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ABSTRACT

The present study was planned to investigate the protective impact of curcumin on hepatotoxicity of paracetamol in male
albino rats. Thirty-five male albino rats were allocated into seven equal groups, each of five rats, 1st group was kept as
control, 2nd group orally administered tween 80 (0.5 ml/200 g b. wt) for 15 days, 3rd group received silymarin (200 mg/kg
b. wt) orally for 15 days, 4th group received curcumin (200 mg/kg b. wt) orally for 15 days, 5th group orally administered
paracetamol (500 mg/kg b. wt) for the last 5 days, 6th group was given silymarin and paracetamol, 7th group was given
curcumin and paracetamol. The hepatotoxicity of paracetamol in rats displayed a significant reduction in erythrocytic count
(RBCs), concentration of hemoglobin (Hb), the values of packed cell volume (PCV) and mean corpuscular hemoglobin
concentration (MCHC) with a critical elevation in mean corpuscular volume (MCV), platelets (Plts), white blood cells
(WBCs) and neutrophils count. Silymarin or curcumin administration with paracetamol in rats produced a significant
increase in RBCs, Hb, PCV and MCHC with a significant decrease in MCV, Plts, WBCs and neutrophils count. Liver
enzymes (ALT and AST) and total bilirubin were significantly increased post administration of paracetamol whereas
administration of silymarin or curcumin with paracetamol significantly decreased the activities of liver enzymes and total
bilirubin. Paracetamol administration in rats produced a significant increase in tumor-necrosis factor-alpha (TNF-a) level
and lactate-dehydrogenase enzyme (LDH) activity. Silymarin or curcumin administration with paracetamol displayed a
critical decrease in TNF-a and LDH activity. Paracetamol elicited a critical decrease in catalase (CAT), superoxide
dismutase (SOD) and glutathione peroxidase (GPX) activities with a critical elevation in malondialdehyde (MDA)
concentration. Silymarin or curcumin administration with paracetamol evoked a critical elevation in CAT, SOD and GPX
activities with a significant decrease in MDA concentration. Histopathological examination of paracetamol treated rats
displayed alterations in liver histoarchitecture with degenerative and necrotic changes in hepatic cells but restored to nearly
normal picture by pretreatment with silymarin and curcumin. Curcumin has a hepatoprotective effect on paracetamol
induced-hepatotoxicity in rats.
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INTRODUCTION

It is an essential organ which directs numerous vital metabolic capacities and is in charge of keeping up
hemeostasis of the body. It has a massive assignment of detoxification of xenobiotics, natural toxins and
chemotherapeutic operators. Subsequently, this organ is subjected to assortment of infections and clutters [1].
Hepatotoxicity is a general term for liver damage, including necrosis, steatosis, fibrosis, cholestasis and vascular
injury [2]. Hepatic damage by paracetamol (PCM) overdose is identified with excessive oxidative stress for the
most part caused by the electrolyte and exceedingly responsive metabolite of it called N-acetyle-p-
benzoquinone imine [NAPQI) [3]. Lipid peroxidation which is a secondary to NAPQI- prompted GSH depletion
and oxidative stress which can cause irreversible membrane damage and cell death [4].
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Silymarin is a standard extract from leafy foods of silybum marianum, it has been utilized for the treatment of
different sicknesses in people for the most part liver related issue as it used for centuries as a hepatoprotectant
[5].

Curcumin, an active principle of curcuma longa L. has been shown to exhibit anti-inflammatory, antioxidant,
antibacterial, antiviral, antifungal, anticancer and hepatoprotective activities [6].

The purpose of this investigation is to assess the possible protective impacts of curcumin on paracetamol
produced hepatotoxicity in male albino rats.

MATERIAL AND METHODS

Materials

a. Chemicals:
Paracetamol (panadol®):
Tablets (500 mg) obtained from Glaxo Smithkine, Dungarvan Ltd. Ireland and orally received in a dose of 500
mg/kg b. wt [7].
Silymarin powder (Livamarin®):
Sachets (140 mg) obtained from European Egyptian pharm. IND. Company, Alexandria, Egypt. It is orally
received in a dose of 200 mg/kg b.wt. [8]
(Curcumin®):
Powder (10 g) obtained from ROTH chemical Co. (Germany), and emulsified in 2% Tween 80. Tween 80 was
produced by El-Gomhoria Co., Egypt. Curcumin was orally given in a dose of 200 mg/kg b. wt[9].

b. Experimental animals
A total number of thirty-five apparently healthy adult male albino rats (weighing 200+10 g) were obtained from the
Laboratory Animal House, Faculty of Veterinary Medicine, Zagazig University, Egypt. Rats were acclimatized for
one week before starting of experiment. The animals were housed in metal cages under optimal conditions. They
were fed on slandered diet and water ad-libitum during the investigation. The care and welfare of the animals
confirmed to the rules of the Animal use Research Ethics Committee of Faculty of Veterinary Medicine, Zagazig
University, Egypt.
Methods

1. Experimental design
Thirty-five male albino rats were allocated into seven equal groups, each of five rats. First group was kept as a
control and received normal saline (1 ml/kg b.wt), 2" group was given tween 80 in a dose of 0.5 ml/200 g b.wt per
os by stomach tube once daily for 15 successive days, 3 group was given silymarin in a dose of 200 mg/kg b.wt
orally by stomach tube once daily for 15 successive days, 4" group was given curcumin in a dose of 200 mg/kg
b.wt orally by stomach tube once daily for 15 successive days, 5" group was given paracetamol in a dose of 500
mg/kg b.wt orally by stomach tube once daily for the last 5 successive days, 6 group was given silymarin daily for
10 successive days and simultaneously with paracetamol for the last 5 successive days and 7™ group was given
curcumin daily for 10 successive days and simultaneously with paracetamol for the last 5 successive days.

2. Sampling

a. Blood samples
Animals were fasted overnight then killed under light anesthesia (Ether). Five rats from each gathering were
utilized for collection of blood samples from the retro-orbital venous plexus on the 16™ day of the experiment.
Each blood sample was separated into 2 parts. The primary part (3 ml) was collected in clean Wassermann tubes
containing disodium salt of EDTA for hematological studies. The second part (2 ml) was taken without
anticoagulant in a clean centrifuge tube and centrifuged at 3000 rpm for 10 minutes to separate serum for
biochemical examinations [10].
b. Tissue specimens

Liver was collected immediately after decapitation of animals under light anesthesia then washed with ordinary
physiological saline and divided into two parts. The first one for antioxidant/oxidant status assessment by using
an electrical homogenizer. A 0.5 g of liver tissue was homogenized in 5 ml phosphate buffer [7.4 pH) and the
sample was kept on ice, then centrifugation of tissue homogenates was done at 1200 rpm for 20 minutes at 4°C.
Finally, the supernatants were isolated and stored at -80°C until further use. The second part was fixed in neutral
formalin at 10% for histopathological examination.
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3. Hematological studies
RBCs, Hb, WBCs, (MCV), MCHC [11] PCV [12], and Differential leukocytic counts were determine [13].

4. Biochemical analysis
The activities of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined
[14] besides alkaline phosphatase activity (ALP) [15]. Serum total bilirubin was determined [16]. Serum tumor-
necrosis factor alpha (TNF-o) was done by ELISA [17] and serum lactate dehydrogenase enzyme activity
(LDH) was determined [18]

5. Antioxidant / oxidant status
Tissue catalase enzyme activity (CAT) [19], Tissue superoxidase dismutase (SOD) enzyme activity [20], Tissue
glutathione peroxidase enzyme activity (GPX) [21], and Tissue malondialdehyde concentration (MDA) was
determined [22, 23].

6. Histopathological examination
Specimens from liver were taken for histopathological examination and fixed in 10% neutral buffer formalin,
paraffin sections of 5-micron thickness were prepared, stained with H&E stain then examined microscopically
[24].

7. Statistical analysis
The obtained data were represented as mean + SE for each gathering. The informations were dissected by one-
way ANOVA followed by Duncan’s test. Informations were considered significant at P < 0.05 [25].

RESULTS

1. Hematological results
a. Erythrogram
Tween 80, silymarin and curcumin administration produced a non-significant variation in erythrogram. Oral
administration of paracetamol displayed a significant decrease in RBCs, Hb, PCV and MCHC with a significant
increase in MCV and platelets count when compared with control group. Administration of silymarin or
curcumin with paracetamol orally elicited a significant increase in RBCs, Hb, PCV and MCHC with a
significant decrease in MCV and platelets counts when compared with paracetamol group (Table 1).

Table 1: Effect of oral administration of silymarin (200 mg/kg b. wt) or curcumin (200 mg/kg b. wt) for 15
successive days on erythrogram in normal and paracetamol (500 mg/kg b. wt for the last 5 days) induced
hepatotoxicity in male albino rats (Mean £ SE) n=5

Groups RBCS Hb PCV MCV MCHC Plts

(10%pl) (g/dI) (%) (FD) (%) (10%p)
Control 7.57+0.0722 | 16.23+£0.145% | 52.00+1.152 | 68.67+0.870° | 31.24+0.834? | 349.33+8.96°
Tween 7.49+0.063% | 16.63+£0.1762 | 51.00+1.152 | 68.06+2.12°¢ | 32.63+0.5662 | 349.66+10.26°
Silymarin 7.58+0.053? | 16.43+£0.2022 | 51.00+1.5228 | 67.20+1.54° | 32.30+1.35% | 344.33+5.23°
Curcumin 7.52+0.1142| 16.53+£0.120% | 50.67+2.332 | 67.45+4.04° | 31.79+0.806% | 342.33+7.88°
Paracetamol 3.34+0.0949| 9.00+0.1739 |37.66+1.45°| 112.83+1.812 | 23.94+0.728" | 456.33+15.012
Silymarin+paracetamol |5.92+0.135° | 14.40+0.321° | 49.00+1.152 | 82.77+0.895"¢ | 29.38+0.1102 | 375.33+11.09°
Curcumin+paracetamol | 4.96+0.270° | 11.63+0.120° |46.33+0.881% 93.95+5.33" | 27.12+0.443% | 388.66+11.56°

Means within the same column in each category carrying different superscript letters are significant at P < 0.05

b. Leukogram
Tween 80, silymarin and curcumin administration produced a non-significant variation in leukogram. The oral
receiving of paracetamol in rats revealed a critical elevation in WBCs count beside neutrophil count comparing
with control group. Oral administration of silymarin or curcumin with paracetamol produced a significant
decrease in WBCs and neutrophil count when compared with paracetamol group (Table 2).

2. Serum biochemical results

a. Liver enzyme activities and total bilirubin
Non-significant variations were recorded in liver enzymes post administration of tween 80, silymarin and
curcumin. The present study reported that oral administration of paracetamol in rats produced a significant
increase in ALT and AST activities and total bilirubin level comparing with control group. Oral administration
of silymarin or curcumin with paracetamol elicited a critical reduction in ALT and AST activities and bilirubin
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level when compared with paracetamol group (Table 3).

b. Tumor necrotic factor-alpha (TNF-a) and lactate dehydrogenase enzyme activity (LDH)
Non-significant changes were recorded in TNF-a and LDH post administration of tween 80, silymarin and
curcumin. Oral receiving of paracetamol in rats evoked a critical increase in TNF-a level and LDH activity
comparing with control group. Administration of silymarin or curcumin with paracetamol in rats resulted in a
critical reduction in TNF-a level and LDH activity when compared with paracetamol group (Table 4).

Table 2: Effect of oral administration of silymarin (200 mg/kg b. wt) or curcumin (200 mg/kg b. wt) for 15
successive days on leukogram in normal and paracetamol (500 mg/kg b. wt for the last 5 days) induced
hepatotoxicity in male albino rats (Mean £ SE) n =5

Differential leukocytic count
WBCS - - -
Groups (10%ul) Lymphocytes Neutrophil Eosinophil Monocytes
(103/ul) (103/ul) (103/ul) (103/ul)
Control 8.89+0.098°¢ 6.26+0.0662 1.30+0.035¢ 0.53+0.046% | 0.79+0.0232
Tween 8.88+0.066° 6.25+0.070? 1.31+0.038¢ 0.51+0.025 | 0.80+0.0412
Silymarin 8.87+0.077°¢ 6.27+0.0982 1.27+0.032¢ 0.55+0.0282 | 0.77+0.0682
Curcumin 8.83+0.120° 6.23+0.0582 1.29+0.011¢ 0.53+0.011* | 0.79+0.0502
Paracetamol 11.48+0.265% 6.17+0.126° 3.94+0.299* | 0.5740.046% | 0.79+0.0662
Silymarin+paracetamol 9.50+0.174° 6.22+0.0572 1.91+0.158¢ 0.57+£0.0352 0.79+0.0602
Curcumin+paractamol 9.79+0.179° 6.19+0.0322 2.31+0.156° | 0.56+0.026* | 0.73+0.0392

Means within the same column in each category carrying different superscript letters are significant at P < 0.05

Table 3: Effect of oral administration of silymarin (200 mg/kg b. wt) or curcumin (200 mg/kg b. wt) for 15
successive days on liver enzyme activities and total bilirubin in normal and paracetamol (500 mg/kg b. wt for the
last 5 days) induced hepatotoxicity in male albino rats (Mean £ SE) n =5

Groups ALT AST ALP Total bilirubin
(U/L) (U/L) (U/L) (mg/dl)

Control 11.66+0.881¢ 27.00+2.30° 83.0045.682 1.29+0.069¢
Tween 11.33+1.76¢ 27.00£1.52¢ 86.33+2.332 1.17+0.129°
Silymarin 11.33+0.881¢ 26.33+1.20° 83.00+1.15% 1.30+0.008¢
Curcumin 11.00+1.52¢ 25.66+4.70° 86.66+3.75° 1.22+0.028°
Paracetamol 83.33%4.252 65.66+2.40° 88.00+1.152 2.20+0.0352
Silymarin+paracetamol 36.00+3.05°¢ 25.33+4.84°¢ 83.33+6.382 1.25+0.056°
Curcumin+paracetamol 50.00+3.78° 40.33+1.45° 84.33+7.212 1.43+0.058°

Means within the same column in each category carrying different superscript letters are significant at P < 0.05

Table 4: Effect of oral administration of silymarin (200 mg/kg b. wt) or curcumin (200 mg/kg b. wt) for 15
successive days on serum tumor necrotic factor alpha (TNF-a) and lactate dehydrogenase (LDH) in normal and
paracetamol (500 mg/kg b. wt for the last 5 days) induced hepatotoxicity in male albino rats (Mean + SE) n=5

Groups TNF-a LDH

(pg/ml) (U/L)
Control 49,52+2,06¢ 165.09+3.201
Tween 50.57+1.479 167.46+2.55¢
Silymarin 50.59+0.709 168.15+4.53
Curcumin 50.86+1.22¢ 166.54+5.47¢
Paracetamol 120.38+4.70? 257.63+3.992
Silymarin + paracetamol 69.30+0.91° 188.47+1.27°¢
Curcumin + paracetamol 82.89+3.11° 209.04+2.77°

Means within the same column in each category carrying different superscript letters are significant at P < 0.05

3. Hepatic antioxidant/oxidant status
Administration of tween 80, silymarin and curcumin produced non-significant changes in hepatic antioxidant
and oxidant status.
The present examination indicated that oral administration of paracetamol in rats produced a critical decline in
catalase (CAT), superoxidase dismutase (SOD) and glutathione peroxidase (GPX) activities with a critical
increase in malondialdehyde (MDA) concentration when compared with control group.
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Silymarin or curcumin administration with paracetamol in rats displayed a critical increase in CAT, SOD and
GPX activities with a critical reduction in MDA concentration when compared with paracetamol group (Table
5).

4. Liver histopathology
Control, tween 80, silymarin and curcumin groups showed normal hepatic histomorphological structures but in
paracetamol treated group there was alterations in liver architecture, there were also focal necrosis and
individual apoptosis of hepatocytes. All of these changes were mildly improved by silymarin and curcumin
treated as shown in plate (1).

Table 5: Effect of oral administration of silymarin (200 mg/kg b. wt) or curcumin (200 mg/kg b. wt) for 15
successive days on hepatic antioxidant and oxidant status in normal and paracetamol (500 mg/kg b. wt for the last
5 successive days) induced hepatotoxicity in male albino rats (Mean £ SE) n =5

Groups CAT SOD GPX MDA
(W) (Wa) ()] (nmol/g)

Control 0.82+0.0812 2.60+0.1252 114.46+2.412 5.01£0.195°¢
Tween 80 0.85+0.0372 2.44+0.3422 113.68+1.492 4.94+0.026°
Silymarin 0.85+0.0552 2.36+£0.3172 115.46+2.962 5.03%0.110°¢
Curcumin 0.88+0.0262 2.31+0.1352 114.21+1.942 4.95+0.104°¢
Paracetamol 0.24+0.032¢ 0.55+0.031° 51.84+2.54¢ 22.30+1.892
Silymarin+paracetamol 0.62+0.044° 1.72+0.1462 97.95+1.52° 7.45+0.407°
Curcumin+paracetamol 0.44+0.029¢ 1.35+0.0372 81.10+3.48° 9.58+0.345b

Means within the same column in each category carrying different superscript letters are significant at P < 0.05.
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B .3 ::
Plate 1. Photomicrographs of rat liver sectlons in different experimental groups stained with H&E x 400.

A, B, C and D: Liver sections in control, tween 80, silymarin and curcumin groups respectively exhibited
normal hepatic histomorhological structures with hypertrophied Kupffer's cells (arrowheads) and a few
inflammatory cells were seen in portal area (arrow) in group D (curcumin group). E: Rat liver section in
paracetamol treated group revealed mild biliary proliferation, focal necrosis, individual cells apoptosis
(arrowhead) and the hepatic sinusoids showed lymphocytosis (curved arrow). F: Liver section in silymarin and
paracetamol treated group showed apparently normal hepatic parenchyma with mild to moderate centrilobular
vacuolation (fatty changes) (arrows). G: Liver section in curcumin and paracetamol treated rats showed
hypertrophied Kupffer's cells (arrowheads). Generally, there was an improvement in silymarin + paracetamol
group and curcumin + paracetamol group.

DISCUSSION

The liver is the real organ responsible for digestion; detoxification and secretory function in the body. It is
particularly susceptible to chemically-induced injury, so it is the most important target for toxicity caused by
drugs [26].

Hepatotoxicity is associated with impaired liver functions caused by exposure to drug or another non-infectious
agent, manifested by elevation in liver enzymes [27].

Curcumin has strong antioxidant, anti-inflammatory and other activities. Likewise, it is well tolerated at a very
high dose with not toxic impacts. So, it has the potential for the development of modern medicine for the
treatment of various diseases [28].

In view of these information, the present investigation aims to trace the antioxidant and hepatoprotective
impacts of curcumin on paracetamol induced hepatotoxicity in male albino rats.

In this study, paracetamol administration induced a critical decrease in RBCs, Hb, PCV and MCHC with critical
elevation in MCV, PIts, WBCs and neutrophil counts.

Similar findings were reported by [29] who recorded a significant decrease in RBCs, Hb and PCV with a critical
elevation in WBCs count in rats medicated with paracetamol (300 mg/kg b. wt intraperitoneal for 2 days). The
previous authors mentioned that a significant increase in total leukocytic count could be as a result of the body
defense mechanism trying to protect the body from being vulnerable to infections following liver damage. The
decrease in RBCs count may be attributed to the reduction in erythropoiesis in bone marrow and faster rate of
destruction of peripheral RBCs in spleen [10]. The reduced Hb content may be due to reduction in size of RBCs,
impaired biosynthesis of haem in bone marrow or because of decrease in the rate of formation of RBCs.
Paracetamol also cause significant decrease in PCV value and that indicated the induction of anaemia.

The present results of current study are similar to [30] who recorded that rats treated with 7.5 mg
paracetamol/kg b. wt for 42 days showed non-significant changes in lymphocytes, eosinophils, monocytes and
basophils counts.

The obtained results disagreed with [31] who observed a reduction in total leukocytic count, lymphocytic count
and polymorphnuclear cells of Wister rats administered with paracetamol at 2 g/kg b. wt once daily for 14 days.
The difference in leukogram may be due to the difference in dose, route of administration, duration and animal
species.

The present results suggested that administration of silymarin or curcumin prior and simultaneously with
paracetamol showed an improvement in erythrogram values (RBCs, Hb, PCV, MCHC) with a significant
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decrease in MCV and Plts count as compared to paracetamol group. Similar findings were reported [32] who
stated that curcumin administration to infected mice improved erythrocytic count, Hb and blood indices.

Hepatic cells contain a gathering of enzymes which have been utilized as markers for observing liver damage.
The enzymes alanine amino-transferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase
(ALP) levels are increased following liver cell damage [33].

The current study revealed that paracetamol overdose is evident with increasing of serum transaminases and
bilirubin levels compared with control group.

Such recorded results are in agreement with previous reports [34, 35] who reported that rats received overdose
of paracetamol showed higher levels of ALT, AST and bilirubin. The present data agreed with [36] who found
that paracetamol significantly increased ALT, AST and bilirubin levels in mice. Furthermore [37] said that acute
paracetamol toxicity resulted in remarkable elevation in the activities of plasma ALT, AST and ALP.

Abnormal state of AST demonstrates liver harm, for example, that caused by viral hepatitis and cardiac
infarction and muscle damage. AST catalyzes the change of alanine to pyruvate and glutamate and is discharged
in a similar manner. In this manner, ALT is more particular to the liver and is a superior parameter for
identifying liver damage. The raised activities of hepatic enzymes are demonstrative for cellular leakage and
loss of functional integrity of cell membrane in liver [1,38].

In the present study, hyperbilirubinemia recorded in paracetamol treated group might be as a result of improper
uptake, metabolism and discharge of bile by the diseased hepatic cells [39]. These findings are confirmed by
[40] who reported that centri-zonal and focal necrosis of liver with hepatocytes ballooning in the liver of albino
mice intoxicated by paracetamol (500 mg/kg b. wt orally). The present study indicated that administration of
silymarin prior and simultaneously with paracetamol improved hepatic enzymes and total bilirubin. The liver
protective mechanism of silymarin may be related to its stimulation of RNA polymerase enzyme and protein
synthesis which is vital role in the repair of hepatic damage and it’s necessary for restoring structural proteins
and enzymes damaged by toxins [41] The same was noticed by [8] who reported that rat received 200 mg/kg b.
wt of silymarin for 7 days after paracetamol intoxication showed a critical reduction in the activities of ALT,
AST and ALP and restored control value. Post treatment of silymarin (100 mg/kg b. wt) for 7 days after APAP
administration caused critical reduction in ALT and AST levels in serum [35].

The current study revealed that administration of curcumin prior and simultaneously with paracetamol elicited a
critical reduction in serum bilirubin and liver enzymes levels.

These results are in harmony with [42] who found that receiving of single dose of curcumin (400 mg/kg orally)
with paracetamol dose decline the activities of transaminases, ALP and total bilirubin level.

In this study, paracetamol administration showed a significant elevation in serum TNF-o and LDH. Similar
findings were achieved by [7] who stated that oral administration of paracetamol (500 mg/kg) for the last 5
progressive days of experiment to rats revealed a marked increase in serum TNF-a and LDH compared to
control one. The obtained results coordinates [43] who observed that lactate dehydrogenase enzyme (LDH) in
paracetamol medicated rats was critically elevated throughout 21 days of experiment. In the same manner [44]
noticed that single intraperitoneal injection of paracetamol (750 mg/kg b. wt) in rats. The first day of
experiment, revealed a critical increase in LDH activity. The increase in cystolic LDH activity by paracetamol
may be because of the intracellular collection of Ca?*, which results in initiation of phosphofructo-kinase and
anaerobic glycolysis prompting lactate formation [45]. Loss of Ca?* hemeostasis because of oxidative damage
and increment in intracellular Ca?* has been reported to a late and may be irreversible final stage during the
process of cell death for paracetamol [46].

The present results are in harmony with [47] who reported that paracetamol induced toxic damage to rat
hepatocytes as assessed by critical increase in LDH leakage.

The recorded results suggested that administration of silymarin or curcumin prior and simultaneously with
paracetamol resulted in a critical decline in TNF-o. and LDH.

The obtained results go hand in hand with those recorded by [7] who found that oral administration of curcumin
alone for 10 days and with the paracetamol for the last 5 days restored the TNF-o and LDH values to normal.
The previous authors revealed that curcumin administration controlled serum and hepatic LDH.
Notwithstanding, it didn’t standardize the LDH level totally as it stayed lesser than paracetamol injected rats.
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In this examination, paracetamol administration in the last 5 progressive days induced oxidative stress in rat
livers, as prove by high critical decrease in antioxidant enzyme activities (CAT, SOD and GPX) and a critical
elevation in MDA generation.

Lipid peroxidation influences the liver to more prominent degree causing the formation of high molecular mass
protein aggregated with the membrane. Thus, the expansion in the level of MDA is a pointer of lipid
peroxidation [48]. From our opinion, overproduction of free radicals and reactive oxygen species during
paracetamol metabolism leads to exhaustion of natural body antioxidant system and enhanced lipid peroxidation
as evidenced by the observed decrement in the level of catalase, SOD and GPX and the increase of MDA
concentration in the liver homogenate.

The reactive oxidative stress attacks polyunsaturated fatty acids and disturbs the cell membrane. It prompts
oxidative lipid and form MDA, a product of lipid peroxidation. The Increase in production of liver MDA
reported in our trials by paracetamol are coincided with previous study which reported that paracetamol
increased extracellular MDA level [49].

The recorded results are in agreement with works of [50] who observed that administration of paracetamol at 2
g/kg for 7 days caused a critical elevation in MDA level.

Similar results were noticed by [51] who reported that rats received 500 mg/kg b. wt. of paracetamol for 7 days
exhibited a critical elevation in MDA level.

The present results suggested that administration of curcumin or silymarin prior and simultaneously with
paracetamol resulted in a critical elevation in the activities of antioxidant enzymes (CAT, SOD and GPX) and a
critical reduction in activity of MDA compared with paracetamol group.

SOD is an antioxidant enzyme that changes superoxide anion Oyto H,O,. CAT converts H,O, to water and O,.
GPX catalyzes the decreasing of H>O- and other peroxides by coupling reduced glutathione [52, 53].

The recorded data are in line with [7] who mentioned that hepatic lipid peroxidation level was inhibited by
receiving of curcumin to paracetamol-treated rats.

The obtained results are in harmony with [51] who reported that paracetamol-treated rats received curcumin at a
dose of 200 mg/kg b. wt for 7 days revealed an increase in the levels of antioxidant enzymes and decreasing the
lipid peroxidation.

The present investigation reported that administration of silymarin prior and simultaneously with paracetamol
resulted in restoring the antioxidant enzyme activities to control and decline the MDA concentration level. The
antioxidant activity of silymarin to the free hydroxyl groups present in its structure that may favor the decline of
lipid peroxidation by reacting with peroxy radicals, thus leading to rise in the cellular antioxidant defense
mechanism [54]. These results agree with [55] who observed that treatment of paracetamol intoxicated rats with
silymarin (100 mg/kg orally) for 10 days caused a critical reduction in the hepatic MDA level and enhanced the
antioxidant enzymes (CAT, SOD and GPX).

In the present study, the microscopical examination of liver sections of rats induced hepatotoxicity with
paracetamol revealed a moderate congestion of the hepatic blood vessels, degenerative and necrotic changes in a
mild to moderate number of hepatic cells (25-30%), portal aggregation of round cells and mild biliary
proliferation, in addition to focal individual cells necrosis and apoptosis with replacement of dead cells with
round cells could be detected. On agreement [56] who noticed that liver of paracetamol treated rats (600 mg/kg
single intraperitoneal injection) exhibited vacuolization of hepatocytes, sinusoidal dilation, infiltration of
Kupffer cells and fatty degeneration with respect to normal control one. Moreover, paracetamol treated group
showed a high derangement of hepatic cords, ballooning necrosis, cellular infiltration and loss of cell boundaries
without any signs of regeneration [57].

CONCLUSION

Our observations recommended that curcumin improved the harmful impacts of paracetamol-induced
hepatotoxicity in male albino rats. The defensive part of curcumin against paracetamol-initiated damages might
result from its antioxidative and anti-inflammatory impacts.
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