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Abstract

Background: Alcohol withdrawal syndrome (AWS) is a life-threatening condition affecting alcoholics who
ceased or decreased their alcohol consumption. The synthetic drugs used to manage these consequences
are not without undesirable effects; hence, the need for a natural and affordable approach is raised.
Objectives: This study aimed at investigating the effect of aqueous extract of gum arabic (GA) on hepato-
renal functions during ethanol withdrawal syndrome in Wistar rats.

Methods: In phase I, dose-response for GA and alcohol for the study were determined. In phase II, the
effect of GA on biomarkers during AWS was studied. A total of 60 male Wistar rats were used for the
study. Blood and tissue samples were obtained at the end of stipulated periods of oral administration for
biochemical and histological analysis, and biochemical parameters were analyzed by spectrophotometry.
Results: In the dose-response study, there were no significant differences (P>0.05) in serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activities as well as in total bilirubin (TBIL),
malondialdehyde (MDA), sodium ion (Na*), potassium ion (K*), and creatinine concentrations in groups
treated with 200 mg/kg body weight (bw) and 400 mg/kg bw GA aqueous extract compared to the control
group. However, significant alterations were observed in groups treated with 600 and 800 mg/kg bw CGA
extract. Furthermore, rats that received 5.5 mL/kg bw alcohol showed marked changes in biochemical
parameters compared to the group that received 4.5 mL/kg bw and the control group. The results obtained
in Phase Il exhibited the hepato-renal protective effect of GA during ethanol withdrawal. Statistical
analysis of the obtained results indicated a better response from the study groups that were pre-treated or
co-administered with GA compared to the group that was post-treated.

Conclusion: The result of this study suggests that GA aqueous extract offered better protection
prophylactically than curatively.
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Background

Alcohol abuse has many long-term effects ranging from
premature death and increased propensity for serious
illnesses to fetal alcohol syndrome. Furthermore, alcohol-
medication interactions can induce alcohol-related
health issues which can be fatal (1). The effectiveness
of drugs can be influenced by alcohol through altering
its availability. An acute dose of alcohol may inhibit the
metabolism of a drug if they are metabolized by the same
set of enzymes. This may prolong the availability of the
drug, thus potentially increasing the risk of experiencing
the toxic effect of the drug. Likewise, a chronic dose of

alcohol may induce the activation of drug-metabolizing
enzymes and remain so (activated) for several weeks even
after cessation of drinking, thus diminishing its effects by
decreasing the drug’s availability (2,3).

The available research data indicate that there has
been a rapid increase in alcohol availability, production,
importation, and consumption across all age groups
in the last few decades (4). Further, results from cross-
sectional studies (e.g., (5,6) associate the increased and
uncontrolled consumption of alcohol with alcohol use
disorder (AUD). The negative health effects associated
with AUD mostly result in an abrupt cessation of alcohol
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consumption intentionally or unintentionally (7). In 2022,
AUD was reported to account for approximately 3 million
or 5.3% of all deaths globally (8). Moreover, AUD patients
(about 50%) will develop alcohol withdrawal syndrome
(AWS) when they reduce or discontinue their alcohol
consumption (9).

Prolonged alcohol consumption induces alcohol
tolerance and physical dependence due to changes in
compensatory function by the downregulation of gamma-
aminobutyric acid (GABA) receptors and amplified
expression of N-methyl-D-aspartate receptors. The central
nervous system homeostasis is maintained by increased
production of glutamate, and these functional changes
are unmasked by an abrupt cessation of chronic alcohol
consumption (7).

Currently, the treatments administered to manage AWS
act by modulating the binding of GABA to the GABA- A
receptor, increasing the influx of chloride ions (Cl) and
providing an inhibitory effect which is similar to that of
ethanol. The benzodiazepines are currently recognized as the
first-line treatment for AWS. They significantly reduce the
risk of recurrent seizures related to alcohol withdrawal (7,10)

Plants are the important sources of medicine, and almost
a large number of drugs (25%-30%) in use are derived
from plants (11-13). The application of natural extracts is
gaining attention all over the world due to the undesirable
side effects associated with synthetic drugs. The botanical
family, Fabaceae, has been reported to exhibit diverse
medicinal and healing properties (14,15).

Gum arabic (GA) contains a high percentage of non-
viscous soluble fibers and mixtures of polysaccharides
and glycoproteins. The polysaccharides are made
up of [-d-galactopyranosyl units that contain [-d-
glucuronopyranosyl, a-L-rhamnopyranosyl, 4-O-methyl-
B-d-glucuronopyranosyl units, and a-L-arabinofuranosyl
(16). Research in the past few decades has revealed that
GA extract has anticarcinogenic, antioxidant, and plasma
cholesterol level reduction capacity in animals with a
protective role against hepatic and cardiac toxicities (17,18).
The gums of trees in the Fabaceae family are used for the
recuperation of the liver and spleen in West Africa (19).

The metabolism of alcohol in the liver induces metabolic
alterations that are responsible for alcohol-induced liver
damage and the toxic responses of other organs such as the
kidney (19,20). The development of alcoholism remedies
has medical, social, and economic significance (21). This
study aimed at evaluating the effect of aqueous GA extract
on hepato-renal functions during ethanol withdrawal in
Wistar rats.

Materials and Methods

Materials

The chemicals and reagents used in this study were of
analytical grade. The serum concentrations of urea,
creatinine, total bilirubin (TBIL), total protein (TP),
chlorideion, potassiumion (K*),sodiumion (Na*),alanine
aminotransferase (ALT), aspartate aminotransferase

(AST), and gamma glutamyl transferase (GGT) were
measured using assay kits from Teco Diagnostics, USA.
The assay kit for determination of bicarbonate ion (HCO,’
) was from Micropoint Rapid Diagnostic Test Kit. The kits
were purchased from Pyrex Scientific, Benin City, Edo
State, Nigeria. Malondialdehyde (MDA) concentration
was determined colorimetrically using thiobarbituric
acid according to the Buege and Aust’s method. The raw
GA was collected from the Rubber Research Institute of
Nigeria, Gashua, Yobe State, Nigeria, and was identified
and authenticated by a Taxonomist in the Department
of Plant Biology and Biotechnology, University of Benin,
Benin City, Edo State, Nigeria.

Experimental Animals

Sixty male Wistar rats weighing 160-180 g were used
for the study. They were purchased from animal house,
Department of Biochemistry, University of Benin, Edo
State, Nigeria, and they were kept at room temperature
(22-25°C) with 12 hours light/dark cycle. Then, they were
fed with pelletized grower feed (Grand Cereals Limited,
Jos, Plateau State), were allowed to have free access to
water, and were acclimatized for one week.

Grouping of Experimental Animals and Treatment

The study was conducted in two phases, and the animals
were randomly divided into 13 groups (5 rats in each
group). The oral administration of extract was done with
the aid of a gavage. In phase I, dose-response studies were
conducted for GA extract and ethanol. Four experimental
groups received 200, 400, 600, 800 mg/kg body weight
(bw)/day of GA extract (22). Another two groups received
4.5 and 5.5 mL/kg bw/day of ethanol, while the control
group received distilled water for 4 weeks. Ethanol doses
higher than 2.53 mL/kg bw/day in Wistar rats have been
reported to induce alterations in the activity of liver
enzymes (23).

In Phase II, the effect of GA after alcohol withdrawal
was determined in 5 experimental groups. Group A
served as normal control, and group B received GA
extract only (200 mg/kg bw/day). Group C received GA
extract (200 mg/kg bw/day) and ethanol (5.5 mL/kg bw/
day), co-administered for 6 weeks, and thereafter received
GA extract (200 mg/kg bw/day) for another six weeks.
Group D received ethanol alone (5.5 mL/kg bw/day) for
6 weeks, and thereafter, GA extract (200 mg/kg bw/day)
was administered for another 6 weeks. Group E received
GA extract alone (200 mg/kg bw/day) for 6 weeks and was
thereafter intoxicated with ethanol (5.5 mL/kg bw/day) for
another 6 weeks. Group F that served as positive control
received only ethanol (5.5 mL/kg bw/day).

Blood and Tissue Sample Collection and Histopathology
At the end of phases I and II, the animals were sacrificed
and blood samples were collected into non-heparinized
bottles by cardiac puncture under anaesthesia. The serum
used for analysis was obtained by centrifuging the blood
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at 4000 g for 10 minutes after clotting. The organs (liver
and kidney) were removed and stored in 10% formalin for
histological analysis. The biochemical markers included
urea, creatinine, ALT, AST, TBIL, TP, serum Cl, K*,
and Na*. The assays were conducted using standard
spectrophotometric procedures in the kit inserts. The
MDA concentration was measured as described by (24).
The changes in the microstructure of excised tissues
were studied at the histopathology laboratory, University
of Benin Teaching Hospital, Benin city. Results were
presented as mean + standard deviation (SD) and statistical
significance between treated and control groups were
calculated using one-way ANOVA followed by Dunnett’s
test, and P<0.05 was considered statistically significant.

Results
Table 1 presents the mean values of biomarkers of liver
and kidney assayed in the dose-response study in Phase
L. In the GA dose-response study, groups II and III that
received 200 and 400 mg/kg bw/day had serum ALT and
AST activities as well as concentrations of TP, MDA,
Na*, K*, and creatinine which were not significantly
different from those of the control group. However, these
parameters were significantly higher in groups IV and V
that received 600 and 800 mg/kg bw/day. For the ethanol
dose-response study, serum ALT and AST activities were
significantly higher in groups VI and VII that received
4.5 and 5.5 mL of ethanol, respectively. A similar trend
was observed in the serum concentrations of the other
analytes, but there was a significant higher concentration
in group VIL

Tables 2 and 3 illustrate the hepatic and reno-protective
effects of GA extracts in rats induced with AWS in phase
II. The results indicate that the normal control group
(group A) was not significantly different from group B
which received GA extract alone and group E (received
GA extracts co-administered with ethanol for the first 6
weeks and thereafter received GA extracts for another 6
weeks). A similar trend was observed in Group C which
received GA extracts alone for 6 weeks prior to ethanol
intoxication for another 6 weeks. Apart from ALT activity,
other studied parameters were significantly different in
group D (received ethanol for 6 weeks prior to GA extract)

Hepato-renal Benefits of Gum Arabic

and group F (positive control which received ethanol
alone) compared to the normal control group. Further,
Figures 1 and 2 (plates 1-12) present the changes in the
microstructure of liver and kidney tissues revealed by
histopathological analyses.

Discussion

The liver is the main organ involved in the metabolism
of alcohol although other extrahepatic tissues such as the
kidney may also contribute to ethanol metabolism. It has
been reported that acetaldehyde is a highly toxic metabolite
of ethanol, and protein-acetaldehyde adducts are formed
in vivo during chronic alcohol ingestion (25,26). Adduct
formation may lead to several adverse consequences such
as interference with protein function, stimulation of
fibrogenesis, and induction of immune responses. These
are key events in the pathogenesis of alcoholic liver disease
(25,27).

A dose-response study on the effect of ethanol
concentration revealed that increasing ethanol
concentration from 0.8-2 g of ethanol/kg bw/day for
4 weeks significantly induced body and liver weight
loss in rats based on the consumed concentration. The
ascorbic acid, reduced glutathione concentration, as well
as the catalase and glutathione reductase activity in liver
tissues from the study groups decreased significantly
with increasing alcohol concentration. The concentration
of thiobarbituric acid reactive substances as well as
the activities of superoxide dismutase and glutathione
peroxidase increased significantly ~with ethanol
concentration (23).

Several biomarkers for high alcohol consumption
including carbohydrate deficient transferrin, GGT,
and AST have been studied (28-31). The use of test
combinations significantly improved the information
received by single serum enzyme determinations. The
ratio of serum AST to serum ALT has been proposed as an
indicator of alcohol-induced liver damage (29). Further,
acute and chronic ethanol consumption increases the
production of reactive oxygen species and lowers cellular
antioxidant levels, especially in the liver. The liver injury
associated with ethanol consumption is largely dependent
on the induced oxidative stress (27,32). In this study, the

Table 1. Effect of Aqueous GA Extract and Ethanol on Lipid Peroxidation Index (MDA), Some Liver, and Kidney Function Parameters

ALT(U/L) AST(U/L) TP (mg/d) MDA (x 10 mmol/mL) Na*(mg/dL) K*(mg/dL) Creatinine (mg/dL)
Group | 17.23+0.12° 29.25+0.16% 10.73+0.112 10.17+0.03° 105.39+0.10* 21.28+0.09* 0.63+0.22°2
Group Il 19.33+0.112 30.53+0.05° 11.480+0.18* 10.61+0.14* 106.70+0.16° 22.75+0.10* 0.70+£0.25*
Group Il 21.15+0.18° 32.88+0.49* 12.33+0.22? 11.43+£0.47* 110.4+0.14* 23.30+0.14* 0.84+0.21*
Group IV 22.08+0.15" 35.20+0.07" 14.35+0.17° 16.94+0.18" 115.00+0.11° 24.50+0.21* 1.05+0.13"
Group V 25.05+0.15" 38.8+0.09" 18.95+0.12¢ 17.46+0.12¢ 113.60+0.22° 24.73+0.13* 1.15+0.06"
Group VI 26.10+0.17" 46.15+0.12° 14.35+0.17° 14.94+0.18° 122.90+0.09" 31.38+0.19° 1.012+0.07°
Group VII 28.01+0.14> 54.78+0.11¢ 18.85+0.12¢ 17.66+0.12¢ 105.21+£0.10* 21.28+0.09° 1.31+0.04¢

Note. GA: Gum arabic; MDA: Malondialdehyde; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TP: Total protein; Na*
BW: Body weight. Data were expressed as means+SD (n=5 rats per group). Values in the same column not sharing a common alphabet (a-b) differ significantly at
P<0.05. Group I: Normal control; Group II: 200 mg/kg bw/day; Group Ill: 400 mg/kg bw/day; Group IV: 600 mg/kg bw/day; Group V: 800 mg/kg bw/day; Group

VI: 4.5 mL/kg bw/day; Group VII: 5.5 mL/kg bw/day.

: Sodium; K*: Potassium;
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Table 2. The Effect of Aqueous GA Extract on Lipid Peroxidation Index (MDA) and Some Liver Function Parameters After Ethanol Withdrawal

ALT (U/L) AST (U/L) GGT(U/L) TP (g/dL) TBIL (mg/dL) MDA (x 10° mmo/mL)
Group A 24.58+0.01* 45.76+0.04* 0.52+0.00* 15.51+0.26* 0.05+0.00° 23.11+£0.02?
Group B 23.48+0.29* 43.38+0.03* 0.50+0.00° 15.69+0.29° 0.05+0.0° 21.5+0.07*
Group C 26.96+0.142 47.27 £0.10* 0.55+0.00° 15.01+0.172 0.06+0.00° 24.33+£0.00*
Group D 41.36+0.01° 65.9+£0.27° 0.84+0.00° 9.33+0.45" 0.13+0.00" 40.24+0.05"
Group E 27.87+0.012 49.11+0.06* 0.55+0.00* 14.77+£0.06* 0.06+0.00° 25.81+0.23°
Group F 28.82+£0.34° 55.38+0.16° 0.78+0.62° 10.05+0.43" 0.24+0.222 35.91+0.33"

Note. GA: Gum arabic; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma glutamyl transferase; TP: Total protein; TBIL: Total
bilirubin; BW: Body weight. Data were expressed as means+SD (n=5 rats per group). Values in the same column not sharing a common alphabet (a-b) differ
significantly at P<0.05. Group A: Normal control; Group B: GA extract only (200 mg/kg bw/day); Group C: GA extract (200 mg/kg bw/day) and ethanol (5.5 mL/
kg bw/day) co-administered for 6 weeks and thereafter GA extract (200 mg/kg bw/day) alone for another 6 weeks; Group D: Received ethanol (5.5 mL/kg bw/day)
alone for 6 weeks and thereafter GA extract (200 mg/kg bw/day) for another 6 weeks; Group E: Received GA extract (200 mg/kg bw/day) alone for 6 weeks and
thereafter intoxicated with ethanol | (5.5 ml/kg bw/day) for another 6 weeks; Group F: Positive control, ethanol | (5.5 mL/kg bw/day) only.

Table 3. The Effect of Aqueous GA Extract on Kidney Function Parameters After Ethanol Withdrawal

K*(mg/dL) Na*(mg/dL) HCO, (mg/dL) Cl-(mg/dL) Creatinine (mg/dL) Urea (mg/dL)
Group A 23.37+0.01° 97.44+0.06* 10.22£0.00? 72.33+0.23° 0.23+0.00* 26.9+0.10°
Group B 24.62+0.22° 98.64+0.02* 10.37+0.00* 73.56+0.33* 0.2+0.0* 25.71+0.03°
Group C 22.91+0.02° 96.19+0.9° 10.21+0.01° 70.74+0.19° 0.25+0.00° 27.24+0.02°
Group D 12.49£0.15° 76.99+£0.54" 6.043+£0.05" 50.97+0.27" 0.69+0.04"° 43.3+0.39°
Group E 20.51+0.02° 95.11+0.00° 10.14+0.02° 70.32+0.07° 0.27+0.00* 28.14+0.02°
Group F 14.13+0.78" 79.28+0.81° 8.35+0.21° 48.81+0.94° 0.81+0.06" 40.18+0.73°

Note. GA: Gum arabic; K*: Potassium; Na*: Sodium; HCO, Bicarbonate; CI: Chloride; BW: Body weight. Data were expressed as means+SD (n=5 rats per
group). Values in the same column not sharing a common alphabet (a-b) differ significantly at P<0.05. Group A: Normal control; Group B: GA extract only (200
mg/kg bw/day); Group C: GA extract (200 mg/kg bw/day) and ethanol (5.5 mL/kg bw/day) co-administered for 6 weeks and thereafter GA extract (200 mg/kg bw/
day) alone for another 6 weeks; Group D: Received ethanol (5.5 mL/kg bw/day) alone for 6 weeks and thereafter GA extract (200 mg/kg bw/day) for another 6
weeks; Group E: Received GA extract (200 mg/kg bw/day) alone for 6 weeks and thereafter intoxicated with ethanol I (5.5 mL/kg bw/day) for another 6 weeks;

Group F: Positive control, ethanol | (5.5 mL/kg bw/day) only.

dose of ethanol was selected in the dose-response study
by exposing the rats to 4.5 mL (3.55 g) and 5.5 mL (4.34
g) of ethanol/kg bw/day. The concentrations were selected
based on the report by Das and Vasudevan to acutely
induce metabolic alterations in the liver to enable an
effective study on the effect of GA extracts (23).

The acute and chronic consumption of alcohol has been
reported to compromise kidney function, especially when
thereisaconcomitantliver disease. The changesinduced by
alcohol in the kidney alter its microstructure and function,
thus impairing its ability to regulate both the volume and
composition of body fluids and electrolytes. Chronic
consumption of alcohol lowers blood concentrations of
key electrolytes and may significantly alter the body’s
acid-base balance. Furthermore, alcohol consumption can
interrupt the hormonal control mechanisms that regulate
kidney function (e.g., impaired sodium and fluid control)
and may induce acute kidney failure (33).

The association between alcohol consumption and
kidney function is intriguing, but study results are mixed
and controversial. A report on the association of alcohol
consumption with the overall change in kidney function
for more than 12 years suggested that alcohol consumption
may have a favourable effect on kidney function among
the general population. This may be associated with
regulated low doses as the same authors reported that the
main outcome was a decline in kidney function over the
study period (32).

In this study, the alteration of hepatic and renal function
following episodes of alcohol exposure and withdrawal
in the model animals was considered AWS, and the GA
extract was used for the study following its use as a natural
aid for liver recuperation (19).

The hepatic and renal protective capacity of GA is
established (34-36). Theliverandkidneys play essential roles
in metabolism, and a perturbation or stabilization of their
functions monitored by relevant biomarkers is indicative
of the state of health. In phase I of this study, the serum
activities of ALT and AST as well as the concentrations of
TBIL, MDA, Na*, and K*were monitored (37). Following
the oral administration of a serial concentration of GA
extract at 200, 400, 600, 800 mg/kg bw to groups II-1V,
ALT and AST activities and serum concentrations of
TBIL and MDA were higher in the groups that received
higher concentrations (Table 1). It was reported that the
administration of 500 mL of 10% GA solution for every
5 Sprague-Dawley rats daily for 12 weeks did not induce
any significant changes in serum AST activity as well as
MDA and TBIL concentrations. The serum MDA in this
study was not significantly different between the control
group and the groups that received 200 and 400 mg/kg
bw. The administration of GA extracts has been reported
to enhance creatinine clearance (18). The results from the
groups that received the lower concentrations are in line
with this observation. The result from this study indicates
that very high concentrations may be toxic. Furthermore,
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Plate 6 (F)

Figure 1. Photomicrograph of section of liver from the study groups (H&E
x 400). Plate 1 (A): centriole with the hepatocytes (Z) and well fenestrated
sinusoidal with slightly vacuolated nucleus (Y); Plate 2 (B): centriole with
the hepatocytes (Z) and well fenestrated sinusoidal with slightly vacuolated
nucleus (Y); Plate 3 (C): dilated centriole with the hepatocytes (Z) and
well fenestrated sinusoidal with mild focal mononuclear cells and mild
fatty changes (Y); Plate 4 (D): centriole with the hepatocytes (Z) and well
fenestrated sinusoidal with prominent fatty changes and steatosis (Y); Plate
5 (E): centriole with the hepatocytes (Z) and well fenestrated sinusoidal with
slightly vacuolated nucleus (Y); Plate 6 (F): visible liver morphology with
visible centriole with fatty changes (Z) and diffused mononuclear cells in
the parenchyma with radiating hepatocytes seen (Y)

the rats in group VII that received 5.5 mL/kg bw ethanol
had ALT and AST activities significantly higher than those
of the control group. In addition, the serum concentrations
of TBIL, MDA, and creatinine were significantly higher
(27).

In Phase II, AWS was induced by the cessation of sub-
chronic administration of 5.5 mL/kg bw for 6 weeks. To
determine the hepatic and reno-protective activity of GA
extracts during AWS, the group that received ethanol
alone (group D) for 6 weeks received GA extracts for
another 6 weeks. The biomarkers were measured against
normal control and the other study groups. The activity of
the liver enzymes ALT, AST, and GGT were significantly
higher (P<0.05) in groups D and F compared to the other
groups. Further, serum concentrations of TP, TBIL, and
MDA were also significantly higher in the group (Table 2).

As presented in Table 2, the biomarkers in group C
that received ethanol and GA extract simultaneously
were slightly higher compared to the normal control
group but were not significant. This suggests that the
co-administration of the extract suppressed the effect
of ethanol consumption. The co-administration of

Hepato-renal Benefits of Gum Arabic

Plate 11 () Plate 12 (F)

Figure 2. Photomicrograph of section of kidney from the study groups (H&E
X 400). Plate 7 (A): renal corpuscle (Z) and interstitial space and tubule (Y);
Plate 8(B): atrophied renal corpuscle (Z) and interstitial space and tubules
(Y); Plate 9(C): large renal corpuscle with large glomerulus (Z) and interstitial
space and tubules with diffused mononuclear infiltrate (Y); Plate 10 (D):
large renal corpuscle with large glomerulus (Z) and interstitial space and
tubules with focal mononuclear infiltrate (Y); Plate 11 (E): renal corpuscle
(Z) and interstitial space and tubules (Y); Plate 12 (F): mildly atrophied renal
corpuscle with glomerulus (Z) and interstitial space and tubules (Y)

Aframomum angustifolium extracts was also reported
to ameliorate the toxic effect of potassium bromate in
the kidneys of Wistar rats (38). The results from group
B support reports from other authors on the positive
biological activities of GA extract. The AST, ALT, and
GGT activities were lower than the normal control
activity. The lipid peroxidation index measured as MDA
in the study groups further buttresses the observation.

In the induced-AWS group, the K*, Na*, HCO,, and
Cl were significantly lower, while the serum creatinine
and urea were significantly higher compared to the other
study groups (Table 3). The result of the histopathological
examination showed that liver tissue from the AWS group
(Plate 4) had prominent fatty changes and steatosis.
However, there were no obvious microstructural changes
in the kidney tissue, but there was focal mononuclear
infiltration. It is not particularly clear why the renal
corpuscle in the kidney tissue from the GA-treated
group was atrophied even though biomarkers were not
significantly different from biomarkers of the normal
control group.

Conclusion

The results of phase II studies indicated that GA extracts
ameliorate the obnoxious effect of ethanol exposure.
Further, the administration of GA extract after prior
exposure to ethanol (group D) did not achieve comparable
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results compared to co-administration with GA extract or
GA extract before ethanol exposure. The bioactivity of
phytochemicals supplied in the extract may be responsible
for this observation. Accordingly, future studies are
recommended to unravel the mechanism of action.
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