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Abstract 23

Background: An overdose of paracetamol is a frequent reason for liver arad re24
toxicity and possible death and curcumin has hepatoprotective pre@agmst liver 25
damage The exact mechanism of such protection is not clEaerefore,this study 26
was conducted to examiitfee molecular levels of the protective effeEcurcumin on 27
paracetamol overdose induced hepatic toxicity in rats. Male Weatkawere allocated 28
into 4 groups. Control group, administered corn oil; curcumin group, admicisteps
curcumin (400 mg/kg BW daily intra-gastric) dissolved in corn oilkapatamol 30
group, administered corn oil with a single dose of paracetamol (§0@mBW intra- 31
gastric) and protective group, administered curcumin with a single dads 32
paracetamol. Curcumin was administered for 7 successive days, pendcetamol 33
was administered at day six of treatment. Blood and liver tissees collected for 34

biochemical, histopathological, immunohistochemical and molecular examination. 35

Results: Serum analysis revealed an alteration in parameters of kigmelivar. A 36
decrease in the antioxidant activity of liver was recordeghnacetamol group while 37
curcumin administration restored it. Histopathological findings sdoare extensive 38
coagulative necrosis in hepatocytes together witlassive neutrophilic and 39
lymphocytic infiltration Immunostaining of liver matrix metalloproteinase-8 (MMP-40
8) in paracetamol administered rats showed an increase in MMPr8ssion in the 41
area of coagulative necrosis surrounding the central vein of heplagiles. Curcumin 42
administration decreased MMP-8 expression in liver of paracetamol aceredisats. 43
Gene expression measuremaigealed that paracetamol decreased the expressiormof

antioxidant genes and increased the expression of interlefikih-13), IL-8, tumor 45

necrosis factor (TNF-a) and acute phase proteins. Curcumin administraticre



ameliorated paracetamol-induced alterations in genes expressantiafidant and 47

inflammatory cytokines 48

Conclusion: The results clarified the strong protective effect of e on 49
paracetamol induced hepatic toxicity in rats at the immunohistuiché and 50

molecular levels. 51

Keywords. Curcumin, Hepatic toxicity, Paracetamol, cytokines expression, MMP52

iImmunostaining, Wistar rats. 53

Short title: Molecular protective effects of curcumin 54
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Abbreviations. AGP, alphal-acid glycoprotein; APAP, N-acetyl-p-aminophenog9

cDNA, complementary deoxyribonucleic acid; CUR, curcumin; DAB70

diaminobenzidine; DEPC, diethylpyrocarbonate; DNA, deoxyribonudeidEDTA,

ethylenediamine tetra acetic acid; G3PDH, glyceraldt8qposphate
dehydrogenase; GSH, glutathione; GPT, glutamate pyruvate trewasamn GOT,
glutamate oxalacetate transaminase; GPXx, glutathione pergx@®&3e glutathione-
S-transferase; H and E, hematoxylin and eosin; HRP, horseradtidase; IL-1,
interleukin 1; MMP-8, matrix metalloproteinase-8; MDA, malondialdehyd-Mul

V, moloney Murine Leukemia Virus; NAPQI, N-acetyp-benzoquinone imine;
neutral buffered formalin, NBF; Paracetamol, PRM; PBS, phosphater (&dline;
RNA, ribonucleic acid; RT-PCR, reverse transcription polymerdsancreaction;

SEM, standard error of the mean; SOD, superoxide dismutaseg TtdRior necrosis

factor alpha; TBE, Tris-borate-EDTA-2M, a-2macroglobulin
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I ntroduction

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

89

90

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

compound. It is found in the rhizome of the h&dycuma longa, which is commonly

92

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

anorexia, coryza (rhinitis), herpes zoster, acne, cough, utirsatydiseases, diabetic 94

wounds, hepatic disorder, rheumatism and sinusitis [2]. It is usedfasd spice,
additive, flavoring, preservative and as coloring agent in foods andes$eX3].

Curcumin has several activities including antioxidant [4], antimialof®], anti-

inflammatory [6], antiviral [7], anti-carcinogenic [8] and anti-diabg¢®]. Curcumin

has hepatoprotective properties [10, 11] against liver damage inlanindaced by
carbon tetrachloride [12] and aflatoxin B [13]. Moreover, curcumin hgsarin-like

actions [14] and antiapoptotic activity baiih vitro andin vivo to prevent hepatic
injury [15].

Paracetamol (PRM); acetaminophen or N-acetyl-p-aminophenol (ARA\R)
widely analgesic medication in many countries. An overdose of giaraol is a
frequent reason for liver and renal toxicity and possible death [II&. exact
mechanism of such toxicity is not clear. However, the most sthdes focused on
PRM effects on antioxidant levels in blood and tissue [15], liverkaey function
[11]. High doses of PRM cause glutathione depletion, apoptosis and atll [d&].
PRM is metabolized in the liver by cytochrome P450Ntacetylp-benzoquinone
imine (NAPQI). NAPQI reacts with glutathione (GSH), therfoogerdoses of
paracetamol may result in a depletion of hepatocellular GSH @BH exhaustion
will cause NAPQI to binds with cellular proteins leading totawiondrial

dysfunction, oxidative stress, lipid peroxidation, DNA fragmentatiorgssive
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hepatocyte necrosis, liver damage and death [19]. The chemicllsasuN-acetyl 114
cysteine were used to prevent paracetamol toxicity [20]. oMatinerapeutic window 115
and toxicity together with the adverse effects of N-aceygteine encourage us to116
search for an alternative safe therapeutic medication to overqmemacetamol 117
overdose and hepatic toxicity. 118

Matrix metalloproteinases is a family of 23 ZnhZzand CaZ dependent 119
endoproteases [21]. These enzymes are very effective in breakinmgtde major 120
protein components of the extracellular matrix and basement raembMatrix 121
metalloproteinase-8 (MMP-8) is a member of metalloproteinasdsisa a central 122
mediator in acute lethal hepatitis. MMP-8 deficient mice asekedly protected 123
against TNFa induced lethal hepatitis [22]. Down-expression of MMP-8 i424
associated with a decrease in mortality of rats with s¢p8is MMP-8 regulates 125
expression of tumor necrosis factor(TNF-o), interleukin-B (IL-1B), and other 126
inflammatory cytokines [24]. 127

The liver is a pivotal organ that removes and inactivates toxidaswdes and 128
drugs to be excreted in urine. Hepatic toxicity is attributéaamily to the changes in 129
oxidative stress and alteration in acute phase proteins [25]. isitke first organ to 130
be considered when the effects of environmental pollutants and t@ms 131
investigated. Most of the substances absorbed by the intestine pasdifrest tvhere 132
toxins and heavy metals are accumulated and inactivated [26]efolegr the 133
condition of liver is important for our safety and health and itsagdpmnor disease is 134
associated with DNA, protein, and lipid damage [27]. Most of publishedfdatised 135
mainly on serum biochemical alterations induced by curcumin on giaraol 136
overdose without a precise description about the changes in genssexpi@ccurred 137

during hepatic toxicity. So, the present study was aimed to examenprotective 138



effect of curcumin against hepatic toxicity induced by paracaltam 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 frora-Sigm4
Aldrich (St. Louis, MO, USA). The Wistar albino rats were pusdtafrom King 145
Fahd center for Scientific Research, King Abdel-Aziz Univgrsiteddah, Saudi 146
Arabia. Serologic kits for glutamate pyruvate transaminaseT)(G Glutamate 147
oxalacetate transaminase (GOT), catalase, malondialdeid)( albumin and 148
urea were purchased from Bio-diagnostic Co., Dokki, Giza, Egypt. Theo
deoxyribonucleic acid (DNA) ladder was purchased from MBI, Fatase Thermo 150
Fisher Scientific, USA. Qiazol for RNA extraction and oligd g¢rimer were 151
purchased from QIAGEN (Valencia, CA, USA). Anti-MMP-8 primamgtibody and 152

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

CA, USA). 154
155
Animals, Experimental Design and Sampling 156

All animal procedures were approved by the Ethical CommittéeeOdf the 157
dean of scientific affairs of Taif University, Saudi Arabiarty eight male Sprague 158
Dawley rats, 3 months old, weighing 200-280 g were used for this skaty. 159
acclimatization, animals were kept under observation for 7 ddgsebthe onset of 160
the experiment. The animals were kept at 12-h light-dark cyalegained access to 161
food and water ad libitum. Three independent experiments weredcauidor each 162

treatment. Rats were randomly divided into 4 groups as follows: 163



Control group (CTR) served as negative control and received cororally. 164
Curcumin group (CUR) received curcumin dissolved in corn oil orallg dose of 165
400 mg/kg BW daily for 7 days. Paracetamol group (PRM) receivaglesintra- 166
gastric dose of paracetamol (500 mg /kg BW intra-gastrigyater, 24 hours before 167
sampling and was receiving corn oil orally for 7 days. Protegtivap (CUR+PRM) 168
received curcumin dissolved in corn oil (400 mg/kg BW) daily for sdayd on day 169
six paracetamol (500 mg /kg BW intra-gastric) was admimdteiThe doses of 170
paracetamol and curcumin were determined based on the studiesngfethal. [28] 171
and Tarasub et al. [29], respectively. Twenty four hours after adratos of tested 172
chemicals, all animals (4 rats per treatment and three indept experiments for 173
each treatment) were sacrificed after anesthetizationdbyydliether inhalation. Blood 174
and tissues were collected from slaughtered rats. Serunextiasted after blood 175
centrifugation for 10 min at 4000 x g. For gene expression, liver §sgeee kept in 176
TRIzol® reagent (Life Technologies, USA) at -80 °C in deepzieedor ribonucleic 177
acid (RNA) extraction and in 10% neutral buffered formalin (NBf room 178
temperature for 24 hours for histopathological and immunohistochemical study. 179
180

Deter mination of liver antioxidant activity 181
For catalase and MDA activity measurements, one gram of |ssrels was 182
homogenized in 5ml of cold buffer (50mM potassium phosphate buffer; PBS, pH 7128
for catalase and MDA. Cold buffer of catalase activity costdimM EDTA and 184
ImL/I Triton X-100. After centrifugation at 4000 g for 15 minutes at 4°C, the 185
supernatant was removed and stored frozen at -80 °C until the tiarealgbis of 186
catalase (U/g tissue) and MDA (nmol/g tissue). The aawiof catalase and MDA 187

were determined by ELISA reader (Absorbance Microplate Rekti® 800TM 188



BioTek®, Seattle, WA, USA). Results were calculated according to the9

manufacturer’s instructions. 190
191
Liver histopathology 192

After anesthetization of rats with diethyl ether and saesfibe liver was 193
removed and fixed overnight in a 10% NBF solution. Fixed tissues pvecessed 194
routinely and after washing and preservation in 70% ethanol, dehydration195
ascending grades of ethanol, clearing in xylene, paraffinemsixedding, casting and 196
cutting 5um sections, they were placed on top of glass slides. The slides werd staing
with Mayer's hematoxylin and eosin (H and E) [30]. Tissue shdexe visualized 198

using a Wolfe S9-0982 microscope and figures were captured using Cawen P 199

Shot SX500 IS digital camera. 200
201
Liver immunohistochemical staining of MM P-8 202

For immunohistochemistry, tissue sections were deparaffinizedttbated 203
with 3% HO, for 10 min to inactivate endogenous peroxidases, heated in 10 mdA
citrate buffer at 121°C for 30 min for antigen retrieval, blocked inng#nal serum 205
for 20 min, and incubated with a primary polyclonal rabbit antardibody specific 206
for MMP-8 (2100 in PBS, Cat # sc-30069; Santa Cruz Biotechnology) overnight2ar
4°C. After three extensive washes with PBS, sections were imtlbath a biotin- 208
conjugated secondary antibody (1:2,000 in PBS; Cat # sc-2040) for 2&t827C. 209
After further incubation with horseradish peroxidase (HRP)-&abedtreptavidin, 210
antibody binding was visualized with diaminobenzidine (DAB) andi@extwere 211
counterstained with hematoxylin for 10 seconds at room temperatges n 212

manufacture instruction. For negative control, primary antibody walsoed with 213

9



PBS alone. Tissue slides were examined using a Wolfe S9-0982 rmomeoacd 214
images were captured using Canon Power-Shot SX500 IS digitaraake the 215

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

treatment were examined. 217

218
Gene expression analysis 219
RNA Extraction 220

Total RNA was extracted from liver tissue samples (approximately 10Qoeng 221
sample) of experimental rats. Liver samples were flash rirazdiquid nitrogen and 222
subsequently stored at -70°C in 1 ml Qiazol (QIAGEN, Valencia, \T34). Frozen 223
samples were homogenized using a Polytron 300 D homogenizer (Brinkraash
Instruments, Westbury, NY, USA). Then, 0.3 ml chloroform was addethdo 225
homogenate. The mixtures were shaken for 30 seconds followed byugetion at 226
4°C and 16,400 g for 15 min. The supernatant was transferred to a new sebes, 227
and an equal volume of isopropanol was added to the samples, shaken for 15 sezathds
and centrifuged at 4°C and 16,40Q for 15 min. The RNA pellets were washed with229
70% ethanol, briefly dries up, and then dissolved in diethylpyrocartbdEPC) 230
water. RNA concentration and purity were determined spectrophotoatigtat 260 231
nm. The RNA integrity was confirmed in 1.5% denaturated agarosgtageéd with 232
ethidium bromide. The ratio of the 260/280 optical density of all RNApsas was 233

1.7-1.9. 234

Complementary deoxyribonucleic acid (cDNA) synthesis 235

For cDNA synthesis, a mixture of 3 ug total RNA and 0.5 ng dfifoprimer 236

(Qiagen Valencia, CA, USA) in a total volume of 11 pl steedi DEPC water was 237

10



incubated in the Bio-Rad T18 Thermal cycle at 65°C for 10 min for denaturation238

Then, 2 pl of 10X RT-buffer, 2 pul of 10 mM dNTPs and 100 U Moloney Murinzs9

Leukemia Virus (M-MuLV) Reverse Transcriptase (SibEnzymk, Novosibirsk,
Russia) were added and the total volume was completed up to 2MHRY water.
The mixture was then re-incubated in BIO-RAD thermal cydl&7a°C for one hour,

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

Semi-quantitative PCR analysis

For semi-quantitative RT-PCR analysis, specific primers deamined genes
(Table 1) were designed using Oligo-4 computer program and swdbteby
Macrogen (Macrogen Company, GAsa-dong, Geumcheon-gu. Korea). PCR
conducted in a final volume of 25 pl consisting of 1 pul cDNA, 1 (llGfpM of each
primer (forward and reverse), and 12.5 pul PCR master mix (B@i@erporation,
Madison, WI, USA), the volume was brought up to2%using sterilized, deionized
water. PCR was carried out using Bio-Rad TY0Thermal Cycle machine with the
cycle sequence at 94 °C for 5 minutes one cycle, followed byblartgcles (Table
1) each of which consists of denaturation at 94 °C for one minute, lengnatithe
specific temperature corresponding to each primer (Table 1) daedseon at 72 °C
for one minute with an additional final extension at 72 °C for 7 miufes a
reference, expression of glyceraldehyde-3-phosphate dehydreggi@@PDH)
MRNA was examined (Table 1). PCR products underwent electrophoredi$%
agarose (Bio Basic, Markham, ON, Canada) gel stained with @thiromide in
TBE (Tris-Borate-EDTA) buffer. PCR products were visualized uriéM light and

photographed using gel documentation system. The intensities of the lwandsur
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different rats per group and three independent experiments wengtifiqda 262

densitometrically using Image J software version 1.4763
(http://imagej.en.softonic.com/) 264
Statistical analysis 265

Results are shown as means + standard error of means (SEkM).wRre 266
analyzed using analysis of variance (ANOVA) godt hoc descriptive tests by SPSS 267
software version 11.5 for Windows (SPSS, IBM, Chicago, IL, USA) wi0.05 268

regarded as statistically significant. Regression analysis performed using the 269

same software. 270

271
Results 272
Renal and hepatic biochemical measurements 273

Because of the cross association between urea synthesis inatigleits 274
secretion in kidney, the changes in the parameters of kidney anafligeinduction 275
of paracetamol toxicity were examined. Paracetamol overdossaset serum levels 276
of GPT, GOT, urea and albumin (Table 2). While, administration ofucoin 277
together with paracetamol inhibited such increase in kidney and peemeters 278

compared to paracetamol group (Table 2). Curcumin administration hémn@o 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 stres3
marker, and catalase as antioxidant enzyme are illustrateablmn 3. The current 284

results revealed that MDA increased significantliP<@.05) in paracetamol 285

12
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administered rats compared to control group (18.2 £ 0.5 for paracetaoup @ 286
9.78 = 1.9 for control). Co-administration of curcumin with paracetamol riaeda 287
the increase in MDA activity observed in paracetamol group (12.6 *fd.4 288
paracetamol plus curcumin grougs. 18.2 + 0.5 for paracetamol group). In289
paracetamol group, catalase activity was decreased signiicamipared to control 290
group (21 £ 0.4 for paracetamd. 33 = 6.1 for control). For curcumin administered291
group, there is a significant increase in catalase actflty tissue) (37 £ 1.1 for 292
curcuminvs. 9.78 = 1.9 for control). Administration of curcumin plus paracetamab3

inhibited significantly the decrease in catalase activity meskin paracetamol group 294

(33.9 + 2.6 for curcumin plus paracetanal21 + 0.4 for paracetamol). 295
296
Liver histopathology 297

The liver of the control group showed normal hepatic architecturk wi2z98
presence of a central vein surrounded by normal radiating hepaticveitihdsormal 299
hepatic sinusoids in between (Fig. 1a). Liver of curcumin adminéstets showed 300
normal hepatic lobules, consisting of a central vein surrounded bwatiradi 301
hepatocyte plates with normal portal tracts surround the claksicdes (Fig. 1b). In 302
contrast, liver of paracetamol intoxicated group showed an exteneagulative 303
necrosis of hepatocytes together with  massiveeutrophilic  and 304
lymphocytic infiltration (Fig. 1c). Interestingly, administration of curcumin togetheBos
with paracetamol in the protective group showed an improvement afibiépxicity 306
with presence of small degenerated area together with noatn@tizin liver 307
architectures (Fig. 1d). 308

309

13



Immunohistochemical staining of MMP-8in liver 310

Immuno-stained liver of control and curcumin groups for MMP-8 expressicmnl
showed normal hepatic architecture (Fig. 2a-b). Liver of paaaust intoxicated 312
group showed an increase in the expression of MMP-8 in the cytoplatbm area of 313
coagulative necrosis surrounding hepatic central vein (Fig.d2opared with that of 314
negative control (Fig. 2d). The liver of the protective group admieigteurcumin 315

plus paracetamol showed no expression for MMP-8 (Fig. 2e) supporting 3he

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 illustratedgurd 3 (a-d). 320
Parallel to tissue catalase activity (Table 3), mMRNA esgion of glutathione-S- 321
transferase (GST), glutathione peroxidase (GPx), superoxideitdise (SOD) and 322
catalase was decreased significantly in paracetamol astergdl group and was 323
increased in curcumin administered group (Fig. 3 a-d). Curcumin adraiius plus 324

paracetamol reversed the decrease in antioxidants expression olisgraetetamol 325

administered groups. 326
327
Semi-quantitative RT-PCR analysis of hepatic cytokines expression 328

Paracetamol up-regulated significantly (p<0.05) interleul@ndL-1 ) and 329
tumor necrosis factor-alpha (TNB- expression compared to control and curcumia3o
administered groups (Fig. 4 a-c). Curcumin alone has a minor effectigh) TNF-a 331
and IL-8 expressions; however, it increased IL-10 expression. Curcpimsn 332
paracetamol administration normalized the increase inBILiL-8 and TNFea 333

expressions that are observed in paracetamol administered group. Moreover, curcissin

14



administration plus paracetamol increased the expression of reigyendralO (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 curcursga
protective effect, the expressions afl-acid glycoprotein (AGP) and a-2 340
macroglobulinfa-2M) were examined. AGP expression increased in paracetamol
group compared to control and curcumin administered groups (figure G@umin 342
administration plus paracetamol normalized AGP expressions compared 343
paracetamol, curcumin and control administered groups as shown in Siglae 344
Unlike AGP isa-2M mRNA expressiong-2M was down-regulated in paracetamol345
group compared to control and curcumin administered groups. Curcumin 4%

administration with paracetamol inhibited the down regulatioa-2M expression 347

compared to paracetamol and control groups (Fig. 5b). 348
349
Discussion 350

This study demonstrated that, curcumin administration attenuatetihéoxicity 351
induced by paracetamol overdose through the re-impairment of antioxidpacity 352
of hepatic cells. Curcumin decreased the MMP-8 expression and gtokaes that 353
initiate the inflammatory cascade of the body. In Kheradpezhouwdl. §31] and 354
Yousef et al. [32] studies, they focused on the alterations in dexats of liver and 355
kidney parameters, but our study focused on the immunohistochenucaladecular 356
attenuation of hepatic toxicity by curcumin. 357
Alterations in serum levels of hepatic transaminases (GPTG&®i0) were used as 358

markers for liver damage and disease. In our study, there w@gsifecant increase in - 359

15



GPT and GOT levels in paracetamol administered rats. Curcadmmnistration 360
ameliorated both liver and kidney changes confirming the protectigeofa@urcumin 361
against hepatic toxicity induced by paracetamol overdose and tbaingded with 362
results of Li et al. 2013 [15]. Moreover, it was reported that cuncumBaes
supplementation improved liver histopathology and showed an improvement3dn
hepatic toxicity. MMP-8 plays an important role in progression agalation of a 365
variety of diseases, inflammatory response, blood pressure and gaogession 366
[21]. Our results showed an increase in MMP-8 expression during hepatitytexidi 367
it's down expression by curcumin in paracetamol group. Curcumincheipthe 368
regeneration process of hepatic cells probably through cytokines &mpress 369
reported by our results and that reported by another study [21]. 370

Lipid peroxidation and antioxidant potency (GST, SOD and catalase)llsf ¢ 371
were used to assess the degree of hepatic cell stabilityntegtity [33]. Oxidative 372
damage caused by paracetamol overdose was significantly &sgrimacurcumin 373
administration. Therefore, we can postulate that curcumin could pemeactst free 374
radical mediated oxidative stress by scavenging for freecalsdthat limit lipid 375
peroxidation and attenuates antioxidants depletion [34]. Curcumin iadr@aRBNA 376
expressions of GST, GPx, SOD, and catalase. Additionallyggumin attenuates 377
antioxidants depletion angtotects liver from paracetamol overdose-induced toxicity78
Most of the antioxidants have either a phenolic functional group [Bi&etone 379
group. Curcumin has a variety of functional groups. These functiooapgrinclude 380
the B-diketone group, carbon—carbon double bonds, and phenyl rings contairsgy
varying amounts of hydroxyl and methoxy substituents (Priyadaesiral. 2003; 382
Wright 2002) [35, 36]. It has been suggested that curcumin was unablevenipr 383

MDA production [37]. Curcumin is bio-transformed to dihydrocurcumin3g4

16



tetrahydrocurcumin, and hexahydrocurcumin after intestinal absorpiihese bio- 385
transformed products are converted to glucuronide conjugates, whkichoae polar 386
and have better absorption than curcumin. Therefore, the pharmacokgioak of 387
curcumin are mostly due to curcumin's hydrosoluble derivatives [38]. 388

The phenolic and methoxy groups on the benzene rings of curcumin e
important structural features that contribute to curcumin's antioixgl@perties [39] 390
and ability to reduce the amount of free radicals [40]. To confirnatitiexidant and 391
anti-inflammatory activity of curcumin during hepatic toxicitye examined the 392
expression of antioxidants and acute phase cytokines. The antioxidant gessierpreso3
and secretion increased in curcumin administered rats compared tol @gyoup. 394
Curcumin administration down-regulated the increase of L-INF-a and IL-8 395
expressions in paracetamol administered group [4].BILTNF-a, and IL-6 are the 396
major inducers of acute phase response [41]. They act as hepatofempbis as 397
evidenced by circulating levels of TNFand IL-13 that are increased in rats with 398
liver damage [42]. Curcumin modulates the inflammatory response by-dow99
regulating the activity of cyclooxygenase-2, inducible nitrous osisehase, TNF, 400
IL-1(3, IL-6 and IL-8 secretion [43]. The results confirmed that curcumaredsed 401
MRNA expression of IL-f, TNF-a and IL-8 that are increased in liver of402
paracetamol administered group. In the current results curcurgudated IL-8 403
expression in a way to initiate chemoattractant mechanism camdequently 404
ameliorate inflammation. The inhibitory effect of curcumin on mikaatory 405
cytokines expression is attributed to the reduction oftheH-«B signaling pathway 406
[10]. Moreover, curcumin co-administration with paracetamol increaspession of 407
IL-10, which is a known regenerative cytokine [44]. IL-10 is producethl;jndy 408

monocytes with pleiotropic actions [45]. IL-10 down regulates T hdlpgytokines 409

17



expression, inhibits IL-1 and IL-6 production [44], configures the developofeht 410
immune response and decrease pro-inflammatory cytokine expression [46]ofiéered11
the increase in IL-10 expression is a mean to control the defjtexicity induced by 412
paracetamol and to counteract the increase in expression gfdhel TNFe. 413

The changes in plasma protein levels of acute phase reactiomgproteise 414
modifications in the way of drug action, distribution in tissues, digien and 415
elimination [47]. One of the most interesting proteins of acute pleastion is AGP. 416
AGP is the principal basic protein that binds to drugs with sigmficclinical 417
implications to control the inflammation cascade in the body [47-48]ekample, 418
AGP is involved in some pharmacokinetics of some drugs such as dmig-d#19
interactions to induce clinical consequences to reduce the deftesioty and 420
inflammation [47]. Therefore the increase in AGP after pasacel administration is 421
reflex to indicate the degree of toxicity. Curcumin adminigiratattenuated the 422

upregulation of AGP expression to control the inflammation degree occurred in livae3

Alpha 2-macroglobulin is a large plasma protein produced mainly lixeen 424
and locally by macrophage, fibroblast and adrenocortical cells Aé%nown, a-2M 425
inhibits fibrinolysis (inhibits plasmin synthesis) and acts apratein carrier for 426
numerous growth factors and cytokines among which iI[50]. a-2M secretion is 427
decreased during acute liver inflammation [50]. In current stueBM expression is 428
upregulated after curcumin administration and downregulated aft@cgtamol 429
administration. Previous curcumin administration protected liver céisn 430
paracetamol toxicity to counteract the biohazards induced by pamamethrough 431

normalization ofi-2M expression 432

18



In summary, the current study showed that curcumin attenuatesichepsg3
toxicity induced by paracetamol. The protective effect of curoumscurred through 434
the upregulation in antioxidants gene expression and down-regulationdatiogi 435
stress markers. Moreover, curcumin regulated MMP-8 and variotskings 436

expressions. Furthan vitro studies are needed to outline the signaling pathways7

involved in curcumin actions during hepatic toxicity. 438
439
440
Acknowledgements 441
We greatly appreciate the contributions of authors to finish this study. 442
443

Financial disclosure: There is no financial support for this study and was supported4

on author's expenses. 445
446
Author contributions 447

Conceived and designed the experiments: MMS, TAI. Performed ExpesinfhdMS 448
MAN, TAI Analyzed data: MMS, MAN. Biochemical Assays: MMS 449

Histopathology: MAN. Gene expression: MMS TAI. Data interpreteti MMS 450

MAN. Revision of manuscript: MMS TAI. 451
Competing interest 452
The authorsleclaredthat no conflict of interests. 453

454
References 455

19



. Altenburg JD, Bieberich AA, Terry C, Harvey KA, Vanhorn JF, Xu tZaleA

synergistic antiproliferation effect of curcumin and docosahexaenoic acid

in SK-BR-3 breast cancer cells. unique signaling not explained by the

effects of either compound alone. BMC Cancer 2011; 11: 149.

. Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee,TRiKmeric and

curcumin: biological actions and medicinal applications. Curr Sci 2004;
87: 44-53.

. Basnet P, Skalko-Basnet NCurcumin: an anti-inflammatory molecule

from 1081 a curry spice on the path to cancer treatment. Molecules 2011;
16: 4567-98.

. Al-Jassabi S, Ahmed KA, Ameen Mntioxidant effect of curcumin against

microcystin-L R-induced renal oxidative damage in Balb/c mice. Trop J

Pharm Res 2012;11: 5316.

456

457

458

459

460

461

462

463

464

465

466

467

468

. Tajbakhsh S, Mohammadi K, Deilami |, Zandi K, Ramedani E, Asayesh %9

Antibacterial activity of indium curcumin and indium diacetylcurcumin.
Afr J Biotechnol 2008; 7: 3832-5.

. Bereswill S, Munoz M, Fischer A, Plickert R, Haag L, OttodB,al. Anti-
inflammatory effects of resveratrol, curcumin and simvastatin in acute
small intestinal inflammation. PLoS One 2010; e15099.

. Kutluay SB, Doroghazi J, Roemer ME, Triezenberg &drcumin inhibits
herpes simplex virus immediate-early gene expression by a mechanism
independent of p300/CBP histone acetyltransferase activity. Virology

2008; 373:1659 239-47.

20

470

471

472

473

474

475

476

477

478



8. Das L, Vinayak, M Anti-carcinogenic action of curcumin by activation of 479
antioxidant defence system and inhibition of NF-«B signalling in 480
lymphoma bearing mice. Biosci Rep 2012; 32: 161-70. 481

9. Aziz MT, El Ibrashy IN, Mikhailidis DP, Rezq AM, Wassef MA, Fouad4s2
HH, Ahmed HH et al. Signaling mechanisms of a water 483
solublecurcumin derivative in experimental type 1 diabetes with 484
cardiomyopathy. Diabetol Metab Syndr 2013; 5: 5-13. 485

10.Jobin C, Braham C, Russo MP, Juma B, Narula AS, Brenner DA,.,et aB6
Curcumin  blocks cytokinemediated NF-kB  activation and 487
proinflammatory gene expression by inhibiting inhibitory factor |-xkB 488
kinase activity. J Immunol 1999; 3474-83. 489

11.Somanawat K, Thong-Ngam D, Klaikeaw NCurcumin attenuated 490
paracetamol overdose induced hepatitis. World J Gastroenterol 2013; 491
19:1962-7. 492

12.Morsy MA, Abdalla AM, Mahmoud AM, Abdelwahab SA, Mahmoud M E.493
Protective effects of curcumin, a-lipoic acid, and N-acetylcysteine against 494
carbon tetrachloride-induced liver fibrosis in rats. J Physiol Biochem 495
2012; 68:29-35. 496

13.El-Agamy DS. Comparative effects of curcuminand resveratrol on 497
aflatoxin B (1)-induced liver injury in rats. Arch Toxicol 2010; 84(5):389- 498
96. 499

14.Girish C, Koner BC, Jayanthi S, Ramachandra Rao K, Rajesh B,dar&fh 500
Hepatoprotective activity of picroliv, curcumin and ellagic acid compared 501
to silymarin on paracetamol induced liver toxicity in mice. Fundam Clin 502

Pharmacol 2009; 6:735-45. 503

21


http://www.ncbi.nlm.nih.gov/pubmed?term=Aziz%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=El%20Ibrashy%20IN%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Mikhailidis%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Rezq%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Wassef%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Fouad%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Fouad%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmed%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=23497378
http://www.ncbi.nlm.nih.gov/pubmed/23497378
http://www.ncbi.nlm.nih.gov/pubmed?term=Somanawat%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23569342
http://www.ncbi.nlm.nih.gov/pubmed?term=Thong-Ngam%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23569342
http://www.ncbi.nlm.nih.gov/pubmed?term=Klaikeaw%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23569342
http://www.ncbi.nlm.nih.gov/pubmed/?term=Curcumin+attenuated+paracetamol+overdose+induced+hepatitis
http://www.ncbi.nlm.nih.gov/pubmed?term=El-Agamy%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=20112103
http://www.ncbi.nlm.nih.gov/pubmed/?term=Curcumin+liver+damage+hepatotoxic+substances
http://www.ncbi.nlm.nih.gov/pubmed/19656205
http://www.ncbi.nlm.nih.gov/pubmed/19656205

15.Li G, Chen JB, Wang C, Xu Z, Nie H, Qin XY, Chen XM, Gong Q504

Curcumin protects against acetaminophen-induced apoptosis in hepatic
injury. World J Gastroenterol 2013; 19: 7440-6.

16.Zhao C, Sheryl D, Zhou YXEffects of combined use of diallyl disulfide
and  Nacetyl-cysteine  onacetaminophen hepatotoxicity in  beta-
naphthoflavone pretreated mice. World J Gastroenterol 1998; 4:112-6.

17.Sun YM, Zhang HY, Chen DZ, Liu CBTheoretical elucidation on the
antioxidant mechanism of curcumin: a DFT study. Org Lett 2002; 4:2909-
11.

18.Hinson JA, Reid AB, McCullough SS, James I&etaminophen-induced
hepatotoxicity: role of metabolic activation, reactive oxygen/nitrogen
species, and mitochondrial permeability transition. Drug Metab Rev 2004;
36: 805-22.

19.Larson AM. Acetaminophen hepatotoxicity. Clin Liver Dis 2007; 11: 525-
48.

20.Zwingmann C, Bilodeau MMetabolic insights into the hepatoprotective
role of N-acetylcysteine in mouse liver. Hepatology 2006; 43: 454-63.

21.Van Lint P, Libert CMatrix metalloproteinase-8: cleavage can be decisive.

Cytokine Growth Factor Rev 2006; 17: 217-23.

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

22.Van Lint P, Wielockx B, Puimége L, Noél A, Lopez-Otin C, Libert C523

Resistance of collagenase-2 (matrix metalloproteinase-8)-deficient mice to
TNF-induced lethal hepatitis. J Immunol. 2005; 175(11):7642-9.
23.Fink MP. Matrix metalloproteinase-8 as a potential drug target for the

therapy of sepsis. Crit Care Med 2012; 40: 655-6.

22

524

525

526

527


http://www.ncbi.nlm.nih.gov/pubmed/11819251
http://www.ncbi.nlm.nih.gov/pubmed/11819251
http://www.ncbi.nlm.nih.gov/pubmed/11819251
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=12182586
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=12182586
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20DZ%5BAuthor%5D&cauthor=true&cauthor_uid=12182586
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=12182586
http://www.ncbi.nlm.nih.gov/pubmed/12182586
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Lint%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16301674
http://www.ncbi.nlm.nih.gov/pubmed?term=Wielockx%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16301674
http://www.ncbi.nlm.nih.gov/pubmed?term=Puim%C3%A8ge%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16301674
http://www.ncbi.nlm.nih.gov/pubmed?term=No%C3%ABl%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16301674
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B3pez-Otin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16301674
http://www.ncbi.nlm.nih.gov/pubmed?term=Libert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16301674
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van+Lint+P+MMP-8+2005

24.Zhou X, Lu J,Chen D,Wang W,Cai Q,Li T,Zhang Matrix 528
metalloproteinase-8 inhibitors mitigate sepsis induced myocardial injury 529
inrats. Chin Med J (Engl) 2014; 127(8):1530-5. 530

25.Flora G, Gupta D, Tiwari APreventive efficacy of bulk and nanocurcumin 531
against lead-induced oxidative stress in mice. Biol. Trace Elem Res 2013; 532
152, 31-40. 533

26.Saidi S, Azaza M, Windmolders P, van Pelt J, El-FekiGytotoxicity 534
evaluation and antioxidant enzyme expression related to heavy metals 535
found in tuna by-products meal: an in vitro study in human and rat liver 536
cell lines. Exp Toxicol Pathol 2013; 1-9. 537

27.Vera-Ramirez L, Perez-Lopez P, Varela-Lopez A, Ramirezefar M, 538
Battino M, Quiles JLCurcumin and liver disease. Bio Factors 2013; 39: 539
88-100. 540

28.Zhang L, Gavin T, Geohagen BC, Liu Q, Downey KJ, LoPachin RM41
Protective properties of 2-acetylcyclopentanone in a mouse model 542
of acetaminophen hepatotoxicity. J Pharmacol Exp Ther 2013; 346 (2):259543
69. 544

29.Tarasub N, Junseecha T, Tarasub C, Na Ayutthaya WDtective effects 545
of curcumin, vitamin C, or their combination on cadmium-induced 546
hepatotoxicity. J Basic Clin Pharm 2012; 3 (2):273-281. 547

30.Bancroft JD, Gamble M. Theory and Practice of Histological 548
Techniques. 6" ed. Churchill Livingstone Elsevier Philadelphia 2008549
pp.126-127. 550

31.Kheradpezhouh E, Panjehshahin MR, Miri R, Javidnia K, Noorafshan #51

Monabati A, et alCurcumin protects rats against acetaminophen-induced 552

23


http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed?term=Cai%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24762601
http://www.ncbi.nlm.nih.gov/pubmed/?term=Matrix+metalloproteinase-8+inhibitors+mitigate+sepsis-induced+myocardial+injury+in+rats
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23759509
http://www.ncbi.nlm.nih.gov/pubmed?term=Gavin%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23759509
http://www.ncbi.nlm.nih.gov/pubmed?term=Geohagen%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=23759509
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=23759509
http://www.ncbi.nlm.nih.gov/pubmed?term=Downey%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=23759509
http://www.ncbi.nlm.nih.gov/pubmed?term=LoPachin%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=23759509
http://www.ncbi.nlm.nih.gov/pubmed/23759509
http://www.ncbi.nlm.nih.gov/pubmed?term=Tarasub%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24826037
http://www.ncbi.nlm.nih.gov/pubmed?term=Junseecha%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24826037
http://www.ncbi.nlm.nih.gov/pubmed?term=Tarasub%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24826037
http://www.ncbi.nlm.nih.gov/pubmed?term=Na%20Ayutthaya%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=24826037
http://www.ncbi.nlm.nih.gov/pubmed/24826037

hepatorenal damages and shows synergistic activity with N-acetyl 553
cysteine. Eur J Pharmacol 2010; 628: 274-81. 554
32.Yousef MI, Omar SA, El-Guendi MI, Abdelmegid LARotential protective 555
effects of quercetin and curcumin on paracetamol-induced histological 556
changes, oxidative stress, impaired liver and kidney functions and 557
haematotoxicity in rat. Food Chem Toxicol 2010; 48: 3246-326. 558
33.Evans JL, Goldfine ID, Maddux BA and Grodsky G@ixidative stressand 559
stress activated signaling pathways. A unifying hypothesis of type 2 560
diabetes. Endo Rev 2002; 23: 599-622. 561
34.Del Rio D, Stewart AJ, Pellegrini NA review of recent studies on 562
malondialdehyde as toxic molecule and biological marker of oxidative 563
stress. Nutr Metab Cardiovasc Dis 2005; 15: 316-28. 564
35. Priyadarsini K I, Maity D K, Naik GH. Kumar MS, Unnikrishnan Migatav 565
JG, Mohan HRole of phenolic O:H and methylene hydrogen on the free 566
radical reaction and antioxidant activity of curcumin. Free Radical Biol 567
Med 2003; 35: 475-84. 568
36.Wright JS Predicting the antioxidant activity of curcumin and 569
curcuminoids. J Mol. Struct (Theochem) 2002; 591: 207-17. 570
37.Reyes-Gordillo K, Segovia J, Shibayama M, Vergara P, Moreno MG, Murgsi1
P. Curcumin protects against acuteliver damage in the rat by inhibiting 572
NF-kappaB, proinflammatory cytokines production and oxidative stress. 573
Biochim Biophys Acta 2007; 1770: 989-96. 574
38.Maheswari RK, Singh AK, Gaddipati J, Srimal R®lultiple biological 575

activities of curcumin: a short review. Life Sci 2006; 78: 2081—7. 576

24


http://www.ncbi.nlm.nih.gov/pubmed?term=Reyes-Gordillo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed?term=Segovia%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed?term=Shibayama%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed?term=Vergara%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed?term=Moreno%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed?term=Muriel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed?term=Muriel%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17383825
http://www.ncbi.nlm.nih.gov/pubmed/17383825

39.Samuhasaneeto S, Thong-Ngam D, Kulaputana O, Suyasunanont D, Klaikezw
N. Curcumin decreased oxidative stress, inhibited NF-kappaB activation, 578
and improved liver pathology in ethanol-induced liver injury in rats. J 579
Biomed Biotechnol 2009; 2009: 981963. 580
40.Joe B, Lokesh BRRole of capsaicin, curcumin and dietary n-3 fatty acids 581
in lowering the generation of reactive oxygen species in rat peritoneal 582
macr ophages. Biochim Biophys Acta 1994; 1224. 255-63. 583
41.Ganjali S, Sahebkar A, Mahdipour E, Jamialahmadi K, Torabi S, Akhlagia4
S,Ferns G et al. Investigation of the effects of curcuminon 585
serum cytokinesin obese individuals: a randomized controlled trial. The 586
Scientific World Journal 2014, Article ID 898361, 6 pages. 587
42.Yang SQ, Lin HZ, Yin M, Albrecht JH, Diehl A MEffect of chronic ethanol 588
consumption on cytokine regulation of liver regeneration. Am J Physiol 589
1998; 275: G696—-G704. 590
43.Jurenka JS. Anti-inflammatory properties of curcumin, a major 591
constituent of Curcuma longa: a review of preclinical and clinical 592
resear ch. Altern Med Rev 2009; 14: 141-53 593
44 Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O'Garra A.-10 594
inhibits cytokine production by activated macrophages. J Immunol 1991; 595
147: 3815-22. 596
45.Pestka S, Krause CD,.Sarkar D, Walter MR, Shi Y. dtnaérleukin-10 and 597
related cytokines and receptors. Annu Rev Immunol 2004; 22: 929-79. 598
46.Moore KW, de Waal MR, Coffman RL, O’Garra Mterleukin-10 and the 599

interleukin-10 receptor. Annu Rev Immunol 2001; 19: 683-765. 600

25


http://www.ncbi.nlm.nih.gov/pubmed?term=Ganjali%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Sahebkar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahdipour%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Jamialahmadi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Torabi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Akhlaghi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Akhlaghi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24678280
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferns%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24678280

47.Anderson SP, Cattley RC, Corton JBepatic expression of acute-phase 601
protein genes during carcinogenesis induced by peroxisome proliferators. 602
Mol Carcinog 1999; 26: 226-38. 603

48.Richardson TA, Morgan ETHepatic cytochrome P450 gene regulation 604
during endotoxin-induced inflammation in nuclear receptor knockout 605
mice. J Pharmacol Exp Ther 2005; 314:703-9. 606

49.Kuribayashi T, Seita T, Honjo T, Yamazaki S, Momotani E, Yamamoto &7
Impairment of a (2)-macroglobulin synthesis in experimental 608
hepatopathic ratstreated with turpentine oil. Exp Anim 2012; 61:125-30. 609

50.Lyoumi S, Tamion F, Petit J, Déchelotte P, Dauguet C, Scott@tMil. 610
Induction and modulation of acute-phase response by protein 611
malnutrition in rats. comparative effect of systemic and localized 612
inflammation on interleukin-6 and acute-phase protein synthesis. J Nutr 613

1998; 128:166-74. 614

615

616

617

618

619

26


http://www.ncbi.nlm.nih.gov/pubmed/10569800
http://www.ncbi.nlm.nih.gov/pubmed/10569800
http://www.ncbi.nlm.nih.gov/pubmed/15860574
http://www.ncbi.nlm.nih.gov/pubmed/15860574
http://www.ncbi.nlm.nih.gov/pubmed/15860574
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuribayashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22531727
http://www.ncbi.nlm.nih.gov/pubmed?term=Seita%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22531727
http://www.ncbi.nlm.nih.gov/pubmed?term=Honjo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22531727
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamazaki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22531727
http://www.ncbi.nlm.nih.gov/pubmed?term=Momotani%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22531727
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamamoto%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22531727
http://www.ncbi.nlm.nih.gov/pubmed/?term=%CE%B1-2+macroglobulin+liver+toxicity+paracetamol
http://www.ncbi.nlm.nih.gov/pubmed/9446838
http://www.ncbi.nlm.nih.gov/pubmed/9446838
http://www.ncbi.nlm.nih.gov/pubmed/9446838

Figure 1

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 (c¢v) 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 um. Inserts are high magnification
fields in C and D with scale bars of 50 pm.




Figure 2

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 pm. Inserts are high magnification fields in C, D and E with scale bars of 50 pm.
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A B
CTR CUR PRM CUR+ PRM CTR CUR PRM CUR+PRM

[

#

GST mRNA / G3PDH
expression (relative to
control)

L]

V77720777

(/)
/)
e,
C,
Y,
“%,

ol

Catalase

G3PDH

2 r =2 3r *
=8 8 5
[ =3
B > Uc
en = ~

O -~ e 2F
~ 93 < 2
<< Ef Z s
R §* EE
E% 43:1-
5 @

a = = S
o & | =2
v o < P

0 © 20 ‘
-5

N % Q>

Q)
S & & s s &
S & & §&F §F &
L\
¢S Qé é°° g“é‘ el ¢
?® of 2

Figure 3: Semi-quantitative RT-PCR analysis of GST (a), GP, (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, PS< 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-1p (a), TNF-a (b), IL-8 (¢) 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 o-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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