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Abstract 23 

Background: An overdose of paracetamol is a frequent reason for liver and renal 24 

toxicity and possible death and curcumin has hepatoprotective properties against liver 25 

damage. The exact mechanism of such protection is not clear. Therefore, this study 26 

was conducted to examine the molecular levels of the protective effect of curcumin on 27 

paracetamol overdose induced hepatic toxicity in rats. Male Wistar rats were allocated 28 

into 4 groups. Control group, administered corn oil; curcumin group, administered 29 

curcumin (400 mg/kg BW daily intra-gastric) dissolved in corn oil; paracetamol 30 

group, administered corn oil with a single dose of paracetamol (500 mg/kg BW intra- 31 

gastric) and protective group, administered curcumin with a single dose of 32 

paracetamol. Curcumin was administered for 7 successive days, while paracetamol 33 

was administered at day six of treatment. Blood and liver tissues were collected for 34 

biochemical, histopathological, immunohistochemical and molecular examination. 35 

Results: Serum analysis revealed an alteration in parameters of kidney and liver. A 36 

decrease in the antioxidant activity of liver was recorded in paracetamol group while 37 

curcumin administration restored it. Histopathological findings showed an extensive 38 

coagulative necrosis in hepatocytes together with massive neutrophilic and 39 

lymphocytic infiltration. Immunostaining of liver matrix metalloproteinase-8 (MMP-40 

8) in paracetamol administered rats showed an increase in MMP-8 expression in the 41 

area of coagulative necrosis surrounding the central vein of hepatic lobules. Curcumin 42 

administration decreased MMP-8 expression in liver of paracetamol administered rats. 43 

Gene expression measurements revealed that paracetamol decreased the expression of 44 

antioxidant genes and increased the expression of interleukin-1β (IL-1β), IL-8, tumor 45 

necrosis factor-α (TNF-α) and acute phase proteins. Curcumin administration 46 
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ameliorated paracetamol-induced alterations in genes expression of antioxidant and 47 

inflammatory cytokines. 48 

Conclusion: The results clarified the strong protective effect of curcumin on 49 

paracetamol induced hepatic toxicity in rats at the immunohistochemical and 50 

molecular levels. 51 

Keywords: Curcumin, Hepatic toxicity, Paracetamol, cytokines expression, MMP-8 52 

immunostaining, Wistar rats. 53 

Short title: Molecular protective effects of curcumin 54 
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Introduction 89 

Curcumin (CUR); a member of the ginger family Zingiberaceae; (1,7-bis [4- 90 

hydroxy-3-methoxyphenyl] -1,6-heptadiene-3,5-dione) is a hydrophobic polyphenol 91 

compound. It is found in the rhizome of the herb Curcuma longa, which is commonly 92 

known as turmeric [1]. Turmeric is a widely used in therapeutic preparations against 93 

anorexia, coryza (rhinitis), herpes zoster, acne, cough, urinary tract diseases, diabetic 94 

wounds, hepatic disorder, rheumatism and sinusitis [2]. It is used as a food spice, 95 

additive, flavoring, preservative and as coloring agent in foods and textiles [3]. 96 

Curcumin has several activities including antioxidant [4], antimicrobial [5], anti- 97 

inflammatory [6], antiviral [7], anti-carcinogenic [8] and anti-diabetic [9]. Curcumin 98 

has hepatoprotective properties [10, 11] against liver damage in animals induced by 99 

carbon tetrachloride [12] and aflatoxin B [13]. Moreover, curcumin has silymarin-like 100 

actions [14] and antiapoptotic activity both in vitro and in vivo to prevent hepatic 101 

injury [15].  102 

Paracetamol (PRM); acetaminophen or N-acetyl-p-aminophenol (APAP); is a 103 

widely analgesic medication in many countries. An overdose of paracetamol is a 104 

frequent reason for liver and renal toxicity and possible death [16]. The exact 105 

mechanism of such toxicity is not clear. However, the most studies have focused on 106 

PRM effects on antioxidant levels in blood and tissue [15], liver and kidney function 107 

[11]. High doses of PRM cause glutathione depletion, apoptosis and cell death [17]. 108 

PRM is metabolized in the liver by cytochrome P450 to N-acetyl-p-benzoquinone 109 

imine (NAPQI). NAPQI reacts with glutathione (GSH), therfore overdoses of 110 

paracetamol may result in a depletion of hepatocellular GSH [18]. GSH exhaustion 111 

will cause NAPQI to binds with cellular proteins leading to mitochondrial 112 

dysfunction, oxidative stress, lipid peroxidation, DNA fragmentation, massive 113 
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hepatocyte necrosis, liver damage and death [19]. The chemicals such as N-acetyl 114 

cysteine were used to prevent paracetamol toxicity [20].  Narrow therapeutic window 115 

and toxicity together with the adverse effects of N-acetyl cysteine encourage us to 116 

search for an alternative safe therapeutic medication to overcome paracetamol 117 

overdose and hepatic toxicity. 118 

Matrix metalloproteinases is a family of 23 Zn2+- and Ca2+- dependent 119 

endoproteases [21]. These enzymes are very effective in breaking down the major 120 

protein components of the extracellular matrix and basement membrane. Matrix 121 

metalloproteinase-8 (MMP-8) is a member of metalloproteinases and is a central 122 

mediator in acute lethal hepatitis. MMP-8 deficient mice are markedly protected 123 

against TNF-α induced lethal hepatitis [22]. Down-expression of MMP-8 is 124 

associated with a decrease in mortality of rats with sepsis [23].  MMP-8 regulates 125 

expression of tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and other 126 

inflammatory cytokines [24]. 127 

The liver is a pivotal organ that removes and inactivates toxic substances and 128 

drugs to be excreted in urine. Hepatic toxicity is attributed primarily to the changes in 129 

oxidative stress and alteration in acute phase proteins [25]. Liver is the first organ to 130 

be considered when the effects of environmental pollutants and toxins are 131 

investigated. Most of the substances absorbed by the intestine pass first to liver, where 132 

toxins and heavy metals are accumulated and inactivated [26]. Therefore, the 133 

condition of liver is important for our safety and health and its damage or disease is 134 

associated with DNA, protein, and lipid damage [27]. Most of published data focused 135 

mainly on serum biochemical alterations induced by curcumin on paracetamol 136 

overdose without a precise description about the changes in gene expression occurred 137 

during hepatic toxicity. So, the present study was aimed to examine the protective 138 
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effect of curcumin against hepatic toxicity induced by paracetamol in Wistar rats 139 

based on immunohistochemical and molecular studies. 140 

 141 

Materials and methods 142 

Chemicals and kits 143 

Acetaminophen, ethidium bromide and agarose were purchased from Sigma- 144 

Aldrich (St. Louis, MO, USA). The Wistar albino rats were purchased from King 145 

Fahd center for Scientific Research, King Abdel-Aziz University, Jeddah, Saudi 146 

Arabia.  Serologic kits for glutamate pyruvate transaminase (GPT), Glutamate 147 

oxalacetate transaminase (GOT), catalase, malondialdehyde (MDA), albumin and 148 

urea were purchased from Bio-diagnostic Co., Dokki, Giza, Egypt. The 149 

deoxyribonucleic acid (DNA) ladder was purchased from MBI, Fermentas, Thermo 150 

Fisher Scientific, USA. Qiazol for RNA extraction and oligo dT primer were 151 

purchased from QIAGEN (Valencia, CA, USA). Anti-MMP-8 primary antibody and 152 

rat ABC staining system were purchased from Santa Cruz Biotechnology (Santa Cruz, 153 

CA, USA). 154 

 155 

Animals, Experimental Design and Sampling 156 

All animal procedures were approved by the Ethical Committee Office of the 157 

dean of scientific affairs of Taif University, Saudi Arabia. Forty eight male Sprague 158 

Dawley rats, 3 months old, weighing 200–280 g were used for this study. For 159 

acclimatization, animals were kept under observation for 7 days before the onset of 160 

the experiment. The animals were kept at 12-h light-dark cycle and gained access to 161 

food and water ad libitum. Three independent experiments were carried out for each 162 

treatment. Rats were randomly divided into 4 groups as follows: 163 
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 Control group (CTR) served as negative control and received corn oil orally. 164 

Curcumin group (CUR) received curcumin dissolved in corn oil orally in a dose of 165 

400 mg/kg BW daily for 7 days. Paracetamol group (PRM) received single intra- 166 

gastric dose of paracetamol (500 mg /kg BW intra-gastric) in water, 24 hours before 167 

sampling and was receiving corn oil orally for 7 days. Protective group (CUR+PRM) 168 

received curcumin dissolved in corn oil (400 mg/kg BW) daily for 7 days and on day 169 

six paracetamol (500 mg /kg BW intra-gastric) was administered. The doses of 170 

paracetamol and curcumin were determined based on the studies of Zhang et al. [28] 171 

and Tarasub et al. [29], respectively. Twenty four hours after administration of tested 172 

chemicals, all animals (4 rats per treatment and three independent experiments for 173 

each treatment) were sacrificed after anesthetization by diethyl ether inhalation. Blood 174 

and tissues were collected from slaughtered rats.  Serum was extracted after blood 175 

centrifugation for 10 min at 4000 x g. For gene expression, liver tissues were kept in 176 

TRIzol® reagent (Life Technologies, USA) at -80 ˚C in deep freezer for ribonucleic 177 

acid (RNA) extraction and in 10% neutral buffered formalin (NBF) at room 178 

temperature for 24 hours for histopathological and immunohistochemical study. 179 

 180 

Determination of liver antioxidant activity 181 

For catalase and MDA activity measurements, one gram of liver tissues was 182 

homogenized in 5ml of cold buffer (50mM potassium phosphate buffer; PBS, pH 7.4) 183 

for catalase and MDA. Cold buffer of catalase activity contains 1mM EDTA and 184 

1mL/l Triton X-100. After centrifugation at 4000 x g for 15 minutes at 4ºC, the 185 

supernatant was removed and stored frozen at -80 ºC until the time of analysis of 186 

catalase (U/g tissue) and MDA (nmol/g tissue). The activities of catalase and MDA 187 

were determined by ELISA reader (Absorbance Microplate Reader ELx 800TM 188 
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BioTek®, Seattle, WA, USA). Results were calculated according to the 189 

manufacturer’s instructions. 190 

 191 

 Liver histopathology 192 

After anesthetization of rats with diethyl ether and sacrifice, the liver was 193 

removed and fixed overnight in a 10% NBF solution. Fixed tissues were processed 194 

routinely and after washing and preservation in 70% ethanol, dehydration in 195 

ascending grades of ethanol, clearing in xylene, paraffin wax embedding, casting and 196 

cutting 5 µm sections, they were placed on top of glass slides.  The slides were stained 197 

with Mayer’s hematoxylin and eosin (H and E) [30].  Tissue slides were visualized 198 

using a Wolfe S9-0982 microscope and figures were captured using Canon Power- 199 

Shot SX500 IS digital camera. 200 

 201 

Liver immunohistochemical staining of MMP-8  202 

For immunohistochemistry, tissue sections were deparaffinized then treated 203 

with 3% H2O2 for 10 min to inactivate endogenous peroxidases, heated in 10 mM 204 

citrate buffer at 121°C for 30 min for antigen retrieval, blocked in 5% normal serum 205 

for 20 min, and incubated with a primary polyclonal rabbit anti-rat antibody specific 206 

for MMP-8 (1100 in PBS, Cat # sc-30069; Santa Cruz Biotechnology) overnight at 207 

4°C. After three extensive washes with PBS, sections were incubated with a biotin- 208 

conjugated secondary antibody (1:2,000 in PBS; Cat # sc-2040) for 20 min at 32°C. 209 

After further incubation with horseradish peroxidase (HRP)-labeled streptavidin, 210 

antibody binding was visualized with diaminobenzidine (DAB) and sections were 211 

counterstained with hematoxylin for 10 seconds at room temperature based on 212 

manufacture instruction. For negative control, primary antibody was replaced with 213 
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PBS alone. Tissue slides were examined using a Wolfe S9-0982 microscope and 214 

images were captured using Canon Power-Shot SX500 IS digital camera. For the 215 

expression of MMP-8, five fields per section and 4 sections from 4 different rats per 216 

treatment were examined. 217 

 218 

Gene expression analysis 219 

RNA Extraction 220 

  Total RNA was extracted from liver tissue samples (approximately 100 mg per 221 

sample) of experimental rats. Liver samples were flash frozen in liquid nitrogen and 222 

subsequently stored at -70°C in 1 ml Qiazol (QIAGEN, Valencia, CA, USA). Frozen 223 

samples were homogenized using a Polytron 300 D homogenizer (Brinkman 224 

Instruments, Westbury, NY, USA). Then, 0.3 ml chloroform was added to the 225 

homogenate. The mixtures were shaken for 30 seconds followed by centrifugation at 226 

4°C and 16,400 x g for 15 min. The supernatant was transferred to a new set of tubes, 227 

and an equal volume of isopropanol was added to the samples, shaken for 15 seconds 228 

and centrifuged at 4°C and 16,400 x g for 15 min. The RNA pellets were washed with 229 

70% ethanol, briefly dries up, and then dissolved in diethylpyrocarbonate (DEPC) 230 

water. RNA concentration and purity were determined spectrophotometrically at 260 231 

nm. The RNA integrity was confirmed in 1.5% denaturated agarose gel stained with 232 

ethidium bromide. The ratio of the 260/280 optical density of all RNA samples was 233 

1.7-1.9. 234 

Complementary deoxyribonucleic acid (cDNA) synthesis 235 

  For cDNA synthesis, a mixture of 3 µg total RNA and 0.5 ng oligo dT primer 236 

(Qiagen Valencia, CA, USA) in a total volume of 11 µl sterilized DEPC water was 237 
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incubated in the Bio-Rad T100TM Thermal cycle at 65°C for 10 min for denaturation. 238 

Then, 2 µl of 10X RT-buffer, 2 µl of 10 mM dNTPs and 100 U Moloney Murine 239 

Leukemia Virus (M-MuLV) Reverse Transcriptase (SibEnzyme. Ak, Novosibirsk, 240 

Russia) were added and the total volume was completed up to 20 µl by DEPC water. 241 

The mixture was then re-incubated in BIO-RAD thermal cycler at 37 °C for one hour, 242 

then at 90 °C for 10 min to inactivate the enzyme. 243 

 244 

Semi-quantitative PCR analysis 245 

  For semi-quantitative RT-PCR analysis, specific primers for examined genes 246 

(Table 1) were designed using Oligo-4 computer program and synthesized by 247 

Macrogen (Macrogen Company, GAsa-dong, Geumcheon-gu. Korea). PCR was 248 

conducted in a final volume of 25 µl consisting of 1 µl cDNA, 1 µl of 10  pM of each 249 

primer (forward and reverse),  and 12.5 µl PCR master mix (Promega Corporation, 250 

Madison, WI, USA), the volume was brought up to 25 µl using sterilized, deionized 251 

water. PCR was carried out using Bio-Rad T100TM Thermal Cycle machine with the 252 

cycle sequence at 94 °C for 5 minutes one cycle, followed by variable cycles (Table 253 

1) each of which consists of denaturation at 94 °C for one minute, annealing at the 254 

specific temperature corresponding to each primer (Table 1) and extension at 72 °C 255 

for one minute with an additional final extension at 72 °C for 7 minutes. As a 256 

reference, expression of glyceraldehyde-3-phosphate dehydrogenase (G3PDH) 257 

mRNA was examined (Table 1). PCR products underwent electrophoresis on 1.5% 258 

agarose (Bio Basic, Markham, ON, Canada) gel stained with ethidium bromide in 259 

TBE (Tris-Borate-EDTA) buffer. PCR products were visualized under UV light and 260 

photographed using gel documentation system. The intensities of the bands from four 261 
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different rats per group and three independent experiments were quantified 262 

densitometrically using Image J software version 1.47 263 

(http://imagej.en.softonic.com/).  264 

Statistical analysis 265 

Results are shown as means ± standard error of means (SEM). Data were 266 

analyzed using analysis of variance (ANOVA) and post hoc descriptive tests by SPSS 267 

software version 11.5 for Windows (SPSS, IBM, Chicago, IL, USA) with p<0.05 268 

regarded as statistically significant. Regression analysis was performed using the 269 

same software.                                 270 

 271 

Results 272 

 Renal and hepatic biochemical measurements 273 

Because of the cross association between urea synthesis in liver and its 274 

secretion in kidney, the changes in the parameters of kidney and liver after induction 275 

of paracetamol toxicity were examined. Paracetamol overdose increased serum levels 276 

of GPT, GOT, urea and albumin (Table 2). While, administration of curcumin 277 

together with paracetamol inhibited such increase in kidney and liver parameters 278 

compared to paracetamol group (Table 2).  Curcumin administration alone has no 279 

significant effect on examined kidney and liver parameters.  280 

 281 

Hepatic antioxidant activity 282 

The results about the protective effect of curcumin on MDA as oxidative stress 283 

marker, and catalase as antioxidant enzyme are illustrated in table 3. The current 284 

results revealed that MDA increased significantly (P<0.05) in paracetamol 285 

http://imagej.en.softonic.com/
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administered rats compared to control group (18.2 ± 0.5 for paracetamol group vs. 286 

9.78 ± 1.9 for control). Co-administration of curcumin with paracetamol normalized 287 

the increase in MDA activity observed in paracetamol group (12.6 ± 0.4 for 288 

paracetamol plus curcumin group vs. 18.2 ± 0.5 for paracetamol group). In 289 

paracetamol group, catalase activity was decreased significantly compared to control 290 

group (21 ± 0.4 for paracetamol vs. 33 ± 6.1 for control). For curcumin administered 291 

group, there is a significant increase in catalase activity (U/g tissue) (37 ± 1.1 for 292 

curcumin vs. 9.78 ± 1.9 for control).  Administration of curcumin plus paracetamol 293 

inhibited significantly the decrease in catalase activity observed in paracetamol group 294 

(33.9 ± 2.6 for curcumin plus paracetamol vs. 21 ± 0.4 for paracetamol). 295 

 296 

Liver histopathology 297 

The liver of the control group showed normal hepatic architecture with 298 

presence of a central vein surrounded by normal radiating hepatic cords with normal 299 

hepatic sinusoids in between (Fig. 1a). Liver of curcumin administered rats showed 300 

normal hepatic lobules, consisting of a central vein surrounded by radiating 301 

hepatocyte plates with normal portal tracts surround the classical lobules (Fig. 1b). In 302 

contrast, liver of paracetamol intoxicated group showed an extensive coagulative 303 

necrosis of hepatocytes together with massive neutrophilic and 304 

lymphocytic infiltration (Fig. 1c). Interestingly, administration of curcumin together 305 

with paracetamol in the protective group showed an improvement of hepatic toxicity 306 

with presence of small degenerated area together with normalization in liver 307 

architectures (Fig. 1d). 308 

 309 
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Immunohistochemical staining of MMP-8 in liver 310 

Immuno-stained liver of control and curcumin groups for MMP-8 expression 311 

showed normal hepatic architecture (Fig. 2a-b). Liver of paracetamol intoxicated 312 

group showed an increase in the expression of MMP-8 in the cytoplasm in the area of 313 

coagulative necrosis surrounding hepatic central vein (Fig. 2c) compared with that of 314 

negative control (Fig. 2d).  The liver of the protective group administered curcumin 315 

plus paracetamol showed no expression for MMP-8 (Fig. 2e) supporting the 316 

protective effect of paracetamol on hepatic toxicity. 317 

 318 

Semi-quantitative RT-PCR analysis of hepatic antioxidant enzymes 319 

RT-PCR analysis for antioxidants expression is illustrated in figure 3 (a-d). 320 

Parallel to tissue catalase activity (Table 3), mRNA expression of  glutathione-S- 321 

transferase (GST), glutathione peroxidase (GPx),  superoxide dismutase (SOD) and 322 

catalase was decreased significantly in paracetamol administered group and was 323 

increased in curcumin administered group (Fig. 3 a-d). Curcumin administration plus 324 

paracetamol reversed the decrease in antioxidants expression observed in paracetamol 325 

administered groups. 326 

 327 

Semi-quantitative RT-PCR analysis of hepatic cytokines expression 328 

Paracetamol up-regulated significantly (p<0.05) interleukin-1β (IL-1 β) and 329 

tumor necrosis factor-alpha (TNF-α) expression compared to control and curcumin 330 

administered groups (Fig. 4 a-c). Curcumin alone has a minor effect on IL-1β, TNF-α 331 

and IL-8 expressions; however, it increased IL-10 expression.  Curcumin plus 332 

paracetamol administration normalized the increase in IL-1β, IL-8 and TNF-α 333 

expressions that are observed in paracetamol administered group. Moreover, curcumin 334 
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administration plus paracetamol increased the expression of regenerative IL-10 (Fig. 335 

4d). 336 

 337 

Semi-quantitative RT-PCR analysis of hepatic acute phase proteins expression 338 

To explore the possible involvement of acute phase proteins in curcumin 339 

protective effect, the expressions of α1-acid glycoprotein (AGP) and α-2 340 

macroglobulin (α-2M) were examined. AGP expression increased in paracetamol 341 

group compared to control and curcumin administered groups (figure 5a). Curcumin 342 

administration plus paracetamol normalized AGP expressions compared to 343 

paracetamol, curcumin and control administered groups as shown in figure 5 (a). 344 

Unlike AGP is α-2M mRNA expression, α-2M was down-regulated in paracetamol 345 

group compared to control and curcumin administered groups. Curcumin co-346 

administration with paracetamol inhibited the down regulation in α-2M expression 347 

compared to paracetamol and control groups (Fig. 5b). 348 

 349 

Discussion 350 

This study demonstrated that, curcumin administration attenuated hepatic toxicity 351 

induced by paracetamol overdose through the re-impairment of antioxidant capacity 352 

of hepatic cells. Curcumin decreased the MMP-8 expression and some cytokines that 353 

initiate the inflammatory cascade of the body. In Kheradpezhouh et al. [31] and 354 

Yousef et al. [32] studies, they focused on the alterations in serum levels of liver and 355 

kidney parameters, but our study focused on the immunohistochemical and molecular 356 

attenuation of hepatic toxicity by curcumin. 357 

Alterations in serum levels of hepatic transaminases (GPT and GOT) were used as 358 

markers for liver damage and disease. In our study, there was a significant increase in 359 
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GPT and GOT levels in paracetamol administered rats.  Curcumin administration 360 

ameliorated both liver and kidney changes confirming the protective role of curcumin 361 

against hepatic toxicity induced by paracetamol overdose and that is coincided with 362 

results of Li et al. 2013 [15]. Moreover, it was reported that curcumin 363 

supplementation improved liver histopathology and showed an improvement in 364 

hepatic toxicity. MMP-8 plays an important role in progression and regulation of a 365 

variety of diseases, inflammatory response, blood pressure and cancer progression 366 

[21]. Our results showed an increase in MMP-8 expression during hepatic toxicity and 367 

it's down expression by curcumin in paracetamol group.  Curcumin helped in the 368 

regeneration process of hepatic cells probably through cytokines expression as 369 

reported by our results and that reported by another study [21]. 370 

Lipid peroxidation and antioxidant potency (GST, SOD and catalase) of cells 371 

were used to assess the degree of hepatic cell stability and integrity [33]. Oxidative 372 

damage caused by paracetamol overdose was significantly attenuated by curcumin 373 

administration. Therefore, we can postulate that curcumin could protect against free 374 

radical mediated oxidative stress by scavenging for free radicals that limit lipid 375 

peroxidation and attenuates antioxidants depletion [34]. Curcumin increased mRNA 376 

expressions of GST, GPx, SOD, and catalase. Additionally, curcumin attenuates 377 

antioxidants depletion and protects liver from paracetamol overdose-induced toxicity. 378 

Most of the antioxidants have either a phenolic functional group or a β-diketone 379 

group. Curcumin has a variety of functional groups. These functional groups include 380 

the β-diketone group, carbon–carbon double bonds, and phenyl rings containing 381 

varying amounts of hydroxyl and methoxy substituents (Priyadarsini et al. 2003; 382 

Wright 2002) [35, 36]. It has been suggested that curcumin was unable to prevent 383 

MDA production [37]. Curcumin is bio-transformed to dihydrocurcumin, 384 
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tetrahydrocurcumin, and hexahydrocurcumin after intestinal absorption. These bio- 385 

transformed products are converted to glucuronide conjugates, which are more polar 386 

and have better absorption than curcumin. Therefore, the pharmacological actions of 387 

curcumin are mostly due to curcumin's hydrosoluble derivatives [38]. 388 

The phenolic and methoxy groups on the benzene rings of curcumin are 389 

important structural features that contribute to curcumin's antioxidant properties [39] 390 

and ability to reduce the amount of free radicals [40]. To confirm the antioxidant and 391 

anti-inflammatory activity of curcumin during hepatic toxicity, we examined the 392 

expression of antioxidants and acute phase cytokines. The antioxidant gene expression 393 

and secretion increased in curcumin administered rats compared to control group. 394 

Curcumin administration down-regulated the increase of IL-1β, TNF-α and IL-8 395 

expressions in paracetamol administered group [4]. IL-1β, TNF-α, and IL-6 are the 396 

major inducers of acute phase response [41]. They act as hepatotrophic factors as 397 

evidenced by circulating levels of TNF-α and IL-1β that are increased in rats with 398 

liver damage [42]. Curcumin modulates the inflammatory response by down- 399 

regulating the activity of cyclooxygenase-2, inducible nitrous oxide synthase, TNF-α, 400 

IL-1β, IL-6 and IL-8 secretion [43]. The results confirmed that curcumin decreased 401 

mRNA expression of IL-1β, TNF-α and IL-8 that are increased in liver of 402 

paracetamol administered group. In the current results curcumin regulated IL-8 403 

expression in a way to initiate chemoattractant mechanism and consequently 404 

ameliorate inflammation. The inhibitory effect of curcumin on inflammatory 405 

cytokines expression is attributed to the reduction of the Iκ/NF-κB signaling pathway 406 

[10]. Moreover, curcumin co-administration with paracetamol increased expression of 407 

IL-10, which is a known regenerative cytokine [44]. IL-10 is produced mainly by 408 

monocytes with pleiotropic actions [45].  IL-10 down regulates T helper 1 cytokines 409 
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expression, inhibits IL-1 and IL-6 production [44], configures the development of the 410 

immune response and decrease pro-inflammatory cytokine expression [46]. Therefore, 411 

the increase in IL-10 expression is a mean to control the degree of toxicity induced by 412 

paracetamol and to counteract the increase in expression of IL-1β and TNF-α.  413 

The changes in plasma protein levels of acute phase reaction proteins cause 414 

modifications in the way of drug action, distribution in tissues, degradation and 415 

elimination [47]. One of the most interesting proteins of acute phase reaction is AGP. 416 

AGP is the principal basic protein that binds to drugs with significant clinical 417 

implications to control the inflammation cascade in the body [47-48]. For example, 418 

AGP is involved in some pharmacokinetics of some drugs such as drug-drug 419 

interactions to induce clinical consequences to reduce the degree of toxicity and 420 

inflammation [47]. Therefore the increase in AGP after paracetamol administration is 421 

reflex to indicate the degree of toxicity. Curcumin administration attenuated the 422 

upregulation of AGP expression to control the inflammation degree occurred in liver. 423 

Alpha 2-macroglobulin is a large plasma protein produced mainly from liver 424 

and locally by macrophage, fibroblast and adrenocortical cells [49]. As known,  α-2M 425 

inhibits fibrinolysis (inhibits plasmin synthesis) and acts as a protein carrier for 426 

numerous growth factors and cytokines among which is IL-1β [50]. α-2M secretion is 427 

decreased during acute liver inflammation [50]. In current study, α-2M expression is 428 

upregulated after curcumin administration and downregulated after paracetamol 429 

administration. Previous curcumin administration protected liver cells from 430 

paracetamol toxicity to counteract the biohazards induced by paracetamol through 431 

normalization of α-2M expression.  432 



19 

 

In summary, the current study showed that curcumin attenuates hepatic 433 

toxicity induced by paracetamol. The protective effect of curcumin occurred through 434 

the upregulation in antioxidants gene expression and down-regulation in oxidative 435 

stress markers. Moreover, curcumin regulated MMP-8 and various cytokines 436 

expressions. Further in vitro studies are needed to outline the signaling pathways 437 

involved in curcumin actions during hepatic toxicity. 438 

   439 
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Figure 1: Photographs of liver histopathology from CTR, CUR, PRM, and CUR + PRM 

administered rats stained with H & E. A, liver of CTR group showing normal hepatic architecture 

with presence of a central vein (CV) surrounded by normal radiating hepatic cords (arrow). B, 

liver of CUR group showing normal hepatic lobules, consisting of a central vein (cv) surrounded 

by radiating hepatocyte plates with normal portal tracts (PT) surround the classical lobules. C, 

liver of PRM intoxicated group showing extensive coagulative necrosis of hepatocytes (N) 

together with dense leukocytic infiltration (neutrophils and lymphocytes; LI).  D, liver of CUR + 

PRM administered group showing improvement of hepatic toxicity with presence of small 

degenerated areas (*). Scale bar for all photographs is 100 µm. Inserts are high magnification 

fields in  C and D with scale bars of 50 �m. 

Figure 1



Figure 2: Immunohistochemical staining of MMP-8 in liver. A and B, liver of CTR and CUR 

administered groups immunostained showing normal hepatic architecture with presence of a 

central vein (cv) and normal hepatic cords. C, liver of paracetamol intoxicated group showing 

increased expression of mmp-8 (arrow) in the necrotic area surrounding central vein (cv) 

together with leukocytic infiltration (neutrophils and lymphocytes; LI).  D, liver of control 

negative paracetamol intoxicated group with no expression of mmp-8 in the necrotic area (N) 

around central vein (CV). E, liver of paracetamol intoxicated group treated with curcumin 

immunostained showing no expression of mmp-8 (arrows). Scale bar for photos from A to E is 

100 µm. Inserts are high magnification fields in C, D and E with scale bars of 50 �m. 

Figure 2
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Figure 3: Semi-quantitative RT-PCR analysis of GST (a), GPx (b), SOD (c) and catalase (d) 

mRNA expressions and their corresponding G3PDH in liver. Experimental groups were 

administered corn oil as a control (CTR), curcumin (CUR), paracetamol (PRM), or curcumin 

plus paracetamol (CUR+PRM) as described in materials and methods. Values are means ± SEM 

obtained from 3 independent experiments. P*< 0.05 vs. control group, P$< 0.05 vs. curcumin 
administered group and P#< 0.05 vs. paracetamol administered group.
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Figure 4: Semi-quantitative RT-PCR analysis of IL-1β (a), TNF-α (b), IL-8 (c) and IL-10 (d) 

mRNA expressions and their corresponding G3PDH in liver. Experimental groups were 

administered corn oil  as a control (CTR), curcumin (CUR), paracetamol (PRM), or curcumin 

plus paracetamol (CUR+PRM) as described in materials and methods. Values are means ± SEM 

obtained from 3 independent experiments. P*< 0.05 vs. control group, P$< 0.05 vs. curcumin 
administered group and P#< 0.05 vs. paracetamol administered group.
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Figure 5: Semi-quantitative RT-PCR analysis of acute phase proteins AGP (a), and α-2M (b) mRNA

expressions and their corresponding G3PDH in liver. Experimental groups were administered corn oil

as a control (CTR), curcumin (CUR), paracetamol (PRM), or curcumin plus paracetamol

(CUR+PRM) as described in materials and methods. Values are means ± SEM obtained from 3

independent experiments. P*< 0.05 vs. control group, P$< 0.05 vs. curcumin administered group and
P#< 0.05 vs. paracetamol administered group.
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