Hepato- Toxicity Caused by Ecstasy
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Ecstasy (3,4-Methylenedioxymethamphetamine, MDMA) is abused mainly by
young population. The liver is a vulnerable target for amphetamine toxicity, but the
mechanisms involved in the hepatotoxicity remain poorly understood . For this
reason, it is especially relevant to take into consideration the effects on the liver
tissue. The infiuence of MDMA on the liver tissue of the male rat was assessed in

this study. The present study was aimed at clarifying if daily oral administration of
ecstasy at low doses(10mg kg body weight of ecstasy) for 45 days has any
deleterious effects on liver functions of male rats. Methods: 100 male white albino
rats of Sprague Dawley weighed about (100-150 g) were divided into three groups :
one group served as control (20 rats) and the other two groups (40 rats in each
group) were kept for treatment and administrated 10, 30 mg/kg body weight of
ecstasy (chronic dose) by oral gavage for 15, 30 and 45 days. The 45-day of
treatment was followed by 15 days of withdrawal (w15). All animals were sacrificed
after 30 minutes from the last treatment and biochemical parameters in serum and
homogenized liver were tested.

' Results: A significant increase in transglutaminase activity and collagen
content were rccorded in the liver of treated rats. Significant increases in lipid
peroxides, lipid hydroperoxides and conjugated dienes associated to sigmificant
decreases of reduced glutathione content, superoxide dismutase and catalase
activities were also recorded. Significant increases (P < 0.0001) of serum ALT,
AST, ALP and GGT activities were observed in rats that received 30 mg/Kg
MDMA . Also, significant increases (P < 0.0001) in the content of total, direct and
indirect bilirubin were observed in the rats that received 30 mg/keg MDMA.
Withdrawal group ameliorated these increases. The results exhibited major changes
in the protein pattern which included changes in the molecular weight of the treated
bands and the relative percentage of protein fractions as weli as the total number of
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bands compared with control ones, as a result of disappearance of some original
bands and appearance of other new ones. The obtained results revealed that
ecstasyl0 mg has no significant effect on DNA damage, while ecstasy (30 mg)
exerts DNA damage in different groups (fig. 2) and table (12) which represented
DNA damage pattern obtained by DNA comet assay of rat hepatocytes. In
conclusion: 10 mg/kg MDMA had a little significant effect on liver tissue, while
30 mg/kg MDMA significantly affected the liver tissue of male rats by induction of
oxidative stress.

Introduction

The recreational use of the ring-substituted amphetamine derivative
3,4 methylenedioxymethamphetamine (MDMA, ecstasy) has been
recognized as one of the most significant trends in drug abuse over the
past decade. Acting as a potent releaser and/or reuptake inhibitor of
presynaptic serotonin, dopamine and noradrenalin () It has attracted a
great deal of media atténtior in recent years due to its widespread
abuse as a recreational drug by the youth® . Clinical evidence has
_shown that the liver is a great target for MDMA toxicity. In fact,
MDMA. idietabolized by cytochromes Pssop 2D, 2B and 3A and
reactive metabolites are readily oxidized to the corresponding O-
giuinones and in the long run formation of reactive oxygen species
(ROS)®Y,

Oxidative stress characterized by the overproduction of
reactive oxygen species (ROS), which overwhelm the levels of
antioxidants, was suggested as the pathogenic factor of a number of
human diseases and was reported to cause tissue damage ®) Acute
exposure to MDMA alone or in combination with other substances,
can damage several organs such as the heart, liver, kidney, and brain
and can be fatal. The life threatening clinical manifestations of
MDMA toxicity also include acute hepatic damage®® Despite the
well-established toxicities associated with its abuse, MDMA is the
second most common cause of liver injury in people under the age of
25 and has been shown to produce cell necrosis and fibrosis in the
liver .

ROS can react with cellular macromolecules such as nucleic
acids, polyunsaturated fatty acids in cellular membranes and
sulfhydry! bonds in proteins to cause mutagenesis, carcinogenesis and

2

V€4



cell death. The reactive intermediates in this pathway covalently bind
to hepatic macromolecules and eventually cause liver injury, whereby
free radical-mediated lipid peroxidation contributes to the
development of liver damage™®. Prolonged administration of ecstacy
causes hyperplastic liver nodules, liver cell adenomas and
hepatocarcinomas. The free radicals produced during ecstasy
aetabolism  interfere with ribosomal activity, thereby hindering
protein synthesis®

Materials and Methods

All chemicals and reagents used in the experiments were of analytical
grade and purchased from either Merck (Germany) or Sigma Aldrich
Chemie (Germany). Assay kits for testing alkaline phosphatase (ALP),
alanine aminotransferase (ALT), aspartate aminotransaminase (AST),
gamma glutamyltransferase (GGT), bilirubin and total protein were
supplied by Diamond Diagnostics (Egypt).

Animal Groups

100 male white albino rats of Sprague Dawley weighed about (100-
150g) were obtained from experimental animal house, Helwan, Egypt.
Animals were maintained on stock diet in the form of pellets having
the following composition: protein (18.8 w/w), barley (37% w/w),
corn (15% w/w), salt and vitamins mixture (29.2% w/w)'?. All
animals were normal and healthy, Animals were divided into three
groups: one group served as control (20 rats) and the other two groups
(40 rats in each group) were kept for treatment and administered 10,
30 mg/kg body weight of ecstasy by oral gavage for 15, 30 and 45
days. The 45-day of treatment was followed by 15 days of withdrawal
(wIS)(”). These daily doses in relation to their respective effective
doses were calculated according to Paget and Barnes (1964)'? for
species interconversion of dosage. All animals were sacrificed after 30
minutes from the last treatment and biochemical parameters in serum
and homogenized liver were tested.
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Biochemical Assays:

Tissue transglutaminase ({TG) activity in liver homogenate was
determined according to the direct spectrophotometric method of De
Macedo et al., 20001, Total protein content in liver tissue was
determined according to the method of Henry,1974(”). Liver collagen
content was determined according to Woessner, 196115

Reduced glutathione concentration (GSH) in liver was
determined according to Beutler ef al., 19639, Superoxide dismutase
(SOD) activity in liver was measured according to Masayasu &
Hiroshi, 1979""" The colorimetric assay for liver catalase activity
(Cat) was carried out according to Sinha,1972(%, Lipid peroxides
(LP) indicated by the formation of malondialdehyde (MDA) was
assessed in liver homogenates according to Yoshioka ef al.,1979%%,
Lipid hydroperoxides (LHP) in liver was determined according to the
Fox method described by Jiang et al,1992%9 The levels of
conjugated dienes (CD) in liver were measured according to
Rechnagel and Gglende,1984 and Nowak et al.,1995%% 2 Serum
ALP activity was determined according toTeitz,1976%.

Activities of ALT and AST were determined colorimetrically
according to Reitman and Frankel ,1957(24). Serum gamma GGT
activity was measured kinetically according to Szasz,1976%%. Serum
bilirubin (total, direct and indirect) contents were determined
according to Perry et al.,1983%%,

Electrophoretic separation of serum proteins:

SDS-PAGE electrophoresis was carried out according to the method
of Laemmli, 19707 the wide range SDS-PPAGE molecular weight
standard mixture (Biorad) was applied to the first well. Scanning was
applied using gel pro software (ver.3, USA, 1998), for Media Sci
Image densitormetry 700 Biorad.

DNA damage evaluated by Comet Assay:

Comet assay was performed by the method of Speit and Hartmann,
2005%®. The comet assay is a simple method for measuring
deoxyribonucleic acid (DNA) strand breaks in liver cells. Cells
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embedded in agarose on a microscope slide are lysed with detergent
and high salt to form nucleotides containing super coiled loops of
DNA linked to the nuclear matrix. Electrophoresis at high pH results
in structures resembling comets, observed by fluorescence
microscopy; the intensity of the comet tail relative to the head reflects
the number of DNA breaks'*”,

Statistical analysis

The SPSS (version 23) was used in data analysis. Data were analyzed
with one-way analysis of variance (ANOVA). The data were
expressed as mean = standard deviation (SD). P values < 0.05 were
considered to be statistically significant.

Results:

Results of tables (1-2): Tissue transglutaminase (tTG) activity and
collagen content in liver tissue homogenates of rats under different
treatment conditions.

As shown in table (1), 10 mg/kg MDMA had no significant
effect on liver collagen content and tTG activity. On the other hand,
chronic administration of 30 mg/kg MDMA for 15, 30 and 45 days
showed significantly increased liver collagen content and tTG activity
(P < 0.0001), Withdrawal group for 15 days significantly ameliorated
the increase of collagen content and tTG activities in the rats (Table 2).

Table (1): Effect of Chroric Administration of 10 mg/kg MDMA on
Transglutaminasé (tTG) Activity and Collagen Content in Liver Tissue
Homogenates of Rats.

Parameter | tTG (anilide/'umol/mg [Collagen (mg/g wet
Groups protein/min} tissue)
Control Mean+ SD 1.26 +0.182 3,96 + 0.346
Dy Mean + SD 1.37 = 0,082 4,20 + 0,499
P< N.S IN.S
Dy Mean+ SD 1.28 = 0.085 4.11 +0.163
P< N.S. N.S.
Dys Mecan + SD 1.3 2 0.065 [3.99 + 0.125
P< .S, N.S.
Wis Mean 1+ SD 1.24 30,111 4.03 +0.221
P< N.S S

Fach value represents mean = SD of 10 determinations. P-value <0.05 statistically significant, Dys,
Dyq, Dys and W5 = duration of time taken 15, 30, 45 and withdrawal 15 days.
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Table (2): Effect of Chronic Administration of 30 mg/Kg MDMA on
Transglutaminase (fI'G) Activity and Collagen Content in Liver Tissue
Homogenates of Rats.

Parameter | tIG (anilide/umol/mg [Collagen (mg/g wet
Groups protein/min) tissue)
Control Mean + SD 1.26 & 0,182 3,96+ 0,346
Dis Mean+ SD 2.87+0.166 5.14 £1.318
P< 0.0001 0.0001
D3 Mean + SD 3.49 =0.185 6.77 £ 0.075
P< 0.0001 0.0001
Dys Mean+ SD 3.76+0.162 7.15 £ 0,155
P< 0.0001 0.0001
Wis Mean + SD 1.72 £0.061 .13 0,221
P< 0.0001 0.0001

Each value represents mean = 5D of 10 determinations, P-value <0,05 statistically significant, D,
Dhyg, Dus and W)s = duration of time taken 15, 30, 45 and withdrawal 15 days.

Results of tables ( 3-6) can be summarized as follow:
Administration of10 mg/kg MDMA for 45 days to rats induced
significant decreases (P < 0.0001) in liver GSH content, SOD and Cat
activities (Table 3), which were paralle] to significant increases in LP
(P < 0. 01) content (Table 5). 30 mg/kg MDMA for 15,30,45 and
withdrawal period showed significant decrease in liver GSH content,
SOD and Cat activities in association with significant increase in LP,
LHP and CD content (Tables 4 and 6).

Table 3: Effect of Chronic Administration of 10 mg/kg MDMA oa Superoxide
Dismutase(SOD), Catalase (Cat) Activitics and Redused Glutathione(GSH)

Content in Liver Tissue Homogenate of Rats.

Parameter TST)D (ng/g wet] Cat  (pmol/g |GSH (mg/g
Groups tissue) wet tissue) wet tigsue)
Control Meant SD [12.06%0.701 | 119.36+9.799 24.75 + 1.035
Dys Mean+ SD (1238 + 0.499 119.37 £ 5334 25,06 +=0.752

pP< IN.S. N.S. N.S
Dy Mean+ SD [11.84 £0.398 118.89 +4.522 23,26 + 0.586

P< N.S N.8 N.S
Dss Meant SD [10.79 =0.054 101.40 = 3.561 21.02  0.699

P< 0.0001 0.0001 .0001
Wis Mean + SD [11.88::0.031 117.32 £9.122 23,11 & 0.867

P< IN.S N.S NS

Each value represents mean = 5D of 10 determinations. P-value <0.05 statistically significant, Dys,
Dy, Dys and Wis = duration of time taken 15, 30, 45 and withdrawal 15 days.
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Table (4): Effect of Chronic Administration of 30 mg/Kg MDMA on

Superoxide Dismutase(SOD),

Catalase (Cat) Activities

and Redused

Glutathione (GSH) Content in Liver Tissue Homogenate of Rats.

Parameter SOD (pg/g wet] Cat (umol/g wet (GSH (mg/g wet
Groups tissue) tissue) tissue)
Control I;IDE"“ X 120640701 | 11936£9.799 - 24.75 = 1.035
+
Dis g“D““ Z l10.64 £0.316 91.01 % 6.793 19.86 & 0.263
e 0.0001 0.01 0.0001
Dsy g{;““ * 19.14 £ 0.408 80.4544.231 17.24 £ 0.816
0.0001 0.001 0,0001
P<
Dys g};‘“‘ E lg11 £ 0.464 64.10  5.511 15.14 £ 0.827
pe 0.0001 0.001 0.0001
Wis Is‘g“’“ (10,81 +0.031 9732 £6.11 17.01 = 0.644
be 0001 0.001 0.0001

Each value represents mean = SD of 10 determinations. P-value <0.05 statistically significant, Dis,
Dag, Dys and Wis = duration of time taken 15, 30, 45 and withdrawal 15 days..

Table (5): Effect of Chronic Administration of 10 mg/kg MDMA on Lipid
Peroxides (LP), Lipid Hydroperoxide (LHP) and Conjugated Diene (CD) in
Liver Tissue Homogenates of Rats .

Parameter e CD (Absji/g
o,

Groups ILP (pg/g tissue) LHP (uM) fissue)

Control | Mean+ SD___ [108.27 & 7.246 17.81 = 0.841 2,20 +0.091

s Mean+ SD  |100.99 = 4910 17.50 + 0.919 2.20 = 0.091
pP< N.S. N.S. N.S.

Dso Mean+ SD (11472 +5.170 17.90  0.759 .24 = 0.068
pP< .05 N.S. IN.S.

Dis Mean + SD  [127.47 & 2.480 17.79 % 2,949 2.30 = 0.200
P< 0.01 N.S. IN.S.

Wis Mean + SD [110,11+6.133 17.69 £ 0911 2,29 + 0,088
P< N.S. IN.S. IN.S.

Each value represents mean & SD of 10 determinations, P-value <0.05 statistically significant, Dys,
D34, Dys and W5 = duration of time taken 15, 30, 45 and withdrawal 15 days.



Table (6): Effect of Chronic Administration of 30 mg/kg MDMA on Lipid
Peroxides (LP), Lipid Hydroperoxide (LHP) and Conjugated Diene (CD) in
Liver Tissue Homogenates of Rats.

Parameter - CD (Abs;a/g

. o,

Groups LP (u.l,lg tissue) [LHP (M) tissue)

Contral | Mean+ SD  [108.27 £7.246 17.81  0.841 2,20 2 0,091

Dis Meant SD  i14204 £ 14.09 17.88 = 2.247 2,47 +: 0,116
P 0.01 : N.S. IN.S.

D Mean+ SD  [169.04 & 16.91 71.64 = 1.99 3,14 + 0.042
p< 0.001 0001 0.0001

Dus Mean+ SD  [182.93 +£9.560 L:.;l.gz * 1,958 3.20 £ 0,015 -
P< 0.0001 0001 0,0001

Wis Mean £ SD  [165.54=13.19 0.91 = 0.833 3,54 0,191
P< 0.001 0001 0001

Each value represents mean = SD of 10 determinations, P-value <0.95 statistically significant, Dys,
D33, Dys and Wy = duration of time taken 15, 30, 45 and withdrawal 15 days.

Results of tables (7-10):
Table (7, 8): ALT, AST, ALP and GGT activities in serum of rats
under different treatment conditions. Significant increases (P <
0.0001) of serum ALT, AST, ALP and GGT activities were observed
in rats that received 30 mg/Kg MDMA in comparison with control .
Withdrawal group ameliorated these increases (Table 8).

Table (9,10): Bilirubin total, direct and indirect concentration
in serum of rats under different treatment conditions.

Significant increases (P < 0.0001) in the content of total, direct
and indirect bilirubin were observed in the rats that received 30
mg/Kg MDMA when comparison with control .withdrawal group
ameliorated these increases (Table 10).
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Table (7): Effect of Chronic Administration of 10 mg/kg MDMA on Alanine

aminotransferase (ALT),

Aspartate

aminotransaminase

(AST),

Alkaline

phosphatase (ALP) and Gamma-glutamyltransferase (GGT) Activities in

Serum of Rats.

Groups Parameter |4} ¢ un AST (UA) ALP (UN)  [|GGT (UM

Control | Mean+ SD [15.54 =1.087 18.00+0.503 | 50.11 1,24 100 % 0.01

Dis Meant SD 454442001 8180804 | 4936101 |1.08:0.14
P< N.S. N.S. N.S. N.S.

Dy Mean+ SD [17.17+1.89  [9.26+0.585 | 51084 1.59 |L43%0.00
P< N.S. N.S. N.S. N.S.

Das Mean+ SD [19.91+1371  [14.37 =0.567 | 88.00 £1.76 [2.62 =0.24
P< 0.0001 0.0001 0.0001 0.0001

Wi Mean + SD [14.98+1.28  [7.84+3.380 | 5435+2.43 [1.06%0.21
P< N.S. N.S. N.S. N.S.

Each value represents mean = SD of 10 determinations. P-value <0.05 statistically significant, Dy,
Dig, Dys and Wys = duration of time taken 15, 30, 45 and withdrawal 15 days.

Table (8): Effect of Chronic Administration of 30 mg/kg MDMA on Alanine

aminetransferase (ALT),

Aspartateaminotransaminase

(AST),

Alkaline

phosphatase(ALP) and Gamma-glutamyltransferase (GGT) Activities in Serum

of Rats.
‘Parameter
Groups ALT (UA) (AST (UM ALP(UN) GGT (UT)
Contrel | Mean + SD [15.54  1.987 B.00 £0.503 | 50.11% .24 |L0G = 0.01
Dis Mean + SD
23.58 = 1.282 (16.04 = 3.380 94.35 £ 2.43 4.66 +0.21
P< 0.0001 *0.0001 0.0001 0.0001
Dy Meant SD |y 60+1.268 21,20 £ 0.560 | 104.40+3.24 |5.78 =0.36
pe 0.0001 0.0001 0.0001 0.0001
D.s Meant SD 3 1141.71 25074161 | 12000216 |6.12 £ 0.64
pe 0.0001 0.0001 0.0001 0.0001
Wis Mean + D 1o 440813 122041344 | 55994279  [2.710.28
pe 0.0001 0.0001 0.0001 0.0001

Each value represents mean + SD of 10 determinations. P-value <0.05 statistically significant, Dys,
Die, Dys and Wy = duration of time taken 15, 30, 45 and withdrawal 153 days.
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Table( 9): Effect of chronic administration of 10 mg/Kg MDMA on Bilirubin
Total, Direct and Indirect Concentration in Serum of Rats.

Parameter [Bilirubin totalBilirubin directBilirubin
Groups (mg/ml) (mg/ml) indirect (mg/ml)
Control Mean+ SD 0.923 & 0,022 0,146 £ 0.006 0.777 £ 0.026
Dys Mean + SD
p< 0.917 £ 0.060 0.145 + 0,007 fo.'n'z 0. 061
Dy Meani SD ) g1 0,063 0,144 3 0.006 0,792 £ 0,028
pe N.S. N.S. NS,
Dis Meant SD 49534 0,033 0,162 +0.009 761+ 0.030
pe N.S. b.025 N.S.
Wis Mean £ 8D |y 296 10,053 0,137 % 0.080 0,759 = 0.040
pe N.S. IN.S. N.S.

Each value represents mean % SD of 10 determinations. P-value <0.05 statistically significant, Dis,
Dig, Das and Wys = duration of time taken 15, 30, 45 and withdrawal 15 days.

Table (10): Effect of chronic administration of 30 mg/Kg MDMA on Bilirubin
Total, Direct and Indirect Concentration in Serum of Rats.

Parameter (Bilirubin totalBilirubin directBilirubin
Groups {mg/ml) (mg/ml) indirect (mg/ml
Control | Meant SD__ [0.923 =0.022 146 = 0,006 0.777 & 0.076
Dis Mean + SD .
1.302 £0.071 0.199 £ 9,014 1.103 = 0.074
P< 0.0001 0.0001 100001
Do Meant SD ) 2814 0.169 0.250 £ 0.024 2.031 % 0.166
p< 0.0001 0.0001 0.0001
Das Meant SD' 13 4374 0,076 281 % 0,008 2.856 % 0.079
pe 0.0001 b.0001 0.0001
Wis Mean £ SD ) 3794 0,063 0,226 4+ 0.005 1.084 +0.062
p< 0.0001 0.0001 0.0001

Each value represents mean = SD of 10 determinations. P-value <0,05 statistically significant, Dys,
Dso, Das and Wys ~ duration of time taken 15, 30, 45 and withdrawal 15 days.

Results of table (11) can be summarized as follows:

In the present study the changes induced in electrophoretic serum
protein pattern of male rats by daily administration of 30mg/kg of
MDMA for 15, 30 and 45 days. The results of electrophoretic
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separation of serum proteins by sodium dodecyl sulphate (SDS)
polyacrylamide gel electrophoresis (PAGE) are shown in table(11)and
figure (1). The results exhibited major changes in the protein pattern
which included changes in the molecular weight of the treated bands
and the relative percentage of protein fraction as well as the total
number of bands, as a result of disappearance of some original bands
and appearance of other new ones. .

The electrophoretic separation of serum protein showed a wide
molecular weight range in the different groups with a maximum of 188.98
KDa and a minimum of 30.373 KDa. The banding pattern showed 14
distinct bands in control group ,16 distinct pattern in ES15 group ,14 for ES
30, 13 for ES 45. The 65..347 KDa band was similarly expressed in control
group and ES 30group (around 13.6%). The 107.05 KDa band was similarly
expressed in ES1S group((around 6.06%) and ES 45group (around 4.05%).
The 29.816 KDa band was more expressed in ES15 group((around 8.45%)
and less expressed in ES 45group (around 4.35%). The 81.93 KDa band
similarly expressed in ES30 group((around 6.95%) and ES 45group (around
5.1%).The band of 188.98 KDa was expressed in control group only, while
that of 123.8KDa was expressed in ES 45 group only.

There were 14 missing bands in ES15 treated group. These were
(188.98, 115.73 ,112.76, 106.29, 101,39, 97.63, 79.315, 65.347, 58.865,
46.133, 39.534, 37.573, 33.938 and 30.373) versus the control group. On the
other hand , 13 missing bands in ES 30(188.98, 115.73 ,112.76, 106.29,
101.39, 97.63, 79.315, 58.865, 46.133, 39.534, 37.573, 33.938 and 30.373)
versus the control group: and 14 missing bands in ES45(188.98, 115.73
,112.76, 106.29, 101.39, * 97.63, 79.315, 65.347, 58.865, 46.133, 39.534,
37.573, 33.938 and 30.373) versus the ¢ontrol group.
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Table (11):Effect of Chronic Administration of 30 mg/Kg MDMA on Serum
Protein Electrophoretic Patterns in Adult Male Rats.

Lanes Lane 1 Lane 2 ILane 3 Lane4 Lane 5
Bands

KD % KD %o KD % ' KD % KD Yo
1 205 16,9 [188.98 2.44 116 5.17 | 121.8 4.78 123.8 6.43
2 116 [11.3 115,73 4.54 [114,1 271 | 11356 | 3.42 | 107.05 | 4.05
3 974 168 [112,76 79 [107.05° | 6.06 | 108.58 | 4.77 101.63 ] 3.55
4 66 23.4 106,29 .22 [100.91 5.15 | 10187 | 3.72 86.014 | 8.54
5 45 21.3 [101.39 4.12 198,093 388 | 98324 | 322 |-81.93 5.1
6 29 10.3 [97.63 5.59 (94,292 247 | 8742 7.21 75549 | 3.89

79.315 222 83,72 589 | 8193 | 695 | 66717 | 194
65.347 12,5 [81.049 675 | 65347 | 13.6 | 60.048 | 2.48

9 58.863 4.55 73.138 473 | 56.851 | 7.08_ | 51.465 | 5.7
10 46.133 16.3 |66 - 11.1 [ 47531 | 18.1 1 43.768 | 29.8
11 39.534 2,7 |59.454 1.88 | 44.175 | 1.8 | 39.902 | 2.15
12 37.573 2.05 |57.42 291 | 39.17 | 426 | 33.009 [ 3.63
13 33,938 6.36  147.295 221 | 34732 | 595 | 29.816 | 435 ]
14 30.373 5.67 135352 4.15 | 31.81 4.89
15 35.71 6.64
16 29.316 8.45
Sum 100 100 - 100 - 100 100
n lane 100 - 100 160 100 10¢

Laie 1=Marker, Lane 2 =Control , Lane 3=ES15 , Lane 4ES3¢ ,Lane 5=ES45

205
116

7.4

G5

35 —

29 -

L E A LANE 2 LANE 3 LANE 4 LANE S

Figl:Electrophoretic pattern of serum protein in adult male rat affected by daily administration of
ecstasy forl5,30 and4S days. Individual lanes represent individual samples per group. Lanel=
marker,Lane2= Control group ;Lane3= (ES15)ecstasy treated group for 15 days;Lancd=(ES30)
Ecstasy treated group for 30 days andL.aneS=(ES45) Ecstasy treated.
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Results of table( 12) and( fig. 2) can be explained as follows:

The obtained results revealed that ecstasyl(® mg has no significant
effect on DNA damage,while ecstasy (30mg) exerts DNA damage in
different groups (fig. 2) and table (12) which represented -DNA
damage pattern obtained by DNA comet assay of rat hepatocytes. The
intensity of the comet tail relative to the head reflects the number of
DNA breaks. The comet head containing the high molecular weight
DNA and the comet tail containing the leading-ends of migrating
fragments. The results of ecstasy (30 mg), revealed that 1
aroup(control group), DNA% was found to be 1.15% and DNA tail
was 1.77, while the 2 ™ group after 15 days of ES treatment recorded
that DNA tail was4.39and DNA% was 4.07, while the 3™ group of ES
treatment increases the DNA tail up to 6.14 and DNA% up to 5.83,

Meanwhile, the 4™ group of ES treatment increases the intensity of the
tail up to 6.82 and DNA% up to 6.55. The DNA damage was found in
withdrawal group also with DNA tail 0f 6.08 and DNA% to 5 .29.

Table (12): Effect of Chronic Administration of 30 mg/kg MDMA on DNA
Damage in Liver of Rats Using the Comet Assay.

Parameter|Tail (um) DNA%
groups
Control 1.7740.05 1.15+0.04
Mean +8.D )
ES1S 4.3940.01 4,07+0.014
Mean +S.D
%echange 148.023 253.91
P< 0.0001 0.0001
ES 30 6.14+0.06 5.83H0.04
Mean +5.D :
%change 246.89 406.956
P< P.ﬂﬂﬂl 0.0001
ES45 6.82:+0.07 6.55+0.07
Mean +8.D
Yochange 285311 469.565
P< 10,0001 0.0001
ESW 6.08+0.04 5.29H0.05
Mean +5.D )
%echange 243.5 360
P< 0.0001 0.0001

Each value represents mean * 8D of 10 determinations. P-value <0.05 statistieally significant, D,s,
Dig, Dys and W5 = duration of time taken 15, 36, 45 and withdrawal 15 days.
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Fig. (2): Representative comet images showing different levels of damage in rat
liver DNA In visual scoring: C:score 0 (unchangedDNA) and various degree of
damage from mivor (gradel) to severe (grade 4); D: ES15; E: ES30; F:
ES45; G ESW,

DISCUSSION

The amphetamine derivative MDMA is not a designer drug or novel
psychoactive substance as it has been used for decades. However,
MDMA is still one of the most widely used recreational drugs and
many novel psychoactive substances were designed to mimic its
effects or as substitutes for MDMA in ecstasy pills. Ecstasy can be
incriminated in causing the liver damage. It has been reported that
liver toxicity is one of the consequences of ecstasy abuse. Many
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studies showed that the hepatotoxicity induced by MDMA is a
consequence of the metabolism of MDMA®®, Various factors may
play role in ecstasy-induced hepatotoxicity, namely its metabolism,
the increased efflux of neurotransmitters, the oxidation of biogenic
amines, and hyperthermia. MDMA undergoes extensive hepatic
metabolism that produce reactive metabolites which form adducts
with intracellular nucleophilic sites®”, Many studies have indicated
that each of the amphetamine derivatives (MDMA and MDA) have
direct effects on liver tissue including the induction of apoptosis®®?,

In the present study, parameters of liver toxicity induced by
ecstasy administration were shown as a significant increases in liver
tTG activity and collagen content associated with significant decreases
in GSH content, SOD and Cat activities and increases in LP, LHP and
CD content. Hepatic damage was indicated by significant increases of
serum AST, ALT, ALP activities and bilirubin content. The results
exhibited major changes in the protein patterm which included
changes in the molecular weight of the control bands and the relative
percentage of protein fraction as well as the total number of bands, as
a result of disappearance of some original bands and appearance of
other new ones. The obtained results revealed that ecstasyl0 mg has
no significant effect on DNA damage, while ecstasy (30mg) exerts
DNA damage in different groups (fig 2) and table (12) which
represented DNA damage pattern obtained by DNA comet assay of
rat hepatocytes.

tTG is a unique member of the transglutaminase family as its
transamidating activity is regulated by both ATP and GTP.
Impairment of mitochondrial function results in a significant increase
in tTG activity. This increase in tTG activity is likely due in part to
decreased levels of ATP and GTP, which inhibit tTG activity and an
increase in oxidative conditions, which likely increase the tTG
modification of certain intracellular substrates. GTP has been shown
to regulate TG activity both directly and indirectly, as the binding of
GTP to TG inhibits its transamidating activity as well as causes a
conformational change of the enzyme that reduces its affinity for
calcium. Therefore, it is likely that a decrease in intracellular GTP

15

LA



levels increases the activity of tTG®®, The mitochondrion is one of
the major sources of free radicals in cells, and there is also compelling
evidence demonstrating that ecstacy treatment results in an increase in
the production of free radicals. Oxidative stress can result in the
modification of specific proteins, making them better substrates for
TG, a mechanism that contributes to the enhanced TG modifications
in response to the increase in tTG activity which may be attributed to
the increased binding of the nuclear factor-kappaB (NF-kB) to the NF-
kB motif of the tTG promoter, where tTG gene expression increases
during hepatic injury and fibrosis®?, The concomitant increase of both
hepatic collagen and tTG activity may be explained by the dual effect
exerted by the NF-xB, which is induced by oxidative stress®”, The
increase of tTG activity may be a consequence of GSH depletion and
mitochondrial dysfunction®®®. Tissue fibrosis is associated with the
increase of the tTG activity and accumulation of ECM (extracellular
matrix) (ECM)®?. In liver fibrosis induced in rats by carbon
tetrachloride (CCly) and in human patients with an acute liver disease,
a dramatic rise in tissue transglutaminases (tTG) activity was
observed. The enzyme catalyzes the specific cross-linking of e-amines
and o-glutamyl residues among amino acids ‘This activity leads to the
cross-linking of extracellular matrix (ECM) proteins thereby
increasing the deposition of such proteins and their resistance to
proteolytic enzymes, which leads to tissue fibrosis®***,

Tables (3, 4) recorded a significant reduction in the levels of
reduced glutathione (GSH) compared to control group. The results are
in line with that of Liu and Gaston, 2010%“D, who stated that, cellular
GSH concentration and the GSH/GSSG ratio are reduced markedly in
response to oxidative stress and much pathological condition. At the
same time the decrease in NADPH, necessary for drug metabolism
leads to a decrease in GSH level, as NADPH utilized to maintain GSH
in the reduced form and increased the level of oxidized glutathione
(GSSG)*?. GSH can react with the end product of drug metabolism,
therefore, another potential mechanism to explain the apparent loss of

glutathione (GSH) in serum®?,
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In humans, as well as in rats, MDMA hepatic metabolism
involves  N-demethylation to 3,4-methylenedioxyamphetamine
(MDA), which is also a well-known drug of abuse. MDMA and
MDA are O-demethylenated to N-methyl-methyldopamine (N-Me-
MeDA) and methyldopamine (MeDA), respectively, both of which
are catechols and can be O-methylated by Catechol-O-methyl
transferase (COMT). Alternatively, N-Me-MeDA and MeDA can
undergo oxidation to the corresponding O-quinones, which can form
adducts with glutathione (GSH) and other thiol-containing
cornpounds(“).

The daily administration of ecstasy at 30 mg/kg dose for 45
days was significantly decreased the activity of the antioxidant
defense enzymes (CAT and SOD) in a dose dependant as compared
with that of the normal rats. This depression of antioxidant enzyme
activities reflects failure of the antioxidant defense mechanisms to
overcome the influx of ROS induced by ecstasy administration that
leads to the accumulation of free radicals and facilitate the
enhancement of LPO, which in turn increases the oxidative damage of
the cell membrane and alteration in dynamic permeability of
membranes due to peroxidation which is followed by the release of
intracellular enzymes to the blood stream, so decreased the activity of
liver antioxidant enzymes®®. The current data are in accordance with
our results which reported a decreased activity of antioxidant enzymes
in liver of treated rats.

In the present study, chronic administration of ecstasyl0 and
30 mg/100 g body weight of for 45 days resulted in a significant
increase of lipid peroxidation {MDA),LHP and CD in liver tissue as
indicating in Tables (5and6) which probably due to the interaction of
the potent hydroxyl radicals (OH) with the polyunsaturated fatty acids
in the phospholipids portion of cell membrane initiating the lipid
peroxidation chain reactions, produced greater tissue injury, therefore,
liver MDA level revealed direct relationship between the severity of
oxidation stress and drug toxicity*®. The marked increase in LP,LHP
,andCD levels are likely to be a result of the inactivation of scavenger
enzymes induced by reactive oxygen species (ROS)*".
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Serum AST, ALT, and ALP, yGT and bilirubin are the most
sensitive biochemical markers employed in the diagnosis of hepatic
dysfunction“”. In liver injury the transport function of hepatocytes is
disturbed, resulting in the leakage of plasma membrane”. The
increase activities of AST, ALT, ALP, yGT, Bilirubin level in serum
of treated rats, indicates ecstasy-induced liver im airment®?.
Bhadauria and Nirala (2009)*" and Yuan ez al. (2010)°? in which
hepatic markers were reportedly elevated. The elevated activities of
serum AST, ALT and ALP in APAP induced liver injury indicative of
cellular leakage and loss of functional integrity of cell membrane in
liver®, The effect of ecstasy administration on serum protein pattern
was found to induce severe changes in the protein regions when
compared with the control pattern. The decrease of protein bands was
reported by many different types of protein oxidative modification
which can be induced directly by Reactive Oxygen Species (R082 or
indirectly by reactions of secondary byproducts of oxidative stress®,

The present study investigated the effect of chronic
administration of ecstasy on protein in male rats as manifested by
changes in serum protein patterns and gene expression manifested by
DNA damage measured by Comet assay. The present study has
revealed major changes in the electrophoretic mobility of serum
protein among the ireated groups especially in case of ecstasy
ES45group. These changes might reflect a considerable degree of
oxidation to protein molecules ,which might in turn results in tertiary
structural alteration that promote protein aggregation and amyloidal
formation as supported by the study of Shinall et al., (2005),

ROS has also been described by the work of Dunlop et al.,
(2009)®® in which amino acids, simple peptides and proteins were
exposed to oxidation by the action of hydroxy! radicals or a mixture of
hydroxyl/superoxide radicals. The authors' concluded that the side
chain of all amino acid residues of proteins, in particular cysteine and
methionine residues of protein are susceptible to oxidation by the
action of ROS. The present data has also reflected a wide range
variation in serum protein patterns due to chronic daily treatment of
ecstacy (30mg), which direct reflects a parallel variation in the process
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of gene expression. Oxygen free radicals produced from ecstacy have
shown to induce DNA breaks and DNA damage. The appearance or
disappearance of protein fraction in the present study may be
attributed to this damage or may be explained by the report of Bedwell
et al., (1989)°7, who claimed that the free radicals promote sulfhydral
mediated cross linking of the labile amino acids such as methionine,
histidine, cysteine and lysine causing a fragmentation of polypeptide
chains in the protein molecule. Ecstacy increased lipid per oxidation,
due to long term use®®.

In living cells, when the formation of intraceliular reactive
oxygen species exceeds the cells antioxidant capacity, oxidative stress
can arise ,resulting in damage to cellular macromolecules such as
proteins, lipids and DNA®, DNA is a particularly sensitive celtular
target because of the potential to create cumulative mutations that can
disrupt cellular homeostasis. In this case ,the reactive oxygen species
can lead to the formation of single and double — strand breaks as well
as induce chemical and structural modifications to purine and
pyrimidine bases and also to 2-deoxyribose®®.

Yuan and Kaplowitz, (2009)" stated that drug overdose is
currently the most frequent cause of acute liver fajlure, evaluation of
the mechanisms of drug-induced liver injury indicates that -
mitochondria are critical targets for drug toxicity, either directly or
indirectly through the formation of reactive metabolites. The
consequence of these modifications is generally a mitochondrial
oxidant stress and peroxynitrite formation, which leads to structural
alterations of proteins and mitochondrial DNA and, eventually, to the
opening of mitochondrial membrane permeability transition (MPT)
pores. MPT pore formation results in a collapse of mitochondrial
membrane potential and cessation of adenosine triphosphate synthesis.
In addition, the release of intermembrane proteins, such as apoptosis-
inducing factor and endonuclease G, and their translocation to the
nucleus, leads to nuclear DNA fragmentation.

Conclusion: 10 mgkg MDMA  had minor effect on liver
tissue, while 30 mg/kg MDMA significantly affected the liver tissue
of male rats by induction of oxidative stress.

19

'Yy



The pathogenesis of liver damage is not clear, however, it was
suggested that an increase of ROS coupled with a decrease in body
antioxidant system activity play an important role in the pathological
changes, particularly in the cases of liver toxicity. Our findings
pointed out the risk of increased lipid peroxidation, hepatic DNA
damage and abnormality in serum protein pattern due to long term use
of ecstasy. Rat Liver toxicity may cause disruption of normal cell
membranes as a result of direct interaction of free radicals with
cellular membranes or several endogenous protective mechanisms
may limit ROS and. the damage caused by them. However, this
protection may be insufficient when the formation of ROS is
excessive, additional protective mechanisms of dietary, antioxidants
may help to maintain liver functions.
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