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ABSTRACT

Background: Nicotine, a naturally occurring alkaloid is the predominant chemical among the constituents in cigarette smoke.
Consumption forms include smoke (cigarettes, pipes and cigars) and smokeless tobacco (chewable tobacco).
Aim: To determine the effect of ghrelin in nicotine induced liver toxicity in BALB/c mice.

Study Design: Randomized Control Trial.

Methodology: Present study enrolled 90 male BALB/c mice Group | (control group) was given standardized laboratory diet and
intraperitoneal injection (i.p) of normal saline. Group Il was given standardized laboratory diet and nicotine at a dose of 2.5mg/
kg body weight (i.p), while Group Il was given standardized laboratory diet plus nicotine a dose of 2.5mg/ kg body weight (i.p)
along with ghrelin at a dose of 10ug/kg on alternate days for 4 weeks. On 30" day sampling was done for hepatic tissue
oxidative stress enzymes (superoxide dismutase, glutathione reductase and catalase levels), and histology of liver tissue for

assessment of hepatic tissue damage and recovery.

Results: Nicotine group showed evident hepatic damage with significant increase in liver oxidative stress markers. On
histological examination, liver showed mild to moderate grade necro-inflammation. Administration of ghrelin partially restored the
oxidative stress markers and inflammatory histological changes due to nicotine induced toxicity.

Conclusion: We concluded that Ghrelin appears to be hepatoprotective due to its antioxidant and anti-inflammatory properties.
Keywords: Nicotine, Ghrelin, Oxidative Stress, Antioxidant Enzymes and Necro-Inflammation.

INTRODUCTION

Cigarette smoking is the leading cause of increasing morbidity
worldwide!. Nicotine, a naturally occurring alkaloid is the
predominant chemical among the constituents in cigarette smoke.
Consumption forms include smoke (cigarettes, pipes and cigars)
and smokeless tobacco (chewable tobacco)?. It is also an essential
part of insecticides, which can lead to accidental or deliberate
poisoning. Nicotine affects many organs of our body like lungs,
liver, heart, blood vessels, brain and urogenital organs by
increasing the synthesis of Reactive Oxygen Species (ROS) and
lipid peroxidation®. These ROS in turn initiate and promote
oxidative damage. Smokers are at greater risk for cardiovascular
diseases, respiratory disorders, cancer (lung, pancreas, liver,
breast, bladder, oral, larynx, esophagus, stomach and kidney),
peptic ulcers and gastroesophageal reflux disease (GERD), male
impotence, infertility and hepatotoxicity®. In liver, nicotine causes
necrosis and damages the cell membrane of hepatocytes leading
to release of hepatic cytosomal enzyme into the serum®.

Excessive production of ROS can pose a threat to cells by
causing oxidative stress and lipid peroxidation which can lead to
DNA/RNA damage, oxidation and inactivation of proteins (both
structural and enzymatic)®’. Liver is one of the major organ
attacked by ROS8. In liver, the formation of metabolic products of
nicotine by 5-hydroxylation further contributes to the generation of
ROS.° Liver parenchymal cells (hepatocytes), Kupffer cells
(macrophages), hepatic stellate cells and endothelial cells are all
subjected to oxidative stress induced hepatocellular injury.

Ghrelin is a 28 amino acid peptide hormone Ghrelin is
released primarily by the gastric “enteroendocrine cells” and
“epsilon cells” of pancreas during hunger and starvation. Ghrelin
levels rise to maximum before eating and decline after food
intake'®. It performs a wide array of functions, which includes its
orexigenic effect, Growth Hormone-releasing effect, effect on
energy metabolism and GI motility. In addition to these, ghrelin has
shown to have anti- fibrotic, anti-inflammatory, anti-oxidant, and
anti-apoptotic actions. Ghrelin also increases muscle mass and
stimulates bone formation*'2, It acts as an antioxidant in liver by
increasing the levels of antioxidant enzymes and preventing lipid
peroxidation?®, It also decreases the production of ROS in liver by
decreasing the expression of inducible nitric oxide synthase and
NF-kB*15,
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The objective of the study was to determine the effect of
ghrelin in nicotine induced liver toxicity in BALB/c mice.

METHODOLOGY

Present study was conducted at Foundation University Islamabad
in collaboration with National Institute of Health. Ninety healthy
male BALB/c mice of age 6-10 weeks weighing 25-40g were
selected through non probability convenient sampling and sorted
out into three groups of 30 mice each. Female, diabetic or mice
weighing more than 40g were excluded from the study. Animals
were kept at animal house a week prior to study for acclimatization
to the environment and were given an environment of 22+2°C
room temperature and 12hr light/dark cycle. Group | (control group;
n=30) received standard pellet diet and 0.65% normal saline
1ml/kg intraperitoneally (i.p), Group Il (Nicotine only group; n=30)
received pellet diet plus nicotine injection i.p at a dose of 2.5mg/kg
b.w/day for 4 weeks. Group Il (Nicotine plus ghrelin group; n=30)
was given pellet diet, nicotine i.p injection at a dose of 2.5mg/kg
b.w/day for 4 weeks and ghrelin at a dose of 10ug/kg b.w i.p on
alternate days for 4 weeks. On 30" day, mice were sacrificed and
liver tissue sampling was done for oxidative stress enzyme
(Superoxide dismutase, Glutathione reductase and Catalase) in
hepatic tissue. A sample of liver tissue was sent for
histopathological analysis of hepatic tissue damage and recovery.
Statistical Analysis: Data was collected and entered by using
SPSS 24. One way ANOVA applied for significant difference of
means between the groups followed by post HOC Tukey test. P-
value of £0.05 was taken as significant.

RESULTS

Group |l showed evident hepatic damage with significant decrease
in antioxidant enzymes levels (CAT, SOD and GR) in liver tissue
(p<0.001 for CAT), (p<0.001 for SOD) and (p<0.001 for GR) as
compared to group | as shown in table-1. Histological analysis of
liver tissue showed mild to moderate grade of necrosis and
inflammation in group Il. The total score of the HAI index of each
mice of nicotine group was between 4 and 11. Group IIl mice,
receiving ghrelin along with nicotine, liver tissue antioxidant
enzymes levels were significantly more as compared to group Il
((p<0.001 for each marker) as shown in table 1.

Histological analysis showed partial reversal of necro-
inflammation (minimal to mild grade) HAI score between 0-4 (Table
2)
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Table 1: Effects of nicotine and nicotine plus ghrelin on hepatic tissue levels

Variable Group means + SD ANOVA Group-wise comparison using post-Hoc Tukey test
Control Nicotine Nicotine  plus | P-value Control vs | Nicotine vs | Control Vs
ghrelin nicotine nicotine  plus | nicotine plus
(Ivs ) ghrelin (Ilvs 1ll) | ghrelin
(Ivs 1N
GR pg/ml 337.79+52.23 182.34+76.89 328.26+73.77 <0.001* <0.001* <0.001* 0.889
SOD ng/ml 1648.67+172.20 920.91+103.97 1526.52+180.88 <0.001* <0.001* <0.001* 0.110
CAT ng/ml 6.30+1.0 4.460.61 5.95+1.08 <0.001* <0.001* <0.001* 0.578

*Statistically significant

Table-2: Grading of necro-inflammation in liver by modified Hai index

Groups

Parameters

Control group

Nicotine group Nicotine plus ghrelin group

1.Periportal or Periseptal Interface
Hepatitis

Absent (Score 0)- 100%

Absent (Score 0)-42. %
Score 1-21.4%
Score 2-14.2%
Score 3-21.4%

Absent (Score 0)-85.7%
Score 1-14.2%

2.Confluent Necrosis

Absent (100%)- Score 0

Absent (Score 0)-35.7%
Score 2-42.8%
Score 3-14.2%
Score 4-7.14%

Absent (Score 0)-92.8%
Score 3-7.2%

3.Focal Lytic Necrosis, Apoptosis
and Focal Inflammation

Absent (Score 0)-78.5%

Score 1-21.5%

Absent (Score 0)-35.7%
Score 1-50%
Score 2-14.2%

Absent (Score 0)-7.14%
Score 2-92.8%

Mild (Score 1)-21.4% Absent (Score 0)-35.7%

Absent- (Score 0)-78%

4.Portal Inflammation Mild (Score 1)-22%

Moderate (Score 3)-42.8%
Marked (Score 4)-35.7%

Mild (Score 1)-35.7%
Moderate (Score 2)-28.5%

Total score (range) 0-3 4-11

04

Grade Minimal

Mild-moderate

Minimal-mild

Figure-1: a&b) Normal liver histology with hepatic lobules

Figure-2: a) Confluent necrosis,

b) Moderate portal inflammation in group Il

DISCUSSION

In our study, manifestations of oxidative stress were observed
which included significant decline in the level of hepatic tissue
antioxidant enzymes CAT, GR and SOD. Nicotine administration
significantly lowered the levels of antioxidant enzymes in hepatic
tissue as compared to the control group. Ghrelin co-administration
with nicotine significantly ameliorated the decline in the antioxidant
enzymes caused by nicotine. The rise in antioxidant enzymes by
ghrelin reflects it protective role against oxidative stress as these
enzymes catalyze the detoxification of ROS.*®

In another study, the effect of ghrelin on antioxidant enzymes SOD
and GPx in hepatic tissue of a male albino diabetic rat. He
concluded that in diabetes, the levels of antioxidant enzymes are
reduced while treatment with ghrelin significantly raised their
levels?s.

Increase in the levels of antioxidant enzymes after ghrelin
administration was also observed in a study carried out in 2013 in
Egypt by Shereen M. Samir et al. The author studied the role of
ghrelin in exhaustive exercise- induced oxidative stress in
Sprague- Dawley rat brain and liver. It was concluded that
pretreatment with ghrelin augments the antioxidant defense
against exhaustive exercise-induced oxidative stress injury in rat’s
brain and liver by increasing the levels of reduced GSH and
antioxidant enzymes CAT and SODY. These results are in line
with our study where ghrelin treatment seemed to have played role
in maintenance of balance in ROS and antioxidant enzymes.
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In our study, control group had normal morphology with no
necrosis and inflammation. The nicotine group exhibited mild to
moderate piecemeal necrosis as well as confluent necrosis of zone
3 in most areas along with occasional portal-central (P-C) bridging.
There were 1-4 foci of focal lytic necrosis and focal inflammation
per 10x and portal inflammation was moderate to marked in the
nicotine only group. There was no periportal or periseptal interface
hepatitis (piecemeal necrosis), no confluent necrosis, one or less
focus of focal/ lytic necrosis and absent-mild portal inflammation in
the nicotine plus ghrelin treated group. Our study proves that
ghrelin does have a role in protecting liver from oxidative stress
injury induced by nicotine.

In 2010, Masoumeh Golstan Jahromi et al studied the effect
of ghrelin on acetaminophen induced liver injury. The authors
observed the effect of ghrelin on only one parameter i.e confluent
necrosis, which was induced by injecting acetaminophen.
Confluent necrosis was not seen in the ghrelin treated group.'®
This result is however in congruence with our study where ghrelin
prevented the development of confluent necrosis.

CONCLUSION

We concluded that Ghrelin appears to be hepatoprotective due to
its antioxidant and anti-inflammatory properties. As co-
administration of ghrelin partially restored the antioxidant enzyme
levels with corresponding improvement in liver tissue histology.
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