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diffuse into hepatocytes and trigger mitochondrial dysfunction and
oxidant stress, which then induces MPT and necrotic cell death.

In conclusion, the results of this study demonstrate that
carisoprodol compound has a potent hepatotoxic action and induced
hepatic oxidative tissue damage in rats by increasing lipid
peroxidation in the liver tissue, decreasing the level of antioxidant
enzymes, increased liver function tests values and histological
findings supported this conclusion. However, further investigations
are required to identify, isolate, characterize and evaluate the active
principal responsible for such hepatoxic activity.
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treated rats, indicates APAP-induced liver impairment”‘” in which
hepatic markers were reportedly clevated. 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!™.,

Histological examination of liver tissue in carisoprodol comp.
treated male rats significantly revealed marked changes included focal
and confluent necrosis, portal tract inflammation and steotosis. These
changes can be explained by Jaeschke ez al., 201277® which stated that
mitochondria are the 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 nitrophil 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. Together, these events
trigger necrotic cell death.

Alternatively, the release of cytochrome C and other
proapoptotic factors from mitochondria can promote caspasc
activation and apoptotic cell death. Moreover Rajasekaran and
Periyasamy, 201277 explained the histopathological studies of rats
administered paracetamol (one of active constituents of carisoprodol
compound) which showed severe necrosis and disappearance of
nuclei. This could be due to the formation of highly reactive
metabolites (e.g. NAPQI), because of excessive administration of
paracetamol.

These deleterious changes give an alarm to be aware in using
such drug for a long time. It could be concluded that consumption of
carisoprodol is contributing to health hazards and induced several
hazards to liver by inducing an inflammatory response with the
formation of reactive oxygen species by Kupffer cells and neutrophils.
If not properly detoxified, these extracellularly generated oxidants can

23
Yy,



The detoxification of ROS in liver involves the co-operative
action of all intracellular antioxidant enzymes. Superoxide dismutase
(SOD) is the first line of antioxidant enzymatic defense catalyzes the
conversion of superoxide radicals to less toxic H202.Then catalase
(CAT) metabolizes H202 to water .When this mechanism is
saturated, the second line of antioxidant enzymatic defense mainly
GPx that regulated by selenium availability is activated®. GPx are a
family of selenium containing enzymes that responsible for
detoxification of H202 and lipid peroxides at the membrane level into
less reactive species using cellular GSH as substrate thus preventing
the progressive formation of free radicals and provide the cell
important protection aginst oxidative stress and LPO®®, Many cells
contain both CAT and GPx, while the liver GPx seems to be the major
importance“”. Moreover, Ishita et al., 2004Y found that the
decreased activity of antioxidant enzyme in the liver after drug
administration suggested the increased utilization and subsequent
depletion of this antioxidant to counter the increased level of lipid
peroxidation. Also the decrease in the activity of antioxidant enzymes
might result from interaction of lipid peroxidation products with
protein forming cross linkages that inactivate membrane bound
enzymes®. Also, inactivation of enzymes may result also from the
direct effect of drug that can break some chemical bonds in the protein
molecule causing denaturation and inactivation of enzymes, in
addition hydroxyl radicals (OH) and hydrogen peroxide (H202) cause
oxidation of enzyme molecules and moditication of their activities"®.

In the present study, the two doses of carisoprodol comp (21.6
and 43.2 mg) produced a significant increase in the activity of serum
enzymes of liver functions (Tables 7and 8). Neila et al, 20119P
reported that, administration of meprobamate (the main metabolite of
carisoprodol) increases the activity of liver function enzymes.

Serum AST, ALT, and ALP and yGT 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 level in serum of APAP
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Moreover, the disulfide bond (cys-42 and cys- 353), in PON1
molecule, was found to be essential for its activity; while the free thiol
(cys-284) was not; this suggesting that cys-284 is the active site
responsible for the antioxidant property of PON1®®, The highly
reactive free radicals produced by carisoprodol, acetaminophen,
caffeine metabolism can react with sulfhydryl groups, and it was
stated that there is a close association between PON1 antioxidant
activity and the number of ~SH groups within PON1®", therefore the
reduction in PON1 antioxidant activity might be due to an alteration in
nature and number of free thiol groups in its molecule.

In the present study, chronic administration of carisoprodol
comp. 21.6 and 43.2 mg/100 g body weight of for 45 days resulted in
a significant increase of lipid peroxidation (MDA) in liver tissue as
indicating in Tables (Sand6) 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 MDA
levels is likely to be a result of the inactivation of scavenger enzymes
induced by reactive oxygen species (ROS)®. '

The data in Tables (Sand 6) illustrated that the daily
administration of carisoprodol at two doses for 45 days were
significantly decreased the activity of the antioxidant defense enzymes
(CAT, SOD, GPx and GR) 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 carisoprodol comp 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 enzymesm). The current data are in accordance with
previous results which reported a decreased activity of antioxidant

enzymes in liver of treated rats*,
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(CYP3A4) convert paracetamol to a highly reactive intermediary
metabolite, N-acetyl-p-benzoquinone imine (NAPQI). Under normal
conditions, NAPQI is detoxified by conjugation with glutathione. In
case of paracetamol toxicity, the sulfate and glucuronide pathways
become saturated, and more paracetamol is shunted to the cytochrome
P450 system to produce NAPQI. As a result, hepatocellular supplies
of glutathione become exhausted and NAPQI is free to react with
cellular membrane molecules, resulting in widespread hepatocytes
damage and death, clinically leading to acute hepatic necrosis.

Also, the two doses of carisoprodol comp (21.6 and 43.2 mg)
produced a significant decrease in the activity of cytp450 (Tables
3and4).Our results were in accordance with Jyotsna e al., 201149
who stated that, decreased levels of cytochrome P450 may be due to
inhibition of protein biosynthesis, methomyl (muscle relaxant) or its
metabolite may inhibit the rate limiting enzymes of heme biosynthesis
and decreased heme pool, which may results in the decreased activity
of cytochrome P450 activity®™. Moreover, carisoprodol  is
metabolized by the cytochrome P450 enzyme CYP2C19 through N-
dealkylation to the active metabolite meprobamate which is
deactivated the enzyme by forming mutated CYP2C19 alleles®®,

At the same time, significant change in the activity of
paraoxinase (PON) enzyme noted at D30 and D45 post administration
of 21.6 mg carisoprodol comp. /100g body weight (-16.98%, P<0.01
and -20.343% ,P<0.01) . After 15 days withdrawal followed the last
dose (D45), the of paraoxinase enzyme level was found to be
replenished back to that of the sham group (Table 3),while 43.2
mg/100g body weight, the withdrawal group (W15) was found to be
significant (-17.122%, p<0.01). Our results can be explained as
follows:

Liver plays the key role in the synthesis of serum PONI, and
the gene expression has been observed only in the liver thus, the
decrease in PON1 activity here may be due to the hepatic dysfunction
induced by carisoprodol toxicity®”. Also, As PON1 is known to be
tightly bound with HDL-c, therefore, the decrease in PON1 activity
could be a consequence of an altered synthesis and/or secretion of
HDL-¢.®¥,

IN
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control group. Our results were in similarity with Delogu et al.,
2003“® who stated that, drug administration produced tissue injury
which induced inflammatory reactions in order to direct elements of
the body defense and immune system to sites of injury, mediators
including cytokines are released. Moreover, Kiso et al,2012 (46)
reported that drugs induced liver injury through two phases. The
initial phase, involves the generation of reactive oxygen species. The
second phase involves the oxidant-induced activation of Kupffer cells,
which release various pro-inflammatory mediators such as interleukin-
6 (IL-6). Hooshyar et al., 201247 stated that since IL-6 is an anti-
inflammatory cytokine, increased levels could be attributed to a
compensatory reaction to hamper deleterious over inflammation by
the toxins of the drug. ,

Tables (3, 4) recorded a significant reduction in the levels o
reduced glutathione (GSH) and pronounced increased in its oxidized
from (GSSG) compared to control group. The decrease of reduced
glutathione may be attributed to oxidative stress which results from
drug administration®®. Also, the results are in line with that of Liu
and Gaston, 2010(49), who stated that, cellular GSH concentration and
the GSH/GSSG ratio are reduced markedly in response to oxidative
stress and much pathological condition. Moreover, Boelsterli and Lim,
2007%Y reported that, paracetamol (one of carisoprodol compound
constituents) is metabolically activated by cytochrome P450 enzymes
to a reactive metabolite, N-acetyl-p-benzoquinone imine (NAPQI) that
depletes GSH.

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)®V. GSH can react with the end product of drug
metabolism, therefore, another potential mechanism to explain the
apparent loss of glutathione (GSH) in serum. (Tony et al., 2011 )&,

Moreover, Patel et al, 201 159 reported that the PCM
(paracetamol) is widely used analgesic-antipyretic agent and its large
dose produces hepatic injury in man and experimental animals by
depletion of glutathione and binding of toxic metabolite to vital
proteins and enzymes. Cytochromes P450 2E1 (CYP2E]) and 3A4
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Photograph of liver sections showing :

‘(A) Liver of normal control of rat hepatocytes radiating (H) in cord from the central vein(C.V) (H&E x
100)

(B) Liver section of treated rat apoptotic cells (»), kupffer cells prominent (K) and more or less normal
liver cells (P ) (H&E x 200).

(C) Liver section of treated rat showing mild inflammatory cells in portal areas ¥ ) and aggregation
of inflammatory cells within liver lobules(N1), Kupffer cells (¥} (H&E x 200).

(D) Liver section of treated rat showing aggregation of granulation tissue (NI) together with hyaline body
formation( ) and mild cytoplasmic vaculation (%) (H&E x 400).

(E) Liver section of treated rat showing mild inflammatory cells in portal areas ( —) and mild
thickening hyalinized body wall of portal vessels(» ) and mild cytoplasmic vaculation (V) (H&E x 400).
(F) Liver section of treated rat showing aggregation of inflammatory cells within liver tissue ( —pp )
kuptfer cells((») and extravasated R.B.Cs (B ) (H&E x 200).

(G) liver section of treated rat showing dilated congested blood vessels ( — ) and extravasated R.B.Cs
(») (H&E x 200)

( H ) liver section of treated rat showing aggregation of inflammatory cells (necrotic arcas) (B),
inflammatory cells infiltrated within liver tissue fl ) and kupffer cells ( » ) (H&E x 400).

DISCUSSION:

Drug reactions may generate reactive oxygen species (ROS) as well as
free radical, which caused damage of proteins, lipids and DNA“?"
Cells and organisms had developed several mechanisms to reduce
toxicity induced by drug®?. An in balance of these mechanisms
increases the susceptibility to oxidative damage resulting in mutation,
cancer, neurological diseases?,

In the present study, results recorded in Tables (1, 2) showed
that, the level of serum interlukin-6 (IL-6) was significantly increased
(p<0.001) at dose 21.6 mg and 43.2 mg/100g body weight in D15,
D30 and D45 of carisoprodol comp. treated rats in comparison with
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In addition to, mild aggregated inflammatory cells in some
portal areas, and around central veins infiltrated with liver tissue;
furthermore, bile duct proliferation. Moreover, marked degenerative
changes of hepatocytes in sub capsular areas and mild changes in
another areas in the form of hepatolysis (most hepatocytes together
with each other with demarcation), hepatocytes without nucleus and
pyknotic nuclei accompanied by hyaline body formation were
occasionally seen (Fig. F).

Histopathological Changes in the Liver of Treated Group (w15):
mild changes in the form of vaculated hepatocytes, many hepatic cells
without nucleus were seen in areas. Also, vascular changes as mild to
moderate dilated congested portal and central veins, and sinusoids,
with extra vasated RBCs Moreover, some thickening and
hyalinization wall of the portal veins were observed in areas (Fig. G).
In addition to, bile ducts proliferation and perivascular aggregation of
inflammatory cells and infiltrated within liver lobules, together with
prominent kupffer cells and scattered minifoci of necrotic areas
observed in some animals (Fig. H). Moderate improvement were seen
in liver tissues in this group (W15) compared with group (A).
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Histopathological Examination of the Liver of (15 days) Treated
Animals:

The majority of hepatocytes in the liver of this group for (D15)
treated animals, appeared normal in shape and structure, scattered
individual numbers of apoptotic cells, beside. The pathological
changes showed mild to moderate dilated, congested portal and central
blood vessels with damaged wall (ruptured wall) of central veins, in
most areas of this group seen (Fig. B). In addition to, mild to moderate
aggregation of inflammatory reactions were seen in some portal areas
and infiltrated within liver tissues observed in all animals. Moderate
scattered foci of necro- inflammatory cells were noticed within liver
tissues, accompanied by proliferated bile ducts, beside to, extra
vasoted RBCs through liver tissues, and prominent kupffer cells.
However, mild vascular degeneration changes of hepatocytes (coorsly
cytoplasm) were also seen (Fig. C). :

Histopatholoical Changes of Liver (D30) Treated Rats:
Mild to moderate changes in form of moderate inflammatory cells
aggregated in most portal areas with individual numbers of
cosinophilic hyaline bodies formation were seen scattered all over the
parenchymal tissues and mild inflammatory cells infiltrated within
liver lobules seen (Fig. D). Moreover mild scattered congested dilated
portal blood vessels with mild thickened hyalinized walls. Beside
extra vasated RBCs in many sites of sinusoids and mild to moderate
aggregation of inflammatory cells reaction in portal areas seen (Fig.
E). In addition, mild scattered focal areas of hepatocytes with pyknotic
or karyolitic nuclei.

In other areas, there were mild to- moderate swollen,
vacuolated hepatocytes with coorsly cytoplasm and hyaline body was
observed.

Histopatholoical Changes of Liver (D45) Treated Animals:

the changes in the form of moderate scattered congested dilated blood
vasculature in areas and scattered haemorroghic areas beside moderate
scattered apoptotic cells were also seen.

16
YVY



Table (8)
Effect of Chronic Administration of Carisoprodol Compound
43.2 mg /100g Body Weight on Serum ALT, AST, ALP and y GT

in Rats
Parameter ALT AST ALP yGT
Groups (IU/L) (IU/L) (IU/L) (IU/L)
Control Range (34.11-60.91) | (9L.71-181.4) | (163.91-211.84) | (25.81-33.41)
- Mean SD 45.3917.6 134.7116.32 193.7427.2 28.94£2.6
Range (40.77-71.39) | (181.8-229.1) | (241.81-317.8) | (37.84-53.81)
Dic Mean +SD 63.51£3.6 204.13%16.9 | 284.7t11.45 46.415.6
: % change 39.89 51.35 46,95 60.37
P< 0.01 0.001 0.001 0.001
Range (60.39-95.11) | (181.9-284.81) | (2583-319.7) | (35.93-53.11)
D Mean £ SD 75.84+8.94 243.53120.6 298.3+23.8 48.3918.11
" % change 67.09 80.78 98.46 67.21
P< 0.001 0.001 0.001 0.001
Range (69.41-114.34) | (319.4-421.8) | (277.9-334.8) | (43.81-55.87)
D Mean +SD 91.79+11.84 378.8+16.6 308.3:15.4 49.314.2
“* % change 102.23 181,19 59.130 70.35
P< 0.001 0.001 0,001 0.601
Range (60.81-91.54) | (186.1-2849) | (201.8-358.9) | (37.91-55.84)
W Mean SD 69.11£10.91 218.61+14.41 297.8+11.9 45.317.0
" % change 52.25 62.28 53.71 56.53
P< 0.001 0.001 0.001 0.001

P- Value <0.05 statistically significant.

D5, D3y, Dys = time duration by days.

W,s= withdrawal period.

The Liver of Control Rats:
Liver section obtained from a normal control animal, shows the
hepatocytes arranged in cords or plates, one or two cells thick,
radiating from the central vein. The central vein has extremely thin
wall consisting of only one layer of endothelial cells. The spaces lying
between these cords constitute the hepatic sinusoids. They are
irregularly dilated vessels lined with flattened endothelial cells and
tew phagocytic cells namely vonkupffer cells. Liver lobules consist of
the hepatocytes, which are the main building units of the liver. They
are polyhedral in shape, enclosing a homogeneously fine granulated
cytoplasm and large spherical nucleus with conspicuous nucleolus and
distinct chromatin particles (Fig. A).
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Rats received 43.2 mg carisprodo! comp. /100g body weight

showed a significant increase in liver enzymes ALT, AST, y GT and
ALP (P<0.001) as indicated in Table 8.

Table (7)
Effect of Chronic Administration of Carisoprodol Compound
21.6 mg /100g Body Weight on Serum ALT, AST, ALP and y GT

in Rats.
Parameter ALT AST ALP vGT
Groups (IU/L) {IU/L) (IU/L) (1U/L)
Range (34.11-60.91) 91.71-181.4) (163.91-211.84) | (25.81-33.4¢
Control
Mean +SD 45.3917.6 134.71+£6.32 193.7417.2 28.94+2.6
Range (30.91-55.14) (105.41-197.21) (170.93-222.1) | (20.14-44.51)
Dy Meant SD 52.81+7.41 160.38+5.71 210.3419.14 33.49+7.41
% change 14.81 19.06 8.57 15.72
P< 0.05 0.05 N.S. 0.65
Range (33.74-69.15) (190.35-204.71) (179.3-314,0) (24.91-47.19)
Do Mean £ SD 60.4115,94 188.59+7.14 260.45+7.13 40.1516.43
% change 32.41 39.99 34.43 38.74
P< 0.01 0.01 0.01 0.01
Range (41.81-73.82) (180.45-310.64) (190.31-320.7) | (27.91-60.43)
De Mean £ SD 70.91+6.84 204.798+9.73 301.45+10.34 55.1418.13
% change 56,22 S1.95 55.59 90.53
P< 0.001 0.001 0.001 0.001
Range (49.93-73.45) (181.9-210.41) (181.79-307.4) | (30.13-57.41)
Wi Meant SD 66.81+10.14 193.6418.43 256.39+10.17 47.15+8.94
% change 47.19 43.74 32.34 62.29
P< 0.01 0.01 0.01 0.001
P- Value <0.05 statistically significant.
Dys, D1g, Dys = time duration by days.
W, 5= withdrawal period.
14
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Table (6)

Effect of Carisoprodol Compound 43.2 mg /100g Body Weight on
Liver Oxidant/Antioxidant Status in Rats.

Parameter MDA
nmol/g SOD ' u/g CAT ‘ GPX GR
Groups tissue protein u/mg protein u/g protein u/g protein
Control | Range (36.89-41.35) (626.07-652.33) (142.92-150.36) (179.25-187.4) (70.55-74.28)
Mean +SD 40.012.34 640.17£3.45 149.1342.17 180.15£2.11 71.8412.75
Dis Range (41.93-54.91) (435.11-613.14) (121.25-133.6) (162.36-166.85) (60.29-67.99)
Meant SD 45.93+3.14 531.1943.48 130.812.91 164.17£1.73 64.8+1.31
% change 14.79 -17.02 -12.21 -8.87 -9.79
P< 6.05 0.05 0.05 0.0 0.05
Dx Range (48.23-55.28) (461.36-483.28) (123.38-130.88) | (140.29-161.81) | (53.28-64.11)
Mean + SD 50.71+3.48 473.3313.82 126.141£2.73 183.714£2.37 60.51+2.45
% change 26.74 -216.06 -15.42 -14.68 -15.77
P< 0.01 0.0t 0.01 0.01 0.01
Dys Range (55.28-61.52) (351.39-491.17) (115.88-129.98) (137.48-166.29) (56.31-65.19)
Meant SD 60.1413.11 447.1313.14 120.34£2.61 141.71£2.9) 57.2142.48
% change 50.312 -30.15 -19.30 -21.34 -20.03
pP< 0.001 0.001 0.001 0.001 4.001
Wig Range (47.31-54.11) (440,31-587.3) (127. -140.9) (145.1-167.3) (50.14-66.93)
Mean £SD 49.1+13.17 456.1343.13 132.71£2.91 150.91%2.74 62.1312.47
% change 22,74 -28.75 -11.01 -16.23 -13.52
P< 0.01 0.01 0.65 0.91 0.08

P- Value <0.05 statistically significant.
Dis, D3y, Dys = time duration by days.
W,s= withdrawal period.

Table (7 and 8) showed that, serum aminotransferases (ALT
and AST), alkaline phosphatase and y-glutamyl transferase (yGT)
activities were increased in their levels after carisoprodol comp.
administration from D30 to D45 compared to sham group.
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The changes in glutathione enzyme activity (GPX, GR) in the
liver through the study period was shown in (Table Sand 6), the
activity is lower in all groups than control group. During the
administration, glutathione activity is near the normal values and
reaches its lowest activity after 45 days. In the treated group, the
patterns of change of glutathione activity show a significant decrease.

Table (5)
Effect of Carisoprodol Compound 21.6 mg/ 100g Body Weight on

Liver Oxidant / Antioxidant Status in Rats.

Parameter MDA SOD CAT GPX GR
Groups nmol/g tissue w/g protein u/mg protein u/g protein u/g protein
Cont Range (36.89-41.35) (626.07-652.8) (142,92-150.36) (179.25-187.4) (60.71-74.28)
Mean  SD 40.01+2.34 640.1713.45 149.1312.17 180.1542.11 71.84£2.75
Dis Range (37.25-50.8) (619.11-641.93) (138.41-152.32) (164.81-199.1) (61.31-79.15)
Mean £SD 43.11£2.31 622.4813.17 140.84+3.74 185.3213.81 75.2143.45
% change 1.78 -2.763 -5.56 2.87 4.69
P< N.S. N.S. N.S. N.S. N.S.
D3y Range (41.98-53.11) (501.9-630.93) (128.81-147.91) (159.32-183.1) (59.13-70.19)
Mean + SD 46.793.41 540.734.12 133.3212.81 169.312.15 62.2133.93
% change 16.95 -15.53 -10.60 -6.017 -14.79
pP< 0.05 0.05 N.S. N.S. 0.05
Dus Range (38.91-54.93) (401.9-530.93) (111.91-146.91) (148.31-161.81) (54.31-66.11)
Mean £ SD 50.19+3.14 508.4£3.75 129.78+2.15 161.23+2.91 §9.191+2.74
% change 25444 -20.582 -12.97 ~18.502 -17.61
P< 0.01 0.01 0.05 0.08 0.01
Wis Range (30.48-43.59) (601.34-640.15) (119.81-161.31} (173.41-191.25) (58.84-81.31)
Mean £ SD 38.79+2.94 613.1923.84 153.28£3.17 183.45£3.19 74.3913.81
% change -3.08 -4.21 2.78 1.83 3.549
P< N.S. N.S. N.S. N.S. N.S.

P- Value <0.05 statistically significant.
D5, Dy, Dys = time duration by days.
W= withdrawal period.
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Table (4)
Effect of Chronic Administration of Carisoprodol Compound
43.2mg /100g Body Weight on Serum Paraoxinase, CYTP450
Glutathione (Reduced and Oxidized) and GSH/GSSG Ratio in

Rats.
Parameter | Paraoxinase CytP450 Glutathione (umol /L)
Reduced Oxidized GSH/
Groups ng/100mi ng/100 GSH GSSG Total GSSG
Con. Range (40.51- (51.81- (3.144.89) (2.74-3.91) (6.317.84) ©.91-1.31)
Meant | S6.11) 6642) | 35068 | SI04T | cgri041 | 1.0620.16
SD 55.3+3.7 §7.8243.79 N i ’ : )
Ds Range )
Meant (54:;2') (40.1-59.4) | (2.41-4.59) | (3.15632) | (5.31-691) 30[551491)6811;
SD 50 4 +3.1 45,7£3.91 3.11:0.59 3.4710.81 6.5810.54 : ) 0'
% : 8 88. -20.962 -11.14 4.833 -3.38 (') 00‘
change N. < 0.0t 0.01 N.S. N.S. :
N.S,
P<
Din Range (34.15-
Meant 50 21) (33.4-47.9) | (1.8-3.45) | (291431 | (4.31-6.93) (0.63-0.94)
S 3,; 8:!-1 s1 39.11£2.94 | 2.48+0.42 3.5840.61 6.06+0.81 0.693x0.11
% _‘2;4;3 -32.36 -29.14 8.16 -11.01 -34.62
change 0 0'(" 0.001 0.001 0.05 0.01 0.001
P< i
Dis Range ’ )
Meant %2':) (zg '2‘)‘ (1.67-291) | (3.81593) | (5.41893) | (0.31-0.54)
SD 6 7 1.4 38.1 4;3 u 2.1410.49 | 3.97510.73 6.12+0.97 0.4310.081
% _;'3 63; N :34 0‘; -38.86 16.73 -10.13 -59.43
ch;:ge 0.001 0.001 0.001 0.001 0.05 0.0001
Wis Range
Meant | (39.11-445) | (31.9-57.1) | (3.17-4.75) | (3.41-8.39) | (9.32-11.41) | (0.43-0.58)
SD 43.15+2.34 47.343.41 3.6+0.61 4.2110.13 10.8£0.58 0.50.11
% -21.97 -17.122 2.86 26.89 58.59 -52.83
change 0.01 0.01 N.S. 0.001 0.001 0.001
p<

P- Value <0.05 statistically significant.
Dys, D3y, Dys = time duration by days.

W,s= withdrawal period.

In the present study, chronic administration of carisoprodol
comp. 21.6 and 43.2 mg body weight for 45 days resulted in a
significant increase of lipid peroxidation (MDA) associated with a
significant decrease in superoxide dismutase and catalase activities as
shown in Table (5and6).
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body weight, the withdrawal group (W15) was found to be significant
(-17.122%, p<0.01).

In the present study, the two doses of carisoprodol comp. (21.6
and 43.2mg) produced a significant decrease in the activity of cytP450
depending on the dose and duration of time.

Depletion of serum glutathione levels especially by 43.2
mg/100g body weight (P<0.001) by- 38.86%, while the oxidized form
(GSSG) recorded pronounced increase by 16.73% respectively.

The ratio GSH/GSSG represented significant decrease at all
time of experiment when compared to control. ’

Table (3)

Effect of Chronic Administration of Carisoprodol Compound
21.6 mg /100g Body Weight on Serum Paraoxinase, CYTP450
Glutathione (Reduced and Oxidized) and GSH/GSSG Ratio in

Rats.
Parameter Paraoxinase CytP450 Glutathione (umol /L)
Groups ng/100ml ng/100 R”G"S“;ed oé's"s't,"" Total ((;;sssﬂ(i,
Control Range (40.51-56.11) | (51.81-66.42) (3.14-4.89) (2.74-3.91) (6.31-7.84) (0.91-1.31)
Meant SD 55.313.7 57.8213.79 3.540.28 3.3140.47 6.81+0.214 1.0610.16
Dis Range (48.34-67.17) | (49.32-63.21) (3.04-4.91) (2.41-4.19) (6.98-8.34) 0.793-1.04)
Meant SD 57.413.41 51.2743.14 3.6110.14 3.6810.793 7.2940.241 0.98110.17
% change 3.797 -11.32 3.047 11,178 708 -8.053
P< N.S. 0.05 N.S. 0.01 N.S. 0.08
Dy Range (40.31-51.97) | (41.11-50.93) (2.43-3.94) (3.19-4.78) (6.88-7.21) (0.674-0.915)
Meant SD 45.6113.11 45.9542.98 3.1940.11 3.89+0.194 7.0840.291 0.82910.19
% change -16.98 -19.46 -8.86 16.314 3.965 -21.792
P< 0.01 0.61 0.08 0.001 N.8. 0.001
Dye Range (38.12-50.91) (30.94-54.81) (2.83-4.11) (3.43-5.35) (6.74-7.34) (0.694-0.937)
Meant SD 44.05+3.24 42.39+3.17 3.0510.287 4.17x1.14 7.2240.213 0.731£0.15
o change -20.343 -26.69 -12.86 25.98 6.02 -31.04
P< 0.01 0.001 0.0t 0.001 0.05 9.001
Wi Range (48.17-62.11) (41.71-52.34) (3.11-4.93) 2.75-4.19) (7.04-7.23) 0.74-1.14)
Mean §3.29+2.94 50.7143.71 3.29+0.31% 3.8540.279 7.1440.192 0.855+0.17
SD% -3.63 -12.297 -6.0 16.314 4.85 «258.04
change N.S. 0.05 N.S. 0.001 N.S. 0.001
P<

P- Value <0.05 statistically significant.
Dys, D3g, Dys = time duration by days.

W= withdrawal period.
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Table(2)
Effect of Chronic Administration of Carisoprodol Compound 43.2
mg/100g Body Weight on Serum (IL-6) in Rats.

—_— Parameter 1L-6 (Pg/ml)
Groups
Control Range (42.13-69.91)
Mean + SD 63.49+3.41
Dis Range (100.19-145.43)
Mean+ SD 122.6324.53
% change 93.149
P< 0.001
Dss Range (115.32-167.41)
Mean + SD 153.11+5.2
% change i41.16
P< 0.001
Dys Range (160.11-284.39)
Mean + SD 202.234.59
% change 218.47
P< 0.001
Wis Range (88.34-114.91)
Mean + SD 101.7415.13
% change 154.78
P< 0.001

P- Value <0.05 statistically significant.
Dys, D3y, Dys = time duration by days.
W s= withdrawal period.

Tables (3 and 4) illustrated the effect of chronic administration
of Carisoprodol comp.21.6 and 43.2 mg/100g body weight on serum
paraoxinase, CYTP450 glutathione (reduced and oxidized) and
GSH/GSSG ratio in rats.

A significant change in the activity of paraoxinase enzyme
noted at D30 and D45 post administration of 21.6 mg carisoprodol
comp. /100g body weight (-16.98%, P<0.01 and -20.343%, P<0.01).
After 15 days withdrawal, the level was found to be replenished back
to that of the sham group (Table 3),while in large dose 43.2 mg/100g
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RESULTS

Effects of carisoprodo! administration on serum interleukin- 6 (IL-6)
were recorded in Tables (1 and 2). Results showed that the level of
serum interlukin-6 (IL-6) was significantly increased (p<0.001) by
both doses 21.6 mg and 43.2 mg/100g body weight after D15, D30
and D45 administration. '

Table (1)
Effect of Chronic Administration of Carisoprodol Compound
21.6 mg/100g Body Weight on Serum (IL-6) in Rats.

Parameter
IL-6 (Pg/ml)
Groups
Range (42.13-69.91)
Control Mean + SD 63.49:3.41
Range (70.45-102.39)
Dis Mean + SD 95,37+3.79
% change 50.213
pP< 0.001
Range (90.11-120.43)
D Mean + SD 112.9414.13
% change 77.89
P< 0.001
Range (100.58-140.45)
Dys Mean + SD 130.63+4.75
% change 105.75
P< 0.001
Range (60.59-104.43)
Wis Mean + SD 86.41+3.78
% change 36.100
P< 0.01

P- Value <0.05 statistically significant.
Dys, Dy, Dys = time duration by days. W,s= withdrawal period.
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Serum levels of glutathione (oxidized and reduced) were
estimated using a high performance liquid chromatography (HPLC)
according to the method of Jayatilleke and Show (1993)(30).

Serum activities of alanine aminotranferase (ALT),
asparatate aminotransferase (AST) were assayed by Bergmeyer and
Bernt, (1974)(3') using commercial reagent kit from Biomerieux Co.,
France.

Alkaline phosphatase was assayed by (Tietz, 1982

v- glutamyl transferase (GGT) activity was measured by
kinetic colorimetric method using Boehringer Mannheim GmbH
(Germany) kits according to the method of Szasz, (1969)*.

Malondialdehyde (MDA) content in the liver was estimated
by the method of Botsoglou, (1994)®4,

Catalase (CAT) activity was measured according to Sinha,
(1972)%.

Glutathione peroxidase activity (GPX) was measured by
applying our standardized protocol using OXltek commercial kit
[ZMC catalog # 0805002, ZeptoMetric Corporation, Buffalo NY,]
based on Paglia and Valentine's method, (1967)(36) and glutathione
reductase (GR) by Bompart ef al., (1990)¢7.

Superoxide dismutase activity (SOD) was estimated by
McCord and Fridovich, (1969)°%,

Serum cytP450 was estimated by Omura and Sato, (1964)

Serum paraoxinase activity (antioxidant enzymes represent
an important defense mechanism in diminishing the burden of the pro-
oxidant stimuli by the drug) was estimated by Liang ez al., (2011)¢ »,

32
)( )‘

39)

Histological Preparation:

Four micron cryostal section of rat liver was prepared and fixed
on histological slides and stained with Mayer's eosin and
haematoxylin*".

Statistical analysis:

Results are expressed as mean £ SD. T-test was used to evaluate the
significant difference between the normal control group and treated
groups. Difference were considered significant when P<0.05.

7
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followed by 15 days of withdrawal (w15)(27). These daily doses
represented the human low therapeutic dose (i.e. one tablet taken three
times daily) which provide 600 mg carisoprodol, 480 mg paracetamol
and 96 mg caffeine, and the maximum daily dose (i.e. two tablets
taken three times daily) which provide 1200 mg carisoprodol, 960 mg
paracetamol and 192 mg caffeine). These therapeutic doses were
calculated for rats according to Paget and Barnes (1964)(28) tables for
species inter-conversion of dosage. All animals were scarified after
30 minutes from the last administration, the blood and liver tissue
samples were immediately collected. Sera were then separated by
centrifugation and kept at -20 till analysis. Livers were excised; the
same lobe was chosen and divided into two parts. One part kept in
formalin for histological examination and the other part homogenized
for biochemical analysis determination and kept at -200C till analysis.

Sample Preparation for Biochemical Analysis:

Liver was rapidly isolated, weighed and homogenized m 4 volumes
ice cold bidistilled water (20% w/v homogenate) using a Teflon
homogenizer. A portion of the homogenate was mixed with a cold
2.3% KClI solution, centrifuged at 1000xg at 4C for 15 minutes; the
supernatant was used for MDA analysis. Another portion of the
homogenate was mixed with 7.5% sulphosalicylic acid, centrifuged at
6000xg for 15 minutes and the resulting protein-free supernatant was
used for the estimation of glutathione (GSH) level. The last portion of
the homogenate was mixed with Tris EDTA buffer, pH 7.6,
centrifuged at 15000xg at 4C for 30 minutes using Dupont sor vall
ultracentrifuge (USA). The resulting supernatant (the cytosolic
fraction) is used for the determination of glutathione reductase, (GR),
glutathione peroxidase (GPX), catalase and superoxide dismutase
(SOD).

Biochemical Analysis:

Serum interleukin-6 (IL-6) was determined by enzyme
immunoassay (ELISA)(”), as it is considered as an “alarm hormone”
that reflects an endothelial cell injury probably mediated by the toxins
of the drug.
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As the drug has been noticed to be abused among teen agers as
an inexpensive alternative to illicit drugs, some countries like Norway
was taken off carisoprodol compound (200 mg carisoprodol, 160 mg
paracetamol, 32 mg caffeine) from the Norwegian market because the
therapeutic advantages of the drug were 2pelrceived as fewer than the
drawbacks, the drug was often abused™®. In Egypt, the drug use
attracted some interest in drug addiction field and sold over- the-
counter despite of its regulation (Guide book for controlled and
uncontrolled drugs, 2003) and some drug policies does not favor
combination preparations. So, the present study aims to evaluate the
toxic effect induced by carisoprodol compound drug on oxidative/
anti-oxidative processes of the liver of male rats, and some
immune responses were also investigated.

Materials and methods

Chemicals and Kits: All chemical used in the present study were
purchased from BDH Chemical Ltd., Pools (England). All utilized kits
were obtained from BioMerieux laboratory reagents and products
(France) and Boehringer, Mannheim GmbH (Germany).

Carisoprodol  compound: Crisoprodol compound drug
(somadril compound) was obtained as tablets of a combination
product containing carisoprodol 200 mg, paracetamol 160 mg and
caffeine 32 mg from Mina Pharm for pharmaceuticals and Chemical
industries, Cairo, A.R.E.

Animals

100 male Sprague Dawley rats weighed about (100-150 g body
weight) were obtained from experimental animal house, Helwan,
Egypt. Animals were maintained on a normal rat chows ad libitum
during the experimental period. They were allowed free access to
water. The animals were divided into three groups, one group served
as control (20 rats) and administered oral doses of corn oil for 45 days.
The other two groups served as treated (40 rats in each group) and
administered oral daily doses of carisoprodol compound suspended in
corn oil equal to 21.6 mg and 43.2 mg/100 mg body weight of rat
respectively for 15, 30 and 45 days. The 45-days treatment was
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products—  hydroxycarisoprodol,  hydroxymeprobamate, and
meprobamate were the major metabolites identified in the blood and
urine'?.

Carisoprodol have a narrow therapeutic range'” and when
carisoprodol ingested with other medications, may be a contributing
factor in death, even when present at therapeutic concentrations"®.

Paracetamol (acetaminophen) is a widely used over-the-
counter drug for analgesic and antipyretic effects. Its use in overdose
(suicidal or accidental) or with chronic alcohol abuse causes fulminant
liver failure™®. Paracetamol induced hepatic failure is the second
leading cause of liver transplantation®”, It is metabolically activated
by cytochrome P450 enzymes to a reactive metabolite, N-acetyl-p-
benzoquinone imine (NAPQI®V. Also, paracetamol is a frequent
component in many over-the-counter and prescription combinations
with decongestants and/or antihistamines for cold and allergy
symptoms, or as a sleeping aid and with other analgesics (such as
oxycodone and codeine) for moderate-to-severe forms of pain®?.

Caffeine is a central nervous system and metabolic stimulant
and is used both recreationally and medically to reduce g)hysical
fatigue and to restore alertness when drowsiness occurs®™. It is
metabolized in the liver by the cytochrome P450 oxidase enzyme
system (to be specific, the 1A2 isozyme) into three metabolic
dimethylxanthines, ,each of which has its own effects on the body:
Paraxanthine (84%): Increases lipolysis, leading to elevated glycerol
and frec fatty acid levels in the blood plasma. Theobromine (12%):
Dilates blood vessels and increases urine volume. Theobromine is also
the principal alkaloid in the cocoa bean, and therefore chocolate.
Theophylline (4%): Relaxes smooth muscles of the bronchi, and is
used to treat asthma. The therapeutic dose of theophylline, however, is
many times greater than the levels attained from caffeine metabolism.
Each of these metabolites is further metabolized and then excreted in
the urine. Caffeine can accumulate in individuals with severe liver
disease, increasing its half-life®?, Caffeine overdose can result in a
state of central nervous system over-stimulation called caffeine

intoxication®,
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Carisoprodol, the main active ingredient, was introduced in the
pre benzodiazepine era as an alternative to the problematic
barbiturates and barbiturate-like drugs as carisoprodol was chemically
based on the barbiturate-like drug meprobamate and the main
metabolite in man was actually meprobamate®. Despite the
prevalence of carisoprodol abuse, its mechanism of action remains
unclear. Its sedative effects which contribute to its therapeutic and
recreational use are generally to the actions of its primary metabolite
meprobamate at GABA (A) receptors (GABA"A"R)‘”. Although
carisoprodol itself is not controlled on the federal level, its active
metabolite, meprobamate is an addictive sedative and a schedule IV
controlled substance'”. Meprobamate (Miltown®, Equanil®) is a
sedative-hypnotic that was commonly used in the treatment of anxiety
before its classification as a schedule IV controlled substance at the
federal level. It thus has been generally accepted that both the
therapeutic effects of carisoprodol and those that underlie its abuse
potential are due to its conversion to meprobamate by the cytochrome
P45() enzyme CytP2C19(l l).

Carisoprodol produces tolerance and a significant withdrawal
syndrome!'?. Its abuse is associated with psychomotor impairment
leading to arrests for "driving under the influence" as well as increased
risk of automobile accidents'™. In spite of significant restriction for
the use of carisoprodol as a monosubstance, the concomitant
withdrawal of several centrally acting analgesic products in fact led to
the increased use of carisoprodol("". In the absence of GABA,
carisoprodol produced picrotoxin-sensitive, inward currents that were
significantly larger than those produced by meprobamate, su%esting
carisoprodol may directly produce GABAergic eftects in vivo™,

Carisoprodo! is rapidly absorbed from the gastrointestinal
tract. A single gavage dose of carisoprodol produced a peak blood
concentration in approximately 30 to 60 minutes in rats.
Approximately 55% of carisoprodol was bound to plasma protein.
The injected carisoprodol was distributed throughout the body within
10 minutes. It undergoes hepatic biotransformation by the cytochrome
P450 enzyme 2C19 (CYP2C19) encoded by polymorphic Cyt P,Cjo
gene, hydroxylation and N-dealkylation produce three metabolic
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Introduction:

Liver injury caused by toxic chemicals and certain drugs has been
recognized as a toxicological problem. Hepatotoxicity is one of a very
common aliment resulting into serious debilities ranging from severe
metabolic disorders to even mortality'". Carisoprodol compound
(somadril compound) is a muscle relaxant antispasmodic that
indicated for the relief of discomfort associated with acute, painful
musculoskeletal conditions in adults®. This drug has recently been
noticed to be abused among teen agers as an inexpensive alternative to
illicit drugs®®.

Carisoprodol compound is marketed under a variety of brand
names such as Somadril, Soma, Somacid, Somanil, Somalgit,
Vanadam, Sanoma, Sodol. It was available both as a mono-substance
in a tablet containing 350 mg (Somadril)® and as carisoprodol
compound contains different active ingredients as follows: (Somadril
comp)® tablets contain carisoprodol 200 mg, Paracetamol
(acetaminophen) 160 mg and Caffeine 32 mg “ and (Soma comp) *
tablets which contain carisoprodol 200 mg and Asprin 325 mg with or
without 16mg codeine phosphate (Meda Pharmaceutical Inc.). The
recommended dose of carisoprodol compound is 1 or 2 tablets, 3 times
daily in adults and the recommended maximum duration of use is up
to two or three weeks'”.

Carisoprodol is sold in most countries. Some countries like
Spain sell it over- the — counter (no prescription needed) but in most
countries a prescription is required“”. In Egypt, Carisoprodol is
available as Somadril compound contains carisoprodol 200 mg,
paracetamol 160 mg and caffeine 32 mg. It is a prescribed drug
produced by Mina Pharm for pharmaceutical and chemical industries.
It is classified schedule 2 pharmaceutical regulations by the decision
of the Minister of health and population No. 172 of the year 2011,
while, meprobamate the active metabolite of carisoprodol” is a
schedule 11 controlled substance on Anti-drug law No.182 of the year
1960.
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BIOCHEMICAL AND HISTOLOGICAL CHANGES IN MALE
ALBINO RATS RECEIVING ORAL CARISOPRODOL
COMPOUND DRUG

Laila Abed El Kawy"

Background: Carisoprodol compound (Somadril compound)® is a widely used
skeletal muscle relaxant and analgesic and is available as a prescription drug. Aim
of the work: The present study aims to evaluate the toxic effect induced by
carisoprodol compound drug on oxidative/ anti-oxidative processes of the liver of
male rats, and some immune responses were also investigated. Materials and
methods: Adult male Sprague Dawley rats were orally administrated (21.6 mg and
43.2 mg /100 g rat body weight) of carisoprodol compound tablets in corn oil
corresponding to therapeutic and supratherapeutic doses in human by gastric gavage
for 15, 30 and 45 days. The 45-days treatment was followed by 15 days withdrawal
(wl15). Levels of markers indicative of hepatotoxicity such as enzymes of liver
functions activity, levels of serum glutathione (reduced and oxidized) as index of
redox system were assayed. In addition, the activity of serum paraoxinase enzyme ,
cytP4sy . IL-6 and oxidant/ antioxidant status which was assessed in liver by
measuring the levels of malondialdehyde (MDA), superoxide dismutase (SOD),
glutathione peroxidase (GPx), glutathione reductase (GR), and catalase (CAT) were
assayed. Moreover, histological liver changes were examined. Results: The results
showed a significant elevation in serum ALT, AST, yGT and ALP in carisoprodol
compound treated rats versus control groups. In comparison with the control
findings of male rats, carisoprodol treated male rats showed significant increase in
MDA content by 50.312% and a significant reduction in GR by -20.03% with
observed significant inhibition in catalase activity by -19.30%. Also, significant
inhibition in SOD activity was achieved in carisoprodol -treated male rats by
- 30.15% versus control groups. GSH concentration was significantly decreased at
Dys, Dy and Dys and Wis, while the level of oxidized form was significantly
increased and also GSH/GSSG ratio was decreased at Dys, Dy, Dys and Ws post
administration when compared to control group. Serum activity of paraoxinase and
Cytpsss was significantly decreased. Histological examination of liver tissue in
carisoprodol treated male rats significantly revealed marked changes included focal
and confluent necrosis, portal tract inflammation and steotosis. Conclusion: These
deleterious changes give an alarm to be aware in using such drug for a long time as
its consumption may be contributed to health hazards and must be used with strict
health precaution.

* Lecturer, Narcotic Research Department, The National Center for Social and Criminological Research.
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