ITranian Journal of Pharmaceutical Research (2020), 19 (1): 343-354
DOTI: 10.22037/ijpr.2020.1100940

Received: March 2018

Accepted: December 2018

Original Article

Exogenous Ghrelin Could Not Ameliorate
3,4-methylenedioxymethamphetamine-induced Acute Liver
Injury in The Rat: Involved Mechanisms

Ravieh Golchoobian®, Fatemeh Nabavizadeh®", Mehrdad Roghani?,
Alireza Foroumadi, Maryam Izad?, Maryam Bahrami® and Hafseh Fanaei®

“Department of Physiology, School of Medicine, Tehran University of Medical Sciences,
Tehran, Iran. *Neurophysiology Research Center, Shahed University, Tehran, Iran. ‘Department
of Medicinal Chemistry, Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran,
Iran. “Department of Immunology, School of Medicine, Tehran University of Medical Sciences
Tehran, Iran. ¢Department of Physiology, School of Medicine, Ahvaz Jundishapur University of
Medical Sciences, Ahvaz, Iran.

Abstract

MDMA (3,4-methylenedioxymethamphetamine, ecstasy) is often abused by youth as a
recreational drug. MDMA abuse is a growing problem in different parts of the world. An important
adverse consequence of the drug consumption is hepatotoxicity of different intensities. However,
the underlying mechanism of this toxicity has not been completely understood. Ghrelin is a gut
hormone with growth hormone stimulatory effect. It expresses in liver, albeit at a much lower level
than in stomach, and exerts a hepatoprotective effect. In this study, we investigated hepatotoxicity
effect of MDMA alone and its combination with ghrelin as a hepatoprotective agent. MDMA
and MDMA+ ghrelin could transiently increase serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) followed by tissue necrosis. However, they could significantly
decrease liver tumor necrosis factor-a (TNF-t) in both treatment groups. Unexpectedly, in
MDMA treated rats, Bax, Bcl-xl, Bcl-2, Fas, Fas ligand (Fas-L), caspase 8, cytochrome c, caspase
3 gene expression, and DNA fragmentation were nearly unchanged. In addition, apoptosis in
MDMA+ ghrelin group was significantly reduced when compared with MDMA treated animals.
In all, MDMA could transiently increase serum transaminases and induce tissue necrosis and
liver toxicity. Ghrelin, however, could not stop liver enzyme rise and MDMA hepatotoxicity.
MDMA hepatotoxicity seems to be mediated via tissue necrosis than apoptotic and inflammatory
pathways. Conceivably, ghrelin as an anti-inflammatory and anti-apoptotic agent may not protect
hepatocytes against MDMA liver toxicity.
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Introduction

MDMA (3,4-methylenedioxymethamphet-
amine, ecstasy) is a synthetic drug derivative
of amphetamine and is commonly known as
love drug (1, 2). It is frequently used at ‘rave’
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parties for vigorous dance without going into
a state of fatigue (3). It is often abused by
youth as a recreational drug (4). Nowadays,
MDMA abuse in different parts of the world
comes in epidemic proportions (5). The liver
is a major target for MDMA-induced toxici-
ty (4). MDMA hepatotoxicity is idiosyncrat-
ic in nature and can be manifested from mild
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spontaneously healed hepatitis (3, 6), to severe
liver dysfunction (7, 8), or even a fulminant
liver failure (3, 9-12). The mechanism of this
liver injury is quite complex and rather un-
known. There are various hypotheses in this
regard including a possible direct effect of
amphetamines and/or reactive metabolites,
increased neurotransmitter efflux, biogenic
amine oxidation, hyperthermia, mitochondrial
impairment, and apoptosis (13). Among these
potential mechanisms, apoptosis has been the
center of attention in many researches (1, 14).
Despite untoward sequels of MDMA, some
researchers are still keen to use it for post-trau-
matic stress disorder and anxiety. MDMA has
depicted to have immunomodulatory and neu-
roimmune characteristics (15) with contradic-
tory responses in different settings (16-19).
Ghrelin is a peptide that was first purified
from rat stomach and recognized as an
endogenous ligand for the growth hormone
secretagogue receptor. This  orexigenic
hormone is produced in endocrine cells of
the stomach known as X/A-like cells in
addition to other tissues like the liver (20, 21).
Acute administration of MDMA increases
endogenous serum ghrelin concentration
with no significant change in serum growth
hormone level (22). Ghrelin has also shown
to have hepatoprotective (20, 23 and 24) and
anti-inflammatory effects (21, 25 and 26). In
sepsis, it decreases TNF-a level and can inhibit
its hepatocellular dysfunction (27). Studies
have also reported anti-apoptotic properties of
ghrelin in muscle, intestine, and liver (24, 28-
30). Therefore, based on anti-apoptotic, anti-
inflammatory, and hepatoprotective effects of
ghrelin we designed this study to investigate
underlying MDMA hepatotoxical mechanisms
and its combination with ghrelin on liver injury
to see how this combination will be beneficial.

Experimental

Materials

MDMA (purity was 99.8%) was procured
fromthe organic chemistry laboratory of Tehran
medical sciences university pharmacy faculty
(Tehran University of Medical Sciences,
Tehran, Iran). Rat ghrelin was purchased from
Sigma-Aldrich (St. Louis MO, USA), RiboEx
total RNA was from GeneAll (Seoul, Korea),
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and cDNA synthesis kit and SYBER Premix
Ex Tag™ were from Takara Bio Inc. (Otsu,
Shiga, Japan), cell-death detection ELISA kit
was from Roche (Mannheim, Germany), Rat
TNF-a ELISA kit and protease inhibitor were
from Sigma-Aldrich (St. Louis MO, USA).

Animals

Forty-eight male adult Wistar rats weighing
200-250 g were obtained from animal house
(Physiology Department, Tehran University
of Medical Sciences, Tehran, Iran) and kept
under standard conditions of temperature (22
°C + 2) and light/dark cycle (12-hour) with
free access to food and water. All experimental
procedures were in accordance with the
guidelines for the Care and Use of Laboratory
Animals published by National Institutes of
Health (NIH Publication No. 85-23, revised
1996) and approved by the research council of
Tehran university of medical sciences.

Study design

The animals were randomly divided into
four equal-sized groups of 1) MDMA (n =
12); the animals received single intraper-
itoneal injection of MDMA (20 mg/kg, i.p.).
2) Control (n = 12); the animals received an
equal intraperitoneal volume of normal saline
as vehicle. 3) Ghrelin (n = 12); the animals
received double apart doses of ghrelin (10
nmol/kg, i.p. with 3h gap). 4) MDMA+Ghrelin
(n=12); animals received MDMA (20 mg/kg,
i.p.) followed by doubled apart ghrelin doses
(10 nmol/kg, i.p. with 3h gap) 1 h post MDMA
administration. The rats were then euthanized
6 h or 24 h following intervention to assess
laboratory parameters. In all groups, half of
the animals were anesthetized 6 h following
intervention, and after blood sampling, the
middle lobe of the liver was harvested to
measure TNF-o. Eighteen hours after the
initial blood collection, blood sampling was
performed and tissue samples were taken out
to apoptosis assay, quantitative real-time PCR,
and histological evaluation for the other half
of the animals. MDMA optimal dose adopted
from our dose-response study accordingly
(unpublished data). This dose has also been
used in earlier similar studies (22, 31 and
32). Ghrelin dose was also obtained from our
previous study (33).



Blood biochemistry studies

Whole blood sample drew from the left
animal cardiac ventricle and centrifuged
at 3000 rpm for 10 min. Serum was then
separated and stored at -70 °C. Serum
alanine aminotransferase (ALT) and aspartate
aminotransferase ~ (AST) and  alkaline
phosphatase (ALP) were measured using
Sapphire 800 auto analyzer (Cork, Ireland).

Histological study

Liver tissue excised under deep anesthesia
and immersed in 10% buffered formalin. After
paraffin embedding and sectioning of the tissue
into 5 pum slices, all sections were stained with
hematoxylin and eosin (H and E). Histological
evaluation performed using light microscopy
in a blinded manner. Liver cell necrosis was
graded according to the following criteria: 0,
absent; 1, mild; 2, moderate; and 3, severe (34,
35).

Table 1. Oligonucleotide primers used in qRT-PCR.
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Reverse transcription polymerase chain
reaction (RT-PCR)

Isolated liver tissues were snapped frozen
in liquid nitrogen and stored at -70 °C until
used. A hundred mg of liver fresh tissue was
taken for RNA extraction using RiboEx
Total RNA according to the manufacturer’s
instructions. Total RNA concentration was then
measured (NanoDrop 2000 Thermo Scientific,
Wilmington, DE, USA). The samples were
finally aliquoted and stored at -70 °C for
further analysis. RNA extracts also treated with
DNase I RNase-free solution to prevent any
trace of genomic contamination. Afterwards,
complementary DNA was synthesized from
total RNA using cDNA synthesis kit according
to the manufacturer’s instructions. Quantitative
real-time PCR was performed by Step one plus
Real-Time PCR System (Applied Biosystems,
Carlsbad, CA, USA) based on the comparative
threshold cycle method following manufacture’s

mRNA Forward (5°-3°)

Reverse (5°-3°)

Bax

CTCAAGGCCCTGTGCACTAAA

Bcl-2 CATCGCTCTGTGGATGACTGA
Bel-xI GCAGTCAGCCAGAACCCTATC
Cytocrom ¢ CTTGGGCTAGAGAGCGGGA

Caspase 3 GAGCTTGGAACGCGAAGAAA
Caspase 8 AAAGCCCAGGTTTCTGCCTA
Fas AGGGCATGGTTTAGAAGTGG
Fas-L ACTCCGTGAGTTCACCAACC

GAPDH TCTCTGCTCCTCCCTGTTCTA

GGGGGTCCCGAAGTAGGAA

CTGGGGCCATATAGTTCCACAA

GGGCTCAACCAGTCCATTGT

GTGGCACTGGGCACACTTTT

GAGTCCATCGACTTGCTTCCA

ATCAAGCAGGCTCGAGTTGTC

GTGCAAGGCTCAAGGATGTC

TAAGTGGGCCACACTCCTTG

GGTAACCAGGCGTCCGATAC
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protocol. GAPDH used as housekeeper genes
to standardize gene expressions. The primer
pairs were shown in Table 1. Relative gene
expression of the treated group to control was
calculated by 274“* method. Primer design was
performed using Primer 3 and BLAST (NCBI).

Preparation of tissue lysates

Liver tissue was dissected out and
homogenated in 10% concentration using a
homogenizer (IKA, Germany) in cold RIPA
lysis buffer containing 0.1% Triton X100,
0.1% sodium deoxycholate, 0.1% sodium
dodecyl sulfate, and protease inhibitor cocktail
(AEBSF, aprotinin, bestatin, E-64, leupeptin
and EDTA), followed by centrifugation at
10000 xg (5 min, 4 °C). Aliquoted supernatant
was then stored at -70 °C.

Assessment of tissue TNF-o level and
apoptosis assay

Quantitative TNF-o and cytoplasmic
histone-associated DNA fragments of tissue
lysates were determined according to kits
manufacturer’s instructions. TNF-a and
DNA fragmentation values were expressed
as picogram per milliliter and optical density
(OD) of each experimental group, respectively.

Data analysis

Data presented as mean + SEM. Data
normality was assessed with Kolmogorov-
smirnov test. One-way ANOVA and Tukey
post-hoc tests were used to compare means in
different groups. Differences were considered
statistically significant if p < 0.05.

Results

Biochemical markers

We first examined the effect of MDMA
and MDMA in combination with ghrelin
on rat liver function through the evaluation
of serum levels of ALT, AST, and ALP by
collecting blood 6 h and 24 h after MDMA
administration. Serum ALT and AST levels
of both MDMA (f (3, 20) = 10.01, p < 0.05,
f (3, 20) = 6.84, p < 0.01, respectively)
and MDMA+Ghrelin  received animals
significantly increased (f (3, 20) = 10.01, p <
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0.001, £ (3, 20) = 6.84, p < 0.05, respectively),
with no significant changes in ALP level six
hours after MDMA administration compared
to the control group. Meanwhile, at 24 h post
MDMA administration, ALT, AST, and ALP
declined and nearly reached to control group
in MDMA and MDMA+Ghrelin animals. No
significant differences in ALT, AST, and ALP
were noted in control and ghrelin groups at
aforementioned time gap (Figure 1).

Hepatic TNF-o measurement

Liver tissue TNF-a of the rats treated with
MDMA and MDMA+Ghrelin both significantly
decreased (f (3, 17) = 434.21, p < 0.001)
compared with the normal saline and ghrelin
received animals. No significant differences in
TNF-a level were noted between the control
and ghrelin received rats, (Figure 2A).

Hepatic DNA fragmentation

Liver tissue apoptosis was determined
with a cytoplasmic histone-associated DNA
fragments assay as a valid apoptosis indicator
(36) at 24 h post MDMA administration. In
the MDMA+Ghrelin received rats apoptosis
significantly was reduced compared with the
MDMA received animals (f (3, 17) = 3.06, p
< 0.05). Cytoplasmic histone-associated DNA
fragments in MDMA and ghrelin received
animals did not show significant difference
when compared with the control group (Figure
2B).

Liver apoptosis-related genes expression

The expression level of 8 genes associated
with apoptosis which we selected did not
significantly differ in various groups, but the
expression of anti-apoptotic protein, Bcl-2, in
MDMA and MDMA-+Ghrelin, was 3.5-fold
and 1.5-fold higher, but it was non-significant
versus control, respectively (Figure 3A). mRNA
level of Bel-xl as a survival protein was lower
(non-significant) in the animals treated with
MDMA alone and in combination with ghrelin
(0.2-fold and 0.5-fold, respectively) (Figure
3B). There were no significant differences in
the levels of Fas, Fas-L cytochrome-c, caspase
8 and caspase 3 gene expression among the
groups (Figures 3C and 3D).
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Figure 1. Serum (A) ALT, (B) AST and (C) ALP levels in control animals,
ghrelin (10 nmol/kg, i.p. with 3 h apart) injected animals, MDMA (20 mg/
kg, i.p.) injected animals and MDMA in combination with ghrelin. Levels of
enzyme were measured 6 h and 24 h after intervention. Statistical comparison
between groups was performed using analysis of variance followed by the
Tukey test. p < 0.05, “p <0.01, ""p < 0.001 as compared to control group; “p
<0.05, #p <0.01 as compared to ghrelin group.

Histological examination and MDMA+ ghrelin received animals
Liver tissues in the control group showed  histological- induced changes were noted
normal architecture. However, in both MDMA  compared with the control group. In addition,
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Figure 2. (A) TNF-a and (B) DNA fragmentation in control animals, ghrelin (10 nmol/kg, i.p. with 3 h apart) injected animals,
MDMA (20 mg/kg, i.p.) injected animals and MDMA in combination with ghrelin at the same dosage exposure animals. Level of
TNF-a was measured in liver tissue 6 h after intervention. DNA fragmentation was measured in liver tissue 24 h after intervention.
Statistical comparison between groups was performed using analysis of variance followed by the Tukey test. **p < 0.001 as compared
to control group, #**p < 0.001 as compared to ghrelin group, $p < 0.05 as compared to MDMA group.
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Figure 3. The relative gene expression level of (A) Bax and Bcl-2, (B) Bcel-xL and caspase 8, (C) Fas and Fas-L, (D) cytochrome ¢
and caspase 3 in control animals, ghrelin (10 nmol/kg, i.p. with 3 h apart) exposure animals, MDMA (20 mg/kg, i.p.) exposure animals
and MDMA in combination with ghrelin. The relative expression level of each gene was determined by real-time polymerase chain
reaction. Statistical comparison between groups was performed using analysis of variance followed by the Tukey test. There were no
statistical differences between groups.
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hepatocytes necrosis were significantly higher
in the MDMA and MDMA+ ghrelin received
animals (p < 0.05, f (3, 12) = 6.223) than the
control. The ghrelin received animals showed
no morphological change.

Discussion

To the best of our knowledge, this is the
first study that investigated the possible
mechanisms of MDMA hepatotoxicity
and protective effects of MDMA+ghrelin
administration on the rat liver tissues. In our
study, MDMA could transiently increase liver
enzymes, an indicative of MDMA-induced
hepatotoxicity. MDMA could also remarkably
reduce hepatic TNF-a level with less influence
on programed cell death and apoptosis-related
gene expression despite the focal hepatic
necrosis. Ghrelin administration post MDMA
challenge neither suppress MDMA-induced
hepatic necrosis and liver enzyme rise nor
alleviate MDMA immunosuppressive effects,
in spite of significant DNA fragmentation
and unchanged apoptosis- related genes
expressions.

Significant transient increases in serum
ALT and AST levels in MDMA and MDMA
in combination with the ghrelin groups as
compared to the control group were observed.
Additionally, ghrelin showed more elevation
of serum ALT and less elevation of serum
AST versus those elevations induced by
MDMA. Increased AST and ALT activities
as indices of MDMA-induced cytotoxicity
in rat hepatocytes have been previously
demonstrated (37). It has also been reported
that MDMA-induced hepatotoxicity is
associated with  hepatic  transaminases
elevation in humans and laboratory animals
(3, 6 and 38). Transaminases rises are
indicative of necrosis, since ALT and AST are
two of the most reliable indicators of hepatic
injury and necrosis (39). Our results showed
that co-administration of MDMA and ghrelin
increases ALT level, as a specific marker for
hepatic injury, and decreased AST levels as
compared to the control. In fact, ghrelin could
not prevent MDMA-induced hepatic injury.
Since AST is also present in other tissues
(39), ghrelin-induced reduction in AST may
be indicative of the beneficial effect of ghrelin
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on the other tissues. It should be noted that
when baseline values were compared between
treated and control groups, ghrelin was not
able to completely normalize MDMA -induced
AST elevation.

In the present study, MDMA could reduce
liver TNF-a level when compared to the
control group. Ghrelin did not alter MDMA-
induced TNF-a reduction. MDMA inhibitory
effect on TNF-a level has been reported in the
presence of pre and post immune challenge,
but surprisingly, in this study for the first
time we saw that single dose MDMA could
suppress TNF-a production in the absence of
any immune challenge. Interestingly, several
contradictory studies are found in the literature.
For instance, Cerretani et al. reported a strong
positive expression for TNF-o production
post MDMA use (31). However, Connor
et al observed no change in TNF-a levels
following MDMA administration within 2 h
to 24 h (16-19, 40). One possible mechanism
refers to vagus nerve and peripheral nicotinic
acetylcholine receptors that mediate MDMA -
induced TNF-a inhibition (17). Reportedly,
ghrelin has a wide array of anti-inflammatory
activities in endotoxin shock and sepsis models
(41, 42). In our study, MDMA seems to have
strong inhibitory effects on TNF-a production
that cannot be further potentiated by ghrelin
administration (Figure 2A).

The pro-inflammatory cytokine TNF-a is
regarded as an important signaling molecule in
initiating and coordinating a range of immune-
related responses against pathogenic agents
(18). Therefore, MDMA-induced TNF-a
reduction may affect host resistance to infection
(43-47). Additionally, it has been suggested
that immunosuppressive property of MDMA
is at least partly responsible for MDMA-
induced hepatotoxicity (4). Since, liver is an
important organ involved in detoxification
and likely to be injured by ingested toxins or
drugs, it is highly capable of regeneration for
its survival (48). Several studies have depicted
TNF-a role in tissue regeneration (49, 50).
Thus, in our study reduced TNF-a level may
indicate MDMA-induced regeneration defect
following toxic injury. Anti-TNF-o agents
have shown to be toxic for liver tissues with
unknown underlying mechanisms (51).

Despite in-vitro MDMA pro-apoptotic
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effects on rat hepatocytes, in our in-vivo study, disparities on apoptosis induction (1, 19 and
we could not show MDMA pro-apoptotic ~ 31). Apoptotic effect of MDMA may occur in
activities. This finding may be due to in-vivo setting if MDMA is used for repeated
different MDMA dose, way of administration,  doses or for chronic purposes. In support
duration of exposure and in-vivo vs. in-vitro of this claim, Warren et al. has shown that

N
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Histopathologic grading

Control Ghrelin MDMA MDMA+Ghrelin

Figure 4. Histological sections of the rat liver from (A) control, (B) ghrelin (10 nmol/kg, i.p. with 3 h
apart) injected animals, (C) MDMA (20 mg/kg, i.p.) injected animals and (D) MDMA in combination
with ghrelin at the same dosage exposure animals were stained with Hematoxylin and Eosin stain.
Magnification 400x. The histological changes were scored according to the following criteria: 0, absent;
1, mild; 2, moderate; and 3, severe hepatocellular necrosis. Statistical comparison between groups was
performed using analysis of variance followed by the Tukey test. p < 0.05 as compared to control group.
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apoptosis of the liver occurred just 72 h after
MDMA administration (52).

In the present study, real- time RT-PCR
approach was used to assess molecular
mechanisms that may be involved in the
apoptotic process. Gene expressions varied
between the groups; however, it failed
to reach a significant level. It has been
reported that an up-regulation of bcl-2 gene
can prevent methamphetamine-induced
apoptosis of immortalized neuron cells
(53). MDMA-treated animals demonstrated
a 3.5-fold increase of Bcl-2 and a 0.8-
fold decrease of Bax expression, probably
indicating a defensive mechanism of the liver
cells to resists MDMA-induced programed
cell death. As far as we know, no study has
examined the effects of MDMA on Fas/Fas-L
expressionin liver. The Fas/Fas-L systemis an
important pathway for programed cell death
in the hepatocytes (54). Another interesting
finding of this study was that the gene
expression of Fas/Fas-L in the liver remained
unchanged following MDMA expousure.
Despite no significant results for MDMA-
induced apoptosis, we observed a significant
reduction of apoptosis in MDMA+Ghrelin
as compared to MDMA group. These effects
could be related in part to the fact that
expression of anti-apoptotic cell regulator
Bcel-xl decreased (non-significant) by 20%
in the MDMA and restored (non-significant)
to 50% of the control with MDMA+Ghrelin
treatment. It has been demonstrated that
ghrelin treatment following irradiation
increase the Bcl-xl protein expression
levels which was followed by apoptosis
reduction (30). Ghrelin has shown to prevent
apoptosis of cardiomyocytes and endothelial
cells through stimulating anti-apoptotic
intracellular signalling pathways, such as
activation of extracellular-signal-regulated
kinase-1 and -2, protein kinase B (Akt), and
tyrosine phosphorylation of intracellular
proteins (29). This may indicate that ghrelin
via post-translational modifications exerts
anti-apoptotic effect in liver. Previously, it
has been hypothesized that apoptosis plays a
major role in MDMA -induced hepatotoxicity;
however, our study shows that ghrelin, being
an anti-apoptotic agent fails to diminish
MDMA-induced hepatic injury.
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Tweny four hours follwing MDMA
administration, histological analysis showed a
significant increase in necrosis of hepatocytes
and ghrelin administration did not improve the
tissue histology (Figure 4). Several clinical
studies have suggected a more prominent role
of necrosis than apoptosis in causing MDMA -
induced hepatotoxity (55). Additionaly,
previous in-vitro studies have demonstreted
that MDMA triggers necrosis rather than
apoptosis by increasing the temperature of
the medium (55, 56). The rise in temperature
has been shown to induce oxidative stress
and deplete cellular ATP which in turn may
lead to hepatic necrosis (55). Since, necrosis
and apoptosis are key features of liver injury
(57), it is assumed that MDMA-induced
necrosis may be attributed to transient
increases in liver enzymes. However, further
studies are warranted to clarify the role of
necrosis in MDMA-induced liver injury. In
the present study ghrelin did not show any
hepatoprotective effect in MDMA-induced
hepatotoxicity since, ghrelin administration
did not decrease nighter liver enzymes and
necrosis elevation nor TNF-a reduction.

Conclusion

In our study, MDMA caused transient
increase in serum transaminase levels that
was associated with reduction of TNF-o and
increased necrosis of hepatic tissue. Moreover,
MDMA made no obvious perturbation in the
mitochondrial-induced apoptosis pathway.
Additionally, administration of exogenous
ghrelin could not ameliorate MDMA -induced
acute liver injury.
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