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Glycyrrhizin exhibits potential chemopreventive activity on
12-O-tetradecanoyl phorbol-13-acetate-induced cutaneous oxidative
stress and tumor promotion in swiss albino mice
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Abstract

Glycyrrhizin and its aglycone, glycyrrhetic acid has been found useful for various therapeutic purposes. Glycyrrhizin has been
shown to possess many physiological functions like anti-inflammatory activity, detoxification and inhibition of carcinogenic
promoters. 12-O-Tetradecanoyl phorbol-13-acetate (TPA), a well-known phorbal ester is known for its tumor promotion
activity. The induction of inflammation in skin mediated by TPA is believed to be governed by cyclooxygenase (COX),
lipoxygenase and ornithine decarboxylase (ODC). These markers of inflammatory responses are important for skin tumor
promotion. In our present study, we studied the chemopreventive effect of glycyrrhizin on TPA (20 nmol/0.2 mL
acetone/animal, topically)-induced oxidative stress and hyperproliferation markers in skin. TPA enhanced lipid peroxidation
with reduction in the level of catalase, glutathione, glutathione peroxidase, glutathione reductase and glutathione-s-
transferase. TPA treatment also enhanced ODC activity and [°H] thymidine incorporation into cutaneous DNA. Prophylactic
treatment of mice with glycyrrhizin (2.0 & 4.0 mg/0.2 mL acetone/animal, topically) resulted in a significant decrease in
cutaneous microsomal lipid peroxidation (> < 0.001) and recovery of cutaneous glutathione content (P < 0.001) and its
dependent enzymes. A significant inhibition in ODC activity and DNA synthesis (P < 0.001) was also observed. Thus, the
results demonstrate that pretreatment with glycyrrhizin is protective against TPA-induced oxidative stress and tumor
promotion in Swiss albino mice.
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Abbreviations: TPA, 12-O-tetradecanoyl phorbol-13-acetate; GSH, Reduced glutathione content; GST, Glutathione-S-
transferase; ODC, Ornithine decarboxylase; CDNB, 1-chloro-2,4-dinitrobenzene; NADPH, Reduced nicotinamide adenine
dinucleotide phosphate; EDTA, Ethylenediamine tetra acetic acid; dpm, Disintegrations per minute

Introduction reported to increase release of reactive oxygen species
(ROS) like H,0, production in murine epidermal
keratinocytes and induces oxidative DNA damage.

Oxidative stress results from the disturbance in the

In developing countries the treatment of diseases with
medicinal plants and dietary products are still popular
[1] and several investigations have been conducted on

the chemical constituents and biological activities of
medicinal plants. The induction of oxidative stress,
ornithine decarboxylase (ODC) activity and DNA
synthesis occurs during tumor promotion with tumor
promoters such as lauryl peroxide, benzoyl peroxide
and 12-O-tetradecanoyl phorbol-13-acetate (TPA)
[2]. The mouse skin tumor promoter TPA has been

equilibrium status of pro-oxidant/antioxidant systems
such as when an increase in oxidant generation takes
place at the same time as a decrease in antioxidant
protection occurs which causes oxidative damage to
lipids, proteins, carbohydrates and nucleic acids,
ultimately leading to cell death in severe oxidative
stress. Oxidative stress is one of the main causes of
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cytotoxicity or genotoxicity. Thus, oxidative stress is
considered to be associated with many diseases, e.g.
aging, cardiovascular diseases and cancer [3]. Cells
have multiple protective mechanisms against oxidative
stress and succeed in preventing cell damage. Many
dietary constituents are important sources of protec-
tive agents that range from antioxidants, vitamins and
minerals to food additives that might enhance the
action of natural antioxidants [4].

Glycyrrhizin (Figure 1), a conjugate of one molecule
of glycyrrhetinic acid and two molecules of glucuronic
acid, is the main constituent of Glycyrrhiza glabra L
(licorice) [5]. Itis a sweet substance, which is 150-300
times sweeter than sugar. It has many physiological
functions such as anti-inflammatory activity, detox-
ification and inhibition of carcinogenic promoters.
Glycyrrhizin is considered to be the most common of
the Asiatic folk medicines that acts as an anti-
inflammatory agent on neutrophil functions including
ROS generation [6]. Thus, glycyrrhizin can be
considered as a quenching agent of free radicals and a
blocking agent of lipid peroxidation chain reactions.

Therefore, in the present study we have tested the
efficacy of glycyrrhizin against TPA-induced early
tumor promotion markers such as oxidative stress and
hyperproliferation in mouse skin.

Materials and methods
Chemuicals

Reduced glutathione (GSH), oxidized glutathione
(GSSG), nicotinamide adeninedinucleotide phos-
phate reduced (NADPH), thiobarbituric acid
(TBA), trichloroacetic acid (TCA), bovine serum
albumin (BSA), 1,2,dithio-bis-nitrobenzoic acid
(DTNB), 1-chloro-2,4,dinitrobenzene (CDNB),
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Figure 1. Structure of Glycyrrhizin.

glutathione reductase, 12-O-tetradecanoyl phorbol-
13-acetate (TPA) and glycyrrhizin were obtained from
Sigma Chemicals Co (St.Louis, MO). Ascorbic acid,
hydrogen peroxide, ferric chloride, disodium hydro-
gen phosphate, sodium dihydrogen phosphate and
sodium hydroxide were purchased from E. Merck,
India. All other chemicals were of the highest purity
commercially available.

Animals

Eight-week-old adult female Swiss albino mice (20—
25 g) were obtained from the Central Animal House
Facility of Hamdard University, New Delhi and were
housed in a ventilated room at 25°C under a 12-h
light/dark cycle. The mice were allowed to acclimatize
for one week before the study and had free access to
standard laboratory feed (Hindustan Lever Ltd,
Bombay, India) and water ad hbitum. The dorsal
skin of the mice was shaved with an electric clipper
(Oster A2) followed by the application of hair
removing cream (Anne French, Geoffrey Manners,
Bombay, India) at least 2 days before treatment. Only
mice showing no signs of hair regrowth were used for
experiments.

Experimental protocol. To study the effect of
pretreatment with glycyrrhizin on TPA-mediated
cutaneous oxidative stress, thirty female Swiss albino
mice were randomly allocated to 5 groups of 6 mice
each. Group I received only acetone (0.2 mL/animal).
Group II received only TPA (20nmol/0.2 mL
acetone/animal). Group III received pretreatment
glycyrrhizin (2.0 mg/0.2 mL. acetone/animal) + TPA
(20 nmol/0.2 mL acetone/animal). Group IV received
glycyrrhizin (4.0 mg/0.2 mL. acetone/animal) + TPA
(20 nmol/0.2 mL acetone/animal). Group V received
glycyrrhizin (4.0 mg/0.2 mL acetone/animal) only. After
12 h, the animals were sacrificed by cervical dislocation
and processed for sub-cellular fractionation.

To study the effect of pre-treatment of animals with
glycyrrhizin on TPA-mediated induction of cutaneous
ODC activity, 30 female mice were randomly
allocated to five groups of six mice in each. The
animals of group I received topical application of
acetone (0.2 mL per animal) and served as a control.
The animals of groups III, IV received a single topical
application of glycyrrhizin at the dose level of 2.0 and
4.0mg kg ' body weight, respectively, in acetone.
One hour later after the treatment of glycyrrhizin, the
animals of groups II, III, IV received a single topical
application of TPA (20 nmol per animal per 0.2 mL
acetone). While group V received only glycyrrhizin at
the level of 4 mg kg™, in acetone. All these mice were
killed 6 h after the treatment by cervical dislocation.
The skin was quickly removed and processed for
sub-cellular fractionation.
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For studying the effect of glycyrrhizin on TPA-
mediated [°H] thymidine incorporation into
cutaneous DNA, the experimental protocol was
exactly similar to that described for oxidative stress.
One hour after the last treatment of the animals with
glycyrrhizin, the animals of groups III, IV and V
received topical application of TPA. Eighteen hours
after treatment with TPA, the animals of all the groups
were given [*H] thymidine (15 pci/animal/0.2 mL
saline) as an i.p. injection and were sacrificed after
2h by cervical dislocation. Their skin tissues were
quickly removed cleaned free of extraneous material
and homogenized in cold distilled water for further
processing and separation of DNA.

Tissue preparation. After the desired time period,
control and treated animals were sacrificed by cervical
dislocation. The animals were immediately dissected
to remove their skin, which was washed in ice cold
saline (0.85 M NaCl) and extraneous materials were
removed. All subsequent operations were carried out
on ice at a temperature not above 4°C.

Preparation of postmitochondrial supernatant (PMS) and
microsomes. For biochemical studies, a known amount
of tissue was minced and homogenized in chilled
phosphate buffer (0.1 M, pH 7.4) containing KCI
(1.17%) using a polytron homogenizer (Kinematica
AGPT 3000). The homogenate was filtered through a
muslin cloth and was centrifuged at 88 X g for 15 min
at 4°C in an Elton refrigerated centrifuge (RC 4100D)
to separate the nuclear debris. The supernatant
obtained was used as a source of enzymes. A portion
of the post mitochondrial supernatant (PMS) was
centrifuged in an ultracentrifuge (Beckman, 1.7-55) at
100500 X g (34000 rpm) for 60 min at 4°C. The
pellet was considered to be the microsomal fraction
and was suspended in phosphate buffer (0.1 M, pH
7.4) containing KC1 (1.17%). The supernatant
(cytosolic fraction) was used as a source of phase II
detoxifying enzymes such as glutathione S-transferase.

Biochemical estimations

Estimation of lipid peroxidation. The assay of lipid
peroxidation was done according to the method of
Wright et al. [7]. The reaction mixture consisted of
0.58 mL. phosphate buffer (0.1 M, pH 7.4), 0.2mL
microsomes, 0.2mL ascorbic acid (100mM) and
0.02 mL ferric chloride (100 mM) in a total of 1 mL.
This reaction mixture was then incubated at 37°C in a
shaking water bath for 1 h. The reaction was stopped by
the addition of 1 mL of TCA (10%). Following addition
of 1.0mL TBA (0.67%), all the tubes were placed in a
boiling water bath for a period of 20 min. The tubes were
then transferred to an ice bath and centrifuged at
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2500 X gfor 10 min. The amount of malondialdehyde
(MDA) formed in each of the samples was assessed by
measuring the optical density of the supernatant at
535nm. The results were expressed as nmol MDA
formed/h/g tissue at 37°C by using a molar extinction
coefficient of 1.56 X 10° M ' cm ™.

Estimation of glutathione reduced. The reduced
glutathione (GSH) in skin was determined by the
method of Jollow et al. [8]. A 1.0 mL postmitochondrial
supernatant fraction (PMS) (10%) was mixed with
1.0mL sulphosalicylic acid (4%) and the samples
incubated at 4°C for at least 1 h and then centrifuged at
1200 X g for 15min at 4°C. The reaction mixture
contained 0.4mL of the filtered sample, 2.2mL
phosphate buffer (0.1 M, pH 7.4) and 0.4 mL DTNB
(4 mg/mL) in a total volume of 3.0 mL. The yellow color
developed was read immediately at 412nm on a
spectrophotometer (Milton Roy Model-21 D) and the
reduced glutathione concentration was calculated as
nmol GSH/g tissue.

Assay for glutathione S—transferase activiry. Glutathione
S-transferase (GST) activity was assayed by the
method of Habig et al. [9]. The reaction mixture
consisted of 2.5 mL phosphate buffer (0.1 M, pH 6.5),
0.2mL GSH (1mM), 0.2mL CDNB (1 mM) and
0.1 mL of the cytosolic fraction (10%) in a total
volume of 3.0mL. Changes in absorbance were
recorded at 340nm and enzymatic activity was
calculated as nmol CDNB conjugate formed/min/mg
protein using a molar extinction coefficient of
9.6 x 10° M~ ' cm ™.

Assay for glutathione reductase activiry. Glutathione
reductase activity was assayed by the method of
Carlberg and Mannervick [10]. The reaction mixture
consisted of 1.65 mL phosphate buffer (0.1 M, pH7.6),
0.1 mL EDTA (0.5 mM), 0.05 mL oxidized glutathione
(I1mM), 0.1 mLL NADPH (0.1 mM) and 0.1 mL PMS
(10%) in a total volume of 2.0 mL. Enzyme activity was
determined at 25°C by measuring the disappearance of
NADPH at 340nm and was calculated as nmol
NADPH oxidized/min/mg protein using a molar
extinction coefficient of 6.22 X 10> M~ ! cm ™.

Assay for catalase activiry. Catalase activity was assayed
by the method of Claiborne [11]. Briefly, the reaction
mixture consisted of 2.0 mL phosphate buffer (0.1 M,
pH 7.4), 0.95 mL hydrogen peroxide (0.019 mM) and
0.05mL PMS (10%) in a final volume of 3.0 mL.
Changes in absorbance were recorded at 240 nm and
catalase activity was calculated as nmol H,O,
consumed/min/mg protein.
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Assay for glutathione peroxidase activiry. Glutathione
peroxidase activity was measured by the method of
Mohandas et al. [12]. The reaction mixture consisted
of 1.44 mL phosphate buffer (0.1 M, pH7.4), 0.1 mL
EDTA (I1mM), 0.1mL sodium azide (1 mM),
0.05mL glutathione reductase (1IU/ml), 0.05mL
reduced glutathione (1 mM), 0.1mL NADPH
(0.2mM) and 0.01mL H,0, (0.25mM) and
0.1mL 10% PMS in a total volume of 2mL. The
disappearance of NADPH at 340 nm was recorded at
25°C and enzyme activity was calculated as nmol
NADPH oxidized/min/mg protein using a molar
extinction coefficient of 6.22 X 10> M~ ' cm ™.

Assay for ornithine decarboxylase activiry. ODC activity
was determined using 0.4 mL cutaneous 105,000 X g
supernatant fraction per assay tube by measuring the
release of CO, from DL- [**C] ornithine by the method
of O’Brien et al. [13]. The skin was homogenized in
Tris-HCI buffer (pH 7.5, 50 mM) containing EDTA
(0.4mM), pyridoxal phosphate (0.32mM), PMSF
(0.1 mM), 2-mercaptoethanol (1.0 mM), dithiothreitol
(4.0 mM) and Tween 80 (0.1%) at 4°C using a polytron
homogenizer (Kinematica AGPT 3000). In brief, the
reaction mixture contained 400 wL. enzymes and
0.095 mL co-factor mixture containing pyridoxal
phosphate (0.32 mM), EDTA (0.4 mM), dithiothreitol
(4.0 mM), ornithine (0.4mM), Brij 35 (0.02%) and
DL-[**C] ornithine (0.05pnCi) in a total volume of
0.495 mL. After adding buffer and co-factor mixture to
the blank and others tubes, the tubes were closed
immediately with a rubber stopper containing 0.2 mL
ethanolamine and methoxyethanol mixture (2:1) in the
central well and kept in a water-bath at 37°C. After 1 hr
of incubation, the enzyme activity was arrested by
injecting 1.0 mL citric acid solution (2.0 M) along the
sides of the glass tubes and the solution was continued
for 1 h to ensure complete absorption of CO,. Finally,
the central well was transferred to a vial containing 2 mL.
ethanol and 10mL toluene-based scintillation fluid.
Radioactivity was counted in a liquid scintillation
counter (LKB Wallace-1410). ODC activity was
expressed as pmol CO, released/h/mg protein.

Quantitation of hepatic DNA synthesis. The isolation of
skin DNA and assessment of incorporation of [PH]
thymidine into DNA was done by the method employed
by Smart et al. [14]. The skin tissues were quickly
excised from the animal, cleaned free of extraneous
material and a homogenate (20%) was prepared in ice-
cold water. The precipitate thus obtained was washed
with cold trichloroacetic acid (5%) and incubated with
cold perchloric acid (10%) at 4°C for 24 h. The mixture
was then centrifuged and the precipitate was washed
with cold perchloric acid (5%). Then the precipitate was
dissolved in warm perchloric acid (5%) followed by

incubation in a boiling water bath for 30 min and filtered
through a Whatman 50 paper. The filtrate was used for
[PH]thymidine counting in a liquid scintillation counter
(LKB-Wallace-1410) after adding scintillation fluid.
The amount of DNA in the filtrate was estimated by the
diphenylamine method of Giles and Mayers (1965).
The amount of [°H] thymidine incorporated was
expressed as dpm/pug DNA.

Protein estimarion. The protein concentration in all
samples was determined by the method of Lowry et al.
[15] using bovine serum albumin (BSA) as standard.

Statistical analysis

The level of significance between different groups is
based on analysis of variance test followed by
Dunnett’s ¢ test. The P values of less than 0.05 have
been considered significant.

Results

Table I shows the effect of glycyrrhizin on levels of TPA-
mediated cutaneous glutathione, and glutathione-S-
transferase in murine skin. TPA caused 31% decrease in
GSH and 18% decrease in GST when compared with
the control group. Treatment with glycyrrhizin (at
2.0mg and 4.0 mg/0.2 mL acetone/animal) caused 5—
13% and 1-14% elevation in the levels of GSH and
GST respectively when compared with the TPA group.

Table II shows the effect of glycyrrhizin on levels on
TPA-mediated cutaneous glutathione peroxidase
(Gpx) and glutathione reductase (GR) in murine
skin. TPA caused 22% and 55% reduction in Gpx and
GR respectively when compared with the acetone
group. Treatment with glycyrrhizin (at 2.0 mg and
4.0mg/0.2 mL acetone/animal) caused 5-14% and
15-34% elevation in levels of GPx and GR,
respectively, when compared with the TPA group.

Table III shows the effect of glycyrrhizin on levels on
TPA mediated cutaneous catalase and LPO in murine
skin. TPA caused 70% reduction in catalase and 32%
elevation in LPO when compared with acetone
group. Treatment with glycyrrhizin (at 2.0 mg and
4.0mg/0.2mL. acetone/animal) caused 19-32%
elevation in levels of catalase and 59-67% decrease
in LPO when compared with the TPA group.

The effect of pre-treatment of animals with
glycyrrhizin on TPA-mediated induction of cutaneous
ODC activity is shown in Figure 2. TPA treatment
resulted in 364% induction in the ODC activity as
compared with the acetone-treated controls. The
pretreatment of mice with glycyrrhizin at a dose of
2.0mg/0.2 mL acetone/animal caused 69% and at a
dose of 4.0 mg/0.2 mL. acetone/animal caused 178%
inhibition in the elevation of ODC activity as
compared with the TPA treated control group.
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Table I.  Effect of prophylactic treatment of animals with glycyrrhizin on TPA—mediated cutaneous glutathione, and glutathione-S-

transferase in murine skin.

Reduced glutathione
(nmol GSH/gm tissue)

Treatment groups

Glutathione-S-transferase
(nmol CDNB conjugate formede/min/mg protein)

Acetone (0.2 mL/animal 25.64 £ 1.00 337.33 = 4.37
TPA (20 nmol/0.2 mL acetone/animal) 17.85 *+ 0.53"## 278.7 * 0.76"%#
Glycyrrhizin (2 mg/0.2 mL acetone/animal) + 19.21 + 0.59* 284.88 + 2.52™"

TPA (20 nmol/0.2 mL acetone/animal)
Glycyrrhizin (4 mg/0.2 mL acetone/animal) +

TPA (20 nmol/0.2 mL acetone/animal)
Glycyrrhizin (4 mg/0.2 mL acetone/animal)

21.21 + 0.59™

23.90 £ 0.79

326.41 + 0.59™

332.90 = 0.78

Each value represents mean *= SE of six animals. Values marked with hatch differ significantly from the corresponding value for the acetone-

treated control (p < 0.05,p < 0.01, i

treated with the TPA — treated control (p < 0.05, ™p < 0.01,

KAk

p < 0.001). Values marked with asterisks differ significantly from the corresponding value for mice
p < 0.001).

Table II.  Effect of prophylactic treatment of animals with glycyrrhizin on TPA-mediated cutaneous glutathione peroxidase and glutathione

reductase in murine skin.

Glutathione peroxidase
(nmol NADPH oxidized/min/mg protein)

Treatment groups

Glutathione reductase
(nmol NADPH oxidized/min/mg protein)

Acetone (0.2 mL/animal 333.75 + 5.62 198.53 = 4.73

TPA (20 nmol/0.2 mL acetone/animal) 263.39 * 3.677"# 00.32 + 3.11%##

Glycyrrhizin (2 mg/0.2 mL acetone/animal) + 281.84 = 2.87" 120.41 * 4.79*%
TPA (20 nmol/0.2 mL acetone/animal)

Glycyrrhizin (4 mg/0.2 mL acetone/animal) + 312.41 * 2.69™ 158.85 + 4.82™"
TPA (20 nmol/0.2 mL acetone/animal)

Glycyrrhizin (4 mg/0.2 mL acetone/animal) 320.29 = 2.56 187.62 = 4.57

Each value represents mean = SE of six animals. Values marked with hatch differ significantly from the corresponding value for the acetone-
treated control (p < 0.05,p < 0.01, ##p < 0.001). Values marked with asterisks differ significantly from the corresponding value for mice

*kk

treated with the TPA treated-control ('p < 0.05, “p < 0.01,

p < 0.001).

Table III. Effect of prophylactic treatment of animals with glycyrrhizin on TPA-mediated cutaneous catalase and lipid peroxidation in

murine skin.

Catalase
(nmol H,0, consumed/min/mg protein)

Treatment groups

Lipid Peroxidation
(nmol malondialdehyde formed/hr/gm tissue)

Acetone (0.2 mL/animal) 37.84 £ 0.72 5.43 += 0.062

TPA (20 nmol/0.2 mL acetone/animal) 11.74 + 0.82%## 7.22 + 0.054"##

Glycyrrhizin (2 mg/0.2 mL acetone/animal) + 19.11 + 0.39* 4.01 + 0.050™"
TPA (20 nmol/0.2 mL acetone/animal)

Glycyrrhizin (4 mg/0.2 mL acetone/animal) + 23.98 + 0.29™" 3.58 + 0.055""
TPA (20 nmol/0.2 mL acetone/animal)

Glycyrrhizin (4 mg/0.2 mL acetone/animal) 32.47 £0.419 4.63 = 0.034

Each value represents mean *= SE of six animals. Values marked with hatch differ significantly from the corresponding value for the acetone-

treated control (p < 0.05,p < 0.01, ##

treated with the TPA-treated control (p < 0.05, “p < 0.01, ™
The effect of pre-treatment of animals with glycyr-
rhizin on TPA-mediated enhancement of the incor-
poration of [°’H] thymidine into skin DNA is shown in
Figure 2. TPA treatment resulted in 239% increase in
the incorporation of [°’H] thymidine into skin DNA as
compared with the acetone-treated controls. Treat-
ment with glycyrrhizin at a dose of 2.0 mg/0.2 mL
acetone/animal caused 52% and at a dose of
4.0 mg/0.2 mL acetone/animal caused 74% inhibition
in the incorporation of [’H] thymidine skin DNA when
compared with the TPA-treated control group.

p < 0.001). Values marked with asterisks differ significantly from the corresponding value for mice
p < 0.001).

Discussion

Oxidative stress occurs when the generation of reactive
oxygen species (ROS) in a system exceeds the system’s
ability to neutralize and eliminate them [16]. The
imbalance can result from a lack of antioxidant capacity
caused by disturbance in production, distribution or by
overabundance of ROS from an environment or
behavioral stress. If not regulated properly from
generation it leads to the formation of highly reactive
species, hydroxyl radicals, that attack proteins and lipid

RIGHTS LI MN Kiy



Journa of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by Mamo Hogskola on 12/25/11

For personal use only.

368 S. Rahman & S. Sultana

Gpl Acetone

Gp2 TPA

Gp3 GlycyrrhizinD1+TPA
Gp4 GlycyrrhizinD2+TPA
Gp5 GlycyrrhizinD2

2000 1
g 1800 A i
E 1600 A sk
?vi 1400 A
$ .5 1200 1
?) Y
= ’é 1000 A o
S' & 800 -
¥ 600+
S 400 A
=
) 200 A

0 T T T T |
Groupl  Group2 Group3 Group4 Group5

450 ~ HHH
£ 400 =
£ 350 s
=7 == sekok
§ <Zﬁ 300 A o
£8 250
e ¥
5 E 200 -
g5 150
=
S 100
F 50

0 T T T T 1
Groupl Group2 Group3 Group4 Group5

Figure 2.

Effect of pretreatment of mice with Glycyrrhizin on TPA — mediated enhancement of ornithine decarboxylase (ODC) activity and

H incorporation in skin DNA in mice. Each value represents mean + SE of six animals. Acetone-treated group served as control. Values

Kkk

marked with asterisks differ significantly from the corresponding value for mice treated with TPA — treated control (" p < 0.001). Values
marked with hatch differ significantly from the corresponding value for acetone-treated control (**p < 0.001).

membranes causing cell damage or genetic alterations,
inhibiting normal functions [17]. It has been found that
oxidative stress also occurs during tumor promotion as
a result of which oxidative stress has been implicated in
a growing list of human diseases as well as in the ageing
process [18].

TPA has been shown to act as a strong tumor
promoter [19]. Treatment with TPA has been reported
to induce a variety of changes in murine skin, including
dark basal keratinocytes and sustained epidermal
hyperplasic, reactive oxygen formation in epidermis,
elevated epidermal cyclooxygenase, lipoxygenase
activities, DNA synthesis and epidermal ODC activity
leading to an increase in polyamine biosynthesis [20].
Diets containing an abundance of fruits & vegetables
are protective against a variety of diseases, particularly
cardiovascular disease and cancer [21, 22]. Triter-
penoids, a major group of phytochemicals, have also
been reported to have anticarcinogenic effects [23]
although the mechanisms by which they display anti-
carcinogenic effects are not clear.

On the basis of the pharmacological effects of
glycyrrhizin, including its anti-inflammation and
detoxifying property we have selected this compound
for the present study. Glycyrrhizin is a triterpenoid
saponin which exerts an inhibitory effect on neutro-
phil migration to the sites of inflammation [24].
Inflammatory cells produce biologically active arachi-
donic acid metabolites including lipid hydroperoxides,
prostanoids and leukotrienes and additionally posses

the capacity to generate and release reactive oxygen
species (ROS) and free radicals during an oxidative
state [25—27]. Skin epidermis is a tissue showing
arachdonic acid metabolites including lipid peroxi-
dation; prostaglandins and leukotrienes have been
widely accepted as being involved in inflammatory
process [28—-30].

From our results, we found that the pretreatment of
animals with glycyrrhizin significantly ameliorated the
GSH content with a concomitant decrease in lipid
peroxidation. It could be suggested that glycyrrhizin
has established antioxidant properties that might have
counteracted the toxic effects of TPA by effectively
scavenging and blocking dose dependently the
conjugation of reactive intermediates to GSH as
evident from the partially recovered GSH content and
decreased MDA formation. TPA administration
resulted in a concomitant decrease in GPx, GR, and
GST activities. Pretreatment with glycyrrhizin and
subsequent exposure of mice with TPA led to
significant increase in the above antioxidant enzymes.
This might have been possible because GST, GR and
GPx are secondary oxidant enzymes which might have
helped in the detoxification of reactive oxygen species
by decreasing the peroxide level or by maintaining a
steady supply of glutathione [31]. Considering the
importance of oxidative damage in carcinogenesis,
induction of the detoxification of enzymes by naturally
occurring or synthetic agents represents a promising
strategy for cancer prevention [32]. Besides, it has
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been shown in one of the studies that the balance
between phase I carcinogen activating enzymes and
phase II detoxifying enzymes is important in
determining the risk of developing chemically induced
cancer subsequent to tea consumption [33]. It has
been postulated that glycyrrhizin possesses anti-
carcinogenic properties and they induce a variety of
enzymes involved in the detoxification and excretion
of carcinogenic and toxic substances.

ODC activity and [°H] thymidine incorporation are
widely used as biochemical markers to evaluate the
tumour-promoting potential of an agent. Elevation in
ODC activity and [’H] thymidine incorporation is
involved in the proliferative and tumor promoting
activity of TPA. Several inhibitors of ODC and DNA
synthesis have been reported to inhibit tumor promotion
in various organs [34] and similarly in this study
glycyrrhizin dose- dependently inhibited the induction
of ODC activity and [°H] thymidine incorporation.

On the basis of our results, we can conclude that
glycyrrhizin is an effective chemopreventive agent
having strong antioxidant and antiproliferative activity.
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