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Protective Mechanism of Glycyrrhizin on Acute Liver Injury Induced by
Carbon Tetrachloride in Mice
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Glycyrrhizin is the major active component extracted from licorice (Glycyrrhiza glabra) roots, one of the
most widely used herbal preparations for the treatment of liver disorders. This study evaluated the potential ben-
eficial effect of glycyrrhizin in a mouse model of carbon tetrachloride (CCl,)-induced liver injury. The mice were
treated intraperitoneally with CCl, (0.5 ml/kg). They received glycyrrhizin (50, 100, 200, 400 mg/kg) 24 h and
0.5h before and 4 h after administering CCl,. The serum activities of aminotransferase and the hepatic level of
malondialdehyde were significantly higher 24 h after the CCl, treatment, while the concentration of reduced glu-
tathione was lower. These changes were attenuated by glycyrrhizin. CCl, increased the level of circulating tumor
necrosis factor-o markedly, which was reduced by glycyrrhizin. The levels of hepatic inducible nitric oxide syn-
thase, cyclooxygenase-2, and heme oxygenase-1 protein expression were markedly higher after the CCl, treat-
ment. Glycyrrhizin diminished these alterations for inducible nitric oxide and cyclooxygenase-2 but the protein
expression of heme oxygenase-1 was further elevated by the treatment of glycyrrhizin. CCl, increased the level of
tumor necrosis factor-o, inducible nitric oxide synthase, cyclooxygenase-2, and heme oxygenase-1 mRNA expres-
sions. The mRNA expression of heme oxygenase-1 was augmented by the glycyrrhizin treatment, while gly-
cyrrhizin attenuated the increase in tumor necrosis factor-o, inducible nitric oxide synthase, and cyclooxygenase-2
mRNA expressions. These results suggest that glycyrrhizin alleviates CCl-induced liver injury, and this protec-

tion is likely due to the induction of heme oxygenase-1 and the downregulation of proinflammatory mediators.
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Acute and chronic liver diseases constitute a global con-
cern, and the medical treatments for these diseases are often
difficult to handle and have limited efficacy. Therefore, there
has been considerable interest in the role of complementary
and alternative medicines for the treatment of liver diseases."
Developing therapeutically effective agents from natural
products may reduce the risk of toxicity when the drug is
used clinically.

Carbon tetrachloride (CCl,) is a well-known hepatotoxin
that is widely used to induce toxic liver injury in a range of
laboratory animals. CCl,-induced hepatotoxicity is believed
to involve two phases. The initial phase involves the metabo-
lism of CCl, by cytochrome P450 to the trichloromethyl radi-
cal (CCl,-), which leads to lipid peroxidation.” Heme oxyge-
nase-1 (HO-1), the rate-limiting enzyme in heme catabolism,
is known to be induced by oxidative stress and to confer pro-
tection against oxidative stress injuries.” The second phase
of CCl-induced hepatotoxicity involves the activation of
Kupffer cells, which is accompanied by the production of
proinflammatory mediators.? Several microarray studies
have been reported describing gene expression changes
caused by acute CCl, toxicity,” although the significance of
these changes has not been fully understood.

Licorice, the root of Glycyrrhiza glabra, is one of the old-
est and most commonly prescribed herbs in Eastern tradi-
tional medicine, and has been used to treat tuberculosis, pep-
tic ulcers, and liver injury in a number of clinical disorders.®
Glycyrrhizin is a major active constituent isolated from
licorice that scavenges reactive oxygen species (ROS) and
has an anti-inflammatory action.”® A recent report suggested
that glycyrrhizin also inhibits anti-Fas antibody-induced hep-
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atitis by acting upstream of the activation of CPP32-like pro-
tease.” However, there is limited information available on the
in vivo hepatoprotective effect of glycyrrhizin.

This study investigated the effect of glycyrrhizin on acute
hepatic injury, the specific molecular mechanisms of protec-
tion, and the effect of glycyrrhizin on both hepatic oxidative
stress and inflammation.

MATERIALS AND METHODS

Isolation and Purification of Glycyrrhizin The dried
roots of Glycyrrhiza glabra from the Shenyang province of
China were purchased from Kwanglim Co. (Daegu, Korea)
and were authenticated by Dr. J. H. Lee, an Oriental medicine
specialist. A voucher specimen (# 06-04-0002) was deposited
at the College of Pharmacy, Yeungnam University, Korea.
The roots of Glycyrrhiza glabra (10kg) were extracted with
methanol (501) at room temperature. The methanol extract
was evaporated under reduced pressure to obtain a residue
(2.6 kg), which was then dissolved in water (3.51) and parti-
tioned with methylene chloride (3.51X3). The methylene
chloride soluble fraction (230g) was chromatographed on
silica gel (6.2 kg), with gradient elution using n-hexane/ethyl
acetate mixtures (100:0,98:2,95:5,90:10, 85:15, 80:20,
51 for each gradient) to give sixteen fractions (GO1—G16).
Fraction G04 (3200 ml, n-hexane—ethyl acetate, 98:2) was
purified by crystallization from cold methanol to yield gly-
cyrrhizin (450 mg), which was subjected to analytical HPLC
(25—75 pm, 5mm i.d.X20 cm, Shim-pack ANAL-ODS col-
umn; Shimadzu, Japan) with elution by methanol-water—
acetic acid (65:34:1 (v/v), 1 ml/min) to afford its purity
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(>95%) and retention time (26 min). The structure of gly-
cyrrhizin was identified with an authentic sample by compar-
ing their NMR and MS spectral data.'*!')

Animals and Treatment Regimens Male ICR mice
weighing 25—30 g were fasted overnight but given tap water
ad libitum. All the animals were treated humanely under the
Sungkyunkwan University Animal Care Committee Guide-
lines. The animals were randomly assigned to 7 groups con-
taining 8 animals per group. The mice in group I (control) re-
ceived only olive oil (10 ml/kg, i.p.). In groups II to VII,
CCl, was dissolved in olive oil (1:19, v/v) and administered
intraperitoneally (final concentration; 0.5 ml/kg). The animal
groups I and II (vehicle) were treated intraperitoneally with
saline (10ml/kg). The animals in groups III to VI were
treated intraperitoneally with glycyrrhizin (50, 100, 200,
400 mg/kg), and the animals in group VII were treated with
silymarin (positive control, 200 mg/kg, i.p.), 24h and 0.5h
before and 4 h after administering CCl,. The dose and timing
of the glycyrrhizin treatment were selected based on previous
reports,'? as well as its efficacy in a retrorsine-induced hepa-
totoxicity model'” and an anti-Fas antibody-induced mice
hepatitis model.” Blood was collected from the abdominal
aorta 24 h after CCl, administration. The liver was isolated
and used immediately to prepare the mRNA, and was stored
at —75°C for later analysis, except for the part in the left
lobe, which was used for histological analysis.

Assessment of Serum Aminotransferase Activities
The serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities were determined using a
Hitachi 747 automatic analyzer (Hitachi, Tokyo, Japan).

Determination of Hepatic Lipid Peroxidation and Glu-
tathione Contents The steady-state level of malondialde-
hyde (MDA), a lipid peroxidation end product, was analyzed
by measuring the level of thiobarbituric acid reactive sub-
stances (TBARS) spectrophotometrically at a wavelength of
535nm, according to the method reported by Buege and
Aust'® using 1,1,3,3-tetraethoxypropane (Sigma, St. Louis,
MO, U.S.A.) as the standard. The total glutathione level was
measured spectrophotometrically at a wavelength of 412 nm,
with yeast glutathione reductase, 5,5'-dithio-bis(2-nitroben-
zoic acid), and NADPH, according to the methodology re-
ported by Tietze.'” The oxidized glutathione (GSSG) level
was measured using the same method in the presence of 2-
vinylpyridine,'® and the reduced glutathione (GSH) level
was determined by the difference between the total glu-
tathione and the GSSG levels.

Histological Analysis Twenty-four hours after adminis-
tering CCl,, a small piece of liver tissue from the anterior
portion of the left lateral lobe was removed for histological
analysis. The sample was fixed by immersing it in 10% neu-
tral-buffered formalin. The sample was then embedded in
paraffin, sliced into 5-um sections, and stained with hema-
toxylin—eosin for a blinded histological assessment. The de-
gree of portal inflammation, hepatocellular necrosis, and in-
flammatory cell infiltration was evaluated semiquantitatively
according to the method reported by Frei et al.'” The stained
5-um sections were graded as follows: 0, absent; [; minimal;
I, mild; III, modest; and IV, severe. The histological changes
were evaluated in nonconsecutive, randomly chosen X200
histological fields.

Measurement of Serum Tumor Necrosis Factor-o
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(TNF-0a) Levels The serum TNF-a level was quantified
using enzyme-linked immunosorbent assay (ELISA) with a
commercial mouse TNF-o ELISA kit (eBioscience, San
Diego, CA, U.S.A.) according to the manufacturer’s instruc-
tions.

Western Blot Immunoassay Freshly isolated liver tissue
was homogenized in a lysis buffer. In order to determine the
level of inducible nitric oxide synthase (iNOS), cyclooxyge-
nase-2 (COX-2), and heme oxygenease-1 (HO-1) protein ex-
pression, 10ug of protein samples from the liver ho-
mogenates were loaded per lane on 10% polyacrylamide
gels. The protein samples were then separated by sodium
dodecyl sulphate/polyacrylamide gel electrophoresis (SDS/
PAGE) and transferred to nitrocellulose membranes using
a semi-dry transfer process. After transfer, the membranes
were washed with Tris buffered saline (TBS) and blocked for
1 h at room temperature with 5% (w/v) skim milk powder in
TBS. The blots were then incubated overnight at 4 °C with
the polyclonal antibodies against mouse iNOS (Transduction
Laboratories, San Jose, CA, U.S.A.; 1:1000 dilution), COX-
2 (Cayman, Ann Arbor, MI, U.S.A.; 1:1000 dilution), and
HO-1 (Transduction Laboratories, San Jose, CA, US.A,;
1:1000 dilution), and with the monoclonal antibodies
against mouse f-actin (Sigma, St. Louis, MO, US.A.;
1:10000 dilution). On the next day, the primary antibody
was removed and the blots were washed thoroughly with T-
TBS (0.05% Tween 20 in TBS). The binding of all the anti-
bodies was detected using an ECL detection system (iNtRON
Biotechnology Co., Ltd., Korea), according to the manufac-
turer’s instructions. The visualized immunoreactive bands
were evaluated densitometrically with ImageQuant™ TL
software version 2005 (Amersham Biosciences, Piscataway,
NJ, US.A)).

Total RNA Extraction and Reverse Transcription Poly-
merase Chain Reaction (RT-PCR) The total RNA was
extracted using the method reported by Chomczynski and
Sacchi.'® Reverse transcription of the total RNA extracted
from the tissue samples was carried out in order to synthe-
size the first strand cDNA using the oligo(dT),, 5 primer
and SuperScript™ II RNase H™ Reverse Transcriptase (Invit-
rogen Tech-Line™, Carlsbad, CA, U.S.A.). The PCR reaction
was carried out with a diluted cDNA sample and was ampli-
fied in a 20 ul reaction volume. The final reaction concentra-
tions are as follows: primers, 10 pmol; dANTP mix, 250 uwm;
X 10 PCR buffer; and Ex 7ag DNA polymerase, 0.5 U per re-
action. RT-PCR was carried out with an initial denaturation
step at 94 °C for 5 min and a final extension step at 72 °C for
7 min using GeneAmp 2700 thermocycler (Applied Biosys-
tems, Foster City, CA, U.S.A.). The amplification cycling
conditions are as follows: for TNF-¢, 28 cycles at 94 °C for
30s, 65°C for 30s, and 72 °C for 60 s; for iNOS, 35 cycles at
94 °C for 30s, 65 °C for 30s, and 72 °C for 30s; for COX-2,
35 cycles at 94 °C for 30s, 60 °C for 30s, and 72 °C for 30s;
for HO-1, 30 cycles, and for B-actin, 25 cycles at 94 °C for
305, 56°C for 30s, and 72 °C for 30s. After RT-PCR, 10 ul
samples of the PCR products were visualized by ultraviolet
illumination after electrophoresis through 1.5% agarose gel
and ethidium bromide staining. The intensity of each PCR
product was analyzed semiquantitatively using a digital cam-
era (DC120, Eastman Kodak, New Haven, CT, U.S.A.) and
analyzing software.
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Statistical Analysis The overall significance of the re-
sults was examined using one-way analysis of variance
(ANOVA). The differences between the groups were consid-
ered statistically significant at a p value <0.05 with the ap-
propriate Bonferroni correction made for multiple compar-
isons. The results are presented as a mean*=S.E.M.

RESULTS

Serum Aminotransferase Activities The serum levels
of ALT and AST in the control animals were 66.6*=5.5 and
128.014.3 U/], respectively. 24 h after the CCl, treatment,
the serum ALT and AST levels increased to approximately
174.7 and 94.1 times that in the control animals, respectively.
Glycyrrhizin, at the doses of 200 mg/kg and 400 mg/kg, sig-
nificantly reduced these increases. The ALT and AST activi-
ties were also decreased in the silymarin-treated group com-
pared with the vehicle-treated CCl, group (Fig. 1).

Lipid Peroxidation and Hepatic Glutathione Contents
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Fig. 1. Effect of Glycyrrhizin on the Serum Aminotransferase Activity
after CCl, (0.5 ml/kg) Administration
The results are presented as the mean=S.E.M. of 8 animals per group. *, ** Denotes

significant differences from the control group (p<<0.05 and p<<0.01); +, ++ denotes
significant differences from the vehicle-treated CCl, group (»<<0.05 and p<<0.01).
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The administration of CCl, increased the hepatic level of
MDA to approximately 1.3 times that of the control animals.
This elevation was attenuated by 200 mg/kg of either gly-
cyrrhizin or silymarin. The GSH level in the control animals
was 6.3%+0.4 umol/g liver. The GSH content decreased sig-
nificantly 24 h after CCl, administration but was markedly at-
tenuated by 200 mg/kg glycyrrhizin. Hepatic GSSG concen-
tration was unchanged among any of the experimental
groups. The ratio of GSH to GSSG, an indicator of the hepa-
tocellular redox state, markedly declined after the CCl, treat-
ment. The decrease in the ratio of GSH to GSSG was attenu-
ated by glycyrrhizin (Table 1).

Histological Analysis The histological features shown in
Fig. 2 and Table 2 show a normal liver lobular architecture
and cell structure of the livers in the control animals. How-
ever, the livers exposed to CCl, showed multiple and exten-
sive areas of portal inflammation and hepatocellular necrosis,
randomly distributed throughout the parenchyma, as well as
a moderate increase in inflammatory cell infiltration. These
pathological changes were inhibited by glycyrrhizin and sily-
marin at the doses of 200 mg/kg.

Serum TNF-« Levels The serum levels of TNF-o were
low in the control animals. However, in the CCl,-treated
animals, the serum level increased 2.3-fold 24h after the
CCl, treatment. This increase was reduced by glycyrrhizin
(200 mg/kg). Glycyrrhizin treatment alone did not affect the
serum levels of TNF-¢ (Fig. 3).

iNOS, COX-2, and HO-1 Protein Expression The
amount of iNOS, COX-2, and HO-1 protein in the livers in-
creased markedly 24h after CCl, administration. The in-
creases in iNOS and COX-2 protein levels were significantly
attenuated by glycyrrhizin, while the level of HO-1 protein
expression was further elevated by the treatment of gly-
cyrrhizin. Glycyrrhizin treatment alone did not alter the pro-
tein level of iINOS, COX-2, and HO-1 (Fig. 4).

TNF-qa, iNOS, COX-2, and HO-1 mRNA Expression
As shown in Fig. 5, the levels of TNF-a, iNOS, COX-2, and
HO-1 mRNA in the CCl, group were 4.5-, 3.2-, 5.0-, and
1.7-fold higher than the control level, respectively. The in-
crease in TNF-q, iNOS, and COX-2 mRNA levels were sig-
nificantly suppressed by glycyrrhizin, while the level of HO-
1 mRNA expression was augmented by the glycyrrhizin
treatment. The mRNA expression of TNF-a, iNOS, COX-2,
and HO-1 was unaffected by the glycyrrhizin treatment itself.

DISCUSSION

In this study, the protective effect of glycyrrhizin was ex-

Table 1. Effect of Glycyrrhizin on Lipid Peroxidation and Glutathione Contents in the Liver after CCl, (0.5 ml/kg) Administration
Groups Dose (mg/kg) MDA (nmol/g liver) GSH (umol/g liver) GSSG (umol/g liver) GSH/GSSG ratio
Control 37.8%1.9 6.3*0.4 0.3*0.1 15.6%0.9
CCl,
Vehicle 49.1*1.1%* 3.4£0.3%* 0.4+0.0 9.8+0.7*
Glycyrrhizin 50 49.3%+0.5%* 3.8*1.1 0.3%0.1 10.5x1.1
100 50.01.4%* 3.6+0.6* 0.2+0.0 11.3+2.5
200 43.9+1.1%" 5.6=0.47 0.3£0.0 14.5%3.6
400 47.242.0%* 43*1.0 0.2+0.0 15.3x1.2
Silymarin 200 41319 3.8%1.2 0.4*0.1 9.1+0.9

The results are presented as a mean*S.E.M. for 8 animals per group. . Denotes significant differences from the control group, p<0.05 and p<<0.01, respectively; .7t de-
notes significant differences from the vehicle-treated CCl, group, p<<0.05 and p<<0.01, respectively.
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Fig. 2. Histological Analysis of the Livers after CCl, (0.5 ml/kg) Administration

Typical images were chosen from the different experimental groups (original magnification X100). (A) Control group: normal lobular architecture and cell structure; (B) vehi-
cle-treated CCl, group: multiple and extensive areas of portal inflammation and hepatocellular necrosis, and a moderate increase in inflammatory cell infiltration; (C) CCl, and gly-
cyrrhizin (200 mg/kg)-treated group: minimal hepatocellular necrosis and inflammatory cell infiltration, and mild portal inflammation; and (D) CCl, and silymarin (200 mg/kg)-
treated group: minimal portal inflammation and inflammatory cell infiltration, and mild hepatocellular necrosis.

Table 2. Quantitative Summary of the Histological Observations on Gly-
cyrrhizin-Dependent Protection of CCl,-Induced Hepatic Damage

ccl,
Hlstopathologlc Control — : :
grading Vehicle Glycyrrhizin -~ Silymarin
(200 mg/kg) (200 mg/kg)
Portal inflammation
Grade 0 7 0 0 0
Grade I 1 0 1 5
Grade 11 0 1 5 3
Grade III 0 5 2 0
Grade IV 0 2 0 0
Hepatocellular necrosis
Grade 0 6 0 1 0
Grade I 2 0 6 3
Grade II 0 0 1 3
Grade I1I 0 6 0 2
Grade IV 0 2 0 0
Inflammatory cell infiltration
Grade 0 8 0 5 3
Grade I 0 4 3 4
Grade II 0 4 0 1
Grade 111 0 0 0 0
Grade IV 0 0 0 0

Liver samples were isolated 24 h after administering the CCl, (0.5 ml/kg, i.p.). The
samples were fixed in 10% neutral-buffered formalin prior to paraffin-embedding, and
stained with hematoxylin and eosin. The histological changes were graded according
to the following criteria: 0, absent; I, minimal; II, mild; III, modest; and IV, severe. 8
samples per group.

amined using a model of CCl,-induced hepatotoxicity. The
susceptibility of the liver to chemical injury is as much a
function of its anatomical proximity to the bloodstream and
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Fig. 3. Effect of Glycyrrhizin (200 mg/kg) on Serum TNF-¢¢ Secretion
after CCl, (0.5 ml/kg) Administration

The results are presented as the mean=S.E.M. for 8 animals per group. ** Denotes
significant differences from the control group (p<<0.01); + + denotes significant differ-
ences from the vehicle-treated CCl, group (p<<0.01).

gastrointestinal tract as to its ability to biotransform and con-
centrate xenobiotics. CCl,-induced liver injury in a range of
laboratory animals is considered to be an analogue of the
liver damage caused by various hepatotoxins in humans.'”

In the vehicle-treated CCl, group, the ALT and AST levels
increased dramatically compared with the control group, in-
dicating severe hepatocellular damage. In contrast, a treat-
ment with 200 and 400 mg/kg of glycyrrhizin markedly at-
tenuated the release of ALT and AST. Furthermore, the he-
patoprotective effect of glycyrrhizin appeared to be higher
than that of silymarin, which is used as a potent hepatopro-
tective agent. The histological observations of the liver sam-
ples strongly support the release of aminotransferases by the
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damaged hepatocytes as well as the protective effect of gly-
cyrrhizin (Fig. 2, Table 2). CCl, caused various histological
changes to the liver, including cell necrosis, fatty metamor-
phosis in the adjacent hepatocyte, ballooning degeneration,
cell inflammation, and the infiltration of lymphocytes and
Kupffer cells. These alterations were significantly attenuated
by glycyrrhizin with the livers showing only minor hepato-
cellular necrosis and inflammatory cell infiltration, and mild
portal inflammation. These results suggest that glycyrrhizin
may have potential clinical applications for treating liver dis-
orders.

In contrast to other known hepatotoxins, CCl, is not toxic
per se but is responsible for oxidative stress and lipid peroxi-
dation through the cytochrome P450-mediated generation of
the highly reactive CCl,-, leading to eventual cellular dam-
age characterized by hepatocellular necrosis.?” The subse-
quent chloromethylation, saturation, peroxidation, and the
progressive destruction of the unsaturated fatty acids of the
membrane phospholipids are collectively known as lipid per-
oxidation, which leads to a functional and structural disrup-
tion.?) The hepatoprotective effect of glycyrrhizin can also
be ascribed to the suppression of lipid peroxidation as well as
its propagation in the liver because glycyrrhizin at a dose of
200 mg/kg could attenuate the CCl,-induced increase in the
hepatic MDA content. Another study suggested that gly-
cyrrhizin may provide the maximum conjugation with detri-
mental free radicals and deprive them of their toxic proper-

ties.”” A more definitive characterization of CCl,-induced
oxidative stress was evidenced by the decrease in the level of
hepatic GSH. The GSH system acts as a major antioxidant
defense mechanism against the toxic effects of free radi-
cals.”® These results suggest that CCl, causes direct cellular
damage through thiol oxidation and subsequent lipid peroxi-
dation. Moreover, the glycyrrhizin treatment attenuated the
lipid peroxidation and decrease in the hepatic GSH content,
which suggests that glycyrrhizin increases the hepatic pool of
GSH and reduces oxidative stress.

Excessive oxidative stress has been suggested as a reason
for the upregulation of HO-1, as this enzyme is known to be
readily inducible upon such stressors.?” HO-1 is a rate-limit-
ing enzyme in the catabolism of heme and a heat shock pro-
tein (HSP32). By the equimolar production of the antioxidant
bilirubin, free iron, and vasodilative carbon monoxide, HO-1
represents a cytoprotective enzyme and, when expressed,
produces therapeutic benefits in a number of different condi-
tions and diseases, such as sepsis, inflammation, and is-
chemia/reperfusion injury.®® In line with this, HO-1 induc-
tion has been shown to confer protection in CCl,-induced
hepatotoxicity, as assessed by the measurements of liver
transaminase levels and cytological examination of liver his-
tology.? In our study, the expression of HO-1 protein was
significantly increased after the CCl, treatment. This is in
concordance to the results reported by Nakahira et al?);
following CCl, treatment, hepatic HO-1 expression was
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markedly increased both at transcriptional and protein levels
in hepatocytes, especially around the central vein. Addition-
ally, treatment with glycyrrhizin markedly augmented HO-1
protein expression after CCl, treatment, which suggests that
a strong induction response of HO-1 by glycyrrhizin is to
protect liver cells from CCl,-induced oxidative cellular in-
juries.

The liver is a major inflammatory organ, and inflammatory
processes contribute to a number of pathological events after
exposure to various hepatotoxins. Kupffer cells release proin-
flammatory mediators either in response to necrosis or as a
direct action by the hepatotoxin, activated, which are be-
lieved to aggravate CCl,-induced hepatic injury.*® TNF-¢, a
pleiotropic proinflammatory cytokine, is rapidly produced by
macrophages in response to tissue damage.””” While low lev-
els of TNF-o may play a role in cell protection, excessive
amounts cause cell impairment. An increase in the TNF-«
level has been directly correlated with the histological evi-
dence of hepatic necrosis and the increase in the serum
aminotransferase levels.”® DeCicco et al.?” have reported the
stimulation of TNF-o production in both serum and liver fol-
lowing CCl, administration, and it is suggested that CCl;-
activates Kupffer cells to release TNF-a. TNF-¢ also stimu-
lates the release of cytokines from macrophages and induces
the phagocyte oxidative metabolism and nitric oxide produc-
tion.*” Nitric oxide is a highly reactive oxidant that is pro-
duced through the action of iNOS, and plays a role in a num-
ber of physiological processes, such as, vasodilation, neuro-
transmission, and nonspecific host defense.*” Nitric oxide
can also exacerbate oxidative stress by reacting with reactive
oxygen species, particularly with the superoxide anion, and
forming peroxynitrite.*” As nitric oxide has a range of ef-
fects on a variety of biological processes, it is unclear if it is
beneficial or detrimental in the liver injury induced by hepa-
totoxins. This study confirmed a significant increase in the
serum TNF-o level and iNOS protein expression in the liver
after CCl, administration. These alterations were attenuated
by the glycyrrhizin treatment, which suggests that gly-
cyrrhizin suppresses the TNF-a and iNOS protein secretion
and/or enhances the degradation of their protein.

Previous studies reported that the induction of cyclooxy-
genase in inflammatory response is the secondary effect
of CCl,-induced hepatotoxicity.* COX-2 is the mitogen-
inducible isoform of cyclooxygenase and is induced in
macrophages by several proinflammatory stimuli, such as cy-
tokines and growth factors, leading to COX-2 expression and
the subsequent release of prostaglandins.” Arachidonic acid
is a well-known substrate of cyclooxygenases or lipoxyge-
nases that is metabolized to produce a variety of proinflam-
matory substrates called eicosanoids, and COX-2 is the key
enzyme in the cascade. Free radical mediated oxidative stress
or lipid peroxidation can further activate cyclooxygenases
and the subsequent prostaglandin formation from arachi-
donic acid. The results of this study showed an increase in
the expression of COX-2 protein after CCl, administration.
Glycyrrhizin markedly attenuated this increase, suggesting a
suppression of inflammatory responses.

Recent developments in genomic technology have led
to new investigations into the changes in gene expression
caused by an acute treatment with CCl,. The acute adminis-
tration of CCl, to rats caused significant changes in the gene
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expression profiles.*” The most notable changes in the CCl,-
treated animals were the expression of the genes involved in
stress, DNA damage, cell proliferation, and metabolic en-
zymes.*” These gene expression profiles have catalogued the
molecular responses to acute CCl, toxicity and revealed the
genetic basis of hepatic toxicity. In this study, it was ob-
served that the levels of TNF-c, iNOS, COX-2, and HO-1
mRNA expression were increased significantly by the acute
CCl, treatment. Glycyrrhizin attenuated the increase in COX-
2 mRNA, and the level of HO-I mRNA expression was aug-
mented by glycyrrhizin treatment. This indicates that al-
though posttranscriptional modifications may occur, COX-2
and HO-1 are controlled primarily at the level of transcrip-
tion in response to an acute dose of CCl,. However, gly-
cyrrhizin slightly attenuated the increase in 7NF-o and iNOS
mRNA expression, which was not well correlated with the
levels of their proteins. Therefore, glycyrrhizin may largely
regulate the TNF-o and iNOS production by the posttran-
scriptional level. Additional studies are required to examine
this effect in further detail.

These results provide evidence for the pharmacological ef-
fect of glycyrrhizin in CCl,-induced hepatotoxicity. Overall,
glycyrrhizin not only provides maximum conjugation with
injurious free radicals and diminishes their toxic properties
but also suppresses the inflammatory responses of a CCl,-
induced liver injury. Further studies will be needed to fully
understand the association between oxidative stress and the
inflammatory responses in the hepatoprotective effect of
glycyrrhizin against CCl,-induced hepatotoxicity.
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