
H

W
a

b

a

A
R
R
A
A

K
G
M
H
A
I
A

1

o
p
c
f
a
i
b
e

e
w
e
d
a

a
d
�

0
d

Chemico-Biological Interactions 181 (2009) 15–19

Contents lists available at ScienceDirect

Chemico-Biological Interactions

journa l homepage: www.e lsev ier .com/ locate /chembio int

epatoprotective and anti-hepatocarcinogenic effects of glycyrrhizin and matrine

an Xu-ying a, Luo Ming a,∗, Li Xiao-dong b, He Ping a

Eastern Hepatobiliary Surgery Hospital, Second Military Medical University, Shanghai 200438, China
Tumor Institute of Second Military Medical University, Shanghai 200433, China

r t i c l e i n f o

rticle history:
eceived 21 January 2009
eceived in revised form 18 April 2009
ccepted 29 April 2009
vailable online 6 May 2009

eywords:
lycyrrhizin

a b s t r a c t

Matrine (Mat), a component extracted from Sophora flavescens Ait, has a wide spectrum of pharma-
cological effects. Glycyrrhizin (Gly), a major active constituent of licorice (Glycyrrhiza glabra) root, has
various pharmacological effects. Gly and Mat are ancillary drugs used clinically in China for protection
of liver function and treatment of tumors. However, habitual administration of Gly may cause adverse
effects marked by the development of pseudohypercorticosteroidism. This work was designed to see
whether combination use of Gly and Mat could offer better liver protective and anti-hepatocarcinogenic
effects than Gly or Mat alone, and whether it could reduce the adverse effects of Gly alone by
atrine
epatoprotective activity
nti-hepatocarcinogenic effect

mmunoregulation
nti-inflammatory effect

acetaminophen-induced hepatotoxicity, diethylnitrosamine-induced hepatocarcinogenesis, induction of
immunosuppression, albumen-induced swelling of rat hind paws. The results showed that compared with
Gly or Mat alone, Gly + Mat reduced the mortality of acetaminophen overdosed mice more effectively,
attenuate acetaminophen-induced hepatotoxicity, and reduced the number and area of �-GT positive
foci, thus protecting liver function and preventing HCC from occurring. In addition, Gly + Mat had a pro-
tective effect on immunosuppression, a strong non-specific anti-inflammatory effect, and an effect of

sodi
reducing the incidence of

. Introduction

Acute and chronic liver diseases are common and frequent
ccurrences in China, whose pathology and pathogenesis are com-
lex. Some patients may progress to liver cirrhosis or hepatocellular
arcinoma (HCC) with poor prognosis. Current medical treatments
or these liver diseases are often ineffective, and therefore efforts
re being made to seek new effective medications [1]. Develop-
ng pharmacologically effective agents from natural products has
ecome a new trend by virtue of their little toxicity or few side
ffects.

Matrine (Mat) (molecular formula: C15H24N2O), a component

xtracted from a traditional Chinese herb, Sophora flavescens Ait, is
idely used in the treatment of viral hepatitis, chronic liver dis-

ases, cardiac arrhythmia and skin inflammations in China [8,9]
ue to its wide spectrum of pharmacological actions including
nti-inflammatory [2], immunoinhibitory [3], anti-fibrotic [4], anti-

Abbreviations: Mat, matrine; Gly, glycyrrhizin; GM, mixture of Gly
nd Mat; PCM, acetaminophen (N-acety1-p-aminophenol, paracetamol); DENA,
iethylnitrosamine; 2-AAF, 2-acetylaminofluorene; CY, cyclophosphamide; �-GT,
-glutamyltranspeptidase; GSH, glutathione.
∗ Corresponding author. Tel.: +86 021 81875151; fax: +86 021 81875567.

E-mail address: luoming6425@sohu.com.cn (M. Luo).

009-2797/$ – see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.cbi.2009.04.013
um and water retention.
© 2009 Elsevier Ireland Ltd. All rights reserved.

arrhythmic [5], anti-tumor [6,7] and diuretic activities without
causing significant toxicity or side effects [10].

Glycyrrhizin (Gly) (molecular formula: C42H62O16), a triter-
pene glycoside and a conjugative compound of enoxolone and
glucuronic acid as an active component of licorice (Glycyrrhiza
glabra) root, has a variety of pharmacological actions includ-
ing anti-inflammatory, anti-viral, antioxidative, anti-liver cancer,
immunomodulatory, hepatoprotective and cardioprotective activ-
ities [11–15]. It has been used for more than 20 years in the
treatment and prevention of hepatitis, chronic bronchitis, gastri-
tis, tumor growth and immunological disorders. However, there
is evidence from numerous clinical case reports and trials that
conventional administration of Gly may cause pseudohypercorti-
costeroidism, such as sodium and water retention, hypertension
and hypokalaemia [11–13,16].

Gly and Mat are ancillary drugs used clinically in China for
protection of liver function and treatment of tumors. Whether
combination use of Gly and Mat could produce a better clinical
effect is worth of investigation. This study was designed to compare
the efficacy of Gly or Mat alone and combination use of both Gly
and Mat with respect to hepatoprotective, anti-hepatocarcinogenic,

immunomodulatory and anti-inflammatory activities, and see
whether concomitant use of the two drugs could reduce the side
effects of sodium and water retention and hypokalaemia as seen in
cases of using Gly alone, and potentiate the hepatoprotective and
anti-hepatocarcinogenic effects of the two drugs.

http://www.sciencedirect.com/science/journal/00092797
http://www.elsevier.com/locate/chembioint
mailto:luoming6425@sohu.com.cn
dx.doi.org/10.1016/j.cbi.2009.04.013
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. Materials and methods

.1. Chemicals and reagents

Chemicals and reagents included acetaminophen, diethyl-
itrosamine (DEN), 2-acetylaminofluorene (2-AAF), cyclophos-
hamide (CY) and cortisone acetate (Jiu Zhou Pharmaceutical Co.
td., Shanghai, China; Sigma Chemical Co., St. Louis, US); 0.1% gly-
yrrhizin (Lianyungang Chia Tai Tianqing Pharmaceuticals, batch
umber 980414); and 0.1% Mat (Shanghai No. 1 Biochem. & Pharma.,
atch number 9804215).

.2. Animals and experimental design

Sexually mature Sprague–Dawley (SD) rats, Wister rats, ICR
ice were obtained from the Shanghai Experimental Animal Cen-

er of the Chinese Academy of Sciences (Shanghai, China), housed
nder the conditions in a temperature and light-controlled room
23–25 ◦C and 14 h light:10 h dark), and fed a pellet food and water
d libitum. The animal care and permission were obtained from
he Committee on Ethics of Biomedicine Research of the Second

ilitary Medical University (Shanghai, China). The animals were
qually randomized to three experimental groups and 1 or 2 con-
rol groups, each group consisting of 10–15 mice/rats and allowed

week to adapt to their environment before treatment. Three
xperimental groups were set up as follows: Gly group, using 0.1%
5 mg kg−1 glycyrrhizin intragastrically (i.g.); Mat group, using 0.1%
5 mg kg−1 Mat, i.g.; and Gly + Mat group, using a mixture of 1 g L−1

ly and 1 g L−1 Mat 0.5 mL/20 g mice weight, i.g. The control group
sed the equivalent amount of water for i.g.

.3. Acetaminophen-induced hepatotoxicity and treatment
rotocols

Sixty ICR mice were equally randomized to four groups. Accord-
ng to the experimental design, each group was administered with
orresponding drugs once daily for 7 consecutive days. By the end
f drug administration, the animals were injected intraperitoneally
i.p.) with 500 mg kg−1 2% acetaminophen to observe 48 h mortal-
ty.

.4. Acetaminophen-induced glutathione depletion

Fifty ICR mice of equal sexes were equally randomized to
ve groups. Corresponding drugs were administered according to

he experimental design once daily for 7 consecutive days. Then
00 mg kg−1 0.8% acetaminophen was administered i.p. by the end
f drug administration. The normal control group was treated only
ith the equivalent amount of water i.p. The animals were killed by

ecapitation and the livers were dissected. Total acetaminophen-
nduced glutathione (GSH) was measured in liver homogenates
sing a total glutathione quantification kit (Dojindo Laboratories,

apan).

.5. Diethylnitrosamine-induced hepatocarcinogenesis and
reatment protocols

Forty Wister rats were equally randomized to four groups,
nd administered with the corresponding drugs according to the
xperimental design once daily for 7 consecutive days. Meanwhile,
EN was administered at 100 mg kg−1 i.p. daily for 2 weeks. The

ice were then fed with 0.015% 2-acetylaminofluorene (2-AAF)

or another 2 weeks. All groups were treated with DEN and 2-
AF to induce preneoplastic lesions of liver cancer. The left and
iddle lobes of liver were surgically resected on 7 days after feed-

ng of the 2-AAF-containing food. Rats were killed by decapitation
Interactions 181 (2009) 15–19

at day 3 after operation, and then the right lobes of liver were
resected and fixed with ice-cold acetone/alcohol (1:1, v/v). Liver tis-
sue specimens were paraffin-embedded for 24 h at 52–54 ◦C, and
then stained with �-glutamyltranspeptidase (�-GT) according to
a modified Rutenberg method. The number (foci/cm2) and area
(mm2/cm2) of �-GT positive foci per square centimeter of the liver
area and the average area of each focus (m2/foci) were calculated
with pathology-image analysis software.

2.6. Induction of immunosuppression and treatment protocols

Fifty ICR mice were equally randomized to five groups. Each
group was administered with the corresponding drugs according
to the experimental design for 13 consecutive days, during which
25 mg kg−1 0.125% cyclophosphamide was administered i.p. for 7
consecutive days after the mice were treated for 4 days as above.
Animals in the normal control group were injected with the equiva-
lent amount of water for injection. Blood was drawn from the orbital
cavity of the mice 24 h after the last drug administration. T lym-
phocyte subsets (CD4+T and CD8+T) from peripheral blood were
measured by flow cytometric assay. The ratio of CD4+T and CD8+T
and leukocyte number were calculated.

2.7. Albumen-induced swelling of rat hind paws

Fifty SD rats were equally randomized to five groups: three
experimental groups, a positive control group and a negative con-
trol group. Each group was administered with the corresponding
drugs according to the experimental design once daily for 7 con-
secutive days. The positive control group was administered with
50 mg kg−1 cortisone acetate i.p., and the negative control group
with the equivalent amount of water for injection. Fresh albumen
0.05 mL/claw was injected subcutaneously to the left hind claw 1 h
after pretreatment, the size of which was measured at 0.5, 1, 2, 3, 4
and 5 h after albumen injection.

2.8. Determination of urine output and accumulative excretion of
K+, Na+, and Cl−

Forty ICR mice were equally randomized to four groups. Each
group was administered with the medications according to exper-
imental design once daily for 7 consecutive days. The mice were
housed in metabolic cages 7 days after treatment. Urine was col-
lected for 9 h to determine the output and levels of K+, Na+ and
Cl−.

2.9. Statistical analysis

Data were expressed as mean ± SD. All continuous variables
were tested for normality by Kolmogorov–Smirnov test. Sta-
tistical comparison between groups was performed using the
non-parametric Mann–Whitney-U, �2 or Dunnett’s t-test. The com-
parison between two groups was performed using the Student’s
t-test. SAS (SAS Institute, Cary, NC) software package was used in the
analysis. A P value ≤0.05 was accepted as the level of significance.

3. Results

3.1. Effects on acetaminophen-induced hepatotoxicity in mice
The results showed that combination use of Gly and Mat sig-
nificantly attenuated the development of acetaminophen-induced
hepatotoxicity in mice (P < 0.05) compared with the control group,
and also increased 48 h-mortality by 20% and 26.7% compared
with Gly alone and Mat alone, respectively. Gly + Mat had a bet-
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Table 1
Effects on acetaminophen-induced hepatotoxicity in mice.

Group/treatment n Death number Mortality (%)

Control PCM 15 12 80.0
Gly PCM + Gly 15 8 53.3
Mat PCM + Mat 15 9 60.0
Gly + Mat PCM + Gly + Mat 15 5* 33.3*

* Compared with the control group, P < 0.05.

Table 2
Effects on acetaminophen-induced GSH depletion (n = 10, �mol/g liver tissues, x ±
SD).

Group/treatment Hepatic GSH

Normal control Normal sodium (NS) 204.5 ± 42.8
Model control PCM 41.6 ± 8.2
Gly PCM + Gly 84.3 ± 19.2
M
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Table 4
Effects on T lymphocyte subsets from peripheral blood in the CY-induced mouse
model (n = 10, x ± SD).

Group/treatment Leucocyte (109/L) CD4+/CD8+

Normal control Normal sodium (NS) 9.4 ± 1.8** 1.97 ± 0.38**

Model control CY 4.6 ± 0.9 1.03 ± 0.21
Gly CY + Gly 5.7 ± 1.1 1.31 ± 0.28

T
N

G

C
G
M
G

at PCM + Mat 68.1 ± 15.3
ly + Mat PCM + Gly + Mat 123.0 ± 24.4**

** Compared with Gly group and Mat group, P < 0.01.

er effect in protecting liver function than Gly or Mat alone
Table 1).

.2. Effects on GSH depletion

The results showed that acetaminophen treatment caused sig-
ificant GSH depletion compared with the normal control group
P > 0.05), and that Gly + Mat significantly diminished the subse-
uent acetaminophen-induced GSH depletion in mice (P < 0.01)
ompared with the Gly or Mat alone. Gly + Mat had a better effect
n protecting liver function than Gly or Mat alone (Table 2).

.3. Effects on diethylnitrosamine-induced hepatocarcinogenesis
n rats

The results from Table 3 indicate that Gly + Mat reduced
he diethylnitrosamine-induced liver/body weight ratio increment

arkedly. The number and area of �-GT positive foci were 7.1 ± 3.9
nd 0.9 ± 0.7 respectively in Gly + Mat group, versus 21.7 ± 17.3
nd 3.6 ± 2.7 respectively in control rats. The differences between
he two groups were statistically significant (P < 0.01) (Table 2).
ly + Mat protected the rats against DEN-induced toxicity and

nhibited DEN-induced precancerous lesions of liver cancer. These
rotective effects were better than those of Gly or Mat alone.

.4. Effects on cyclophosphamide-induced immunosuppression

Table 4 shows that Gly + Mat significantly increased the num-

er of leucocytes in peripheral blood and the percentage of
D4 and CD8 T-1ymphocyte subsets in CY-induced immunosup-
ressive model mice (P < 0.05) compared with the control group
P > 0.05) compared with the CY group. Gly + Mat modulated cellular
mmunity and attenuated cyclophosphamide-induced immuno-

able 3
umber and area of GGT-positive liver foci in non-initiated and DEN-initiated male Wista

roup/treatment Effective number of rats Liver/body w

ontrol DEN + 2-AAF 10 3.0 ± 0.5
ly DEN + 2-AAF + Gly 10 2.6 ± 0.4
at DEN + 2-AAF + Mat 10 3.1 ± 0.6
ly + Mat DEN + 2-AAF + Gly + Mat 10 2.3 ± 0.5*

* Compared with the control group, P < 0.05.
** Compared with the control group, P < 0.01.
Mat CY + Mat 5.5 ± 1.2 1.23 ± 0.27
Gly + Mat CY + Gly + Mat 8.2 ± 1.7** 1.77 ± 0.34**

** Compared with the CY control group, P < 0.01.

suppression. These effects were better than those of Gly or Mat
alone (Table 4).

3.5. Inhibitory effects on albumen-induced swelling of rat hind
paws

The results indicate that Gly + Mat displayed a more significant
inhibitory effect on albumen-induced swelling of rat hind paw
between 0.5 and 5 h of treatment than did the negative control
group (P < 0.01) or Mat (P < 0.05) alone. In addition, Gly + Mat had a
non-specific anti-inflammatory effect (Table 5).

3.6. Effects on urine volume and accumulative excretion volume
of K+, Na+, Cl− in mice

Table 6 shows that 9 h accumulative urine volume decreased
markedly after administration of Gly for 1 week, and meanwhile the
K+ level increased and Na+ level decreased. There was no significant
difference in urine volume, Na+ and K+ changes between Gly + Mat
group and control group (P > 0.05), indicating that Gly + Mat did not
produce such side effects as hypokalaemia (Table 6).

4. Discussions

The hepatoprotective effects of Gly + Mat were examined
using an acetaminophen-induced hepatotoxicity animal model.
Acetaminophen (N-acetyl-p-aminophenol, paracetamol, PCM) is
a clinically common analgesic and antipyretic OTC drug. How-
ever, overdosage of acetaminophen may cause hepatic necrosis,
nephrotoxicity, extrahepatic pathology, or even death in humans
and experimental animals [17]. For many years, P450-dependent
biotransformation of PCM to its reactive metabolite, N-acetyl-
p-benzoquinone imine (NAPQI) has been clearly identified as
the mechanism mediating PCM-induced hepatotoxicity. NAPQI
requires glutathione (GSH) for detoxification by forming its GSH-
adduct. Once intracellular stores of GSH are depleted, excess NAPQI
may react with cellular proteins, including mitochondrial pro-

teins, causing hepatocellular necrosis [18–20]. GSH, also known
as g-l-glutamyl-l-cysteine-glycine, is a ubiquitous tripeptide that
functions as an important intracellular radical scavenger. Cellular
redox potential is largely determined by GSH content, accounting
for more than 90 ◦C of cellular non-protein thiols [21]. GSH deple-

r rats (n = 10, x ± SD).

eight (g/100 g) GGT + foci

Number (foci/cm2) Area (mm2/cm2) mm2/foci

21.7 ± 17.3 3.6 ± 2.7 0.21 ± 0.18
15.5 ± 10.4 2.4 ± 1.6 0.16 ± 0.12
20.3 ± 15.8 3.2 ± 2.2 0.20 ± 0.23

7.1 ± 3.9** 0.9 ± 0.7* 0.10 ± 0.11**
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Table 5
Inhibitory effect on albumen-induced swelling of rat hind paws (n = 8; x ± SD).

Group/treatment 0.5 1 2 3 4 5

Control NS 0.96 ± 0.19 0.90 ± 0.20 0.83 ± 0.19 0.71 ± 0.15 0.65 ± 0.13 0.58 ± 0.12
Cortisone Cortisone 0.58 ± 0.14** 0.50 ± 0.12** 0.46 ± 0.09** 0.40 ± 0.10** 0.33 ± 0.07** 0.27 ± 0.06**

Gly Gly 0.78 ± 0.18* 0.72 ± 0.15* 0.65 ± 0.14* 0.58 ± 0.12* 0.50 ± 0.12* 0.41 ± 0.10*

Mat Mat 0.98 ± 0.20 0.90 ± 0.20 0.81 ± 0.19 0.73 ± 0.15 0.68 ± 0.13 0.60 ± 0.13
Gly + Mat Gly + Mat 0.70 ± 0.16** 0.62 ± 0.13** 0.58 ± 0.13** 0.49 ± 0.10** 0.41 ± 0.10** 0.36 ± 0.08**
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* Compared with the negative control group, P < 0.05.
** Compared with the negative control group, P < 0.01.

ion has been found to either precede the onset of apoptosis or
ender cells more sensitive to cell death [22]. PCM hepatotoxicity is
elated to excessive oxidative stress mainly caused by electrophile
nd highly reactive metabolite of PCM (NAPQI) under the action
f liver CYP450 oxidase [23]. In fact, overdose of PCM is the most
requent cause of drug-induced liver failure in the United States
24]. Therefore, PCM-induced hepatotoxicity is commonly used to
creen and evaluate liver protectants. As expected, a single dose of
CM (200 mg/kg, .i.p.) had significant hepatotoxicity, as evidenced
y mortality and hepatic GSH level.

Previous studies showed that Gly could reduce acetaminophen-
nduced hepatotoxicity in rats by preventing lipid peroxidation
25,26], and inhibit peroxide-induced toxicity in rat hepatocytes
27]. Serological and histological data demonstrated that adminis-
ration of Gly or Mat protected against hepatocytic injury [28–30].
he present study was designed to see whether Gly + Mat could
ffer better hepatoprotective effects. The results showed that
ly + Mat attenuated the development of acetaminophen-induced
epatotoxicity in mice, and had better effects in protecting the

iver than did Gly or Mat alone. Gly + Mat significantly reduced
cetaminophen-induced intracellular GSH depletion, probably by
ttenuating lipid peroxidation and decreasing the hepatic GSH con-
ent, which suggests that Gly + Mat increases the hepatic pool of
SH and reduces oxidative stress.

The initiation–promotion or two-stage hepatocarcinogenesis
odel resembles the early events of the latent period of human

arcinogenesis. Chemically induced rat liver carcinogenesis, espe-
ially one initiated by the environmental carcinogen DENA, has
een considered as one of the best-characterized experimental
odels of carcinogenesis, allowing screening of potential anti-

ancer compounds on various phases of neoplastic development
31]. It is known that DENA causes the development of HCC through
arious stages with formation of preneoplastic foci, neoplastic nod-
les, and ultimately HCC nodules of various sizes [32]. DENA has
een shown to induce tumors in rodents that closely mimic a
ubclass of human HCC [33]. It was found that DENA/2-AFF (diethyl-
itrosamine 100 mg/kg i.p. at the beginning of the experiment)
ecreased the number of �-GGT positive foci (foci/cm2), the cov-
red area (mm2/cm2) and the average area of each focus (m2/foci),

hich is consistent with the report of Toledo et al. [34].

Although previous studies have shown that either Gly or Mat
as anticarcinogenic activities in liver cancer in vitro and in vivo
6,16,35], whether Gly + Mat could mutually potentiate these activ-

able 6
ffects on urine volume and accumulative excretion volume of K+, Na+, Cl− (n = 10,
± SD, mg).

roup/treatment Urine volume Na+ K+ Cl−

ontrol NS 2.1 ± 0.62 3.6 ± 1.1 4.7 ± 1.6 16.2 ± 5.1
ly Gly 1.5 ± 0.47* 2.7 ± 0.6* 7.3 ± 2.2 18.9 ± 4.1
at Mat 2.3 ± 0.76 3.9 ± 1.4 5.1 ± 1.8 16.7 ± 4.7
ly + Mat Gly + Mat 2.0 ± 0.70 3.7 ± 1.2 5.0 ± 2.1 15.8 ± 5.7

* Compared with the control group, P < 0.05.
ities is unclear. In this study, we analyzed the inhibitory effect of
Gly + Mat on the appearance of early hepatic preneoplastic events
in a two-stage carcinogenic model combining DENA and 2-AFF.
The results showed that GM significantly reduced the size, vol-
ume and number of preneoplastic liver lesions. This finding first
demonstrated that continuous administration of Gly + Mat during
DEN/2-AAF treatment in male Wistar rats had a better protective
effect on preneoplastic liver pathology than did Gly or Mat alone.
However, the molecular mechanism of this anti-cancer effect needs
to be further clarified in future studies.

Tumor development over many years leads to reciprocal alter-
ations in host and immune responses. Regulatory T cells have been
implicated as key players in immune tolerance as well as suppres-
sion of anti-tumor responses. Different types of T cells can play
different modulatory roles in immune function of immunosuppres-
sive mice. Botanical based immunomodulators are often employed
as supportive or adjuvant therapy to overcome the undesired effects
of cytotoxic chemotherapeutic agents and help recovery of health.
Simultaneous treatment with different extracts of these plants
resulted in protection towards CP induced immunosuppression.
Previous studies [2,3] have demonstrated that Gly or Mat has
immunomodulatory effects. Mat is able to inhibit cell-mediated
immunity and enhance non-specific immunity, which could be one
of the mechanisms in treating chronic hepatitis B [37]. In the present
study, we used a common CY-induced immunosuppressive mouse
model to observe the immunomodulatory effect of Gly + Mat on cel-
lular immunity. CY is a non-specific immunosuppressant agent and
widely used in the treatment of tumors and some autoimmune con-
ditions. Hou et al. [38] reported that oral administration of 10 mg/kg
CY for 30 days could induce significant immunosuppressive effects
in female F344 rats. In this study, we used 25 mg/kg CY i.p. for 14
days to construct an immunosuppressive model in male SD rats.
It was found that the percentage of CD4+ and CD8+ T lymphocyte
subsets was reduced significantly in the immunosuppressive model
mice, as compared with the control (P < 0.01). The results showed
that Gly + Mat significantly increased the number of peripheral leu-
cocytes and the percentage of CD4+ and CD8+ T lymphocyte subsets
in the immunosuppressive mouse model, suggesting that Gly + Mat
modulates cellular immunity in immunosuppressive mice better
than does Gly or Mat alone.

Hepatocyte death results in a sterile inflammatory response that
amplifies the initial insult and increases overall tissue injury. Previ-
ous studies [29,36] showed that Gly or Mat had anti-inflammation
effects, but whether combined use of Gly + Mat could produce
better anti-inflammatory effects was unclear. Albumen-induced
swelling of rat hind paws is a common model used to study anti-
inflammatory agents due to its convenience, short trial cycle and
motional observation. Our results showed that Gly + Mat had a sig-
nificantly better inhibitory effect on albumen-induced swelling of

rat hind paws than did Gly or Mat alone, and this anti-inflammatory
effect was non-specific.

Long-term excess administration of Gly could cause some severe
side effects such as sodium and water retention, hypertension and
hypokalaemia [12,14,17], thus limiting its wider clinical applica-
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ions. Our study demonstrated that Gly + Mat did not have such side
ffects as hypokalaemia, sodium and water retention, so it is safer
han Gly or Mat alone.

In conclusion, the results of the present study showed that com-
ared with Gly or Mat alone, combined use of Gly and Mat can
educe the mortality of acetaminophen overdosed mice, attenu-
te the development of acetaminophen-induced hepatotoxicity in
ice, and reduce the number and area of �-GT positive foci, thus

rotecting liver function and preventing HCC from occurring. In
ddition, it has a protective effect on immunosuppression and a
trong non-specific anti-inflammatory effect and an effect of reduc-
ng the incidence of sodium and water retention, without causing
ignificant adverse effects.

onflict of interest statement

The authors declare that there are no conflicts of interest.

cknowledgements

The authors wish to acknowledge Professor Wei Lixin and Gao
hunfang (Eastern Hepatobiliary Surgery Hospital, Second Military
edical University) for their help and expertise in animal experi-
entations.

eferences

[1] L.B. Seeff, K.L. Lindsay, B.R. Bacon, T.F. Kresina, J.H. Hoofnagle, Hepatology 34
(2001) 595–603.

[2] W. Lin, J.P. Zhang, Z.L. Hu, et al., Inhibitory effect of Mat on lipopolysaccharide
induced tumor necrosis factor and interleukin-6 production from rat Kupfer
cells, Acta Pharm. Sin. 32 (1997) 93–96.

[3] P. Liang, A.H. Bo, G.P. Xue, Study on the mechanism of Mat on immune liver
injury in rats, World Chin. J. Digest 7 (1999) 104–108 (Chinese).

[4] J.P. Zhang, M. Zhang, J.P. Zhou, et al., Antifibrotic effects of Mat on in vitro and
in vivo models of liver fibrosis in rats, Acta Pharmacol. Sin. 22 (2001) 183–186.

[5] J. Ai, H.H. Gao, S.Z. He, et al., Effects of Mat, artemisinin, and let randrine on
cytosolic in guinea pig ventricular myocytes, Acta Pharmacol. Sin. 22 (2001)
512–515.

[6] L. Ma, S. Wen, Y. Zhan, et al., Anticancer effects of the Chinese medicine Mat on
murine hepatocellular carcinoma cells, Planta. Med. 74 (2008) 245–251.

[7] X.D. Shen, G.B. Song, R.B. Yan, et al., Research progress of Mat and oxymatirne
in the anti-tumor mechanism, J. Chongqing Univ. (Natural Science Edition) 28
(2005) 125–128.

[8] S.C. Tao, J.Z. Wang, The pharmacological function of Mat, Acta Pharmacol. Sin.
27 (1992) 201.

[9] Y. Long, X.T. Lin, K.L. Zeng, et al., Efficacy of intramuscular Mat in the treatment
of chronic hepatitis B, Hepatobiliary Pancreat. Dis. Int. 3 (2004) 69–72.

10] X.H. Zhu, Y.D. Qiu, M.K. Shi, Effect of Mat on cold ischemia and reperfusion
injury of sinusoidal endothelial cells in rat orthotropic liver transplantation,
Acta Pharmacol. Sin. 24 (2003) 169–174.

11] R.A. Isbrucker, G.A. Burdock, Risk and safety assessment on the consumption of
Licorice root (Glycyrrhiza sp.), its extract and powder as a food ingredient, with
emphasis on the pharmacology and toxicology of Gly, Regul. Toxicol. Pharmacol.
46 (2006) 167–192.

12] S. Kurisu, I. Inoue, T. Kawagoe, et al., Clinical profile of patients with symp-

tomatic Gly-induced hypokalemia, J. Am. Geriatr. Soc. 56 (2008) 1579–1581.

13] L. Bing, Q. Yun, The pharmacology research progression of Gly acid and gly-
cyrrhetic acid, foreign medicine, Planta. Med. 21 (2006) 100–104.

14] M. Kimura, T. Moro, H. Motegi, In vivo Gly accelerates liver regeneration and
rapidly lowers serum transaminase activities in 70% partially hepatectomized
rats, Eur. J. Pharmacol. 579 (2008) 357–364.

[

[

nteractions 181 (2009) 15–19 19

15] L. WenYa, L. HanQing, The pharmacology research progression of the Sophora
flavescens base, Chin. J. Pract. Chin. Modern Med. 19 (2006) 473–475.

16] M.N. Asl, H. Hosseinzadeh, Review of pharmacological effects of Glycyrrhiza sp.
and its bioactive compounds, Phytother Res. 22 (2008) 709–724.

[17] S.D. Ray, V.R. Mumaw, R.R. Raje, M.W. Fariss, Protection of acetaminophen-
induced hepatocellular apoptosis and necrosis by cholesteryl hemisuccinole
pretreatment, J. Pharmacol. Exp. Ther. 279 (1996) 1470–1483.

18] K. Kon, J.S. Kim, H. Jaeschke, J.J. Lemasters, Mitochondrial permeability tran-
sition in acetaminophen-induced necrosis and apoptosis of cultured mouse
hepatocytes, Hepatology 40 (2004) 1170–1179.

19] H. Jaeschke, M.L. Bajt, Intracellular signaling mechanisms of acetaminophen-
induced liver cell death, Toxicol. Sci. 89 (2006) 31–41.

20] M.V. Terneus, K.K. Kiningham, A.B. Carpenter, S.B. Sullivan, M.A. Valen-
tovic, Comparison of S-adenosyl-l-methionine and N-acetylcysteine protective
effects on acetaminophen hepatic toxicity, J. Pharmacol. Exp. Ther. 320 (2007)
99–107.

21] S.M. Deneke, B.L. Fanburg, Regulation of cellular glutathione, Am. J. Physiol. 257
(1989) 163–173.

22] C.P. Anderson, J.M. Tsai, W.E. Meek, et al., Depletion of glutathione by buthionine
sulfoxine is cytotoxic for human neuroblastoma cells lines via apoptosis, Exp.
Cell Res. 246 (1999) 183–192.

23] O. Mirochnitchenko, M. Weisbrot-Lefkowitz, K. Reuhl, L. Chen, C. Yang, M.
Inouye, Acetominophen toxicity: opposite effects of two forms of glutathione
peroxidase, J. Biol. Chem. 274 (1999) 10349–10355.

24] W.M. Lee, Acetaminophen toxicity: changing perceptions on a social/medical
issue, Hepatology 46 (2007) 966–970.

25] E. Gumpricht, R. Dahl, M.W. Devereaux, R.J. Sokol, Licorice compounds Gly and
18beta-glycyrrhetinic acid are potent modulators of bile acid-induced cytotox-
icity in rat hepatocytes, J. Biol. Chem. 280 (2005) 10556–10563.

26] H.G. Jeong, H.J. You, S.J. Park, et al., Hepatoprotective effects of 18beta-
glycyrrhetinic acid on carbon tetrachloride-induced liver injury: inhibition of
cytochrome P450 2E1 expression, Pharmacol. Res. 46 (2002) 221–227.

27] J. Yin, D.H. Li, M.W. Hu, Q. Meng, Effects of glycyrrhizic acid on cocklebur
induced hepatotoxicity in rat and human hepatocytes, Phytother. Res. 22 (2008)
395–400.

28] D. Zhai, Y. Zhao, X. Chen, J. Guo, H. He, Q. Yu, J. Yang, A.K. Davey, J. Wang, Pro-
tective effect of Gly, glycyrrhetic acid and Mat on acute cholestasis induced by
alpha-naphthyl isothiocyanate in rats, Planta. Med. 73 (2007) 128–133.

29] Y. Zhao, D. Zhai, X. Chen, H. He, Q. Lu, Q. Yu, Protective effect of Gly and Mat on
acute vanishing bile duct syndrome induced by alpha-naphthylisothiocyanate
in rats, Hepatol. Res. 37 (2007) 143–151.

30] C.H. Lee, S.W. Park, Y.S. Kim, S.S. Kang, J.A. Kim, S.H. Lee, S.M. Lee, Protective
mechanism of Gly on acute liver injury induced by carbon tetrachloride in mice,
Biol. Pharm. Bull. 30 (2007) 1898–1904.

31] T. Chakraborty, A. Chatterjee, A. Rana, D. Dhachinamoorthi, P.A. Kumar, M. Chat-
terjee, Carcinogen-induced early molecular events and its implication in the
initiation of chemical hepatocarcinogenesis in rats: chemopreventive role of
vanadium on this process, Biochim. Biophys. Acta 1772 (2007) 48–59.

32] R. Peto, R. Gary, P. Brantom, P. Grasso, Dose and time relationships for tumor
induction in the liver and esophagus of 4080 inbred rats by chronic inges-
tion of N-nitrosodiethylamine or N-nitrosomethylamine, Cancer Res. 51 (1991)
6452–6469.

33] J.S. Lee, I.S. Chu, A. Mikaelyan, D.F. Calvisi, J. Heo, J.K. Reddy, S.S. Thorgeirs-
son, Application of comparative functional genomics to identify best-fit mouse
models to study human cancer, Nat. Genet. 36 (2004) 1306–1311.

34] L.P. Toledo, T.P. Ong, A.L.G. Pinho, A.A. Jordao Jr., H. Vanucchi, F.S. Moreno,
Inhibitory effects of lutein and lycopene on placental glutathione S-transferase
positive preneoplastic lesions and DNA strand breakage induced in Wistar rats
by the resistant hepatocyte model of hepatocarcinogenesis, Nutr. Cancer 47
(2003) 62–69.

35] L.D. Ma, Y. Zhang, S.H. Wen, et al., Inhibition of tumor growth in tumor-bearing
mice treated with Mat, Zhonghua Zhong Liu Za Zhi 27 (2005) 339–341.

36] Z. Zhaowu, W. Xiaoli, Z. Yangde, L. Nianfeng, Preparation of Mat ethosome, its
percutaneous permeation in vitro and anti-inflammatory activity in vivo in rats,

J. Liposome Res. 24 (2009) 1–8.

37] A.X. Guo, X.G. Huang, L.M. Le, Immunological functions affected by Mat in
immunocompromised mice, Chin. J. Mod. Drug 2 (2008) 7–9.

38] F.X. Hou, H.F. Yang, T. Yu, W. Chen, The immunosuppressive effects of 10 mg/kg
cyclophosphamide in Wistar rats, Environ. Toxicol. Pharmacol. 24 (2007)
30–36.


	Hepatoprotective and anti-hepatocarcinogenic effects of glycyrrhizin and matrine
	Introduction
	Materials and methods
	Chemicals and reagents
	Animals and experimental design
	Acetaminophen-induced hepatotoxicity and treatment protocols
	Acetaminophen-induced glutathione depletion
	Diethylnitrosamine-induced hepatocarcinogenesis and treatment protocols
	Induction of immunosuppression and treatment protocols
	Albumen-induced swelling of rat hind paws
	Determination of urine output and accumulative excretion of K+, Na+, and Cl-
	Statistical analysis

	Results
	Effects on acetaminophen-induced hepatotoxicity in mice
	Effects on GSH depletion
	Effects on diethylnitrosamine-induced hepatocarcinogenesis in rats
	Effects on cyclophosphamide-induced immunosuppression
	Inhibitory effects on albumen-induced swelling of rat hind paws
	Effects on urine volume and accumulative excretion volume of K+, Na+, Cl- in mice

	Discussions
	Conflict of interest statement
	Acknowledgements
	References


