine (90/10 mg/kg), and blood was collected
by retro-orbital bleeding into a dry Eppendorf tube. The
blood was kept for 30 minutes to solidify, centrifuged at
2,000 rpm for 15 minutes (Eppendorf centrifuge 5702R),
and the serum was analyzed for liver enzymes (alanine
aminotransferase, ALT, and aspartate aminotransferase,
AST) using commercial test kits (CHRONOLAB, Spain),
following manufacturer's instructions. Kidney function
tests (urea and creatinine) were performed similarly using
Biorex Diagnostics (United Kingdom) kits.

Data and statistical analysis

A plot of the percentage inhibition of growth of bacteria
against extract concentration in the microdilution assay was
done using GraphPad Prism 5.0 (GraphPad Prism INC.
USA) software, where the MIC (lowest concentration
corresponding to 50% inhibition) was interpolated. The
CCso (cytotoxic concentration for 50% of cells) was
determined using the same method as the MIC.
Biochemical parameters of control and test animals were
compared using GraphPad Prism 5.0 software, and an
unpaired two-tailed t-test was used to check for any
significant difference (P < 0.05).

RESULTS AND DISCUSSION

Yield and phytochemical composition of extracts
The amount of the hexane extract (30.9 g) obtained
from the powder of the dried M. oleifera leaves gave a
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higher yield of 4.4% (a percentage of the 700.9 g of
powder used for the extraction) compared to the methanol
extract (8.2 g), which gave a yield of 1.17%. From the
phytochemical screening, both extracts had a similar
content of secondary metabolites, with relatively high
amounts of saponins and steroids and small amounts of
tannins; smaller amounts of flavonoids and phenols were
detected in the methanol extract only.

Antibacterial activity of extracts

In the disc diffusion test, both extracts produced small
zones with diameters of 8 mm to 11 mm at 1 and 2 mg,
respectively, which indicated weak activity against the 16
MDR clinical and control Salmonella strains. On the
contrary, the gentamycin and ciprofloxacin positive control
produced large inhibition zones ranging from 25 to 35 mm
and 29 to 35 mm, respectively.

The MIC values of the hexane extract ranged from
0.0625 to 10 mg/mL against different Salmonella strains. In
comparison, MIC values of the methanol extract ranged
from 0.125 to 10 mg/mL (Table 1), showing varied activity
against the MDR strains. According to an activity scale by
(Cos et al. 2006), the hexane extract (MOnex) showed high
activity (MIC = 0.0625 to 2 mg/mL) against 8 out of 18
strains of Salmonella, while the methanol extract (MOwer),
showed high activity against 4 strains only (Table 1).
Hence, the hexane extract was more active than the
methanol extract. The content of the MIC wells for both
crude extracts, which showed inhibition, also showed
bacterial growth (CFUs) on solid nutrient agar. Hence, no
MBC was recorded within the concentration range tested.

Toxicity of extracts
Cytotoxicity

The CCso on monkey kidney cells for both the hexane
and methanol extracts of M. oleifera was 5004 and 2524
pa/mL, respectively, much higher than the cut-off value
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for lack of toxicity (CCso > 30 pg/mL) (Ogbole et al.
2017). The relative selectivity of the extracts based on the
lowest MIC values and the CCsy (determined from
CCso/MIC in pg/mL) is 80.0 and 40.3 for the hexane and
methanol extracts, respectively.

Acute toxicity

Animals treated with methanol extract were sluggish
and dizzy, whereas those treated with hexane extract had
irritation of the eyes and nose within the first 2 hours post-
treatment. No mortality was recorded on day 14, and food
and water intake was similar to that of control mice. No
adverse effects were observed. The average weights of
mice increased in test and control groups for both extracts,
with no significant difference for mice treated with
methanol extract (p = 0.497) and hexane extract (p =
0.2838).

Table 1. Minimum inhibitory concentrations of Moringa oleifera
leaf extracts against multidrug-resistant Salmonella isolates

No. of Isolates
MOweT

No. of Isolates
MOHEex

MIC Value

(mg/mL) Activity

0.0625
0.125
0.25
1
2
4
6
8
10
Total

High

Moderate

Low
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Note: Interpretation of MIC values (mg/mL): < 2: High activity; >
2 and < 6: Moderate activity; > 6: low activity (Cos et al. 2006).
Extracts: MOuex and MOwmet: Hexane methanol extracts of M.
oleifera. MICs: Minimum Inhibitory Concentrations
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Figure 1. Effect of 2000 mg/kg hexane extract of Moringa oleifera (MOwex) on mouse liver enzyme activity in BALB/c ALT: Alanine
aminotransferase (P = 0.831); AST: Aspartate aminotransferase (P = 0.0976)
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Effect of extracts on liver and renal functions

The hexane extract (MOuex) did not affect alanine
aminotransferase (ALT) but caused an increase in aspartate
aminotransferase (AST). However, there was no significant
difference in ALT and AST levels between the control
mice and those treated with the hexane extract (p = 0.831
and 0.0976, respectively), as shown in Figure 1. The AST:
ALT ratio of the mean enzyme activity for the test group
was 0.22 (< 1), indicating no adverse effect in the liver.
The methanol extract (MOwmer) produced the same pattern
of effects on liver enzymes as MOpex. Still, there was also
no significant difference in ALT levels between the control
mice and the test group administered the methanol extract
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(MOwer) (p = 0.824). However, there was a significant
difference in AST level (p = 0.045) (Figure 2) and AST:
ALT ratio of 5.7, which indicates adverse effects on the
liver.

MOwex caused a slight increase in urea and a decrease
in creatinine. Still, the difference between treated mice and
the control group was not significant (p = 0.639 and 0.051,
respectively), as shown in Figure 3. Meanwhile, MOwer
produced an increase in both urea and creatinine. Still,
there was no significant difference in urea and creatinine
levels between the treated (MOwmer) and a control group of
mice, with p-values of 0.394 and 0.118, respectively
(Figure 4).
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Figure 2. Effect of 2000 mg/kg methanol extract of Moringa oleifera (MOwmet) on mouse liver enzyme activity in BALB/c. ALT:
Alanine aminotransferase (P = 0.824); Aspartate aminotransferase (P = 0.0456)
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Figure 3. Effect of 2000 mg/kg hexane extract of Moringa oleifera (MOrex) on renal function in BALB/c mice. Urea (P = 0.639);

Creatinine (P = 0.051)
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Figure 4. Effect of 2000 mg/kg methanol extract of Moringa oleifera (MOwet) on renal function in BALB/c mice. Urea (P = 0.394);

Creatinine (P = 0.118)

Discussion

As mentioned above, M. oleifera is widely used in
traditional medicine to treat bacterial infections. Several
reports on the plant's antibacterial activity support the
traditional use. However, studies on its activity against
MDR Salmonella are very rare. This study found high
bacteriostatic activity against some clinical strains of MDR
Salmonella and no adverse toxicity of the leaf extracts in
mice. These findings constitute evidence to support the use
of M. oleifera leaves in traditional medicine to treat
infections caused by different bacteria. Furthermore, the
result suggests that this plant's leaves are a potential
alternative treatment to counter resistant Salmonella
infections and, therefore, require further exploration. The
hexane extract produced the highest activity against a
higher number of MDR Salmonella isolates in the
microdilution assay compared to the methanol extract;
hence, the hexane extract carries a higher potential to
counter resistance in Salmonella. This high activity is
likely due to non-polar secondary metabolites present in the
extract. Both extracts showed dose-dependent activity as
more isolates were inhibited at higher MICs, and all 18
isolates were inhibited within the extract concentration
range tested. No MBC was recorded within the
concentration range tested, suggesting that the extracts are
bacteriostatic; this points to the mechanism of action by
inhibition of protein synthesis in the bacterial cell (Halawa
et al. 2024). However, the actual mechanism of action
needs to be investigated. The low activity recorded in the
disc diffusion test could be due to several factors, including
a low amount of bioactive secondary metabolites in the
extract embedded in the disc or due to the well-known
limitations of the disc test, such as poor diffusion of
secondary metabolites in the agar medium among others
(Bubonja-Sonje et al. 2020). The wide range in the MIC
values is likely due to differences in the magnitude of
resistance of the clinical Salmonella strains used; the
strains were multidrug-resistant but had differences in their
resistance gene as reported following molecular
characterization (Ndip et al. 2022). Some studies have

reported high antibacterial activity of M. oleifera leaf
extract against Salmonella. In one study (Abdallah et al.
2023), an aqueous extract of the leaves significantly
reduced the counts of spoilage bacteria in meatballs and
other bacteria, including S. typhimurium inoculated in
meatballs, making it a potentially natural, safer alternative
preservative for meatballs as opposed to chemical
preservatives. On the contrary (Anzano et al. 2022)
reported that both polar and apolar extracts of the leaves
and seeds showed weak activity against Gram-negative
bacteria, P. aeruginosa and S. enterica, but the apolar
extract of the seeds showed high activity against Gram-
positive pathogens. However, unlike in this study, the two
studies cited above did not specify the antibiotic
susceptibility or resistance of the bacterial strains used. To
explore the activity of M. oleifera fully, in vivo efficacy
and further toxicity studies should be conducted to obtain
more data that support its use. Studies in combination with
other medications or treatments may reveal enhanced
activity. To generalize these findings, the extracts should
also be screened against strains of Salmonella found in
other populations or regions.

Both extracts had very high selectivity index values,
indicating that they are not likely to be toxic at relatively
high doses required to inhibit the most resistant strains with
the highest MIC values. The acute toxicity test did not
show any adverse toxicity both macroscopically and in
terms of biochemical changes, except for the significant
increase in AST with a high AST:ALT ratio recorded for
the methanol extract, which suggests severe liver damage.
However, no mortality occurred in the mice treated with
the methanol extract, suggesting any liver damage that
occurred was reversible. Overall, the toxicity findings
suggest that the leaves are not likely to produce adverse
toxicity in humans when used in traditional medicine,
although this depends on the dose administered. A work by
(Asare et al. 2012) reported that the aqueous extract of the
leaves was cytotoxic at a high dose of 20 mg/mL on human
peripheral blood mononuclear cells, which is much higher
than the higher CCso of 5 mg/mL and the highest MIC of
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10 mg/mL recorded in this study. Interestingly, in this same
study, an acute toxicity test of the extract did not cause
liver or kidney toxicity and no hematological abnormalities
at up to 3,000 mg/kg in Sprague-Dawley rats. Still, the leaf
extract was genotoxic at this high dose. Also, de Barros et
al. (2022) reported no abnormality in an acute toxicity test
in Swiss female albino mice for M. oleifera leaf infusion or
powder at 5,000 mg/kg. Still, they observed liver and
kidney damage in a 28-day repeated dose toxicity test at a
low dose of 500 mg/kg. The differences in the findings of
other studies are likely due to the different cell lines,
animal species used, doses and types of toxicity tests.
However, similar to other studies, there is a likelihood of
negligible toxicity at relatively low potent doses with a
high selectivity index. Even though M. oleifera did not
show adverse toxicity in the liver and kidney, the toxicity
in other organs needs to be investigated.

In terms of strength, to the best of our knowledge, this
study is likely the first to report on the antibacterial activity
of the leaves of M. oleifera against MDR Salmonella
strains. The findings suggest that M. oleifera could be used
as an alternative treatment with the potential impact of
decreasing the morbidity and mortality of Salmonella
infections. However, the use of this plant as an alternative
medicine should be controlled by experts in phytomedicine
to avoid the emergence of resistance. As a limitation, other
parts of the plant were not studied; this should be done by
including factors that may affect its activity, such as
environmental conditions, harvesting and processing
techniques. Also, MDR strains of Salmonella found in
other populations or regions, as well as those of other
bacterial species, should be studied.

In conclusion, this study has shown considerable
bacteriostatic anti-Salmonella activity of the leaves of M.
oleifera against MDR strains and a low risk of toxicity at
effective doses. Hence, the leaves are a potential alternative
treatment for antibiotic-resistant infections of Salmonella
and a possible source of an antibacterial lead. The findings
support the use of this plant in the traditional treatment of
bacterial infections; hence, further studies should be carried
out on other resistant bacteria, and the anti-Salmonella
activity should be investigated in an in vivo model.
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