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ARTICLE INFO Abstract

Background: Nowadays, one of the problems of human beings is drug addiction, which

Article type: causes individual, economic and social damages. One of the most commonly used substances
Original Article in parties is ecstasy pills or 3, 4-methylenedioxymethamphetamine (MDMA). This study

seeks to assess the effect of curcumin in complications of ecstasy on liver tissue in rats.

K_GYWOFdSZ Methods: 48 male Wistar rats in six groups were treated with curcumin (20 i mol/kg) and
Liver MDMA (20 mg/kg) simultaneously and non-simultaneously. At the end of the experiment,
MDMA blood samples were collected, lipid profile, liver enzymes were measured and morphology of
Curcumin liver was done.

Rat

Results: MDMA consumption had adverse effect on lipid profile in comparison to the control
group. Treatment of curcumin with MDMA consumptionimproved this effect of MDMA on
lipid profile. Moreover, curcumin treatment concurrent with MDMA consumption increased
liver enzymes, whereas consumption of MDMA for 15 days and curcumin treatment in the
next 15 days decreased liver enzymes.

Conclusion: Our findings suggest that simultaneous consumption of MDMA and curcumin
have a synergistic adverse effect on liver enzymes and liver tissue. It is assumed that MDMA
intestinal absorption increased by curcumin. While non-simultaneous treatment of curcumin
and MDMA improved undesirable effects of MDMA on liver that is assumed by antioxidant
capabilities of curcumin.
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Introduction MDMA was produced by Merck pharmaceutical company in

MDMA (3,4-Methylenedioxymethamphetamine) is an 1912 under the name “methylsafrylamin” (1). It was planned to

entertaining drug of abuse with toxic potential toward most be used for decreasing appetite but failed (2). After the

tissues including the liver (1). consumption of ecstasy, psychological changes including

euphoria, high self-confidence and power (3), being awake,
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sexual arousal, abnormalities in perception and mental
awareness, and hallucination (4) are experienced. Physical
complications of ecstasy include tachycardia, hypertension,
blood coagulation, muscular stiffness, uncontrolled clump of
teeth, nausea, blurred vision, syncope, shivering, and sweating
(5). After oral consumption of MDMA, it is immediately
absorbed from digestive system and its maximum level of
blood concentration occurs 2 hours after consumption (6).
Metabolism of MDMA occursin the liver by cytochrome P450
or CYP2D6 enzymes and MDMA is changed to
methylenedioxyamphetamine (MDA). It is shown that MDA
increases the peroxidation of lipids and decreases glutathione.
Thus, it decreases the liver mitochondrial function and
increased liver toxicity (7). Clinical observations showed that
hepatotoxicity is the main toxicity caused by MDMA. In this
sense, histologic experiments in some studies showed that
MDMA induced toxicity ranges from mild hepatitis of the
lobules to the collapse of the subdivisions of lobules (8). Also,
an increase in the liver enzyme levels, alkaline phosphatase,
bilirubin, and prothrombin following the use of MDMA has
occurred (3). Clinical studies claim that the toxic effects of

MDMA on the liver include jaundice, hepatomegaly, hepatitis,

necrosis of the central lobules, fibrosis, and liver fail (9, 10).
There are several factors related to the liver toxicity caused by
MDMA which include MDMA metabolism, increased
dissemination of neurotransmitters, oxidation of biogenic
Amines, and hyperthermia (11). Despite the control of MDMA
misuse, it is still the second cause of liver injury in people below
the age of 25 years and there is still no cure for the liver injury
caused by MDMA (12).

Curcumin is the main substance of turmeric. Many invitro
and invivo studies have suggested that it has antioxidant,
antiinflammatory, antineoplastic, antimyeloid, and antiarthritic
effects. Antioxidant effects of curcumin are proved to be ten
times greater than vitamin E (13).

In view of what was said above, this study seeks to

investigate the effect of curcumin on liver functional and

morphologic harms caused by MDMA.

Materials and Methods
Animals

Experiments were carried out on 48 adult male Wistar rats
(2 +£30g body weight). The animals were randomly divided

into six groups (n=7):

Table 1. Experimental Design

Treatment ethyloleate MDMA Curcumin . .
Water Treatment Simultaneous Non-simultaneous

02ml 20 mg/kg 20 p mol/kg . _ _ .
- 20mg/kg oral - days interventions interventions

Groups IP injection oral IP injection

I * * 15 *

1l * * 30 *

{1] * * 15 *

v * * 15 *

V * * 30 *

VI * * 30 *
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All animal experiments were performed under the
guidelines on human use and care of laboratory animals for
biomedical research published by National Institutes of Health
(8th ed., revised 2011) and conformed to the Declaration of
Helsinki. The Ethics Committee of Urmia University approved

the experimental protocol.

Chemicals

Curcumin (Sigma Company for Chemicals, Iran) dissolved
in ethyloleate and administered (20 1 mol/kg) subcutaneously
to ras. A stock  solution of 3, 4-
methylenedioxymethamphetamine (MDMA, Ecstasy) (Sigma
Company for Chemicals, Iran) was prepared at 2ml distilled

water and administered intragastically at 20 mg/kg to rats (14).

Sample preparation

At the end of treatments period, the rats were anesthetized
by 10% chloral hydrate (0.5 mL/100g body weight, IP). The
anesthesia depth was assessed by pinching a hind paw. At
termination, after weighing the animals, the blood was
collected from the heart in heparinized tubes, centrifuged at
1,000 g for10 minutes so plasma separated and stored at —80°C

and livers were excised for histological analysis.

Biochemistry Analysis

For biochemistry analysis, the collected blood without
EDTA was centrifuged at 3500 rpm during 15 minutes to
obtain the serum that was stored at -20°C. The serum
concentration of liver enzymes (alanine aminotransferase -
ALT, aspartate aminotransferase - AST, and alkaline
phosphatase — ALP, Lactate dehydrogenase LDH) were
determined by colorimetric assay using commercially available
kits according to the manufacturer’s instructions (Labtest

Diagnostica S.A., Lagoa Santa, MG, Brazil).
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Biochemical parameters including total cholesterol (TC),
triglycerides (TGs), high density lipoprotein-cholesterol
(HDLc), and low density lipoproteincholesterol (LDLc) which
were determined enzymatically on a COBAS FARA analyzer
Roche Diagnostics, Switzerland) (15).

Histopathological evaluation

For histology, tissue samples fixed in 10% buffered
formalin were paraffin embedded for preparation of 5 _m
sections that were stained with Hematoxylin and eosin (H&E).
The photomicrographs were taken using a binocular Zeiss®

microscope (model Axioskop 2 plus).

Statistical analysis

All values were analyzed by one-way and two-way
analysis of variance (ANOVA), and the Tukey test was used to
compare quantitative data. Values less than 0.05 were
considered statistically significant in all cases. Results are

expressed as means +- SEM.

Results
Biochemical changes
Effects of MDMA Consumption and Curcumin Treatment
on Lipid Profile

Figure 1 (A-D) shows the levels of cholesterol,
triglycerides, HDL, and LDL in the serum of rats. As according
to Fig 1A and B, 15 days of MDMA consumption significantly
(p<0.05) increased cholesterol and TG levels in blood in
comparison with the control group. Also, simultaneous
consumption of MDMA and curcumin for 15 days (group 1V)
significantly decreased cholesterol (p<0.01) and TG (p<0.05)
levels in blood in comparison with the group 111 and the amount
of COL and TG in this group were found to be similar to that in

the control animals.
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Figure 1 (A and B) shows that 15 days of MDMA
consumption and ethyloleate injection in the next 15 days
significantly (p<0.05) increased cholesterol and TG levels in
blood compared with the groups 1, 11 (p<0.0¢) and IV (p<0.01).
The one-way ANOVA showed that consumption of MDMA
for 15 days and curcumin treatment in the next 15 days
significantly decreased cholesterol (p<0.0Y) and TG (p<0.05)
levels in blood compared with groups 1V, V and the amount of
COL and TG in this group were found to be similar to that in
the control animals.

According to Fig 1C and D, 15 days of MDMA
consumption significantly (p<0.05) increased LDL levels and

diminished HDL (p<0.01) levels in blood in comparison to the

control groups. Also, simultaneous consumption of MDMA
and curcumin for 15 days, significantly (p<0.01) decreased
LDL and increased HDL levels in blood in comparison to the
group IlIl. Figure 1C and D show that 15 days of MDMA
consumption and ethyl oleate injection in the next 15 days
significantly increased LDL (p<0.05) and decreased
HDL(p<0.01) levels in blood compared with the groups I, 11
and 1V. The one-way ANOVA showed that the consumption
of MDMA for 15 days and curcumin injection in the next 15
days significantly declined LDL (p<0.01) compared to groups
IV (p<0.05)and V (p<0.01) and increased HDL (p<0.05) levels

in blood compared to groups IV and V groups.

Figure 1. Effect of simultaneous and not- simultaneous curcumin treatment with MDMA consumption on cholesterol (Fig 1-A), TG (Fig 1-B), LDL

(Fig 1-C), HDL (Fig 1-D) levels in the serum of different groups of study.
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Data are expressed as mean + SEM for 7 animals. *p<0.05, ** p<0.01 vs the group (1). ++ p<0.01, ++ p< 0.01 vs the group (II). @ p<0.05, @@ p<0.01 vs the group (III).

& p<0.05, && p<0.01 vs the group (IV). $ p<0.05, $$ p<0.01 vs the group (V).

464



Journal of Kerman University of Medical Sciences

2019, Vol. 26, Issue 6

Effects of MDMA Consumption and Curcumin Treatment
on Liver Enzymes

Figure 2 (A-D) shows the levels of liver enzymes in the
blood of rats. One-way ANOVA showed that 15 days of
MDMA consumption significantly increased AST (p<0.01)
and ALT (p<0.05) levels in blood in comparison to the control
groups (Figure 2 2 A-B). Also, simultaneously consumption of
MDMA and curcumin for 15 days significantly increased AST
(p<0.001) compared to the control group (p<0.001) and group
111 (p<0.05) and significantly increased ALT compared to the
control groups (p<0.05) (Fig 2 A-B). Figure 2 A and 2 B shows
that 15 days of MDMA consumption and ethyl oleate injection
in the next 15 days significantly (p<0.05) declined AST and
ALT compared to IV group. The one-way ANOVA showed
that consumption of MDMA for 15 days and curcumin
injection in the next 15 days significantly decreased AST in
compared to groups 11 (p<0.01) 1V (p<0.001)and V (p<0.001)
groups and significantly (p<0.05)decreased ALT levels in
blood compared to groups 111 and 1V groups.

As shown in Figure 2 C and D, 15 days of MDMA

consumption significantly increased ALP (p<0.05) and LDH
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(p<0.001) levels in blood in comparison to the control groups.
Also, simultaneous consumption of MDMA and curcumin for
15 days, significantly (p<0.01) increased ALP levels in blood
in comparison to the group I11. Figure 2C shows that 15 days of
MDMA consumption and ethyloleate injection in the next 15
days significantly increased ALP (p<0.05) compared to the
group Illand significantly decreased ALP (p<0.05) compared
to the group IV. Also, 15 days of MDMA consumption and
curcumin injection in the next 15 days significantly (p<0.01)
diminished ALP levels compared to the group IVand, V.

Fig. 2D shows that simultaneous consumption of MDMA
and curcumin for 15 days, significantly increased LDH levels
in blood in comparison with the group 1,11 (p<0.001) and Il
(p<0.05). The one-way ANOVA shows that 15 days of
MDMA consumption and ethyl oleate injection in the next 15
days significantly increased LDH (p<0.001) in comparison
with the group I, 1l and IV (p<0.05). Also, 15 days of MDMA
consumption and curcumin injection in the next 15 days
significantly reduced LDH levels in comparison with the group

111, IV (p<0.001) and V (p<0.01).
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Figure 2. Effect of simultaneous and not- simultaneous curcumin treatment with MDMA consumption on AST (Fig 2-A), ALT (Fig 2-B), ALP (Fig 2-C),

LDH (Fig 2-D) levels in the serum of different groups of study.
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Data are expressed as mean + SEM for 7 animals. *p<0.05, ** p<0.01 **, ***p<0.001 vs the group (1). ++ p<0.01, ++ p< 0.0, +++ p< 0.001 vs the group (I1). @ p<0.05,

@@, p<0.01 @@@ p<0.001 vs the group (I11). & p<0.05, && p<0.01, &&& p<0.001 vs the group (IV). $ p<0.05, $$ p<0.01 vs the group (V).

Effects of MDMA Consumption and Curcumin
Treatment on Body Weight

Table 2 illustrates that 15 days of MDMA consumption
resulted in a significant (p<0.001) decrease in body weight in
group 111 compared to | and Il groups. Also, simultaneous
consumption of MDMA and curcumin for 15 days,
significantly decreased body weight comparison with I, 1l
groups (p<0.001) and Il (p<0.01). Similarly, a significant
decrease in body weight was observed in the group V
compared to the I, Il groups (p<0.001) and IV
(p<0.01).However, the body weight in group V was found to
be similar to that in the group Ill. Furthermore, 15 days of
MDMA consumption and curcumin injection in the next 15

days significantly reduced body weight compared to the group
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I and, IT (p<0.001) while didn’t observe any significant changes

between this group with group V.

Histopathological Findings
Effect of MDMA Consumption and Curcumin Treatment
on Liver Tissue

Results from the liver tissue histopathological examination
are given in Figure 3. In the MDMA treated groups Il and V
(MDMA treated groups) and group IV (simultaneously
MDMA treated several

and  curcumin

groups),
histopathological changes such as interstitial edema, leukocyte
infiltration, hepatocyte necrosis and congestion were observed.
While, the mentioned histopathological changes in the group
VI (nhon-simultaneously MDMA and curcumin treated groups)

are less seen.
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Figure 3. (I-V1): The histological light microscopy images of the liver tissue stained with hematoxylin and eosin (I — VI1). Arrow A: Central hepatic vein,

arrow B: Normal hepatocyte, Arrow C: Portal area, Arrow D: Necrosis, Arrow E: Lymphocyte,

Discussion with curcumin was conducted in two ways: simultaneous
This study is the first to investigate the effects of curcumin curcumin treatment with MDMA or curcumin treatment for 15
treatment on the undesirable effects of MDMA on the liver days after consumption of MDMA for 15 days.

tissue of rats. According to the experimental design, treatment
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Table 2. Effect of simultaneous and non- simultaneous curcumin treatment with MDMA consumption on body weight in rats in each group.

G roups Body weight(before) (g) Body weight (after) (g) Change in body weight (%)
| 220+£58 23591 166+2

1 216+7.1 241+64 1704+£22

11 218+6.5 210+86™ —-10.33£1.02 7+

v 225+97 200 5.8+ —20+247@0

\% 227+59 216+227+@ —13.48 £ 1.63a""+&&
Vi 220+6.2 212 £2.1%*+& —13.14 £ 1.53a™"+&&

Body weight (before) indicates weights of animals before treatments. Body weight (after) indicates weights after treatment of simultaneously and not- simultaneously

curcumin and MDMA. Change in body weight indicates percent of change in body weights after treatment of simultaneously and not- simultaneously curcuminand MDMA.

Data are expressed as mean + SEM for 7 animals. ** p<0.01 ***p<0.001 vs the group (1). + p<0.0°, ++ p< 0.01, +++ p< 0.001 vs the group (I1). @ p<0.05, @@, p<0.01

vs the group (I11). & p<0.05, && p<0.01 vs the group (IV).

The results of the present study showed that simultaneous
treatment of curcumin for 15 days with MDMA or after
MDMA consumption improve adverse effects of MDMA on
lipid profile. Moreover, our findings showed that concurrent
treatment of MDMA group with curcumin significantly
increased liver enzymes (ALT, AST, ALP, and LDH) in
comparison to MDMA group but interestingly curcumin
treatment after consumption of MDMA significantly decreased
liver enzymes in compared to MDMA group. Furthermore, it
was also demonstrated that the consumption of MDMA
significantly decreased body weight in comparison with the
control groups. Similarly, simultaneous treatment of curcumin
for 15 days with MDMA significantly decreased body weight
in comparison with the MDMA group. While, non-
simultaneous treatment of curcumin with MDMA didn’t make
any significant change in body weight compared to the MDMA
group. Our histological studies showed that simultaneous
treatment of curcumin with MDMA enhanced the fibrosis,

necrosis and inflammation in the liver tissue compared to the
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MDMA group. However, curcumin treatment after
consumption of MDMA decreased histopathological changes
in the liver tissue due to MDMA intake.

The abuse of MDMA (ecstasy) is a growing issue in many
parts of the world and represents a significant public health
issue (16). This trend among teenagers and young adults,
together with the widespread belief that “ecstasy" is a safe drug,
has led to a thriving illicit traffic in it, even though these drugs
have serious toxic effects (17). MDMA and related drugs are
largely metabolized in liver by the cytochrome P450.The
immediate product of this reaction is then processed further by
other enzymes into a variety of secondary products, some of
which are highly reactive with glutathione. The marked
decrease in the level of free glutathione permits a series of
biochemical changes (massive influx of calcium, oxidative
change in the cell-membrane lipids, and so on) that results in
cell death (18). An increasing body of evidence has revealed

that the MDMA deleterious effects on liver is mediated by

oxidative stress and inflammation (19, 20). It has been reported
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that increased free radical production is leading to the formation
of peroxides such as lipid—peroxidation, oxidation of DNA and
proteins, and as well as pro-inflammatory factors that damages
the cell membrane and the cell (21). Moreover, it has been
shown that damage to the liver from alcohol, toxins, and certain
drugs can also result in inflammation (22).

Consequently, considerable attention has been focused on
the application of protective agents in MDMA consumption
which can decrease these free radicals and thereby improve the
oxidative damage to liver tissue. Frequent studies have
described that active dietary components, such as
phytochemicals, have promising cytoprotective effects in many
pathological conditions (23, 24). Among these herbal
medicines, curcumin has gained great attention and has been
under research in our laboratory. Antioxidant and anti-
inflammatory properties of curcumin supplementation are very
well established by previous studies (25, 26). It is reported that
curcumin increases the total antioxidant capacity and reduces
lipid and protein oxidation as two main ROS generator sources
in diabetics (27) and other oxidative stress conditions such as
ethanol exposure (28). Also, curcumin can also regulates the
expression of various proinflammatory cytokines including
TNF, IL-1, IL-2, IL-6, IL-8, IL-12, and chemokines, most
likely through inactivation of the transcription factor NF-xB
(25, 26) . However, no research on the effects of curcumin on
adverse effect of MDMA consumption has been conducted so
far. Thus, this study precisely aimed to fill this loophole.

In this study, it was demonstrated that MDMA
administration damaged hepatocytes seriously, evidenced by
masses of intracellular enzymes leaking into blood, such as
AST, ALT, ALP and significant histopathological changes

(interstitial edema, leukocyte infiltration, hepatocyte necrosis
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and congestion). Hepatic tissues were the primary sites for the
microsomal activation of the drugs. Hepatic activation of
MDMA leading to the formation of toxic metabolite caused
damage to liver tissue.

In agreement with the present study, previous studies have
also shown that acute and repeated administration of MDMA
caused a significant increase in liver enzymes levels in blood
(29). The mechanisms underlying MDMA induced
hepatotoxicity are multifactor It is believed that induced
hepatotoxicity after the consumption of MDMA is possibly
related to a significant increase in ROS production and a
marked decrease in the level of free glutathione (30). Also, it is
shown that Kupffer cells as being central to a response to
damage of liver released of an array of inflammatory mediators
such as TNF-a, IL-1, and NO that exacerbates hepatotoxicity
due to MDMA consumption.

Further, results of this study indicated that curcumin
treatment after MDMA consumption could decrease liver
enzymes in plasma. According to the antioxidant activity of
curcumin, it is assumed that curcumin intake after MDMA
consumption decreased oxidative stress, inflammation,
hepatocytes damages and leakage of liver enzymes into blood.
Opposing to our assumption, the study results also showed that
curcumin co-treatment with MDMA increased the liver
enzymes in the plasma. Thus, with regard to the adverse effects
of curcumin in this case, we suppose that curcumin increases
MDMA absorption from the intestinal tract in the co-treated
group of curcumin with MDMA. Previous study indicates that
curcumin has an increasing effect on bile production and a
decreasing effect on stomach acid secretion (31). Accordingly,

metabolism of the MDMA is decreased by the stomach

enzymes that resulted in an efficient increased absorption of
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MDMA in the small intestine (32). Moreover, we observed
that the animals treated with MDMA showed a significant
decrease in body weight during the period of treatment. It is
reported that there is a linear relationship between MDMA
consumption and weight loss. In this regard, it is shown that the
effect of MDMA on body weight is mediated by the increasing
effect of MDMA on thyroid hormone levels such as thyroxin.
Also, our study has shown that curcumin co-treatment with
MDMA had an additive decreasing effect on body weight. This
is, in part, because cucumin increase adiponectin levels in
blood. Many studies have found adiponectin to be inversely
correlated with body mass index in patient populations.

In conclusion, based on the results of the current study, we
suggest that MDMA consumption induces the enhancement of
liver tissue abnormality factors such as the ones mentioned
above along with structural changes. Administration of

curcumin along with MDMA showed elevated adverse effects
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