
INTRODUCTION 

he liver plays a pivotal role in Tmaintaining homeostasis and 
detoxifying harmful substances, making 
it essential for survival. However, it is 
highly susceptible to damage from 

1various chemicals and toxins.  Hepatic 
tissues can be harmed by exogenous 
compounds like carbon tetrachloride 
(CCl₄), foreign chemicals, and elevated 
cholesterol, leading to varying degrees 

2of liver injury.  Ghrelin, the only known 
natural ligand for the growth hormone 

secretagogue receptor (GHSR), exists 
in both acylated and unacylated forms 
and is involved in numerous biological 

3 processes. The receptor for ghrelin, 
GHSR1a, is expressed in various organs, 
including the gastrointestinal tract (liver 
and pancreas), cardiovascular system 
(heart), nervous system (hypothalamus, 
pituitary, cerebral cortex), reproductive 
system (breast, testes, ovaries), thyroid, 

4 and adrenal glands.  Unacylated Ghrelin 
(UAG) is an incarnation of the stomach 
ghrelin that accounts for 80-90% of the 

5c ircu lat ing  Ghrel in .  UAG has  
demonstrated hepatoprotective 
properties by preventing apoptosis and 
enhancing hepatocyte regeneration.   
With its anti-oxidative properties, it 
minimizes the impact of oxidative stress 
that results from the production of free 
radicals (reactive oxygen species) after 
acute liver injuries by suppressing the 
silent information regulator 2 related 
enzyme 1 (sirtuin1, SIRT1) signaling 
process .  Moreover,  the  an t i -
inflammatory properties of UAG 
reduces the inflammatory response 
linked to liver damage by lowering the 
production of cytokines including TNF-

7α and IL-6.    Several studies have also 
alluded that exogenous administration 
of UAG lowers the acylated Ghrelin/ 

7-9Unacylated Ghrelin circulatory ratio.

While UAG's anti-inflammatory, 
antioxidant, and immune-modulatory 
effects have been documented, and its 
therapeutic potential for treating acute 
liver injury is recognized, there remains 
a lack of comprehensive data regarding 
its dose-dependent hepatoprotective 
effects. This study was designed to 
exp lore  the  hepatoprotec t i ve  
properties of exogenous UAG in 
different doses in in the management of 
acute live injury in animal models.

METHODS

The quasi-experimental study was 
conducted by the Department of 
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ABSTRACT

OBJECTIVES: To investigate the hepatoprotective effects of Unacylated 
Ghrelin (UAG) at varying doses in the management of acute liver injury in Wistar 
albino rats.

METHODS: This quasi-experimental study was conducted at Department of 
Physiology, Isra University, Hyderabad, Pakistan from March to August 2023. 
Thirty Wistar albino rats (200-250 grams) were randomly divided into five groups 
(n=6). Group A served as the control, while liver injury was induced in Groups B, 
C, D, and E via intraperitoneal injection of 0.1% CCL . Groups C, D, and E were 4

subsequently treated with low, medium, and high doses of UAG, respectively. 
Serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
malondialdehyde, interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and 
superoxide dismutase (SOD) levels were assessed, along with liver 
histopathology.

RESULTS:  Pre-experimental body weights (Mean±SD) for Groups A, B, C, D, 
and E were 227.33±7.75 g, 229.80±2.08 g, 228.70±5.34 g, 231.33±8.69 g, and 
236.38±10.63 g, respectively. The liver index was 4.36±0.28, 6.65±0.37, 
5.80±0.17, 5.70±0.08, and 5.06±0.23, respectively, across the Groups. A 
statistically significant (p<0.05) decline was observed in group B compared to 
Group C, D and E. Moreover, statistically significant (p<0.05) rise in ALT, AST, 
serum IL-6, TNFα, SOD, and MDA levels in Group B compared with the 
remaining groups.

CONCLUSION: UAG effectively protects the liver from CCl₄-induced injury in 
rats. Higher doses of UAG reduced liver enzyme levels and improved oxidative 
stress and inflammation markers, indicating its potential as a therapeutic agent for 
liver damage. Further research is warranted to explore UAG's therapeutic use for 
liver disorders.
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Physiology, Isra University, Hyderabad, 
Pakistan from March to August 2023. 
Thirty male Wistar albino rats between 
200-250 g, were purchased from the 
Animal Husbandry of Sindh Agricultural 
University, TandoJam, Sindh, Pakistan. 

The rats were housed under controlled 
environmental conditions, maintaining 
an optimal temperature of 22±2°C and 
humidity at 55±10%, with a regulated 
12:12-hour light-dark cycle. After a 
one-week acclimatization period, the 
experimental procedures commenced.

The study was approved by the Ethical 
Review Committee of Isra University 
(ERB le t ter  # IU/RR-10- IRC -
23/N/2023/287) and adhered to the 
international guidelines for the Care and 

10Use of Laboratory Animals.

The thirty rats were randomly divided 
into five groups (n=6). Group A served 
as the control, Group B was subjected 
to liver injury induction, and Groups C, 
D, and E received varying doses of UAG. 
Specifically, Group C was administered 
50 μg/kg of UAG, Group D received 100 
μg/kg, and Group E was given 200 
μg/kg, all through intraperitoneal 
injections (NJPetide, Nanjing, China) for 
three consecutive days. Three hours 
after the final UAG injection, all rats, 
except those in the control group, were 
injected intraperitoneally with 0.1% 

 CCl dissolved in corn oil to induce liver 4

injury. The control group received only 
corn oil at a volume of 0.1 mL per 10 g of 
body weight.

The rats were weighed, and samples 
were collected 24 hours after liver 
injury induction. All animals were 
sacrificed by cervical dislocation, and 
blood samples were obtained via 
cardiac puncture. The collected serum 
was stored at -20°C in sealed 
c o n t a i n e r s .  F o l l o w i n g  t h e  
manufacturer's instructions, hepatic 
markers, including serum alanine 
aminotransferase (ALT) and aspartate 
aminotransferase (AST), as well as 
ox ida t i ve  s t ress  markers  l i ke  
m a l o n d i a l d e h y d e  ( M D A )  a n d  
superoxide dismutase (SOD), were 
analyzed using commercial colorimetric 
kits. Moreover, the inflammatory 
markers such as IL-6 and TNF-α levels 
were measured using Solarbio ELISA 
kits (SEKR-0005-48T and SEKR-0009-
48T, Beijing, China). After blood sample 

collection, the liver was excised from 
each rat by dissecting the abdominal 
cavity, weighed, and the liver index was 
calculated using the following standard 

11formula:

A small section of the liver was excised 
and prepared in a 10% homogenate ice 
saline solution, then submerged in 10% 
paraformaldehyde to create paraffin 
sections. These sections were stored at 
-80°C. The paraffin-embedded sections 
were s l iced and sta ined with 
Hematoxylin and Eosin (H&E) for 
histopathological examination. The 
analysis was performed using a light 
microscope (Olympus CX31) at 100x 
magnification. Data were analyzed using 
SPSS version 24. All quantitative 
variables were expressed as mean ± 
standard deviation. One-way ANOVA 
followed by Post-hoc Tukey's test was 
used to assess significant differences 
between and within groups. A p-value 
of <0.05 was considered statistically 
significant.

RESULTS

The pre-experimental body weight 
(Mean±SD) for Groups A, B, C, D, and 
E was 227.33±7.75 gm, 229.80±2.08 
gm, 228.70±5.34 gm, 231.33±8.69 
g m ,  a n d  2 3 6 . 3 8 ± 1 0 . 6 3  g m ,  
respectively. A significant difference in 
post-experimental body weight was 
observed across all groups. Group A 
showed an increase in weight 

(249.0±23.78 gm), while Groups B 
(192.0±9.21 gm), C (219.10±2.14 
gm), D (226.63±7.56 gm), and E 
(233.66±11.57 gm) experienced 
weight reductions, as illustrated in 
Figure 1. The difference between the 
groups was statistically significant, with 
a p-value of <0.05. 

The distribution and post-hoc analysis 
of hepatic and inflammatory markers 
are summarized in Table I. A statistically 
significant increase (p<0.05) in ALT, 
AST, serum IL-6, and TNF-α levels was 
observed in group B. Although Groups 
C, D, and E also showed an increase in 
these markers, the elevation was less 
pronounced compared to Group B, 
with Group E demonstrating the most 
favorable outcomes (p<0.05) (Table I).

Regarding the liver index of all study 
animals, significant differences (p<0.05) 
were observed among the groups. Rats 
in Group B exhibited a markedly 
increased liver index compared to all 
other groups. Although a rise in liver 
index was noted in the experimental 
groups, it was less pronounced than in 
Group B. Among the experimental 
groups, Group E demonstrated the 
most favorable results (Table II).

Table III presents the oxidative stress 
markers distribution in all study groups. 
An increase in MDA level and a decrease 
in levels of SOD was observed in Group 
B compared with other groups. 
Whereas, post-induction treatment 
with UAG in the higher dose group (E) 
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Figure 1: Distribution of pre and post-experimental body weight among groups
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showed a significant improvement in 
MDA and SOD levels in comparison 
with both treatment groups (C and D). 

Figure 2 illustrates the histopathological 
changes across the study groups. Group 
A (control) displayed normal hepatic 
architecture. In contrast, Group B 
(CCl -induced liver injury) showed 4

significant pathological alterations, 
i n c l u d i n g  f a t t y  d e g e n e r a t i o n ,  
lymphocyte infiltration, and extensive 
necrosis of the liver parenchyma. 
Groups C (UAG low dose) and D (UAG 
medium dose) also displayed similar 
histopathological changes, though 
lymphocytic infiltration and necrosis 
were less pronounced compared to 
Group B. Group E (UAG high dose) 
demonstrated near-normal hepatic 
architecture with preserved liver 
parenchyma and minimal lymphocytic 
infiltration. 

DISCUSSION

The physiological effects of ghrelin's 
acylated form have been extensively 
studied since its identification as a gut 
hormone. In contrast, its unacylated 
form, previously considered inactive, 
has not received the same level of 

11,12attention.  However, recent research 
suggests that UAG has significant 
physiological and pathological roles that 
may complement or counteract the 

13,15effects of acylated Ghrelin.  This study 

aimed to evaluate the hepatoprotective 
properties of UAG in an acute liver 
injury model using Wistar albino rats. 

Carbon tetrachloride (CCl ), a potent 4

liver toxin, is commonly used in animal 
models to induce liver damage. It is 
metabolized by the cytochrome P450 
enzyme system, producing reactive free 
radicals that cause oxidative stress and 

11,16 hepatocyte injury. In this study, 
Groups B, C, D, and E were subjected 
to liver injury through intra-peritoneal 
injection of 0.1% CCl , while Groups C, 4

D, and E received UAG in varying doses 
to assess its protective effects.

Significant changes in body weights 
were observed pre- and post-
experiment in all groups, with 
statistically significant differences 
between Groups B, C, D, and E 
compared to the control Group A. 
These findings align with previous 

11studies by Gong Y, et al.,  and Rossetti 
17A, et al.,  which also reported significant 

body weight variations in response to 
similar experimental conditions.

In the present study, a statistically 
significant increase in ALT and AST 
levels was observed in Group B 
fol lowing intra-peritoneal  CCl  4

induction, compared to the other study 
groups. Conversely, the administration 
of UAG in different doses resulted in a 
substantial and statistically significant 

reduction in ALT and AST levels, with 
the most pronounced effects seen in 
Group E (high-dose UAG). These 
results are consistent with findings from 

11 18Gong Y, et al.  and Tuero C, et al.,   
who also reported the beneficial effects 
of UAG on elevated liver enzyme levels.

After the induction of CCl , a statistically 4

significant increase (p<0.05) in serum 
IL-6, TNF-α, and MDA levels, along 
with a decrease in SOD, was observed 
in Group B (induction group) compared 
to the other groups. Conversely, the 
administration of UAG demonstrated 
notable hepatoprotective effects, 
attributed to its ability to mitigate 
oxidative stress and inflammation 
induced by CCl . This was particularly 4

evident in the high-dose UAG Group 
(Group E), where a statistically 
significant (p<0.05) improvement was 
observed. CCl  induces acute liver 4

damage through oxidative stress, which 
creates an imbalance between pro-
oxidants and antioxidants. Superoxide 
dismutase (SOD), an enzyme that 
neutralizes free radicals, serves as a 
measure of hepatic antioxidant capacity. 
Malondialdehyde (MDA), a byproduct 
of lipid peroxidation, indirectly indicates 
the extent of liver damage caused by 
oxidative stress. Elevated MDA levels 
correlate with increased liver cell 
damage and subsequent necrosis. 
Additionally, inflammatory markers 
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Figure 2: Evaluation of hepatic architecture in experimental animals (100x magnification)

KMUJ 2024, Vol. 16  No.3 251



such as IL-6 and TNF-α are elevated in 
11response to the liver injury.

Numerous liver disorders are caused by 
the strong inflammatory response and 
hepatocyte death that results from the 

19effects of TNF-α.  Moreover, serum IL-
6  c o n t r i b u t e s  t o  t h e  b o d y ' s  
i m m u n o l o g i c a l  r e s p o n s e  b y  
encourag ing  in f l ammat ion  and 
exacerbating the oxidative stress 

20 11response.  Gong Y, et al.,  Raghay K,  
21 22et al.,  and Bianchi E, et al.   

demonstrated the similar effects of 
serum IL-6, TNF-α, SOD, and MDA 
levels and their effects on the liver and 
other body cells. They further reported 
the protective effects of UAG against 
these altered levels resulting from the 
CCl  and other inducers. 4

Histological findings in this study 
revealed that CCl  induction led to 4

signif icant damage to the cel l  
membrane, increasing permeability and 
causing hepatocyte injury in Group B 
( induct ion group) .  The l iver ' s  
architecture became disorganized, 
showing necrosis, cellular breakdown, 
and inflammatory infiltration. In 
contrast, treatment with UAG resulted 
in notable repair of liver damage, 
indicating a potential dose-dependent 
hepatoprotective effect.

To the best of our knowledge, this study 

is the first to explore the intervention 
effect of UAG on acute liver injury in this 
context. Exogenous UAG appears to 
exert hepatoprotective effects by 
reducing liver oxidative stress and 
modulating the inflammatory response. 
The findings expand the understanding 
of UAG's pharmacological role and may 
serve as a foundation for future research 
on UAG's potential in managing liver 
disorders. However, this study 
represents only an initial exploration of 
UAG's pharmacological activities. 
Further research is needed to fully 
elucidate its therapeutic potential and 
underlying mechanisms.

CONCLUSION

This study demonstrated that UAG 
exhibits significant hepatoprotective 
effects in acute liver injury induced by 
CCl₄ in Wistar albino rats. UAG 
treatment, particularly at higher doses, 
effectively mitigated liver damage as 
evidenced by the significant reduction in 
liver enzyme levels (ALT and AST) and 
improvement in oxidat ive and 
inflammatory markers. The study 
highlights the potential of UAG as a 
therapeutic agent in managing acute 
liver injury, suggesting its beneficial 
impact in reducing oxidative stress and 
inflammation associated with liver 
damage. These findings support further 

i n v e s t i g a t i o n  i n t o  U A G ' s  
pharmacological properties and its 
potential applications in liver-related 
disorders.
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