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ORIGINAL ARTICLE

Hepatoprotective Effect of Aqueous Neem Leaves Extract on Hepatocytes and
Nuclear Diameter of Albino Wistar Rats Induced with Erythromycin Toxicity

Nausheen Jamshed’, Iffat Raza", Mehwish Razzaq', Naureen Jamshed’, Aagiba Rasheed’, Lubna Faisal’

Erythromycin Induced Changes in Hepatocyte and Nuclear Dimensions

ABSTRACT
Objective: To evaluate the hepatoprotective effects of Neem leaves extract on hepatocyte and nuclear
diameters of Albino Wistar rats induced by erythromycin hepatotoxicity.
Study Design: Laboratory-based Experimental study.
Place and Duration of Study: The study was carried out at the Department of Anatomy and Animal House of
Bagai Medical University (BMU) in Karachi, Pakistan from January 2019 to March 2019.
Methods: A total of 80 Albino Wistar rats were divided equally into 4 groups. The control group was marked
as Group A with no interventions. In Group B only erythromycin was administered. For Group C both
erythromycin and aqueous Neem leave Extract were given and for Group D only aqueous neem leave was
given. Animals were sacrificed and the liver weight of Albino Wistar rats was measured.
Results: It was observed that rats of experimental control group A noticed no significant change in
hepatocytes13.19+ 0.44um and nuclear diameters 7.18+0. 28um (Figure.1) as this group had no intervention
received. In group B hepatocyte diameter markedly increased by 16.54+0.6pum and a decrease in nuclear
diameter of 5.20+0.30um (p<0.01) with loss of architecture, ballooning, and edematous changes (Figure.2, 3
and 4) was observed as this group received only erythromycin while group C received both erythromycin and
aqueous Neem leaf extract showed histological architecture disrupted to some extent and hepatocytes
14.49+80um and nuclear diameter 6.13+0.17um were started to improve its normal sizes (Figure.5). Group D
observed no significant changes in hepatocytes 13.0+0.52um and nuclear diameters 7.14+0.30um as this
group only received aqueous neem leave extract (Figure.6).
Conclusion: According to the current study, Erythromycin exerts oxidative stress and Changes in hepatocytes
and nuclear diameters were noticeably improved by aqueous neem leaf extract, which is a powerful
antioxidant.
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Introduction

The liver is an essential organ for maintaining the
body's homeostasis. The liver's primary function is to
cleanse the blood from the gastrointestinal system
before directing it to the rest of the body. It
metabolizes drugs and has an incredible capacity to
detoxicate hazardous chemicals." The liver directs
physiological activities in the body such as secretion,
metabolism, and storage, and regulates glucose
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levels through glycogen storage.” Furthermore, the
liver secretes bile, which reaches the intestines. It
also metabolizes proteins that are required for
clotting factors and various processes.’

Hepatocytes are usually arranged as cords of one or
two cells which are separated by sinusoids under the
microscope. Sinusoids are channels composed of
hepatocyte plates. Cords of hepatocytes have the
potential to regenerate. Hepatocytes are polygonal
in shape with eosinophil-rich cytoplasm and a
central nucleus. The normal mean hepatocyte
diameter of albino Wistar rats was about 11-13
micrometers and the mean nuclear diameter was 6-7
micrometers.”

Erythromycin (EM) is now gaining attention for its
unique anti-inflammatory properties. It is an
antibiotic that belongs to the macrolide group. Itis a
low-cost and widely accessible generic medication.’
It has been used against many infectious diseases for
over50vyears.’

Erythromycin can be used to treat a variety of
ilinesses, including tonsillitis bronchopneumonia,
urinary tract infections, arthritis, mastitis, and
lymphadenitis. In addition to infections caused by a
variety of organisms including Chlamydia,
Staphylococcus, Haemophilus, Streptococcus,
Pasteurella, and Mycoplasma.” However, when
erythromycin stearate was administered orally to
rats for 14 days at a daily dose of 100 mg/kg, it caused
significant liver damage and hepatotoxicity.®
Azadirachta indica (Neem) is considered the king of
the medicinal kingdom. In general, it has been used
for many years and continues to be used for
medicinal and therapeutic purposes. Plant extracts
or secondary metabolites have served as
antioxidants in phyto-therapeutic drugs to protect
against various diseases for a considerable period.’
Neem leaves contain a variety of compounds,
including triterpenoids (such as 6 alphahydroxi-
azadira-dione and di-hydronimocinol),
sesquiterpene lactones such as Azadirachtin
limonoid (C35 H44 016) and its derivatives, nimbin
and some of its derivative's quercetin, B-sitoesterol,
and quercitrin.”

Limonoids are one of the most important bioactive
compounds, the other main components are
steroids alkaloids, ketones flavonoids, carotenoids
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phenolic compounds, sulsin, salanin, valasin,
meliasin, nimbin, gedusin etc.'' Bioactive
components such as glycosides sterol, peptides,
alkaloids, flavonoids, phenols, and tannins contain
medicinal properties.*

Neem extract is very effective in the prevention of
many diseases. Its multiple benefits contribute to
disease-healing effects. Neem extracts have a strong
antioxidant activity because they prevent the
production of free radical scavengers due to their
rich source of antioxidant compounds, i.e. azadritine
and nimbolide.” Neem extract also has anticancer
properties by regulating cell signaling pathways.
Studies show that in the inflammatory process
nimbidin inhibits the function of macrophages and
neutrophils.™

Because of its antioxidant activity, neem extract is
known to have hepatoprotective effects in
paracetamol intoxication. Its extract improves
mononuclear phagocytic systems, immune-
stimulating effect, and hepatoprotection. The liver
Hepatoprotective dose of Neem extract is 500mg/kg
of body weight which decreases hepatocellular
necrosis, protects against liver damage, and restores
normal liver function.”

In a recent study to assess the hepatoprotective
effects of Neem leave extract on hepatocyte and
nuclear diameters of Albino Wistar rats induced by
erythromycin hepatotoxicity.

Methods

This experimental research was conducted at the
Department of Anatomy and Animal House of Baqgai
Medical University (BMU) in Karachi, Pakistan from
January 2019 to March 2019 after the approval from
the Ethical Review Committee of the university held
on 11" January 2017 vide letter no: BMU-EC/2016-
05. In a controlled environment at 30 C with an
average of 14 days and 10 nights of cycles, 80 male
Albino Wistar rats, 13-14 weeks old, weighing
180-200g, were procured from an animal house. The
rats were kept in plastic cages with five rats per cage.
Standard food and water were provided to the rats.
Before the trial began, it was ensured that the rats
had been acclimatized for around 10 days.
Erythromycin tablets (erythrocin R) 500 mg made by
Indus Pharma from the pharmacy in Malir Cantt
Karachi were purchased. At Pakistan Council
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Scientific & Industrial Research (PCSIR) Karachi,
Aqueous neem leaf extract was prepared. only
healthy, young male albino Wistar rats were
included, weak elderly and female rats were not
included in the experiment.

Participant Selection Strategy

80 rats of healthy young males were used.

Data Collection Techniques

Four groups of twenty (20) each were created at
random from 80 male rats, labeled "A," "B," "C," and
"D

Group A labeled as the control group; it was only
givenaregulardiet.

Group B received only Erythromycin via gastric
gavage at a dosage of 100 mg/kg (body weight) for 14
days.

Group C was administered Erythromycin 100 mg/kg
(body weight) and aqueous Neem Extract 500
mg/kg (body weight) simultaneously through gastric
gavage.

Group D was administered only Aqueous Neem
Extract 500 mg/kg (body weight) was administered
through gastric gavages.

All of the rats were weighed at an electronic weighing
machine before the start of the study and then
repeated every third day. Rats were housed in plastic
cages. Rats were weighed for final weights following
the last dose and were given ether anesthesia before
being placed in a glass container, given a midline
longitudinal incision starting at the manubrium on
the dissection board to reveal the organs, extend the
sternum down to the lower abdomen.

All Rats' livers were excised and sliced into tiny
specimens. For routine histological inspection under
a light microscope, these slices were stained with
Hematoxylin and Eosin. The gross weight of
dissected rats of Group-A was measured at
3.42+0.25, Group B measured 5.38+0.67, Group C
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was measured 4.76+0.44 and Group D was measured
at3.41+0.22

Micrometry

To analyze the morphometric changes micrometric
measurements were used. The procedure was done
with the help of an ocular micrometer scale and
stage micrometer. To calibrate the ocular scale, a
stage micrometer was used. The section of hepatic
lobules under 10X, 40X, and 100X objective lenses
were studied via a light microscope.

Statistical Analysis

SPSS (Statistical Package for Social Sciences) version
23 was used to analyze the given data. Arithmetic
means were estimated for each quantitative
variable, and results were presented as (Mean + SE)
meant standard error. ANOVA (post hoc Tukey's) was
applied to measure significant differences between
the groups. If the Pvalue is equal to or less than 0.05,
the result is considered significant with a 95%
confidence interval.

Results

Group A (control group) The normal morphological
and histological structure of the hepatic lobules is
observed as shown in Figure with a diameter of
hepatocytes of 13.19+ 0.44um and a nuclear
diameter was 7.18+0. 28um (Table-1 and Figure.7 &
8).

In Group B, the mean value of the diameter of
hepatocyte per field in group B animals was
16.54+0.6um (Table-1 and Figure.7). The hepatocyte
diameter of group B animals was considerably
increased (p<0.01) (Table-2) than that of group A
animals due to ballooning and congestion as shown
in (Figure.2 and 3). The mean nuclear diameter of
group B animals was 5.20+0.30um (Table-3) which is
markedly reduced due necrosis in hepatocytes as
shown in (Figure.3 and 4). The statistics showed that
the diameter of the nucleus of group B was

Table-1: Mean Comparison of Hepatocytes Diameter um of Albino Wistar Rats (Post Hoc Tukey’s test)

Group Treatment

A (n=20) Negative Control
B (n=20) Treated

C (n=20) Protected

D (n=20) Positive Control

Mean £SD
13.19+0.44
16.54+0.61
14.49+0.80
13.0+0.52
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significantly reduced (p<0.01) than that of control
group A (Table-4 and Figure-8).

The diameter of hepatocyte per field in group C was
14.49+80um. Hepatocyte diameter was significantly
increased (p< 0.01) (Table-1) in group C animals
when compared with the hepatocyte diameter of
control group A but significantly reduced (p<0.01)
hepatocyte diameter of group C animals when
compared with the hepatocyte diameter of group B
Animals (Table-2 and Figure.7).

The mean value of the diameter of the nucleus of

Erythromycin Induced Changes in Hepatocyte and Nuclear Dimensions

hepatocytes in group C animals was 6.13+0.17um.
The data displayed a significant reduction (p<0.01) in
the diameter of the nucleus in group Cin comparison
with the nuclear diameter of control group A animal
(Table-3 and Figure.8), but a significant increase
(p<0.01) in the diameter of the nucleus in group C
when compared with the nuclear diameter of group
B animals due to hepatoprotective effect of Aqueous
Neem Extract hepatocytes retains their architecture
to some extentas shownin Figure.5.

The mean value of the diameter of hepatocyte per

Table-2: Statistical analysis of the difference in hepatocyte diameter of Albino Wistar rats between

different study groups

Comparison Statistical Comparison Difference of Means P-value

AvsB Negative Control vs Treated -3.35 <0.01*
AvsC Negative Control vs Protected -1.3 <0.01*
AvsD Negative Control vs Positive Control 0.19 0.649
BvsC Treated vs Protected 2.05 <0.01*
BvsD Treated vs Positive Control 3.54 <0.01*
CvsD Protected vs Positive Control 1.49 <0.01*

field in group D was 13.0+0.52um as displayed in
(Table-1) There was an insignificant decrease in the
diameter of the hepatocyte of group D when
compared with the hepatocyte diameter of group A
animal, but a marked decrease of the hepatocyte
diameter of group D in comparison with the

hepatocyte diameter of group B and group C (Table-2
and Figure.7). The mean nuclear diameter of group D
animals was 7.14+0.30um (Table 3). The data
displayed an insignificant decrease in the diameter
of the nucleus in group D animals when compared
with the nuclear diameter of control group A, but a

Table -3: Mean comparison of nuclear diameter um of Albino Wistar Rats

Group Treatment Nuclear Diameter Mean SD
A (n=20) Negative Control 7.1840.28
B (n=20) Treated 5.20+0.30
C (n=20) Protected 6.13+0.17
D (n=20) Positive Control 7.14+0.30

significantincrease (p< 0.01) in the nuclear diameter
of group D animals when compared with the nuclear
diameter of group B and group C (Table-4, Figure.6 &
8).

Discussion

Viral infection, drugs, alcohol usage, and hazardous
chemical ingestion are all potential causes of liver
injury. The majority of cases of liver damage are due
to oxidative stress and redoximbalance in the human
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body.” Erythromycin is a macrolide antibiotic that
has been used for many years to treat a variety of
bacterial infections. Erythromycin acts as a
bacteriostatic drug against a variety of gram-positive
microorganisms, among other macrolides. Although
clinically observed liver injury due to erythromycin
use is infrequent, due to its prolonged usage,
erythromycin has been identified as one of the
leading causes of drug-induced liver injury.”
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Table-4: Statistical analysis of the difference in Nuclear diameter um of Albino Wistar rats

between different study groups

Comparison Statistical Comparison

Avs B Negative Control vs Treated

AvsC Negative Control vs Protected
AvsD Negative Control vs Positive Control
BvsC Treated vs Protected

BvsD Treated vs Positive Control

CvsD Protected vs Positive Control

Difference of Means P-value
1.98 <0.01*
1.05 <0.01*
0.04 0.983
-0.93 <0.01*
-1.94 <0.01*
-1.01 <0.01*

Fig.1: Control Group A-100X (H&E)
Histopathological Photograph of Group A (control)
rats presenting normal hepatidobules, arrow
represent portal triad

Fig.2: Group B (Erythromycin Treated Rats)-400X
(H&E) Histopathological Photograph presenting
karyorrhexis (fragmentation of nucleus) thick
arrows and karyolysis (fading of nucleus) thin
arrows

Fig.3: Group B (Erythromycin Treated Rats)-400X
(H&E) Histopathological Photograph Presenting
ballooning of hepatocytes (arrow) and stars shows
vacuolization

Fig.4: Group B (Erythromycin Treated Rats)-1000X
(H&E) Histopathological Photograph (H&E)
presenting ballooning (arrows) of hypatocytes
with nuclear changes and congestion
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Fig.5: Group C (Erythromycin and Neem Treated
Rats)-400X (H&E) Histopathological Photograph
(H&E-presenting slight increased hepatocytes
diameter, and mild congestion

Fig.6: Group (Positive Control)-100X (H&E)
Histopathological Photograph displayed normal
architecture of liver with branching pattern
hepatocytes around the central vein and portal
triad appeared normal with no congestion and
infiltration

Hepatocytes Diameter
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Fig.7: Hepatocyte diameters of group A (no
intervention group). Group B (Erythromycin
Treated) hepatocyte diameters were markedly
increased and in grouop C after Erythromycin and
Neem Treatment hepatocyte diameters were
decreased as compared to group B. Group D after
the administration of neem Extract regained its
normal dimensions as seen in control

Azadirachta indica has shown significant health
benefits due to its huge antioxidant properties.
Previous research has shown that Neem leaves and
their constituents play a key role in the prevention of
various diseases. The hepatoprotective effects of
aqueous Neem extract were noted in albino Wistar
rats and the study concluded that Neem leaves have
an outstanding potential to perform as a
hepatoprotective agent."” The current study is vital to
assess the preventive effect of Neem leaf extract
against erythromycin-induced hepatotoxicity in rats.
In our present study, noticeable changes developed
in albino rats treated with erythromycin for two
weeks, resulting in hepatocellular damage which
showed disturbed hepatocytes and nuclear
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Fig.8: Shows the nuclear diameters of group A (no
intervention group). Group B (Erythromycin
Treated) nuclear diameters were decreased.
Group C nuclear diameters increased after
Erythromycin and Neem Treatment as compared
to group B. Group D after the Neem extract
regained its normal nuclear dimesions

Mean

diameter. These remarkable changes were noticed in
hepatocyte diameters, which was analogous to
Ahmed | et al. study found that erythromycin caused
central necrosis, increased hepatocyte diameter,
and decreased nuclear diameter when administered
in large dosages over a period of time. "

P. Singh et al. study also matched that this could be
due to oxidative stress and free radical production
caused by erythromycin. Hepatocellular necrosis
with marked lobular inflammation of many plasma
cells with lymphocytes and eosinophils was noted.”
In addition, microvesicular steatosis with small lipid
droplets and hyperchromatic nuclei was seen in the
cytoplasm of the hepatocytes. Likewise, Milos et al.
described the mechanism of liver injury caused by
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erythromycin and explained how the hepatocyte's
diameters increased with decreased nuclear
diameter due to disruption of mitochondrial
oxidation.” This is in accordance with Abdel et al.
who documented that hepatitis, cholestasis, and
changes in hepatocyte diameters that signified
hepatocellular damage occurred in laboratory rats
treated with erythromycin.”

Furthermore, changes in hepatocytes and nuclear
diameters, mononuclear infiltration, edematous
degeneration, and zone 3 significant necrosis related
to erythromycin toxicity were found by Kamath P et
al. Erythromycin's long-term usage resulted in
sinusoidal dilatation and hypertrophy of hepatocytes
in the animal rat's liver.”” These findings concurred
with those of Anne M. Larson et al. who identified
characterized comparable diameter changes in
hepatocytes. In contrast to erythromycin-treated
rats, animals administered erythromycin plus
aqueous neem leaf extract had remarkably less
necrotic, pyknotic, and nuclear diameter changes in
their liver tissue.”

Many neem leaf constituents, such as nimbidin have
anti-inflammatory activity and help in restoring
hepatocyte diameter to its normal size.”” Hemdan BA
et al. also utilized the same dosage of A. indicia leaf
extract in their study. In this example, aqueous neem
extract had a hepatoprotective effect, restoring the
liver's damaged architecture to its normal structure
with normal hepatocyte diameters. The scientists
came to the conclusion that quercetin in neem
leaves has antioxidant properties, raising
intracellular glutathione concentrations and
preventing lipid peroxidation by scavenging free
radicals.” Faiza Aslam et al. did a similar study,
indicating that neem leaf extract revealed
hepatoprotective properties and practical usage of
neem leaf in the regular system of medicine.” The
antioxidant activity of neem leaves prevented
erythromycin-induced hepatotoxicity. These
findings suggest that aqueous neem extract reduced
paracetamol-induced hepatotoxicity due to its high
flavonoid content, which contributed to the
hepatoprotective effect via Neem leaves' anti-lipid
peroxidation activity.” It agrees with research by
IrmaSeriana et al. also observed that when rats were
given neem extract and carbon tetrachloride, the

Erythromycin Induced Changes in Hepatocyte and Nuclear Dimensions

liver lobular architecture remained normal.”

The limitations of the study are the non-inclusion of a

female group of animals and the liver functioning

assessment, but the investigators have in plan in the

next phase of research.

Conclusion

Erythromycin was shown to have considerable

hepatotoxic effects on albino Wistar rats in the

current study. Aqueous Neem leaf extract

(Azadirachta indica) significantly improved the

necrotic changes of hepatocytes caused by

Erythromycin. Aqueous Neem leaf extract is a potent

antioxidantand hepatoprotective agent.
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