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Curcumin or Saikosaponin a Improves Hepatic Antioxidant Capacity and Protects
Against CCl4-Induced Liver Injury in Rats
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ABSTRACT Curcumin and saikosaponin a, the bioactive phytochemicals of turmeric and Bupleurum, act as antioxidants.
This study investigated the effects of supplementation with curcumin and/or saikosaponin a on hepatic lipids and antioxidant
status in rats with CCl4-induced liver injury. Male Sprague-Dawley rats were randomly divided into control, CCl4, CCl4 �
curcumin (0.005%; CU), CCl4 � saikosaponin a (0.004%; SS), and CCl4 � curcumin � saikosaponin a (0.005% � 0.004%;
CU�SS) groups. CCl4 (40% in olive oil) was injected intraperitoneally at a dose of 0.75 mL/kg once a week. Curcumin and/or
saikosaponin a was administered orally 1 week before CCl4 injection for 8 weeks. The pathological results showed that liver
fibrosis was ameliorated in the SS and CU�SS groups. After 8 weeks, supplementation with curcumin and/or saikosaponin
a significantly decreased plasma alanine aminotransferase and aspartate aminotransferase activities, as well as plasma and he-
patic cholesterol and triglyceride levels. The CU�SS group showed reversal of the impaired hepatic superoxide dismutase
activity and an increase in total glutathione level. Supplementation with curcumin and/or saikosaponin a significantly im-
proved hepatic antioxidant status and suppressed malondialdehyde formation. Therefore, supplementation with curcumin and/or
saikosaponin a protects against CCl4-induced liver injury by attenuating hepatic lipids and lipid peroxidation and enhancing
antioxidant defense. Curcumin and saikosaponin a had no additive effects on hepatoprotection except for greater improve-
ment in the total glutathione level and antioxidant status.
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INTRODUCTION

MANY HERBS AND HERBAL EXTRACTS are widely used to
protect the liver and as adjunctive therapy for hepatic

diseases, including steatosis, hepatitis, and cirrhosis. Bioac-
tive phytochemicals, such as phenols, saponins, glycosides,
and alkaloids, in such herbs have been reported to possess
hepatoprotective activity.1 These phytochemicals have been
found to protect against oxidative stress. Liver damage can
be induced by viral infection, drug intoxication, and expo-
sure to oxidative stress. Oxidative stress is associated with
chronic hepatitis and fibrosis,2 and antioxidants are thought
to be beneficial in protecting against liver injury.

Curcumin (C21H20O6), a curcuminoid-containing poly-
phenolic pigment, is a principal active ingredient of turmeric
(Curcuma longa). The major curcuminoids are curcumin,
demethoxycurcumin, and bisdemethoxycurcumin. Curcu-

min has been studied for its anti-inflammatory, antioxidant,
and cholesterol-lowering properties.3,4 Bupleuri radix (Chi-
nese name, chai hu; Japanese name, sho-saiko-to) has im-
munomodulatory, hepatoprotective, antitumor, and antiviral
activities5,6 from saikosaponins. Saikosaponins include
saikosaponin a, b, c, and d. Saikosaponin a (C42H68O13), a
principal active ingredient, exhibits antitumor, anti-inflam-
matory, and lipid-lowering activities.

The combined effect of curcumin and saikosaponin a on
hepatoprotection against CCl4-induced liver injury has not
been studied yet. Therefore, we used pure phytochemical
compounds of curcumin and saikosaponin a to demonstrate
their hepatoprotective effects on steatosis and hepatic an-
tioxidant status against CCl4-induced oxidative stress.

MATERIALS AND METHODS

Animals and treatments

Fifty male Sprague-Dawley rats (weighing 200–250 g)
were purchased from the National Laboratory Animal Cen-
ter (Taipei, Taiwan, Republic of China). Rats were individ-
ually housed under a 12-hour light/dark cycle (05:00–17:00,
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light) at 22 � 2°C. After a 1-week adaptation, rats were
randomly divided into five groups: control, CCl4, CCl4 �
curcumin (0.005%; CU), CCl4 � saikosaponin a (0.004%; 
SS), and CCl4 � curcumin � saikosaponin a (0.005% �
0.004%, respectively; CU�SS) groups. Curcumin extract
containing a minimum of 95% curcuminoids was isolated
from the dried rhizome of C. longa L., which was separated
into one major (curcumin) and two minor fractions (bis-
demethoxycurcumin and demethoxycurcumin) by thin-layer
chromatography on silica using chloroform-ethanol (25:1
vol/vol) solvent as the mobile phase. Saikosaponin a (�98%,
China Chemical & Pharmaceutical, Taipei) was extracted
from Bupleurum root and identified by the ratio of fronts
value of 0.33 and retention time of 7.02 minutes using a re-
verse-phase high-performance liquid chromatography
analysis. Curcumin, saikosaponin a, or both, mixed into the
powdered chow diet (Laboratory Rodent Diet 5001™, PMI
Nutritional International, Brentwood, MO), were adminis-
tered orally at the doses of 0.005% and 0.004%, respectively,
1 week before CCl4 injection at week 1 for 8 weeks. CCl4
(40% in olive oil) was injected intraperitoneally at a dose
of 0.75 mL/kg of body weight once a week for 8 times to
induce liver injury. Rats receiving the vehicle (olive oil, 0.75
mL/kg of body weight) in a similar dose served as the con-
trol group. Food intake and body weight were routinely
recorded. All animal use protocols were approved and con-
ducted under the guidelines of the Institutional Animal Care
and Use Committee of Taipei Medical University.

Histopathological examination

After 8 weeks, all rats were killed under ether anesthesia.
The liver was weighed. An excised liver fragment (1 cm �
1 cm) was fixed in 10% paraformaldehyde, embedded in
paraffin wax, and stained with hematoxylin and eosin, Mas-
son’s trichrome, or silver. Coded specimens were scored un-
der a light microscope by a pathologist in a blinded fashion.

Plasma alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities

Blood samples after overnight starvation were collected
into heparin-containing tubes from the tail vein at weeks 0,
1, 3, 5, 7, and 8. Blood samples were centrifuged at 1,400
g and 4°C for 15 minutes. Plasma ALT and AST activities
were measured spectrophotometrically at 570 nm (Iatron
Laboratories, Tokyo, Japan).

Plasma and hepatic lipid concentrations

The liver was homogenized in a chloroform/methanol
(2:1 vol/vol) solution and extracted with chloroform/
methanol/water (3:48:47 by volume). Plasma and hepatic
cholesterol and triglyceride levels were determined spec-
trophotometrically at 500 nm by cholesterol esterase/perox-
idase and lipase glycerol kinase enzymatic methods (Ran-
dox Laboratories, Antrim, UK), respectively.

Hepatic antioxidant enzyme activities and 
antioxidant status

The liver was homogenized in buffer containing 0.25 M
sucrose, 10 mM Tris-HCl, and 1 mM EDTA (pH 7.4). He-
patic catalase activity was determined spectrophotometri-
cally at 240 nm. One unit of catalase activity was defined
as the consumption of 1 �mol of H2O2/minute. Hepatic su-
peroxide dismutase (SOD) activity was measured colori-
metrically at 525 nm.7 One unit is the activity that doubles
the autooxidation background in the absence of SOD. The
protein content was quantitated by a method modified from
that of Lowry et al.8 The glutathione level was measured
spectrophotometrically at 412 nm (EMD Biosciences, San
Diego, CA).9 The liver was homogenized in 5% metaphos-
phoric acid with or without the reactant (1-methyl-2-
vinylpyridium trifluoromethane sulfonate in HCl) at 4°C.
After centrifugation, the supernatant was mixed with the
chromogenic regent (5,5�-dithio-bis-2-nitrobenzoic acid),
glutathione reductase, and NADPH. The oxidized (GSSG)
and total glutathione levels were determined at 412 nm. The
reduced glutathione (GSH) concentration was calculated by
subtracting 2 GSSG from total glutathione.

The hepatic total antioxidant status was determined spec-
trophotometrically by the ability of antioxidants to inhibit
the oxidation of 2,2�-azino-bis(3-ethylbenzthiazoline sul-
fonate) (ABTS) to ABTS•� by metmyoglobin (Randox Lab-
oratories).10 The liver homogenate (20 �L) was mixed with
1 mL of chromogen (5 �M metmyoglobin and 500 �M
ABTS in 600 mM phosphate-buffered saline, pH 7.4), and
the antioxidant status was measured at 600 nm and 37°C.

The liver homogenate (200 �L in 50 mM Tris-HCl, pH
7.4) was mixed with 650 �L of reagent 1 (7.7 mM N-methyl-
2-phenylindole in 75% acetonitrile and 25% methanol)
(EMD Biosciences, Inc.) and 150 �L of reagent 2 (15.4 M
methanesulfonic acid) at 45°C for 60 minutes. The hepatic
malondialdehyde level was assessed colorimetrically at 
586 nm.11

Statistical analysis

All data are expressed as mean � SEM values. Data were
analyzed by one-way analysis of variance and Fisher’s least
significant difference test using SAS version 8.2 (SAS In-
stitute, Cary, NC). A level of P � .05 was considered as a
significant difference.

RESULTS

Food intake, body weight, and liver weight

Food intake (20 � 2–23 � 2 g/day) did not differ among
the five groups (data not shown). The initial weight, final
weight, or weight gain did not differ (Table 1). The absolute
and relative liver weights in the CCl4 group significantly in-
creased compared with those in the control group (P � .05).
The relative liver weight did not differ among the CU,
CU�SS, and control groups. The absolute and relative liver
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weights did not differ among the curcumin and/or saikos-
aponin a-supplemented groups.

Histopathological evaluation

Rat liver sections were stained with hematoxylin and
eosin, Masson’s trichrome, or silver to evaluate the general
morphology and fibrosis. No fat vacuoles were found in the
liver biopsy of the control group (Table 2). However, fat
vacuoles occurred in all CCl4-treated groups, and numbers
of large and small vacuoles increased compared with those
in the control group (P � .05). Only the CU�SS group
showed a decreased number of small vacuoles compared
with the CCl4 group (P � .05). Hematoxylin and eosin stain-
ing showed that all CCl4-treated groups developed severe
inflammation, necrosis, and fibrosis compared with the con-
trol group (P � .05). Necrosis was significantly inhibited in
the CU�SS group, and the SS and CU�SS groups exhib-
ited improvements in fibrosis caused by CCl4 compared with
the CCl4 group according to both hematoxylin and eosin and

Masson’s trichrome stains (P � .05). The silver stain
showed that supplementation with curcumin or saikosaponin
a inhibited the formation of reticular fibers (P � .05).

Liver function index

Supplementation with curcumin and/or saikosaponin a
significantly reversed the elevated plasma ALT and AST ac-
tivities due to CCl4 treatment in week 8 (P � .05) (Fig. 1).
However, there were no significant differences among cur-
cumin and/or saikosaponin a-supplemented groups. Plasma
ALT and AST activities in the CCl4 group increased rapidly
in week 1 but decreased significantly with supplementation
of curcumin and/or saikosaponin a after week 7 (P � .05)
(data not shown).

Plasma and hepatic lipids

Supplementation with curcumin and/or saikosaponin a
significantly reduced plasma and hepatic cholesterol and
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TABLE 1. BODY WEIGHT AND LIVER WEIGHT IN RATS FED EXPERIMENTAL DIETS FOR 8 WEEKS

Group

Control CCl4 CU SS CU � SS

Initial weight (g) 362 � 7 363 � 11 363 � 6 362 � 11 363 � 5
Final weight (g) 409 � 7 388 � 38 398 � 4 397 � 4 394 � 5
Weight gain (g) 47 � 5 26 � 13 35 � 7 35 � 11 32 � 9
Liver weight (g) 13.8 � 0.7b 15.4 � 0.5a 15.1 � 0.2ab 14.6 � 0.4ab 14.2 � 0.4ab

Relative liver weight (g/kg) 33.9 � 1.9c 40.2 � 1.4a 36.9 � 1.0abc 37.9 � 1.0ab 36.1 � 1.3bc

Data are mean � SEM values (n � 10). CU, 0.005% curcumin in feed; SS, 0.004% saikosaponin a in feed; CU � SS, 0.005% curcumin �
0.004% saikosaponin a in feed.

Values not sharing a common superscript letter within a row significantly differ (P � .05) as determined by one-way analysis of variance and
Fisher’s least significant difference test.

TABLE 2. SCORES FOR RAT LIVER BIOPSY SPECIMENS STAINED WITH HEMATOXYLIN AND EOSIN, MASSON’S TRICHROME, OR SILVER

Group

Control CCl4 CU SS CU � SS

Hematoxylin and eosin stain
Fatty change in central veins

Large vacuoles 0.0 � 0.0b 1.4 � 0.2a 1.5 � 0.1a 1.3 � 0.1a 1.5 � 0.2a

Small vacuoles 0.0 � 0.0c 1.0 � 0.1a 0.9 � 0.2ab 0.6 � 0.2ab 0.6 � 0.2b

Inflammation 0.0 � 0.0b 1.0 � 0.3a 0.9 � 0.1a 1.1 � 0.1a 1.0 � 0.2a

Necrosis 0.0 � 0.0c 2.3 � 0.2a 0.9 � 0.5a 1.5 � 0.3a 0.7 � 0.2b

Fibrosis 0.0 � 0.0d 1.5 � 0.1a 1.4 � 0.4ab 1.2 � 0.2bc 1.0 � 0.2c

Masson stain 0.0 � 0.0c 1.4 � 0.1a 1.1 � 0.5ab 0.9 � 0.2b 1.0 � 0.2b

Silver stain 0.0 � 0.0d 2.2 � 0.1a 1.9 � 0.3bc 1.6 � 0.1c 1.9 � 0.1ab

Data are mean � SEM values (n � 10). CU, 0.005% curcumin in feed; SS, 0.004% saikosaponin a in feed; CU � SS, 0.005% curcumin �
0.004% saikosaponin a in feed. Scores were graded from 0 (normal) to 3 (severe). Fat vacuoles were graded on a scale of 0 (none), 1 (formation
in central veins), 2 (formation in central veins and middle zone, but not reach to portal tract), or 3 (formation from central veins to portal tract).
Fibrosis was graded on a scale of 0 (none), 1 (fibrosis in central veins), 2 (fibrous septa formation between central veins or between central veins
and portal tract), or 3 (cirrhosis).

Values not sharing a common superscript letter within a row significantly differ (P � .05) as determined by one-way analysis of variance and
Fisher’s least significant difference test.



triglyceride levels in week 8 (P � .05) (Fig. 2). However,
no additive effect was found between curcumin and saiko-
saponin a. Plasma cholesterol levels in the CCl4 group were
significantly increased after week 5 and decreased with sup-
plementation with curcumin and/or saikosaponin a after
week 7 (P � .05) (data not shown). Plasma triglyceride lev-
els in the CCl4 group were significantly elevated in week 1
(P � .05) but did not differ from those in the control group
thereafter (data not shown).

Hepatic antioxidant enzyme activities and 
antioxidant status

Treatment with CCl4 impaired hepatic SOD activity and
the antioxidant status and elevated hepatic lipid peroxida-
tion (P � .05) (Table 3). However, hepatic catalase activity
and the glutathione redox status were not influenced by
CCl4. The SS group showed elevated hepatic catalase ac-
tivity and decreased GSSG levels compared with those of
the CCl4 and control groups (P � .05). The CU�SS group
showed increased hepatic SOD activity, GSH, and total glu-
tathione levels compared with the CCl4 group (P � .05).
Supplementation with curcumin and/or saikosaponin a im-
proved the hepatic antioxidant status and inhibited lipid per-
oxidation (P � .05). Additionally, combined curcumin and
saikosaponin a enhanced the hepatic total glutathione level
and antioxidant status compared with individual supple-
mentation alone (P � .05).

DISCUSSION

This study found that supplementation with curcumin or
saikosaponin a reversed the increased levels of hepatic lipids
and activities of plasma ALT and AST, as well as the im-
paired antioxidant defense, with CCl4-induced liver injury.

Combined curcumin and saikosaponin a exhibited no addi-
tive hepatoprotection in terms of the pathological evalua-
tion, liver function index, fatty changes, or antioxidant en-
zyme activities, although the combined supplementation
produced a higher total glutathione level and antioxidant sta-
tus.

The orally administered dosages of curcumin and saiko-
saponin a were determined in an in vitro pilot study. Our in
vitro study showed that curcumin or saikosaponin a at the
respective doses of 18.4 (50 �M) and 10 �g/mL (12.8 �M)
significantly increased catalase and SOD activities and in-
hibited lipid peroxidation after a 48-hour treatment in nor-
mal rat liver cells (clone 9). The in vivo dosage was calcu-
lated based on the in vitro effective dose as the in vivo
concentration in the circulation, the conversion factor of
1/13 body weight for blood volume, and the respective ab-
sorption rates of 45%12,13 and 30%14 for curcumin and
saikosaponin a, in a 330-g rat given 20 g of feed/day. The
calculated weight percentages (wt/wt) of curcumin and
saikosaponin a in the feed were 0.005% and 0.004%, re-
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FIG. 1. Plasma ALT and AST activities in week 8. Data are mean �
SEM values (n � 10). CU, 0.005% curcumin in feed: SS, 0.004%
saikosaponin a in feed; CU�SS, 0.005% curcumin � 0.004% saiko-
saponin a in feed. Values not sharing a common letter significantly
differ (P � .05) as determined by one-way analysis of variance and
Fisher’s least significant difference test.

FIG. 2. (A) Plasma and (B) hepatic cholesterol and triglyceride lev-
els in week 8. Data are mean � SEM values (n � 10). CU, 0.005%
curcumin in feed; SS, 0.004% saikosaponin a in feed; CU�SS, 0.005%
curcumin � 0.004% saikosaponin a in feed. Values not sharing a com-
mon letter significantly differ (P � .05) as determined by one-way
analysis of variance and Fisher’s least significant difference test.
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spectively. The daily equivalent intake levels of curcumin
and saikosaponin a in humans would be 0.5 and 0.4 mg/kg
of body weight, respectively, according to the rat-to-human
conversion factor of 0.16.15

Food intake and weight gain of all rats did not signifi-
cantly differ, indicating that CCl4 per se did not affect
growth. The liver weight significantly increased in the CCl4
group probably because of increased accumulation of fat
vacuoles shown by hematoxylin and eosin staining and in-
creased hepatic cholesterol and triglyceride levels. Simi-
larly, Nan et al.16 demonstrated that relative liver weights
significantly increased because of the accumulation of he-
patic hydroxyproline content after surgery in rats with liver
fibrosis induced by biliary obstruction. A previous study
showed that the relative liver weight was a more sensitive
indicator of hepatotoxicity than the absolute liver weight in
a CCl4-induced liver injury model.17

CCl4 induces liver injury through its conversion into a
trichloromethyl free radical (•CCl3) by cytochrome P450 in
the liver. The •CCl3 free radical further causes polysome dis-
aggregation, a distorted structure and dysfunction of endo-
plasmic reticula and plasma membranes,18 and stimulation
of lipid peroxidation.19 Our study showed that plasma ALT
and AST activities rapidly increased in parallel with CCl4
injection, indicating the induction of acute hepatotoxicity by
CCl4. After week 7, plasma ALT and AST activities had
significantly declined in all curcumin- and/or saikosaponin
a-supplemented groups, suggesting that curcumin and
saikosaponin a are beneficial for liver regeneration to re-
verse liver injury.

Our study showed that CCl4 treatment led to fatty de-
generation and increased liver cholesterol and triglyceride
levels and plasma cholesterol level. Hepatic fat depots may
have resulted from the transport of lipids from the periph-
eral stores and/or the interrupted transport of hepatic triglyc-
erides by very-low-density lipoproteins because of the trans-
formation of proteins and lipids induced by the free radicals
derived from the metabolites of CCl4.20 Curcumin and
saikosaponin a exerted an antihyperlipidemic effect. In vitro
studies demonstrated that curcumin increased the expression

of low-density lipoprotein receptor mRNA,21,22 which re-
sulted in a higher uptake of low-density lipoprotein-choles-
terol from the plasma. Similarly, animal studies found that
curcumin had a lipid-lowering effect on the modulation of
lipid absorption and metabolism.23,24 Saikosaponins also
showed cholesterol-lowering activity through increasing fe-
cal excretion of bile acids and neutral sterols.25 A clinical
study found that plasma cholesterol and triglyceride levels
were significantly reduced and plasma high-density lipopro-
tein-cholesterol level markedly increased in 32 asympto-
matic hyperlipidemic patients given daily Da Chai Hu Tang
containing 12 g of Bupleuri radix dissolved in 300 mL of
hot water for 8 weeks.26 The stage of liver fibrosis was pos-
itively associated with blood ALT and AST activities and
negatively related to blood triglycerides.27 Our results re-
vealed that supplementation with curcumin and/or saiko-
saponin a for 8 weeks not only decreased plasma ALT and
AST activities, but also lowered plasma and hepatic cho-
lesterol and triglyceride levels, suggesting that curcumin and
saikosaponin a alleviate liver fatty degeneration and may
further protect against the development of liver fibrosis.

Exposure to CCl4 caused decreases in hepatic SOD ac-
tivity and the total antioxidant status, as well as an increase
in the hepatic malondialdehyde level, indicating that CCl4
induces hepatotoxicity and impairs the antioxidant status.
The mitochondrial electron-transport chain is responsible for
activating CCl4. The formation of a conjugated diene was
observed in the mitochondrial lipid extract, indicating that
the stimulation of lipid peroxidation occurs as a result of the
formation of free radical species.28 Curcumin and saiko-
saponin a, acting as antioxidants, enhanced the hepatic to-
tal antioxidant status and inhibited lipid peroxidation to pre-
vent CCl4-induced oxidative damage in the liver. Consistent
with previous studies, curcumin had the antioxidant capac-
ity to inhibit lipid peroxidation and increase antioxidant en-
zyme activities.29,30 Similarly, saikosaponin a, as a free rad-
ical scavenger, restored the decreased activities of SOD,
catalase, and glutathione peroxidase in rats with nephritis.31

The evidence shows that supplementation with curcumin
or saikosaponin a promotes potent hepatoprotective activi-
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TABLE 3. HEPATIC ANTIOXIDANT ENZYME ACTIVITIES, GLUTATHIONE REDOX STATUS, ANTIOXIDANT STATUS, AND MALONDIALDEHYDE LEVEL

Group

Control CCl4 CU SS CU � SS

Catalase (U/mg of protein) 5.8 � 0.5b 5.3 � 0.6b 6.9 � 0.5b 14.1 � 1.1a 6.5 � 0.4b

SOD (U/mg of protein) 20.0 � 3.9a 11.5 � 1.2c 15.9 � 0.7bc 15.3 � 1.1bc 16.6 � 1.2ab

GSSG (mmol/L) 141 � 51a 185 � 65a 113 � 19ab 27 � 4b 100 � 20ab

GSH (mmol/L) 1,079 � 9ab 508 � 19b 1,110 � 64ab 1,070 � 84ab 1,697 � 371a

Total glutathione (mmol/L) 1,220 � 20ab 693 � 130b 1,223 � 55b 1,097 � 93b 1,797 � 368a

Antioxidant status (mmol/L) 289 � 16b 207 � 13c 264 � 7b 293 � 14b 332 � 14a

Malondialdehyde (�mol/L) 106 � 2b 277 � 1a 107 � 1b 107 � 1b 107 � 1b

Data are mean � SEM values (n � 10). CU, 0.005% curcumin in feed; SS, 0.004% saikosaponin a in feed; CU � SS, 0.005% curcumin �
0.004% saikosaponin a in feed.

Values not sharing a common superscript letter within a row significantly differ (P � .05) as determined by one-way analysis of variance and
Fisher’s least significant difference test.



ties through the lipid-lowering effect, inhibition of lipid
peroxidation (which decreases oxidative stress), and im-
provement of the antioxidant status (which enhances the
antioxidant defense). However, combining curcumin and
saikosaponin a had no additive effects on hepatoprotection
even though there was greater improvement in the total glu-
tathione level and antioxidant status.
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