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ABSTRACT

Background and Objective: Gentamicin administration caused oxidative stress in the liver, damaging the
lipids, proteins and DNA in liver cells by producing reactive oxygen species. Thus, the possible effect of
the aqueous extract of Azadirachta indica (AAl) on gentamicin-induced liver injury was investigated.
Materials and Methods: The study involves twenty adult male Wistar rats (housed in 4 separate plastic
cages) such that a graded dosage of AAl was administered to the experimental group for 14 days (p.o.)
before exposure to gentamicin toxicity (100 mg/kg) for one week. At the end of the study, comparisons
of some markers of liver enzymes, antioxidant status and Inflammatory and apoptotic markers were made
between the control, GEN and AAl-pretreated groups at p<0.05. Results: The gentamicin treatment
caused a significant increase (p<0.05) in AST, ALP, Bilirubin, MDA, Catalase, Interleukin-1, Caspase-3, Bcl-2
as well as a significant decrease (p<0.05) in TNFo, BAX and SOD level. Pre-treatment with graded doses
of AAI caused a significant increase in ALP, MDA, SOD, GPx, Bcl-2 and BAX, as well as a significant
decrease (p<0.05) in AST, Bilirubin, CAT, Interlukin-1 and Caspase-3. There was an appreciable difference
in the histoarchitecture of the liver of AAl pre-treated groups compared to the GEN. Conclusion: Hence,
the extract has prophylactic potential against gentamicin-induced liver injury, although a risk profile of
liver apoptosis is not unlikely on 200 mg AAI pre-treatment, as evidenced by the increase in Bcl-2 and
BAX.
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INTRODUCTION

The liver is an essential organ that carries out numerous tasks, such as immunity, digestion, detoxification,
metabolism and vitamin storage'. Gentamicin, a regularly used antibiotic from the aminoglycoside class,
can potentially harm the Liver in addition to its well-known nephrotoxicity®. The specific liver damage from
Gentamicin involves various processes and may alter liver function. Examining the mechanism of action
and potential adverse effects of gentamicin is essential to understanding the precise nature of
gentamicin-induced liver damage. Gentamicin administration can cause oxidative stress in the liver,
damaging the lipids, proteins and DNA in liver cells by producing reactive oxygen species (ROS).
Gentamicin can also change mitochondrial membrane potential, decrease oxidative phosphorylation and
switch mitochondrial permeability, all of which can harm and malfunction cells. Additionally, gentamicin
use can result in the release of pro-inflammatory cytokines like Interleukin-1 Beta (IL-1 beta), Tumor
Necrosis Factor-Alpha (TNF-a) and Interleukin-6 (IL-6), which can lead to hepatocellular inflammation and
tissue damage’®.

Neem (Azadirachta indica) has a long history of conventional use. It has long been prized for its healing
abilities throughout many cultures. Native to the Indian subcontinent, neem is now grown all over the
world. It has bioactive substances, including Nimbin, nimbidin, azadirachtin and gedunin, that support its
therapeutic effects®. Neem has long been used to treat fever, infections, skin conditions and digestive
issues. Its leaves, bark, seeds and oil are all utilized medicinally in different ways. Neem has been used for
centuries and contemporary scientific study has confirmed its use and identified new uses, such as for
dental health, wound healing, immune system regulation and insect-repellent characteristics*. Azadirachta
indica has antiviral, antibacterial, antifungal and anti-inflammatory properties; despite its usefulness, there
is a gap in the literature on the use of Azadirachta indica on gentamicin-induced liver injury; hence, this
study focused on the effects of aqueous extract of Azadirachta indica on gentamicin-induced liver injury.

MATERIALS AND METHODS

Study area: This study was done at the Animal House of the Faculty of Basic Medical Sciences,
Department of Human Physiology Redeemer’s University Ede, Osun State, Nigeria. The duration of this
study was 5 weeks; 2 weeks for acclimatization and 3 weeks for the administration of extracts.

Chemicals and drugs: Normal saline, phosphate buffer, formalin, distilled water (gotten from Redeemer’s
University Biochemistry Laboratory), ten packs of Gentamicin injection 80 mg/2 mL (manufactured by
Shanxi Shuguang Pharmaceutical Co. Ltd.) marketed as antibiotic drugs active against a wide variety of
pathogenic Gram-negative and positive bacteria.

Plant extracts sensitivity test

Collection and identification of plants: The leaves of the plants (Azadirachta indica) were sourced from
their farms across South West, Nigeria, with the help of traditional herb sellers. Dr. Nidrea George, a
Botanist at the Department of Botany, University of Lagos, identified Azadirachta indica.

Preparation of plant materials: The plants were prepared according to the method of Thapa and
Wilson®. The leaves were washed thoroughly under tap water and shade-dried at room temperature
(24-26°C). An electric grinder pulverized the dried leaves. The powder was passed through a 40 mesh sieve
and stored in an air-tight container before use.

Plants extraction method: The aqueous extract was prepared using the cold maceration soxhlet
extraction techniques®. Five grams of each plant extract were weighed into 100 mL of extraction solvents
(water and ethanol) and left on a mechanical shaker (The Corning LSE™ Orbital Shaker) overnight at room
temperature. The extract solutions were filtered aseptically into another 100 mL reagent bottle using a
Wattman No. 1 filter paper. All the filtrate was screened by inoculation unto nutrient agar plates and
incubated at 37°C for 48 hrs Orhue and Nwanze’ to make sure that the extracts were sterile for further
analysis.
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Phytochemical analysis of plant extracts: Leaf extracts were evaluated by a qualitative phytochemical
analysis® to determine their major constituents. The presence of phytochemicals was analyzed by following
standard procedures, which are as follows:

» Test for tannins: The test for tannins was carried out by subjecting 3 g of each plant extract to 6 mL
of distilled water, filtered and ferric chloride reagents added to the filtrate

+ Test for basic alkaloids (Mayer’s Test)®: Five millimeters of extract were concentrated to yield a
residue. The residue was dissolved in 3 mL of 2% (v/v) HCI. Three drops of Mayer's reagents were
added. The appearance of the dull white precipitate indicated the presence of primary alkaloids

+ Test for saponins®: Two millimeters extracts were shaken vigorously for 30 sec in a test tube. After
30 min of shaking, the presence of thick forth will indicate saponins

+ Test for terpenoids®: One millimeter of the extract was mixed with 2 mL of chloroform.
Three millimeters of concentrated H,SO, were added to form a layer. Reddish brown precipitate
coloration at the interface indicated the presence of terpenoids

Animal care and management: Twenty adult male Wistar rats weighing 100-120 g were used in this
study; they were obtained from the Animal House of Redeemers University, Ede and were housed in plastic
cages. The animals were kept under normal environmental conditions with a 12 hrs light/dark cycle and
had free access to a standard rodent pellet diet (Top Feeds P.L.C. Osogbo, Nigeria) and water. They were
allowed to acclimatize in the laboratory for two weeks before the commencement of the study. The
Faculty of Basic Medical Sciences Ethical Review Committee (FBMSERC) at Redeemers University in Ede,
Osun State, granted ethical clearance. By FBMSERC recommendations, the rats received humane
treatment.

Experimental design: The rats were divided into four groups: Group 1 (the control), consisting of 5 rats,
received distilled water daily orally for six weeks. Group 2 through 4 received different treatments.
Five rats from Group 2 (the toxic control) were given 100 mg/kg/day of Gentamicin via intraperitoneal (i.p.)
for a week (Table 1). Twenty four hours after the last gentamicin injection, five rats were slaughtered and
treated similarly to the Group 1 animals. There were five rats in Group 3 and 4. They got gentamicin after
receiving pre-treatments of 100 and 200 mg/kg/day per oral (p.o.) of AAl, respectively, for 14 days. Five
rats from each group were sacrificed by cervical dislocation 24 hrs after injection. These rats’ blood was
drawn from their hearts and placed in individual EDTA bottles. A cold centrifuge was used to separate the
plasma, which was then tested for liver enzymes, antioxidant markers and inflammatory and apoptotic
markers. For histological research, the livers of each of these rats were removed, weighed and preserved
in 10% formalin. The body weights of the rats were assessed once a week during the study period.

Descriptive and inferential statistics were used to analyze the collected data.

Measurement of body weight: A digital weighing scale (Camry weighing balance, China) was used to
measure the body weight of the rats once a week during the study period to track weight changes in each

group.

Table 1: Representing the study design

Groups 1-7 days 8-14 days 14-21 days
Group 1 DW

Group 2 GEN (100 mg/kg)

Group 3 AAI (100 mg/kg) AAI (100 mg/kg) GEN (100 mg/kg)
Group 4 AAI (200 mg/kg) AAI (200 mg/kg) GEN (100 mg/kg)

DW: Distilled water, GEN: Gentamicin, AAl: Aqueous extract of Azadirachta indica, Group 1: Control, Group 2: GEN,
Group 3: 100 mg/kg AAI+GEN and Group 4: 200 mg/kg AAI+GEN
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Biochemical assay: The cold centrifuge (Centurium Scientific, Model 8881, UK) was used to centrifuge
5 mL of whole blood collected into a heparinized tube for 30 min at 5000 rpm. The indicators of liver
function, such as AST, ALP, y-GGT and Bilirubin, were examined in the plasma after it had been separated.

Assessment of antioxidant status: The liver was carefully excised, weighed and homogenized with
10 mL of sucrose solution (0.25 M) using an Electric Homogenizer (SI601001). The homogenate was
centrifuged at 3000 rpm for 20 min and the supernatant was collected for the assessment of
malondialdehyde (MDA) levels, reduced Glutathione (GSH) glutathione peroxidase (GPx) and superoxide
dismutase (SOD).

Assessment of markers of inflammations and apoptosis: The supernatant collected from the liver
homogenate was assessed for Interleukin, Caspase-3, Tumor Necrotic Factor-Alpha (TNF-o), Bcl-2
Associated X (BAX) and B-Cell Lymphoma 2 (Bcl-2).

Histopathological examination: The liver was carefully excised, weighed and fixed in 10% formo-saline
solution. Thereafter, the tissues were embedded in paraffin wax, sectioned and stained using hematoxylin
and eosin.

Ethical clearance: All experiments were undertaken according to regulations set out by the Redeemers
University Health Research and Ethical Committee (RUHREC) with Reference number (RUN/REC/2023/061).

Statistical analysis: GraphPad Prism-5 was the statistical package used for data analysis. One-way
Analysis of Variance (ANOVA) was used to analyze data, followed by the Students Newman-Keuls (SNK)
test for multiple comparisons. Results were expressed as Mean+SEM and p<0.05 was taken as the
accepted level of significant difference.

RESULTS

Body weight of rats at the initial: There was a significant difference in body weight of Group 2 and 4
compared to the control (F = 39.28, p<0.0001), while a decrease in Group 3 and 4 compared
to Group 2 as shown in Table 2.

Body weight of rats at week 1: There was a significant difference in body weight of Group 2, 3 and 4
compared to the control (F = 38.12, p<0.0001), while a decrease in Group 3 and 4 compared to
Group 2 as shown in Table 2.

Body weight of rats at week 2: A significant decrease was observed in Group 3 and 4 compared to
Group 2 (F = 8.452, p = 0.0001) as shown in Table 2.

Body weight of rats at week 3: There was a significant decrease in body weight of Group 2 and 3
compared to the control (F = 33.81, p<0.0001), while an increase in Group 3 and 4 compared to
Group 2 and also in Group 4 compared to Group 3 as shown in Table 2.

Table 2: Effects of aqueous extract of Azadirachta indica on body weight (g) of rats with gentamicin-induced hepatotoxicity

Body weight Control GEN 100+GEN 200+GEN
Initial weight 113.6£1.40 137.0+1.38° 105.0+2.83° 98.20+0.80%
Week 1 134.6+1.29 160.2+2.99° 119.042.05% 123.40+1.29%
Week 2 158.0+2.17 169.3+6.17 146.8+4.77° 152.00+2.12°
Week 3 185.6+3.87 160.0+2.39° 174.6+4.85% 186.80+2.73F°

Values are expressed in Mean+SEM (n = 5) p<0.05, ®p<0.05 vs control, #p<0.05 vs GEN, ®°p<0.05 vs 100+GEN
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Liver weight (g)

Control GEN 100+GEN 200+GEN
Fig. 1: Effect of aqueous extract of Azadirachta indica on liver weight change in gentamicin-induced
hepatotoxicity in rats

Values are expressed in Mean+SEM (n = 5) p<0.05

Table 3: Effects of aqueous extract of Azadirachta indica on enzymes parameters of rats with gentamicin-induced hepatotoxicity

Parameter Control GEN 100+GEN 200+GEN
v-GGT (U/L) 3.05+0.275 4.08+0.741 4.34+0.289 3.76+0.620
ALT (U/L) 9.15+0.119 11.25+0.75¢ 9.50+0.204° 9.33+0.24f
AST (U/L) 6.61+0.478 8.72+0.196° 5.11+0.723F 3.99+0.420%
ALP (U/L) 2.71+0.050 9.42+0.613° 24.75+1.495% 14.92+1.784°%°
Bilirubin (mg/dL) 1.38+0.042 1.69+0.10% 1.02+0.03% 1.02+0.04%F

Values are expressed in Mean=SEM (n = 5), p<0.05, ®p<0.05 vs control, #p<0.05 vs GEN and 5p<0.05 vs 100+GEN

Liver weight change: There was no significant difference in liver weight of Group 2, 3 and 4
(6.40£0.47, 5.87+0.25 and 6.34+0.65) when compared with Group 1 (6.80+0.15) (p = 0.0666, F = 2.479)
as shown in Fig. 1.

Gamma-Glutamyl Transferase (y-GGT) (U/L) concentration in plasma: There was no significant
difference in the plasma concentration of y-GGT of Group 2, 3 and 4 when compared with Group 1
(p = 0.3740, F = 1.135) as shown in Table 3.

Alanine Transaminase (ALT) concentration in plasma: There was a significant increase in the plasma
concentration of ALT of Group 2 when compared with group 1 (p = 0.012, F = 5.619), while a significant
decrease in Groups 3 and 4 compared to group 2 as shown in Table 3.

Aspartate Transaminase (AST) concentration in plasma: There was a significant difference in plasma
concentration of AST of Group 2 and 4 rats when compared with Group 1. Also, a significant decrease in
Group 3 and 4 when compared to Group 2 (p = 0.0001, F = 17.33) as shown in Table 3.

Alkaline Phosphatase (ALP) concentration in plasma: The plasma concentration of ALP in Group 2, 3
and 4 rats was significantly higher (p<0.0001, F = 59.92) when compared with Group 1, also group 3 and
4 when compared to Group 2 and 3 when compared to Group 4 as shown in Table 3.

Bilirubin concentration in plasma: There was a significant difference in the plasma concentration of
bilirubin of Group 2, 3 and 4 when compared with group 1, also in Group 3 and 4 when compared with
Group 2, (p<0.0001, F = 29.15) as shown in Table 3.
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Fig. 2: Effect of aqueous extract of Azadirachta indica on interleukin-1 concentration in gentamicin-

induced hepatotoxicity in rats
Values are expressed in Mean+SEM (n = 5) p<0.05, *p<0.05 vs control; fp<0.05 vs GEN and 2p<0.05 vs 100+GEN

Table 4: Effects of aqueous extract of Azadirachta indica on antioxidant parameters of rats with gentamicin-induced hepatotoxicity

Parameter Control GEN 100+GEN 200+GEN
MDA (uM/g) 0.66+0.119 1.92+0.131¢ 1.86+0.059% 2.62+0.128°°
GSH (u/mg) 0.03+0.002 0.023+0.0001% 0.029+0.001° 0.030+0.002°
SOD (u/mg) 2.25+0.250 1.00+0.204% 2.50+0.354F 6.00+0.456°°
CAT (u/mg) 2.53+0.295 7.32+0.269° 1.03+0.015% 2.28+0.254P°
GPx (u/mg) 1.64+0.008 1.74+0.05 3.74+0.11°¢ 6.98+0.740°°

Values are expressed in Mean=SEM (n = 5) p<0.05, “p<0.05 vs control, #p<0.05 vs GEN and °p<0.05 vs 100+GEN

Malonaldehyde (MDA) concentration in liver: The MDA concentrations in Group 2, 3 and 4 rats were
significantly higher (p<0.0001, F = 51.57) when compared with Group 1, also Group 4 when compared to
Group 2 and 3 as shown in Table 4.

Glutathione (GSH) concentration in liver: There was a significant decrease in GSH concentrations in
Group 2 when compared with group 1 (p = 0.045, F = 3.616). while a significant increase in Group 3 and
4 compared to Group 2 as shown in Table 4.

Superoxide dismutase (SOD) concentration in liver: There were significant differences in SOD
concentrations of Group 2 and 4 when compared with group 1 (p<0.0001, F = 42.05), while a significant
increase in Group 3 compared with Group 2 as shown in Table 4.

Catalase (CAT) concentration in liver: The catalase concentration in Group 2 was significantly higher
(p<0.0001, F = 135.7) when compared with Group 1, while Group 3 and 4 were lower when compared to
Group 2. Also, an increase was recorded in Group 4 compared to Group 3 as shown in Table 4.

Glutathione Peroxidase (GPx) concentration in liver: The GPx concentrations in Group 3 and 4 were
significantly higher (p<0.0001, F = 49.97) when compared with Groups 1 and 2, also Group 4 when
compared with Group 3 as shown in Table 4.

Interleukin-1 concentration in liver: There was a significant difference in interleukin-1 concentration of
Group 2 and 3 (51.45+1.517 and 38.33+0.923) when compared with Group 1 (45.65+£0.378) (p<0.0001,
F = 27.42), while a significant decrease in Group 3 and 4 (38.33+0.923 and 43.55+1.001) compared to
Group 2 (51.45+1.517). Also an increase in Group 4 (43.55+1.001) when compared to Group 3
(38.33+0.923) as shown in Fig. 2.
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Fig. 3: Effect of aqueous extract of Azadirachta indica on TNF-a concentration in gentamicin-induced
hepatotoxicity in rats
Values are expressed in Mean+SEM (n = 5) p<0.05, ®p<0.05 vs control, #p<0.05 vs GEN and ®p<0.05 vs 100+GEN
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Fig. 4: Effect of aqueous extract of Azadirachta indica on caspase-3 concentration in gentamicin-induced
hepatotoxicity in rats
Values are expressed in Mean+SEM (n = 5) p<0.05, p<0.05 vs control, fp<0.05 vs GEN and °p<0.05 vs 100+GEN

Tumor Necrotic Factor-Alpha (TNF-a) concentration in liver: There was a significant difference in
TNF-a concentration of Group 2 and 3 (251.40+2.135and 259.90+16.81) when compared with Group 1
(305.60£15.57) (p = 0.0309, F = 4.161) as shown in Fig. 3.

Caspase-3 concentration in liver: The caspase-3 concentrations in Group 2 and 4 (2.80+£0.322 and
2.46+0.047) were significantly higher (p = 0.0024, F = 8.705) when compared with Group 1 (1.88+0.049),
while Group 3 (1.58+0.179) was lower when compared with Group 2 (2.80+0.322). Also, an increase was
recorded in Group 4 (2.46+0.047) when compared with Group 3 (1.58+0.179) as shown in Fig. 4.

Bcl-2 concentration in the liver: The Bcl-2 concentration in Group 2, 3 and 4 (38.50+0.500, 37.76+0.238
and 55.00+1.732) was significantly higher (p<0.0001, F = 105.0) when compared with the Group 1
(33.60£0.294), also, an increase was recorded in Group 4 (55.00+1.732) when compared to Group 2 and
3 (38.50+0.500 and 37.76+0.238) as shown in Fig. 5.
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Fig. 5: Effect of aqueous extract of Azadirachta indica on Bcl-2 concentration in gentamicin-induced

hepatotoxicity in rats
Values are expressed in MeanSEM (n = 5) p<0.05, “p<0.05 vs control, #p<0.05 vs GEN and ®p<0.05 vs 100+GEN
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Fig. 6: Effect of aqueous extract of Azadirachta indica on BAX concentration in gentamicin-induced
hepatotoxicity in rats
Values are expressed in Mean+SEM (n = 5) p<0.05, *p<0.05 vs control, fp<0.05 vs GEN and ?p<0.05 vs 100+GEN

BAX concentration in liver: The BAX concentrations in Group 2 and 3 (2.56+0.279 and 1.86+0.027) were
significantly lower (p<0.0001, F = 49.30) when compared with the Group 1 (3.52+0.182), also, a decrease
was recorded in Group 3 (1.86+0.027) when compared with Group 2 (2.56+0.279). In contrast, an increase
was recorded in Group 4 (4.71+£0.111) compared to Group 3 (1.86+0.027) as shown in Fig. 6.

Histopathological examination: The Control group Plate 1 shows normal liver tissue, no disruption in
the sinusoidal cells (long blue arrow), no abnormal vacuolation and no fibrotic lesions were present.

The GEN group Plate 2 shows Sinusoidal cell disruption, (long black arrow), vacuolation of the hepatic cell
(short black arrows) and numerous fibrotic lesion (long blue arrows).

The Group C Plate 3 rats show reduced fibrotic lesions, (short black arrow), mild vacuolation of the hepatic
cell (long black arrow) and normal sinusoidal cells (long blue arrow).

The Group D Plate 4 rats show Fewer fibrotic lesions (Thick blue arrow) but normal hepatic and sinusoidal
cell (slender and black arrows).
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DISCUSSION

This study investigates the effect of the aqueous extract of Azadirachta indica on some markers of hepatic
function, antioxidant markers, inflammatory and apoptotic markers of rats with gentamicin-induced liver
injury.

The decrease in body weight as observed in this study Table 2 is an indication that gentamicin harms the
body system resulting in weight loss. This was similar to the findings of El-Zawahry and Abu El Kheir®,
who reported that gentamicin administration caused a reduction in food intake and body weight of rats.
Weight loss is one of the known effects of Gentamicin on body weight. According to El-Zawahry and
Abu El Kheir®, using Gentamicin for an extended period or at a high dosage may cause weight loss.
The drug'’s tendency to harm the kidneys and subsequently impair renal function is thought to be the
leading cause of this weight loss®. According to Lopez-Novoa et al.’® Gentamicin belongs to the class of
antibiotics known as aminoglycosides, which have nephrotoxic (destructive to the kidney) effects.
Cohen et al."" stated that the kidneys preserve the body'’s fluid and electrolyte equilibrium, increase urine
and the loss of vital minerals like potassium and calcium can result from changes in managing fluid and
electrolytes when the kidneys are damaged. In addition, gentamicin-induced renal impairment can cause
decreased appetite and food malabsorption, leading to further weight loss'. Individuals may occasionally
experience gastrointestinal issues, including nausea and vomiting, which can affect their ability to eat and
as a result, loss of body weight'®. The advantages of using gentamicin to treat a severe bacterial infection
often outweigh any adverse effects, including weight loss' overall, even though gentamicin can result in
weight loss as a side effect (Table 2).

No significant increase in liver weight was recorded in all the experimental groups compared to the
control group as shown in Fig. 1. This was in contrast to the findings of Hassan et al.” and Saeed et al."®,
who reported that Gentamicin may increase liver weight, which could be a sign of hepatomegaly or an
enlarged Liver. Gentamicin-treated experimental animal models frequently show this increase in liver
weight'®. Gentamicin’'s hepatotoxic effects can harm the liver, resulting in inflammation and cellular
changes in the liver tissue, which help explain the observed rise in liver weight. In addition, oxidative stress
and disruption of liver cellular processes are likely to be the mechanisms driving gentamicin’s
hepatotoxicity”. The nephrotoxic effects of the antibiotic may also subtly affect liver function, adding to
changes in liver weight.

The breakdown of glutathione is facilitated when y-GGT increases, this leads to its depletion and causes
DNA and structural protein damage induced by oxidative stress. The elevated level of y-GGT in plasma
experimental groups compared to the control group. Table 3 agreed with the findings of Lushchak",
who reported that the level of y-GGT in the hepatocytes is elevated with an increase in oxidative stress.
Gentamicin may also have a hepatoxic effect, increasing the y-GGT levels in the plasma, which suggests
liver dysfunction. Group 3 and 4 show that Azadirachta indica at higher doses barely restores the y-GGT
level toward the control. Furthermore, the study’s results show that pre-treatment with Azadirachta indica
at higher doses restores the rat liver to normal function™.

There was a significant increase in the plasma concentration of ALT in Gentamicin group compared to the
control group Table 3. This was in agreement with the findings of Smith et al.™. High levels of ALT in the
blood can indicate liver dysfunction. Gentamicin has been reported to increase serum ALT, indicating
possible hepatotoxic effects'™.

Although Azadirachta indica |leaves have hepatoprotective effects, Table 3 shows that Azadirachta indica
has positive effects. This agreed with Mishra et al.*°, who investigated the hepatoprotective effects of
neem leaf extract in rats with liver damage induced by carbon tetrachloride. The study results showed that
neem leaf extract significantly reduced the levels of ALT in the treated rats, suggesting a potentially
beneficial effect on liver function®.
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A significant increase in the concentration of AST in plasma was observed in the gentamicin rats when
compared with the control group Table 3 and the increase also indicates liver injury, which is similar to
the findings of Yoon et al.*' that studied hepatotoxic effects of Gentamicin in rats. The results showed that
gentamicin administration led to a significant increase in AST levels in the treated rats, suggestive of liver
damage. Azadirachta indica showed hepatoprotective ability which is in similarity with Ojha et al.*.
The findings demonstrated that treatment with neem leaf extract significantly reduced the elevated levels

of AST in the CCl,-induced liver injury rats, suggesting a protective effect on liver function.

Assignificantincrease in the concentration of ALP in plasma was observed in the gentamicin rats compared

[.23

with the control group Table 3, this was similar to the reports of Ibraheem et al.. The increased ALP levels

in the rats are an indication of liver injury. Azadirachta indica has no preventive effects on the harmful

[2* which showed that neem

impact of gentamicin on the liver. This was in contrast with Ojewole et a
extract significantly reduced the elevated levels of ALP in the rats, indicating a potential protective effect

on the liver.

There was a significant increase in the bilirubin concentration, which was observed in the
gentamicin-treated rats when compared with the control group Table 3; the increase could be due to the
harmful effects of gentamicin on the liver, leading to its inability to process bilirubin due to bile duct

1.25

obstruction; this is similar to the findings of Ogundipe et al.”, who reported that gentamicin causes

increase in bilirubin level which also suggest damage on liver function.

The MDA (Malondialdehyde) is a marker to detect lipid peroxidation and oxidative stress. The MDA
concentration in Group 2 is significantly higher than in the control group Table 4. This indicated that
gentamicin administration has induced oxidative stress and lipid peroxidation in the liver, leading to
cellular damage and potential liver injury. The MDA concentration in Group 3 is also significantly higher
than in the control group but lower than in Group 2. This suggested that Azadirachta indica treatment
may have some protective effect on the liver by reducing oxidative stress and lipid peroxidation to some
extent.

Glutathione (GSH) is a naturally occurring antioxidant found in the cells of plants, animals and many
microorganisms. The decrease in the glutathione level in the group two rats is evidence of increased
catabolism of glutathione as evident in the increased level of y-GGT which connotes the presence of
oxidative stress in the liver. Group 3 and 4 show that Azadirachta indica restores the glutathione level
toward the control Table 4. From this study, pre-treatment with Azadirachta indica protects the liver from
oxidative damage.

Superoxide dismutase (SOD) is an essential antioxidant enzyme that protects cells from oxidative stress.
The significant decrease in SOD concentration in Group 2 suggests that the liver is under oxidative stress
Table 4. With lower levels of SOD, the liver's ability to neutralize superoxide radicals is compromised,
accumulating damaging ROS®. This oxidative damage can harm liver cells, disrupt normal liver functions
and contribute to the development of liver injury or dysfunction. The significant increase in SOD in
Group 3 compared to Group 2 suggests that Azadirachta indica administration helped to restore SOD
levels, potentially mitigating the oxidative stress induced by gentamicin. The increased SOD may aid in
reducing the harmful effects of ROS and protect liver cells from further damage. The significant increase
in SOD in Group 4 compared to the control group and Group 2 suggests that the protective capacity of
Azadirachta indica is dose-dependent. This increase may offer substantial protection against oxidative
stress, potentially reducing liver damage and promoting liver cell recovery?’.
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Glutathione peroxidase (GPx) is an essential enzyme found in organisms, including humans, that plays a
crucial role in protecting cells from oxidative damage caused by reactive oxygen species (ROS) or free
radicals®®. The significant increase in GPx concentration in Group 3 and 4 indicated that the administration
of Azadirachta indica protects the Liver against the oxidative stress induced by gentamicin Table 4.
Azadirachta indica or neem, is known for its potent antioxidant and anti-inflammatory properties, which
likely contribute to this protective effect®®. The higher GPx concentration in Group 4 compared to
Group 3 further supports the idea that Azadirachta indica supplementation has a dose-dependent effect
on enhancing the antioxidant defense system in the liver. This means a higher dose of Azadirachta indica
provides better protection against gentamicin-induced oxidative stress.

A significant increase in the concentration of interlukin-1 in plasma was observed in the
gentamicin-treated rats when compared with the control group Fig. 2; the increase could be as gentamicin
triggering the inflammatory process. These observed changes are to the report of El-Barbary et al.™.
Similar to renal disease, gentamicin use has been linked to liver damage, which can trigger inflammatory
processes and cause the release of pro-inflammatory cytokines like IL-1. The reverse was the case in the
level of TNF-a in the liver tissue of gentamicin treated rats as shown in Fig. 3.

The effects of gentamicin on liver function and its influence on cytokine levels, especially IL-1, have been
documented in several investigations. For instance, a 2015 study examined the hepatotoxic effects of
gentamicin in rats. It was published in the Journal of Applied Toxicology. The presence of inflammation
and liver damage was indicated by the researchers’ observation of an increase in IL-1 levels in the liver
tissue of gentamicin-treated rats®®. Epoxyazadiradione has anti-inflammatory properties against
macrophage migration inhibitory factors®'. Azadirachtin suppresses retinoic acid-mediated biological
reactions®.

Caspase-3 is a critical protein involved in the process of apoptosis. In Group 2, the significantly higher
caspase-3 concentration indicates a substantial increase in apoptosis compared to the control group
Fig. 4. This suggested that gentamicin treatment is causing cellular damage and initiating a significant
apoptotic response in the liver, which could be detrimental to liver health. In Group 3, the caspase-3
concentration is lower than in Group 2. This finding suggests that the administration of neem may have
a protective effect on the liver. The lower caspase-3 levels imply that neem treatment might mitigate the
apoptotic response triggered by Group 2, potentially reducing cellular damage. In Group 3, the caspase-3
concentration is higher than in the control but lower than in Group 2 Fig. 4. This finding suggested that
neem alone might be causing a mild increase in apoptosis, which could be a normal response to the
treatment but not the extent of causing severe cellular damage.

The BAX is a member of the Bcl-2 family of proteins and it falls under the pro-apoptotic group,
which means it promotes cell death. The Bax concentration is significantly lower (Fig. 6) while the Bcl-2
increases in gentamicin-induced rats compared to the control group. This finding suggested that
gentamicin-induced liver injury is associated with a decrease in Bax and an increase in Bcl-2 expression.
This decrease in Bax and increased expression of Bcl-2 might be related to a potential cellular defense
mechanism against the damaging effects of gentamicin or it could indicate a shift in the balance of
pro-apoptotic and anti-apoptotic signals in favor of cell survival. In Group 3, the Bax concentration is
significantly lower (Fig. 6) and increased Bcl-2 level Fig. 5 compared to both the control group and
Group 2. This suggested that neem treatment is further reducing Bax expression compared to
gentamicin-induced liver injury alone. The downregulation of Bax and upregulation of Bcl-2 may indicate
that neem offers protective effects against gentamicin-induced liver injury by potentially inhibiting or
minimizing the apoptotic response.
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Several researchers®%

carbon tetrachloride (CCl,), paracetamol and ethanol, it has been demonstrated that neem extracts and

show that in experimental models of liver injury brought on by chemicals like

compounds display hepatoprotective properties. These studies have shown that neem can lessen oxidative
stress, enhance liver function markers such as serum liver enzyme levels and histological alterations and
lessen liver injury.

CONCLUSION

It is evident that gentamicin causes hepatotoxicity despite its powerful action against gram-negative and
positive bacteria, also neem leaf extract administration before gentamicin treatment was able to protect
the liver from gentamicin toxic effects. Thus, the aqueous extract of Azadirachcta indica protects
gentamicin-iduced hepatotoxicity via regulation of lipid peroxidation, oxidative stress and inflammation
but enhances apoptotic markers.

SIGNIFICANCE STATEMENT

Gentamicin is one of the most potent antibiotics used against gram-positive and negative bacteria and
its use is limited due to harmful effects on some organs such as the liver and kidney. It has been reported
that Azadirhacta indica has antibacterial, anti-inflammatory and antiviral properties. Despite its usefulness,
there is a gap in the literature on the use of this plant against the harmful effects of gentamicin on the
liver.
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