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Abstract
AIM: To explore the effects of curcumin (CMN) on hepatic injury induced by acetaminophen (APAP) in vivo. 

METHODS: Male mice were randomly divided into three groups: group I (control) mice received the equivalent volumes of PBS intraperitoneally (i.p.); Group II [APAP+ carboxymethylcellulose (CMC)] mice received 1% CMC (vehicle) 2 h before or 2 h after APAP injection; Group III (APAP+CMN) mice received curcumin (10 or 20 mg/kg, i.p.) 2 h before or after APAP challenge. In Group II and Group III, APAP was dissolved in pyrogen-free PBS and injected at a single dose of 300 mg/kg. CMN was dissolved in 1% Carboxymethylcellulose (CMC). Mice were sacrificed 16 h after the APAP injection to determine alanine aminotransferase (ALT) levels in serum and malondialdehyde (MDA) accumulation, superoxide dismutase (SOD) activity and hepatocyte apoptosis in liver tissues. 

RESULTS: It was found that both pre- and posttreatment with curcumin resulted in a significant reduction in serum ALT compared with APAP treatment group (10 mg/kg: 801.46 ± 661.34 U/L; 20 mg/kg: 99.68 ± 86.48 U/L vs 5406.80 ± 1785.75 U/L, P < 0.001, respectively), besides, the incidence of liver necrosis were significantly ameliorated in CMN treated animals. MDA contents were significantly decreased in 20 mg/kg CMN pretreatment group but increased in APAP treated group (10.96 ± 0.87 nmol/mg protein vs 16.03 ± 2.58 nmol/mg protein, P < 0.05). The decrease of SOD activity in APAP treatment group and the increase of SOD in 20 mg/kg CMN pretreatment group also detected (24.54 ± 4.95 U/mg protein vs 50.21 ± 1.93 U/mg protein, P < 0.05). Furthermore, CMN treatment efficiently protected against APAP-induced apoptosis via increasing Bcl-2/Bax ratio. 

CONCLUSION: These findings reveal the significant therapeutic potential of CMN during APAP-induced hepatotoxicity and other types of liver diseases.

© 2013 Baishideng. All rights reserved.
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Core tip: In the present study, Acetaminophen (APAP) and curcumin (CMN) were administrated via intraperitoneally injection. The aim of the study was to explore whether CMN have efficacy effect on APAP-induced hepatic toxicity in vivo. The findings reveled that CMN prevent APAP-Induced lipid peroxidation, oxidative stress and hepatocyte apoptosis. 
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INTRODUCTION

Acetaminophen (APAP) is a widely used analgesic and antipyretic drug that is safe and effective when taken at therapeutic dose [1]. However, it causes severe liver damage or even acute liver failure that can be fatal in experimental animals and humans when administered in an acute or cumulative overdose[2,3]. APAP overdose is the leading cause for calls to Poison Control Centers (> 100000/year) and accounts for more than 56000 emergency room visits, 2600 hospitalizations, and an estimated 458 deaths each year in the United States[3]. 

APAP is metabolized by cytochrome P450 to N-acetyl-p-benzoquinone imine (NAPQI), large doses of APAP result in a profound depletion of hepatocellular glutathione (GSH) for NAPQI reacts rapidly with GSH under spontaneous or glutathione Stransferase-mediated conditions[1,4]. Once GSH is exhausted, any remaining NAPQI will covalently bind to cellular proteins and induce mitochondrial dysfunction, lipid peroxidation, oxidative stress, and DNA fragmentation, eventually leads to massive hepatocyte necrosis, liver damage or death[5]. N-acetyl cysteine has been currently used in the treatment of APAP-induced liver toxicity[6]. In addition to its adverse reaction, a major concern when using N-acetyl cysteine is its relatively narrow therapeutic windows and drug toxicity[7,8]. Therefore, new and safe preventive measures against APAP toxicity are eagerly awaited.

In recent years, natural products from plants have received considerable attention as a rich resource for drug development. Curcumin (CMN) is a yellow pigment purified from the root tubers of Curcuma longa Linn (commonly known as turmeric), which has long been used as a food colorant and preservative[9]. CMN also has a variety of biological and pharmacological activities, such as anti-inflammatory, anti-oxidant, antifungal, antibacterial and anticancer activities[10]. It was reported that CMN attenuates liver injury induced by ethanol[11], iron overdose[12] and carbon tetrachloride intoxication[13].

The aim of this study was to explore the effect of CMN on the prevention of APAP-induced hepatic toxicity in vivo and investigate whether CMN affects the production of lipid peroxidation, oxidative stress or hepatocyte apoptosis to attenuate liver damage.

MATERIALS AND METHODS

Materials

APAP and CMN were purchased from Sigma Aldrich (Saint Louis, MO, United States). Detection kits for superoxide dismutase (SOD) and malondialdehyde (MDA) were purchased from Nanjing jiancheng Bioengineer Institute (Nanjing, China). Transferase-mediated dUTP-biotin nick end labeling (TUNEL) detection kit was purchased from Boster Biological Technology Co., Ltd (Wuhan, China). 

Animals and treatment

Male BALB/c mice (6-8 wk of age) were purchased from the Center for Animal Experiment of Wuhan University (Wuhan, China). The mice were raised at an animal facility under special pathogen-free (SPF) conditions with a 12-h light/dark cycle and free access to food and water at least 1 week prior to treatment. All animal experiments were approved by the institutional animal care and use committee (IACUC) at the Yangtze University, and all efforts were made to minimize the number of animals used and their suffering. Mice were randomly divided into three groups: group I (control) mice received the equivalent volumes of PBS intraperitoneally (i.p.); Group II (APAP+CMC) mice received 1% CMC (vehicle) 2 h before or 2 h after APAP injection; Group III (APAP+CMN) mice received CMN (10 or 20 mg/kg, i.p.) 2 h before or after APAP challenge. In Group II and Group III, APAP was dissolved in pyrogen-free PBS and injected at a single dose of 300 mg/kg, the dose was selected on the basis of a previous related study[14]. CMN was dissolved in 1% CMC. Serum and livers were collected at 16 h after APAP treatment. 

Biochemical analysis

Alanine amino-transaminase (ALT) activities were determined using a diagnostic assay kit (Sichuan Maker Science and Technology Co., Ltd., Chendu, China) by an automated chemistry analyzer (Olympus AU1000, Japan) by Central Laboratory of the Affiliated Jingzhou Hospital of Yangtze University.

Livers were quickly removed, washed with ice-cold PBS, blotted and weighed, and then a tissue homogenate (1% or 10%, w/v) was prepared in normal saline. The homogenates were then centrifuged at 4000 rpm (4 ℃) for 20 min to collect supernatants for determination of SOD and MDA contents at 550 nm and 532 nm, respectively. 

Lipid peroxidation was assessed by estimation of malondial- dehyde (MDA) in the liver tissue according to the method of Wills (1966). MDA was determined by the thiobarbituric acid (TBA) assay using a MDA assay kit, according to the manufacturers’ instructions. Liver tissue protein was measured using Coomassie Brilliant Blue protein reagent, and MDA content expressed as nmol/mg protein. Superoxide dismutase (SOD) activity was determined by measuring the inhibition of formation of NADPH-phenazine methosulphate nitroblue tetrazolium. 

Histochemistry

Liver tissues fixed in 10% formalin were embedded in paraffin, sectioned at 4 μm and stained with hematoxylin-eosin.

TUNEL staining

dUTP-Biotin Nick End Labeling Staining Paraffin-embedded liver tissues were assayed for DNA fragmentation using a terminal deoxynucleotidyl TUNEL reaction, according to the manufacturer’s instructions. slides were developed with diaminobenzidine substrate, counterstained with HE, and then examined for evidence of apoptosis. The number of brown apoptotic cells were normalized to total cells as detected by HE. Four fields of each image were counted.

Reverse transcriptase polymerase chain reaction 
RNA was extracted from the livers using TRIzol® Reagent (Invitrogen) according to the manufacturer's instruction. cDNA was synthesized from 2 μg of total RNA using PrimeScript™ 1st Strand cDNA Synthesis Kit (Takara Biotechnology, Co., Ltd., Da Lian, LiaoNing, China). PCR amplifications were performed with standard methods using following specific primers: for Bcl-2: Sense: 5′-GGC ATC TTC TCC TTC CAG-3′, Antisense: 5′-CTA CCC AGC CTC CGT TAT-3′; for Bax: Sense: 5′-TTT CAT CCA GGA TCG AGC AGG-3′, Antisense: 5′-GCA AAG TAG AAG AGG GCA ACC AC-3′[15].

Statistical analysis

A computer program (SPSS 13.0) was used for statistical analysis. Data are presented as mean ± SEM. Student's t test (two groups) or one way ANOVA (multiple groups) were used. Significance was accepted when P < 0.05.

RESULTS

CMN treatment attenuates APAP-induced liver injury
To explore the protective effect of CMN on APAP-induced hepatic toxicity, the animals were injected intraperitoneally with CMN (10 or 20 mg/kg body weight) 2 h before APAP (300 mg/kg body weight), and serum ALT were analyzed after 16 h of administration. Compared with PBS control (41.70 ± 2.82 U/L), APAP treatment significantly increased serum ALT levels (5406.80 ± 1785.75 U/L, 126.9-fold of the control, Figure 1A, P < 0.001 vs the control). As expected, CMN pretreatment significantly suppressed the plasma ALT activity increases in a dose-dependent manner (10 mg/kg: 801.46 ± 661.34 U/L; 20 mg/kg: 99.68 ± 86.48 U/L, Figure ure 1A, P < 0.001 vs the model group). This protective effect was further confirmed by analysis of histological findings, histological analysis revealed that severe sinusoidal congestion and hemorrhage, inflammatory cell infiltration, degenerated hepatocytes showing perinuclear vacuolization and gross necrosis of the entire centrilobular areas were observed in the liver of mice treated with APAP, however, the findings were significantly ameliorated in CMN-treated animals (Figure 1B). Then, to evaluate its potential therapeutic role, CMN was administrated after 2 h of APAP injection, and a markedly reduction of serum ALT was also observed (395.40 ± 133.52 U/L, Figure 1A). Of note, CMN alone did not influence serum transaminase (Figure 1A) and urea, creatinine (data not shown) in normal control mice.

CMN pretreatment inhibits production of MDA
As lipid peroxidation has been reported to be closely related to APAP-induced toxicity, the content of malondialdehyde, the end product of lipid peroxidation, in the liver tissues was detected at 16 h after APAP treatment. Only low levels of MDA were observed in the control mice (10.81 ± 1.46 nmol/mg protein) but a significant increase was found in APAP-treated mice (16.03 ± 2.58 nmol/mg protein). As expected, MDA contents were significantly inhibited by 31.63% (P < 0.05) by 20 mg/kg CMN pretreatment (10.96 ± 0.87 nmol/mg protein, Figure 2).

CMN pretreatment enhances activity of SOD

In addition to lipid peroxidation, oxidative stress is an early events related to radicals generated during the hepatic metabolism of APAP. SOD is an enzyme that neutralizes free radicals[16]. So it was investigated at 16 h after APAP treatment in the liver tissues. A significant decrease in SOD activity was observed in the mice treated with APAP compared with control group (24.54 ± 4.95 U/mg protein vs 45.64 ± 5.96 U/mg protein). However, pretreatment of mice with CMN induced a significant increase in the activity of SOD (50.21 ± 1.93 U/mg protein, Figure 3).

CMN pretreatment prevents hepatocyte apoptosis

Based on the above observations, we further explored the possible mechanisms by which CMN attenuates liver injury induced by APAP. Given the importance of apoptosis in APAP-induced liver injury, the extent of hepatocyte apoptosis was determined by TUNEL assay. As shown in Figure 4A, massive hepatocyte apoptosis were detected in the livers of mice treated with APAP. CMN pretreatment markedly prevented the apoptosis induced by APAP. Furthermore, we examined the mRNA expression of anti-apoptotic protein Bcl-2 and pro-apoptotic protein Bax in the livers. As shown in Figure ure . 4B, APAP treatment up-regulated the expression of Bax and down-regulated the expression of Bcl-2. On the contrary, CMN pretreatment down-regulated the mRNA expression level of Bax and up-regulated the mRNA expression level of Bcl-2. These data suggest that CMN inhibits hepatocyte apoptosis via regulating the gene expression of Bcl-2 family and then protects the mice from APAP-induced hepatic injury.

DISCUSSION

In the present study, for the first time, we examined the effect of CMN on liver injury induced by APAP and the possible mechanisms in mice. Our data demonstrated that CMN pretreatment dose-dependently alleviated APAP-induced acute liver injury as evidenced by inhibited ALT levels in plasma, as well as reducing inflammatory infiltration and hepatocyte necrosis in liver. Furthermore, CMN could be also considered as a rescue therapy, for it significantly decreased APAP-induced hepatotoxicity when administered 2 h post APAP overdose. 

 NAPQI is the reactive metabolite product caused by APAP- induced hepatic toxicity, it was found to be formed by cytochrome P-450 by a direct two electron oxidation of APAP. At low doses, the metabolite was efficiently detoxified by GSH forming an APAP-glutathione conjugate. However, at high doses, NAPQI leads to GSH depletion and subsequently covalently binds to cysteine residues on proteins, which results in lipid peroxidation reaction[14,17]. As a metabolite of free radical, MDA is generally considered as an important indicator of lipid peroxidation. In this study, in line with previous reports, we found that MDA in liver tissues was increased significantly 16 h after APAP administration. As expected, our results demonstrated that CMN treatment could inhibit the increase of MDA induced by APAP, suggesting that CMN has potent beneficial effects on lipid peroxidation. 

 Our organism is endued with mechanisms that neutralize and scavenge the the free radical in order to prevent oxidative damage to cells. Such endogenous mechanisms are mainly provided by a set of antioxidant enzymes such as SOD, glutathione peroxidase, and catalase. SOD represents the first line of defense against free radicals, it converts superoxide anion into hydrogen peroxide, and then hydrogen peroxide is converted into oxygen and water by glutathione peroxidase, making reduced GSH as its substrate[18]. As a antioxidant, CMN has been demonstrated to effectively prevent the decrease in SOD activity in a variety of experimental models, including inflammation, cardiotoxicity and carbon tetrachloride-induced liver injury model[19]. In line with these concepts, we found that the major scavenger enzyme SOD activity was significantly decreased in liver of APAP-treated mice. As expected, pretreatment with CMN restored SOD activity. Therefore, it is suggested the protective effect of CMN on APAP-induced injury is associated with its minification in oxidative stress.

Accumulating evidence suggest that hepatocyte apoptosis plays a critical role in APAP-induced hepatic injury, although the mode of cell death inflicted by APAP is still controversial[20,21]. APAP induced apoptosis is observed not only in primary hepatocytes[22]. but in livers of mice treated with toxic doses of APAP[23]. Also, recent report showed that hepatic caspase-3 and caspase-9 are activated in both wild type and CXCR2 knock out mice within one hour of APAP treatment[21]. Moreover, inhibiting apoptosis prevents the development of acute liver failure[23]. In line with these concepts, we found that apoptotic hepatocytes were significantly increased in liver of mice 16 h after APAP treatment and the hepatocyte apoptosis was significantly reduced by CMN pretreatment. Bcl-2 protein is commonly recognized as an anti-apoptotic factor, it inhibits cell apoptosis by preventing mitochondrial membrane depolarization. As a member of the Bcl-2 family, Bax inactivates Bcl-2 by interacting with it to form a heterodimer[24]. In the current study, we found that the level of Bcl-2 was down-regulated and the level of Bax was up-regulated in mice administered with APAP. And as expected, the decrease of Bcl-2 and increase of Bax were markedly suppressed by CMN pretreatment, suggest that CMN can increase Bcl-2/Bax ratio thus reducing APAP-induced apoptosis. The mechanisms of CMN -mediated anti-apoptotic effect remained unclear. A recent study showed that CMN had a potent anti-apoptotic activity via inhibition of TGF-β as inducer of caspase-3 mediated apoptosis in kidney and lung tissues[25], the precise mechanisms by which CMN modulates cell apoptosis in APAP-induced liver injury are needed to be further investigated.

In summary, our study revealed that CMN has a protective effect on the acute hepatic injury induced by APAP. Both pre- and posttreatment with CMN resulted in a significant reduction in serum ALT and hepatocyte necrosis. The protection of CMN may be related to its minification in lipid peroxidation and oxidative stress. Moreover, we found that CMN restored Bcl-2/Bax ratio thus reducing APAP-induced hepatocyte apoptosis.

COMMENT 

Background

Acetaminophen (APAP) can cause severe liver damage or even acute liver failure when administered in an acute or cumulative overdose. N-acetyl-p-benzoquinone imine (NAPQI) is the metabolite of APAP by cytochrome P450. Accumulation of NAPQI could induce lipid peroxidation, oxidative stress, mitochondrial dysfunction and DNA fragmentation, even liver failure or death. Thus, new and safe preventive measures against APAP-induced hepatic damage are eagerly awaited.

Research frontiers

Previous studies have shown that curcumin (CMN) anti-inflammatory, anti-oxidant and anticancer pharmacological activities. APAP lead to liver injury through increase of oxidative stress, lipid peroxidation and pro-apoptosis. In this study, the authors show CMN improved hepatic inflammation by inhibition of oxidative stress, lipid peroxidation and hepatic apoptosis in APAP induced liver damage model.

Innovations and breakthroughs
The aim of this study was to explore the effect of CMN on the prevention of APAP-induced hepatic toxicity in vivo and investigate whether CMN affects the production of lipid peroxidation, oxidative stress or hepatocyte apoptosis to attenuate liver damage. The results proved CMN could protect mice from APAP-induced liver injury.

Applications

CMN was abundant in the root tubers of Curcuma longa Linn and can purified by modern technology. It has the broad application prospect.

Peer review

It is an interesting study to investigating the protection effect of CMN on APAP-caused hepatitis. The experimental evidences presented that APAP induced hepatic injury, with elevated alanine aminotransferase, lipid peroxidation, oxidative stress and apoptosis were stopped by CMN.
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Figure 1 Curcumin treatment protects against acetaminophen-induced hepatic injury in mice. A: Serum alanine aminotransferase (ALT) levels were determined 16 h after acetaminophen injection. Data are expressed as means ± SEM; n = 10 mice per group. bP < 0.01 vs control, dP <0 .001 vs acetaminophen (APAP) + curcumin (CMN); B: Hematoxylin-eosin stained liver sections from animals treated with PBS, APAP + CMC and APAP + CMN (original magnification: ×100 and ×400). Severe inflammatory cell infiltration and gross necrosis of the entire centrilobular areas were obviously observed in APAP group, the findings were significantly ameliorated in CMN-treated animals. CMC: Carboxymethylcellulose.

Figure 2 Curcumin pretreatment inhibits malondialdehyde production after acetaminophen induction. Liver homogenate was prepared to analyze the content of malondialdehyde (MDA) 16 h post acetaminophen (APAP) administration. Data are expressed as means ± SEM; n = 10 mice per group. aP < 0.05 vs control, cP < 0.05 vs APAP + curcumin (CMN). CMC: Carboxymethylcellulose.
Figure 3 Curcumin pretreatment enhances activity of superoxide dismutase after acetaminophen. Liver homogenate was prepared to analyze the activity of superoxide dismutase (SOD) 16 h post acetaminophen (APAP) administration. Data are expressed as means ± SEM; n = 10 mice per group. aP < 0.05 vs control, cP < 0.05 vs + curcumin (CMN). CMC: Carboxymethylcellulose.
Figure 4 Curcumin pretreatment prevents hepatocyte apoptosis induced by acetaminophen. A: Transferase-mediated dUTP-biotin nick end labeling stained liver sections from animals treated with PBS, acetaminophen (APAP) + carboxymethylcellulose (CMC) and APAP + curcumin (CMN) (original magnification: ×400). B: Liver samples were collected 2 h and 16 h after APAP injection, the mRNA expression of Bax and Bcl2 was determined by reverse transcriptase polymerase chain reaction. Data are expressed as means ± SEM; n = 6 mice per group. aP < 0.05 vs APAP + CMC.
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