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Abstract
AIM: To investigate whether curcumin could attenuate 
hepatitis in mice with paracetamol overdose.

METHODS: Male mice were divided into four groups. 
Group 1 (control, n  = 8); was fed with distilled water; 
Group 2 [N-acetyl-P-aminophenol (APAP), n  = 8]; was 
fed with a single dose of 400 mg/kg APAP dissolved in 
distilled water; Group 3 [APAP + curcumin (CUR) 200, n 
= 8], was fed with a single dose of 400 mg/kg APAP and 
200 mg/kg CUR; Group 4 (APAP + CUR 600, n = 8), was 
fed with a single dose of 400 mg/kg APAP and 600 mg/
kg CUR. Twenty-four hours later, the liver was removed 
to examine hepatic glutathione (GSH), hepatic malondial-
dehyde (MDA), and histopathologically. Then whole blood 
was withdrawn from heart to determine transaminase 

(serum glutamic oxaloacetic transaminase and serum glu-
tamic pyruvic transaminase) and inflammatory cytokines 
[interleukin (IL)-12 and IL-18] levels by enzyme linked 
immunosorbent assay.

RESULTS: Serum transaminase, hepatic MDA, and in-
flammatory cytokines increased significantly in the APAP 
compared with the control group. Curcumin supplemen-
tation in APAP + CUR 200 and APAP + CUR 600 groups 
significantly decreased these parameters compared with 
the APAP group. The level of GSH decreased significant-
ly in the APAP compared with the control group. Cur-
cumin supplementation in APAP + CUR 200 and APAP 
+ CUR 600 groups significantly increased these param-
eters compared with the APAP group. The histological 
appearance of the liver in the control group showed 
normal. In the APAP-treated group, the liver showed ex-
tensive hemorrhagic hepatic necrosis at all zones. Cur-
cumin supplementation in APAP + CUR 200 and APAP + 
CUR 600 groups, caused the liver histopathology to im-
prove. In the APAP + CUR 200 group, the liver showed 
focal necrosis and but the normal architecture was well 
preserved in APAP + CUR 600 group.  

CONCLUSION: APAP overdose can cause liver injury. 
Results indicate that curcumin prevents APAP-induced 
hepatitis through the improvement of liver histopathol-
ogy by decreased oxidative stress, reduced liver inflam-
mation, and restoration of GSH.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
In therapeutic doses, N-acetyl-P-aminophenol (APAP) 
or paracetamol is mainly metabolized via glucuronidation 
and sulfation pathway and in conjugated forms is excre-
ted from the cells. Besides, APAP is partly metabolized 
by cytochrome P450 (CYP 2E1), to produce toxic me-
tabolites such as N-acetyl-p-benzoquinone imine. These 
metabolites are produced in the liver and detoxified by 
reduced glutathione (GSH) and then removed from cells. 
In APAP overdose, it is mainly metabolized by CYP 2E1 
and causes increase of  toxic metabolites and GSH deple-
tion. These metabolites interact with biomolecules such 
as protein, lipid, and nucleic acid via covalent binding, 
which disrupts hepatocytes function causing hepatic ne-
crosis and liver injury[1-6].

A previous study demonstrated that APAP overdose 
treatment showed significantly increase in serum trans-
aminase, hepatic malondialdehyde (MDA), and decreased 
hepatic GSH. Histological examination showed a severe 
centrilobular hepatic necrosis with fatty changes[7-9].

Curcumin (diferuloymethane), a polyphenol, is an ac-
tive ingredient of  turmeric (Curcuma longa) and is pharma-
cologically safe for humans and animals. Curcumin has 
many biological activities, including anti-inflammatory, anti-
oxidant, anti-carcinogenic, anti-mutagenic, and anti-diabetic 
activities[10-13]. The hepatoprotection of  curcumin has been 
widely acknowledged and used in traditional medicines for 
treatment of  inflammatory conditions such as hepatitis[14].

A previous study demonstrated that curcumin treat-
ment showed significantly decrease in serum transami-
nase, hepatic MDA, increase hepatic GSH, and caused 
improvement of  liver histopathology[7-9].

However, it is still unclear whether curcumin has any 
effect in APAP-induced hepatotoxicity. Therefore, the 
present study aims to examine the protective effect of  
curcumin on hepatitis in mice with APAP overdose.

METERIALS AND METHODS
Animal preparation
Male mice (4-5 wk), weighing 25-30 g, were purchased 
from the National Laboratory Animal Center, Mahidol 
University (Bangkok, Thailand). They were acclimatized 
at least 1 wk in a climate-controlled room on a 12-h light-
dark cycle and were fed ad libitum. The experimental pro-
tocol was approved by the Ethical Committee of  Faculty 
of  Medicine, Chulalongkorn University, Thailand.

Paracetamol and curcumin preparation
A single dose of  400 mg/kg of  APAP (Tylenol®) was 
dissolved in distilled water that was freshly prepared for 
the experiment. A single dose of  200 and 600 mg/kg of  
curcumin (95% purified curcumin, Cayman Chemical 
Company, Ann Arbor, MI, United States) were dissolved 
in corn oil that was freshly prepared for the experiment. 

Experimental protocol
All mice were fasted, with free access to water ad libitum, 

for 18 h before the experiment. They were randomly di-
vided into four experimental groups.

Group 1 (control, n = 8); mice were fed distilled wa-
ter orally via an intragastric tube; Group 2 (APAP, n = 8); 
mice were fed a single dose of  400 mg/kg of  APAP orally 
via an intragastric tube; Group 3 [APAP + curcumin (CUR) 
200, n = 8]; mice were fed a single dose of  400 mg/kg of  
APAP with a single dose of  200 mg/kg of  curcumin oral-
ly via an intragastric tube; Group 4 (APAP + CUR 600, n 
= 8); mice were fed a single dose of  400 mg/kg of  APAP 
with a single dose of  600 mg/kg of  curcumin orally via an 
intragastric tube.

Twenty-four hours later, the mice were anesthetized 
with intraperitoneal injection of  thiopental (50 mg/kg 
body weight). The abdominal wall was incised and liver 
was removed and washed with cold normal saline (4 ℃
-8 ℃). The liver was chopped into small pieces, frozen in 
liquid nitrogen, and stored at -80 ℃ to examine hepatic 
MDA and hepatic GSH. The hepatic MDA was quanti-
fied by thiobarbituric acid reaction as described by Oh-
kawa et al[15]. The hepatic GSH was quantified by GSH 
Assay Kit (Cayman Chemical Company, United States). 
The remaining liver was fixed in 10% formalin solution 
to examine histologically. Then whole blood was with-
drawn from heart. The blood was allowed to coagulate 
at room temperature (2 h) and centrifuged for 20 min 
at 3000 × g to obtain serum. The serum was collected 
to examine transaminase (serum glutamic oxaloacetic 
transaminase, serum glutamic oxaloacetic transamina-
se (SGOT) and serum glutamic pyruvic transaminase, 
SGPT) and inflammatory cytokines interleukin (IL)-12 (R 
and D Systems, Inc., United States) and IL-18 (Medical 
and Biological Laboratory Co., Ltd, Japan) by enzyme-
linked immunosorbent assay method.

Histopathology
Samples of  the liver were excised and transferred to for-
malin and later processed by routine techniques prior to 
embedding in paraffin. Sections were cut at the thickness of  
5 μm and stained with hematoxylin and eosin (HE). An ex-
perienced pathologist blinded to the experiment evaluated 
all samples. All histopathological changes were observed 
under light microscope. Hepatic necroinflammation score 
in each section was graded according to the criteria de-
scribed by Brunt et al[16] from 0 to 3 as follow; Score 0 = No 
hepatocyte injury/inflammation; Score 1 = Sparse or mild 
focal zone 3 hepatocyte injury/inflammation; Score 2 = 
Noticeable zone 3 hepatocyte injury/inflammation; Score 3 
= Severe zone 3 hepatocyte injury/inflammation.

Statistical analysis
The data were expressed as mean ± SD. For comparison 
among all groups of  animals, one-way analysis of  vari-
ance (one-way ANOVA) and Tukey PostHoc compari-
sons were employed. P-value at less than 0.05 was consid-
ered statistically significant. The data were analyzed using 
the SPSS software version 17.0 for windows.
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RESULTS
Effects of curcumin on serum transaminase in mice with 
paracetamol overdose
Serum SGOT increased significantly in the APAP when 
compared to the control group (SGOT, 583.25 ± 118.30 
U/L vs 86.13 ± 6.90 U/L, P < 0.001). These were signifi-
cantly lower in the APAP + CUR 200 and APAP + CUR 
600 groups than that in the APAP group (197.38 ± 14.39 
U/L vs 538.25 ± 118.30 U/L and 111.38 ± 8.33 U/L vs 
583.25 ± 118.30 U/L, P < 0.001, respectively). There 
was statistically significant difference in serum SGOT in 
APAP + CUR 200 and APAP + CUR 600 groups (197.38 
± 14.39 U/L vs 111.38 ± 8.33 U/L, P < 0.05) (Figure 1A).

Serum SGPT increased significantly in the APAP group 
when compared to the control group (186.00 ± 43.73 
U/L vs 42.63 ± 6.95 U/L, P < 0.001). They were signifi-
cantly lower in the APAP + CUR 200 and APAP + CUR 
600 groups than in the APAP group (65.25 ± 3.11 U/L 
vs 186.00 ± 43.73 U/L and 47.50 ± 4.72 U/L vs 186.00 ± 
43.73 U/L, P < 0.001, respectively). There was no statisti-
cally significant difference in serum SGPT in APAP + CUR 
200 and APAP + CUR 600 groups (65.25 ± 3.11 U/L vs 
47.50 ± 4.72 U/L, P > 0.05) (Figure 1B).

Effects of curcumin on hepatic GSH in mice with 
paracetamol overdose
Hepatic GSH were significantly lower in the APAP group 
compared to the control group (2.75 ± 0.16 nmol/mg pro-
tein vs 10.17 ± 0.11 nmol/mg protein, P < 0.001). Hepatic 
GSH in APAP + CUR 200 and APAP + CUR 600 groups 
were significantly higher than in the APAP group (9.16 ± 
0.49 nmol/mg protein vs 2.75 ± 0.16 nmol/mg protein and 
9.72 ± 0.22 nmol/mg protein vs 2.75 ± 0.16 nmol/mg pro-
tein, P < 0.001, respectively). There was statistically signifi-
cant difference in hepatic GSH in APAP + CUR 200 and 
APAP + CUR 600 groups (9.16 ± 0.49 nmol/mg protein vs 
9.72 ± 0.22 nmol/mg protein, P < 0.05) (Figure 1C).

Effects of curcumin on hepatic MDA in mice with para-
cetamol overdose
Hepatic MDA was elevated significantly in the APAP 
group when compared to the control group (3.55 ± 0.05 
nmol/mg protein vs 1.45 ± 0.01 nmol/mg protein, P < 
0.001). Hepatic MDA in APAP + CUR 200 and APAP 
+ CUR 600 groups were significantly lower than in the 
APAP group (1.47 ± 0.01 nmol/mg protein vs 3.55 ± 0.05 
nmol/mg protein and 1.46 ± 0.01 nmol/mg protein vs 3.55 
± 0.05 nmol/mg protein, P < 0.001, respectively). There 
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Figure 1  Effects of curcumin on serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase, hepatic glutathione, hepatic malondial-
dehyde, interleukin-12, interleukin-18 in mice with paracetamol overdose. A: Serum glutamic oxaloacetic transaminase (SGOT); B: Serum glutamic pyruvic trans-
aminase (SGPT); C: Hepatic glutathione (GSH); D: Hepatic malondialdehyde (MDA); E: Interleukin (IL)-12; F: IL-18. bP < 0.01 vs control group; dP < 0.01 vs N-acetyl-
P-aminophenol (APAP) group; eP < 0.05 vs APAP + curcumin (CUR) 200 group. 1: Control; 2: APAP; 3: APAP + CUR 200; 4: APAP + CUR 600.
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was no statistically significant difference in hepatic MDA 
in APAP + CUR 200 and APAP + CUR 600 groups (1.47 
± 0.01 nmol/mg protein vs 1.46 ± 0.01 nmol/mg pro-
tein, P > 0.05) (Figure 1D). 

Effects of curcumin on serum IL-12 and IL-18 in mice 
with paracetamol overdose
The level of  serum IL-12 increased significantly in the 
APAP group compared with the control group (29.16 ± 
3.34 pg/mL vs 7.08 ± 1.40 pg/mL, P < 0.001). Serum 
IL-12 significantly decreased in the APAP + CUR 200 
and APAP + CUR 600 groups compared with the APAP 
group (11.60 ± 1.68 pg/mL vs 29.16 ± 3.34 pg/mL and 
9.63 ± 1.38 pg/mL vs 29.16 ± 3.34 pg/mL, P < 0.001, 
respectively). There was no statistically significant dif-
ference in serum IL-12 in APAP + CUR 200 and APAP 
+ CUR 600 groups (11.60 ± 1.68 pg/mL vs 9.63 ± 1.38 
pg/mL, P > 0.05) (Figure 1E).

The level of  serum IL-18 increased significantly in the 
APAP group compared with the control group (139.52 ± 
15.59 pg/mL vs 29.17 ± 3.72 pg/mL, P < 0.001). Serum 
IL-18 significantly decreased in the APAP + CUR 200 
and APAP + CUR 600 groups compared with the APAP 
group (53.48 ± 18.19 pg/mL vs 139.52 ± 15.59 pg/mL 
and 35.21 ± 2.18 pg/mL vs 139.52 ± 15.59 pg/mL, P < 
0.001, respectively). There was statistically significant dif-
ference in serum IL-18 in APAP + CUR 200 and APAP 
+ CUR 600 groups (53.48 ± 18.19 pg/mL vs 35.21 ± 2.18 
pg/mL, P < 0.05) (Figure 1F).

Effects of curcumin on histopathology in mice with 
paracetamol overdose
The histological appearance of  the liver in the control 

group showed normal (Figure 2A). In the APAP group, 
the liver showed extensive hemorrhagic hepatic necrosis 
of  all zones (Figure 2B). In APAP + CUR 200 and APAP 
+ CUR 600 groups, the liver histopathology improved. 
The APAP + CUR 200 group showed focal necrosis (Fi-
gure 2C), whereas the majority of  hepatic lobules were 
preserved as normal architecture with limited hepatic 
change in the APAP + CUR 600 groups (Figure 2D). 
The summary of  hepatic necroinflammation score in the 
control and experimental groups are shown in Table 1.

DISCUSSION
This study demonstrated that treatment of  APAP over-
dose induced hepatitis in mice and could be attenuated 
by treatment with curcumin. This result corresponds to 
previous observations studied in mice and rat models[7-9].

Chemoprevention is promising as a preventive ap-
proach for hepatitis. Curcumin (diferuloylmethane), a 
polyphenol compound, is an active ingredient of  turmer-
ic (Curcuma longa)[10]. The phenolic and methoxy groups 
on the benzene rings of  curcumin are important struc-
tural features that contribute to its anti-oxidant properties 
and its ability to reduce the amount of  free radicals[17-20]. 
Curcumin shows beneficial effects in inflammatory con-
ditions including hepatitis[14].

To assess lipid peroxidation we used MDA as a mark-
er[21] and reduced GSH as indicator of  hepatoprotectivity 
for cells. In this study the oxidative damage caused by 
APAP overdose was significantly attenuated by adminis-
trating curcumin. It was conceivable that curcumin could 
protect against free radical mediated oxidative stress by 
scavenging for free radicals that limits lipid peroxidation 

CV

CV

CV

CV

PT

A B

DC

Figure 2  Effects of cur-
cumin improved liver his-
topathology (hematoxylin 
and eosin stain, ×10). A: 
Control group showed normal; 
B: N-acetyl-P-aminophenol 
(APAP) group showed ex-
tensive hemorrhagic hepatic 
necrosis at all zones; C: APAP 
+ curcumin (CUR) 200 group 
showed mild focal necrosis 
and hepatic lobule was pre-
served; D: APAP + CUR 600 
group showed the hepatic 
lobule was preserved with lim-
ited hepatic change. Arrows 
indicate hepatic necrosis, CV 
indicate central vein, and PT 
indicate portal system.
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involved in membrane damage. In this study the GSH de-
pletion caused by APAP overdose was significantly attenu-
ated by administrating curcumin. The protective action 
of  curcumin can be explained by GSH inducer through 
induction of  glutathione reductase enzyme system.

Serum transaminase, SGOT and SGPT, are often used 
as markers as their increase indicates liver damage[22,23]. 
There is a significant increase of  both SGOT and SGPT 
in APAP overdose. We demonstrated that this increase 
was reduced by the administration of  curcumin. 

It has been reported that IL-12 is produced by den-
dritic cells, monocytes, Langerhans cells, neutrophils, and 
keratinocytes[24]. IL-18 is produced by activated macro-
phages, keratinocytes, intestinal epithelial cells, oeteo-
blasts, adrenal cortex cells, and the murine diencepha-
lon. IL-18 is synthesized as a precursor 24 kilodalton 
molecule without a signal peptide and must be cleaved 
to produce an active molecule. IL-1 converting enzyme 
(or caspase-1) cleaves pro-IL-18, producing the mature, 
bioactive peptide that is readily released from cells[25-29]. 
Importantly, both of  these cytokines are produced from 
Kupffer cells or hepatic macrophages in the liver. It may 
be possible that inflammation is due to hepatocytes re-
leasing cytokines into the blood stream. Furthermore, 
IL-12, in combination with IL-18, causes inflammation 
via the activity of  interferon-gamma, which is produced 
from T-lymphocyte and NK cells. 

Curcumin is modulates the inflammatory response 
by down-regulating the activity of  COX-2, inducible NO 
synthase, tumor necrosis factor-α, IL-1, IL-2, IL-6 and 
IL-8[30]. This shows that curcumin is an anti-inflammatory 
substance. These cytokines are required for the expres-
sion of  many cells linked with the inflammatory response. 
However, there are no experiments which study the effect 
of  curcumin in preventing hepatitis resulting from APAP 
overdose and influence the levels of  cytokines IL-12 and 
IL-18. Therefore, we studied the effect of  curcumin on 
decreasing hepatitis resulting from APAP overdose. We 
showed that curcumin could prevent hepatitis resulting 
from APAP overdose and cause decrease in IL-12 and 

IL-18 levels. It may be possible that curcumin can inhibit 
caspase-1 enzyme, which is cleaved pro-IL-18 into bioac-
tive peptide or active-IL-18[26]. This could explain that 
another pathway may also reduce liver inflammation that 
is indirectly mediated by oxidative stress inhibition.

In the present study, APAP overdose caused exten-
sively hepatic necrosis. In curcumin supplementation, 
liver histopathology improved and showed only a focal 
hepatic necrosis of  lobules.

In conclusion, APAP overdose can cause liver in-
jury. Our results show curcumin could attenuate APAP-
induced liver injury by decrease oxidative stress, reduce 
liver inflammation, restore hepatic GSH, and improve 
liver histopathology. In addition, curcumin at the dose of  
600 mg/kg tends to be more potent than 200 mg/kg in 
preventing the effects of  APAP hepatotoxicity. Hence, 
curcumin might be a novel therapeutic strategy against 
hepatitis caused by APAP overdose.

COMMENTS
Background 
N-acetyl-P-aminophenol (APAP) overdose induced liver damage is one of the 
most widespread drug-induced side-effects. Although the exact mechanism 
of APAP remains largely unknown, it appears to involve two pathways: direct 
hepatotoxicity and adverse immune reactions. This impairment of liver functions 
can culminate in cell death, leading to a variety of pathological conditions, in-
cluding acute hepatitis. Curcumin has been shown to possess a wide spectrum 
of biological actions. These include anti-inflammatory and anti-oxidant activities. 
Authors postulated that curcumin, acting through the oxidative stress inhibition, 
could reduce the production of inflammatory cytokines; thus resulting in the at-
tenuation of liver injury in APAP-induced hepatitis in mice.
Research frontiers
Curcumin (diferuloymethane) is the main yellow bioactive component of tur-
meric (Curcuma longa). It has been shown to possess a wide spectrum of bio-
logical actions by the inhibition of oxidative stress and reduction of inflammatory 
cytokines. APAP can cause liver injury through the increase in oxidative stress 
and release of inflammatory cytokines leading to liver injury. The hallmark of 
this study was that we showed an attenuation of liver damage and decrease in 
oxidative stress, reduced liver inflammation, restoration of hepatic glutathione 
(GSH), and improved liver histopathology after curcumin administration in 
APAP-treated animals.
Innovations and breakthroughs
The previous study showed that curcumin is an anti-inflammatory and anti-
oxidant agent in an in vivo study. However, it is unclear whether curcumin has 
any effect in APAP-induced hepatitis in vivo. Therefore, in this study, authors 
examined the protective effects of curcumin in APAP-induced liver damage in 
mice and authors found that curcumin could attenuate APAP-induced liver injury 
through the decrease in oxidative stress, reduce liver inflammation, restoration 
of hepatic GSH, and improve liver histopathology.
Applications
Curcumin might be a novel therapeutic strategy against hepatitis caused by 
APAP overdose.
Peer review
This is an interesting study of the effects of curcumin on APAP-induced hepa-
titis in mice. This study showed the effects of curcumin in attenuation of APAP-
induced hepatitis reflected in attenuated levels of hepatic malondialdehyde, 
transaminase, inflammatory cytokines, hepatic GSH, and improved liver histo-
pathology.
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