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Abstract The aim of present study was to elucidate anti-
initiating efficacy of galangin against benzo(a)pyrene
(B(a)P)-induced lung carcinogenesis in male Swiss albino
mice. Therefore, the activities of xenobiotic metabolic
enzymes such as phase I and II were examined in lung as
well as liver tissues (to compare the effects between target
and non-target organs). Besides, the activities/levels of
tissue marker enzymes, antioxidants, lipid peroxidation
(LPO), cytochrome P450 1A1 (CYP1A1) expressions and
histological observation of lungs were also analyzed. B(a)P
(50 mg/kg body weight) was administered to male Swiss
albino mice (20-25 g) to experimentally induce lung can-
cer. B(a)P-induced animals showed increased activity of
phase I (Cytochrome P450, Cytochrome b5, NADPH
Cytochrome P450 redcutase and NADH Cytochrome b5
reductase) drug metabolic enzymes, LPO levels, tissue
marker enzymes and decreased activity of phase II meta-
bolic enzymes (glutathione-S-transferase, DT-diaphorase
and UDP-glucuronyl transferase) as well as antioxidant
levels. Histological examination of lungs revealed severe
alveolar and bronchiolar damages in B(a)P-induced mice.
Immunohistochemical and western blot analysis of
CYPIAI increased significantly in lung tissues of B(a)P-
induced animals. Treatment with galangin (20 mg/kg body
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weight) efficiently counteracted all the above anomalies
and restored cellular homeostasis. Our results demonstrate
that galangin can modify xenobiotic enzymes in murine
model of pulmonary tumorigenesis.
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Introduction

Lung cancer is the most commonly diagnosed cancer as
well as leading cause of death in the world (Jemal et al.
2011). Tobacco smoking is considered as a major etio-
logical risk factor for lung cancer. Among the constituents
of smoke, the polycyclic aromatic hydrocarbons (PAHs)
like benzo(a)pyrene (B(a)P) plays a major role in lung
carcinogenesis (Hecht et al. 2002). Cytochrome P450s
(CYPs), in general, is regulated by a cytosolic protein, aryl
hydrocarbon receptor (Ahr) (Rowlands and Gustafsson
1997). Upon ligand binding, Ahr translocates into the
nucleus, where it heterodimerizes with Ahr nuclear trans-
locator protein (Nebert et al. 1993; Barouki et al. 2007) and
binds with the xenobiotic response elements (XRE) flank-
ing phase I and phase II enzyme genes, there by activating
their transcription (Lamb et al. 1994). While B(a)P is rel-
atively non-toxic, it is a potent ligand which activates the
Ahr pathway through CYP1A1 enzyme (phase I enzyme)
and finally transforms into a highly carcinogenic elec-
trophilie  (£)-B(a)P-r-7,t-8  dihydrodiol-t-9,10-epoxide
(BPDE). Though phase II enzymes catalyze the detoxifi-
cation of BPDE, some of reactive electrophiles covalently
bind with hexocyclic nitrogen of deoxyguanosine in DNA
via trans-addition of C-10 position in epoxide molecule and
forms DNA adducts (Sticha et al. 2000; Baird et al. 2005).
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Fig. 1 Structure of galangin

These DNA adducts, if let unrepaired, can cause mutations
in genes that regulate xenobiotic metabolism, apoptosis,
tumor suppression and/or oncogenes leading to tumor
development (Labib et al. 2012). This implies that the
phase I and II enzymes play a vital role in carcinogenic
metabolism and hence could be an important target for
chemoprevention.

Chemoprevention is considered as the best way of
inhibiting, delaying or reversing carcinogenesis (Bonne-
sen et al. 2001). A number of effective chemopreventive
measures have been introduced substantially to reduce
both the incidence and mortality due to lung cancer. The
search for new compounds in foods or in plant medicines
showing anti-cancer effects is one realistic and promising
approach to prevention. Flavonoids, the naturally occur-
ring polyphenolic compounds, that represent one major
class of compounds found in vegetables, nuts, fruits,
beverages such as coffee, tea and red wine (Hollman and
Katan 1997; Martin and Appel 2010). The biological
functions of flavonoids have been attributed to wide
mechanisms, including modulating detoxifying enzymes
and cytochrome P450 system (Walle et al. 2000; Conney
2003).

Galangin (3,5,7-trihydroxyflavone) (Fig. 1), a member
of flavonol class of flavonoids, is present at high concen-
tration in propolis, a natural material produced by honey-
bees and in Alpinia officinarum, a plant which has been
used as a spice and a herbal medicine for a variety of
ailments in Asia for centuries (Heo et al. 2001). Galangin
has been demonstrated to possess anti-clastogenic (Heo
et al. 1994), anti-mutagenic (So et al. 1997), anti-inflam-
matory (Kang et al. 2000), anti-viral (Meyer et al. 1997),
antioxidative (Imamura et al. 2000) and metabolic enzyme
modulating activities (Shih et al. 2000). Further, reports
assert that galangin induces apoptosis in various cancer
cells thereby exhibiting anti-cancer property (Gwak et al.
2011; Kim et al. 2012; Zhang et al. 2012). However, the
role of galangin in modulating xenobiotic enzymes and
tumor markers during B(a)P-induced lung carcinogenesis
remains elusive. In this study, we have demonstrated that
galangin exhibits anti-initiating mechanism by tuning
phase I and phase II enzyme levels in swiss albino mice.
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Materials and methods
Chemicals

Benzo(a)pyrene and galangin were purchased from Sigma
chemical Company (St. Louis, MO, USA). The antibody
used in this study was procured from Santacruz Biotech
(USA). All other chemicals and reagents used were of the
highest analytical grade commercially available.

Animals

Healthy male Swiss albino mice of 8-10 weeks old and
20-25 g of weight were procured from Tamil Nadu Vet-
erinary and Animal Sciences University (TANUVAS),
Madhavaram, Chennai, India. Mice were housed in a
controlled environmental condition of temperature
(22-24 °C) and humidity (45-50 %) with a lightening
schedule of 12 h light and 12 h dark. Mice were balanced
with commercial mice diet (Hindustan UniLever Ltd.,
Mumbai, India) and water ad libitum. The protocols and
procedures were approved by Institutional Animal Ethics
Committee (University of Madras). The study was fully
conformed to the ethical standards approved by the Min-
istry of Social Justices and Empowerment of India (IAEC
No. 010/02/2011).

Experimental protocol

The experimental animals were divided into five groups,
each group comprising of six animals.

Animals served as normal control

Animals were administered with B(a)P
(50 mg/kg body weight dissolved in corn oil,
orally) twice a week for 4 successive weeks to
induce lung cancer (Wattenberg and Leong
1970; Selvendiran et al. 2003)

Animals were pre-treated with galangin
(20 mg/kg body weight dissolved in corn oil
was given twice a week, orally) (according to
the optimum dose fixation study) two weeks
before the first dose of B(a)P-induction (group
2) and continued for 16 weeks

Animals were post-treated with galangin
(group 3) from 8th week of B(a)P induction
till the end of experiment (16th week)
Animals were administered with galangin
alone (group 3) for 16 weeks to analyze the
cytotoxicity (if any) induced by galangin

Group 1
Group 2

Group 3

Group 4

Group 5

The pre- and post-treated groups were used to study the
chemopreventive as well as chemotherapeutic potential of
galangin.



Anti-initiating and anti-tumor effect of galangin

267

Mice were weighed weekly once until the end of
experimental period. After completion of the experimental
period, animals from each group were anaesthetized with a
combination of ketamine/xylazine (90 and 10 mg/kg body
weight respectively) by intramuscular injection. The
anaesthetized animals were sacrificed by cervical decapi-
tation. Immediately after euthanizing, blood was collected
and serum was separated by centrifugation at 2,500 x g. The
lung (target) and liver (non-target) tissues were immedi-
ately dissected out, washed in ice-cold saline to remove
any extraneous matter, cleaned and blotted to dryness in
filter paper. The weight of lungs and percentage of tumor
incidence were observed. The tissues were homogenized
with 0.1 M Tris—HCI buffer (pH 7.4). Total protein was
estimated by the method of Lowry et al. (1951).

Biochemical analysis

Estimation of tissue marker enzymes was performed in
lung homogenate and serum of control and experimental
animals. The aryl hydrocarbon hydroxylase (AHH) was
estimated by method of Mildred et al. (1981); gamma
glutamyl transferase (y-GT) was analyzed by method of
Orlowski and Meister (1965); 5'-nucleotidase (5'-ND) was
assayed by method of Luly et al. (1972); lactate dehydro-
genase (LDH) was estimated by method of King (1965)
and adenosine deaminase (ADA) was assayed by method
of Baggott et al. (1986).

Phase I and II enzymes

The phase I and phase II drug metabolizing enzyme anal-
yses were carried out in both lung and liver tissue
homogenates. cytochrome P450 and cytochrome b5 con-
tent were estimated as described by Omura and Sato
(1964); NADPH cytochrome P450 reductase was estimated
by method of Phillips and Langdon (1962); NADH cyto-
chrome b5 reductase was estimated by method of
(Strittmatte and Velick 1956); glutathione-S-transferase
(GST) was estimated by method of Habig et al. (1974);
DT-diaphorase (DT-D) was estimated by method of Ernest
et al. (1982) and UDP glucuronyl transferase (UDP-GT)
was estimated by method of Bock et al. (1983).

Immunohistochemistry

Immunohistochemical analysis of CYP1A1 expression was
carried out on paraffin embedded sections of lung tissue.
Initially, the sections were deparaffinized with xylene and
rehydrated with graded series of alcohol. The slides were
incubated in citrate buffer (pH 6.0) for three cycles of five
min each in a microwave oven for antigen retrieval. The
sections were then allowed to cool at room temperature (RT)

and then rinsed with 1x Tris buffered saline (TBS) and
treated with 0.3 % H,O, in methanol for 10 min to quench
endogenous peroxidase activity. Non-specific binding was
blocked with 3 % BSA in RT for 1 h. The sections were then
incubated overnight with primary antibody (goat polyclonal
antibody at a dilution of 1:500, at 4 °C).The slides were
washed with TBS and then incubated with anti-goat horse
radish peroxidase (HRP) conjugated secondary antibody
(Genei, Bangalore, India) at a dilution of 1:500 for 1 hatRT.
The peroxidase activity was visualized by treating the slides
with 3, 3’-diaminobenzidine tetrahydrochloride (DAB)
(SRL, Mumbai, India) and were counterstained with Mey-
er’s hematoxylin. Quantitative analysis was made in a blin-
ded manner to illustrate the total number of positively stained
cells under a light microscope.

Western blot analysis

The expressions of CYP1ALI in the lung tissues of control
and experimental group of animals were analyzed. About
30 pg proteins were subjected to SDS—polyacrylamide gel
electrophoresis (SDS-PAGE), transferred onto a polyvi-
nylidene difluoride (PVDF) membrane, incubated with
primary antibody (goat polyclonal antibody at a dilution of
1:100) overnight at 4 °C with gentle shaking. The mem-
brane was subsequently washed with TBS-T (10 mM Tris—
HCI, pH 7.5, 150 mM NaCl, 0.05 % Tween-20), conju-
gated with secondary antibody (anti-goat HRP conjugated
antibody at a dilution of 1:500 for 1 h at RT) and washed
again. By the addition of DAB as a substrate the protein
antibody complexes were detected. We used the Image-J
software to perform densitometric analysis to quantify
target protein bands.

Histological evaluation

Autopsy samples taken from lung of mice in different
groups were fixed in 10 % formalin and embedded in
paraffin wax. Sections were cut at 4 um thickness, depa-
raffinized and stained by hematoxylin and eosin (H&E)
stains for histological examination through the light
microscope.

Lipid peroxidation (LPO) and antioxidants

The levels of lipid peroxidation (LPO) were measured in
serum and lung homogenates using method of Ohkawa
et al. (1979). From the lung tissue homogenates, the levels
of enzymic and non-enzymic antioxidants such as SOD
(Misra and Fridovich 1972), CAT (Takahara et al. 1960),
GPx (Rotruck et al. 1973), GSH (Moron et al. 1979),
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Vitamin C (Omaye et al. 1979) and Vitamin E (Desai
1984) were measured.

Statistical analysis

Results are presented as mean =+ standard deviation (S.D.)
of six mice in each group. One-way analysis of variance
was used to compare all the parameters of group 1-5 and
least significant difference test was performed for all pair
wise comparisons, when appropriate. Comparisons were
considered significant for P values of 0.05 or less. Statis-
tical analysis was performed using SPSS version 10.0.

Results
General observations

The body and lung weight, size, incidence as well as volume
of tumor of different groups of mice were shown in Table 1.
The final body weight of B(a)P-administered animals was
found to be significantly (P < 0.05) decreased, while the
lung weight, size, incidence and volume of tumor were sig-
nificantly (P < 0.05) increased when compared to control
animals. By contrast, administration of galangin to pre- and
post-treated mice showed significant (P < 0.05) increase in
the final body weight and reduced lung weight, tumor inci-
dence, tumor size and volume when compared to B(a)P-
induced animals. No significant changes were observed
between the control and animals treated with galangin alone.

Evaluation of tissue marker enzymes

The effect of galangin on activities of marker enzymes in
serum and lung tissue of control and experimental group of
animals were shown in Supplementary Table 1. The mar-
ker enzymes AHH, y-GT, 5-ND, LDH and ADA were

significantly (P < 0.05) increased in B(a)P-administered
animals and these were reverted to near normal levels in
the animals pre- and post-treated with galangin. However,
there was no significant difference between control and the
animals treated with galangin alone.

Effect of galangin on cytochrome P450 and b5

Figure 2a represents the activities of lung and liver
microsomal Cyt P450 and Cyt b5 in control and experi-
mental groups of animals. There was a significant
(P < 0.05) increase in lung and liver Cyt P450 and Cyt b5
activities in B(a)P-administered animals when compared to
control animals. Galangin treatment (pre- and post-treat-
ment) significantly (P < 0.05) decreased in Cyt P450 and
Cyt b5 activities when compared to B(a)P-induced animals.
There was no significant change was observed between
control and the animals treated with galangin alone.

Effect of galangin on phase I enzymes

The activities of lung and liver microsomal phase I
enzymes were represented in Fig. 2b, c. A significant
(P < 0.05) increase in the activities of NADPH Cyt P450
reductase and NADH Cyt b5 reductase were observed in
B(a)P-induced animals when compared to control animals.
The enzyme activities were significantly (P < 0.05)
reverse to near normalcy on treatment with galangin in
both pre- and post-treated animals, when compared to
B(a)P-induced animals. There was no significant difference
between control and the animals treated with galangin
alone.

Effect of galangin on phase Il enzymes

Figure 2d, e depict the activities of phase Il enzymes in
lung and liver of control and experimental group of

Table 1 Effect of galangin on the body and lung weight of control as well as experimental animals

Parameters Group 1 Group 2 Group 3 Group 4 Group 5

Body weight (g) 28.78 + 2.90 19.23 + 3.17° 24.39 4 3.46™¢ 22.83 + 3.88° 27.80 + 3.25™
Lung weight (mg) 281.23 + 35.07 357.94 + 37.71° 291.69 + 24.18>¢ 296.42 + 21.96° 270.02 + 35.52"
Incidence of tumor (%) 0 100° 3054 66° o™

Size (mm) 0 2.1% 0.6°4 1.3¢ o™

Tumor volume (mm?>) 0 522 +0.07° 0.257 £ 0.03%¢ 0.953 + 0.04° o™

Pathological grade of each tumor and total lung area was determined using pixel counts of digitized images. Each value is expressed as

mean £ SD for six mice in each group. Statistical significance P < 0.05

ns Not significant

4 Group 2 compared with group 1
b Group 3 compared with group 2
¢ Group 4 compared with group 2
4 Group 3 compared with group 4

@ Springer



Anti-initiating and anti-tumor effect of galangin

269

a 1.6 -
1.2
£
(]
°
o
S 08
E
£
E
s 04
=
=
0.0
Cyt P450 Cytb5 Cyt P450 Cytb5
Lung Liver
OGroup 1 EmGroup 2 OGroup 3 BGroup 4 B Group 5
Lung Liver
b 1.2 4 ¢ 14 4 a
g e "]
[ ()]
S 08 s 199
S a 4
o o 1
£ 0.6 £
£ e 9
£ 04 =3
2 g 4
£ | =
£ 02 5 2
0.0 - 0
NADPH Cyt P450 reductase NADH Cyt b5 reductase NADPH Cyt P450 reductase NADH Cyt b5 reductase
OGroup1 MGroup2 OGroup3 @Group4 ®Group5 OGroup1 ®Group2 OGroup3 @Group4 ®Group5
d 12, Lung € 1 Liver
OGST mUDP-GT @DTD O0GST mUDP-GT aDTD
= ] c 12
: 10 bd ns 5 bd ns
— —
15} a c o 10
= g - c
> bd -
o)) ns o 8
E 61 £ a ns
£ ° € 6 bd M ns
-E 4 a E : c
-‘g bd c ns ﬂ 4
c a E a
D 27 S5 2 a
0 - T T T T 0 T T T T
Group1  Group2  Group3  Group4  Group5 Group1  Group2  Group3  Groupd  Group5

Fig. 2 Effect of galangin on the status of phase I and II metabolic
enzymes of control and experimental groups. The levels of lung and
liver microsomal Cyt P450 and Cyt bS5 (a), the activities of lung
(b) and liver (¢) NADPH Cyt P450 reductase and NADH Cyt b5
reductase were found to be significantly higher in B(a)P-induced
animals, whereas the activities of lung (d) and (liver) GST, UDP-GT
and DTD were significantly lowered. Upon administration of galangin
(pre- and post-treatment) the activities of these enzymes reverted to
near normal levels. No significant difference was observed between
control and the animals treated with galangin. Each value is expressed

as mean = SD for six mice in each group. Results are given as
statistically significance at P < 0.05. a group 2 compared with group
1, b group 3 compared with group 2, ¢ group 4 compared with group
2, d group 3 compared with group 4, ns not significant. Units Cyto
P450 and Cyt b5-nmoles/min/mg protein, NADPH Cyt P450 reduc-
tase nmoles of Cyt c¢ oxidized/min/mg protein, NADH Cyt b5
reductase nmoles of ferricyanide reduced/min/mg protein, GST pmol
of CDNB conjugated/min/mg protein, UDP-GT nmoles of p-nitro-
phenol conjugated/min/mg protein, DTD nmoles of glucuronides
formed/min/mg protein
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Fig. 3 The representative photo micrographs show immunohistochem-
istry and western blot expression of CYP1Al in the lung tissues of control
as well as experimental group of animals. (a) CYP1A1 expression in
control, (b) B(a)P-induced group, (c) galangin pre-treated group, (d) gal-
angin post-treated, (e) CYP1Al expression of galangin alone group.
Arrows indicate CYP1A1 positive cells and magnification x40, (f) quan-
titative analysis of CYP1A1 expression, the number of stained (positive)
cells was averaged across 10 fields/section. (g) Immunoblots of CYP1A1
and B-actin protein expression: Lane 1 control, Lane 2 B(a)P-induced
group, Lane 3 galangin pre-treated group, Lane 4 galangin post-treated
group and Lane 5 galangin alone group. (h) Quantitative data expressing
the corresponding protein levels were measured using Image J software
and expressed as relative density. Hypothesis testing method included one
way ANOVA followed by least significant difference. Values are given
statistically significance at P < 0.05. a group 2 compared with group 1,
b group 3 compared with group 2, ¢ group 4 compared with group 2,
d group 3 compared with group 4, ns not significant
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animals. A significant (P < 0.05) decrease in the activities
of GST, UDP-GT and DTD was observed in B(a)P-induced
animals, when compared to control animals. Treatment
with galangin (pre- and post-) significantly (P < 0.05)
increased the above enzyme activities when compared to
B(a)P-induced animals. No significant difference was
observed between control and the animals treated with
galangin alone.

Effect of galangin on the protein expression
on cytochrome P450 1A1

Figure 3 depicts the expression of CYP1A1 by immunohis-
tochemical and Western blot analysis in the lungs of control
and experimental animals. There was a significant increase of
CYP1A1 expresion in B(a)P-induced animals when compared
to control animals. Pre- and post-treatment with galangin
showed significantly (P < 0.05) reduced expression of
CYP1A1 when compared to B(a)P-administered animals.
There was no significant changes were observed between
control and the animals treated with galangin alone.

Histological observations

Figure 4 shows the histological examination of lungs sec-
tion of control and experimental groups of animals. Lung
tissue sections of control animals showed a normal archi-
tecture with uniform nuclei (Fig. 4a). B(a)P-administered
animals (Fig. 4b) showed loss of architecture and alveolar
damage as seen from increased number of hyper chromatic
nuclei in the cells of alveolar wall. Animals pre-treated
with galangin (Fig. 4c) exhibited reduced alveolar damage
with near normal architecture and animals post-treated with
galangin showed slightly reduced alveolar damage
(Fig. 4d). Animals treated with galangin alone (Fig. 4e)
showed no appreciable changes in histopathological fea-
tures when compared to control animals.

Effect of galangin on the B(a)P-induced alteration
in LPO and antioxidants levels

The extent of LPO in serum and lungs of control and
experimental groups of animals was analyzed for oxidative
stress (Fig. 5). In B(a)P-induced animals, there was a sig-
nificant (P < 0.05) increase in the level of lipid peroxides
when compared to normal control animals, whereas in the
animals pre- and post-treated with galangin the levels
decreased significantly (P < 0.05) when compared to B(a)P-
induced animals. No significant changes between control
and the animals treated with galangin alone. The effect of
galangin on enzymic and non-enzymic antioxidants in lungs
of control and experimental groups of animals is shown in
Table 2. The enzymic and non-enzymic antioxidants such as
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Fig. 4 The representative photo micrographs show the histological
analysis on the effect of galangin on B(a)P-induced lung cancer
(Hematoxylin & Eosin staining; x40). (a) Lung section of control
mice showing normal architecture of alveolar and bronchiolar regions
indicated by arrows. (b) Lung section of B(a)P-administered mice
showing severe alveolar and bronchiolar damage with nuclear
overcrowding verified its histological appearance of pulmonary
carcinoma. (¢) Lung section of mice pretreated with galangin
showing significantly reduced damage in alveolar and bronchiolar
architecture appearance near normal. (d) Lung section of mice post
treated with Galangin showing slightly reduced alveolar and
bronchiolar damage. (e) Section from the lung of mice administered
with galangin alone showing normal architecture of alveolus and
bronchioles similar to control mice

SOD, CAT, GPx, GSH, Vit. C and Vit. E were found to be
significantly (P < 0.05) reduced in B(a)P-induced animals,
whereas the animals treated (pre and post) with galangin
showed significantly (P < 0.05) restored antioxidant levels
to near normal when compared to B(a)P-induced animals.
No significant change was observed between control and the
animals treated with galangin alone.

Discussion

In our general observation, regression in the body weight
and progression in the lung weight of B(a)P-administered
animals showed the severity of pulmonary tumorigenesis

2.0 1 a
OLung W Serum
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c
[
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Fig. 5 The effect of galangin on the status of lipid peroxidation in
lung and serum of control and experimental mice. Each value is
expressed as mean £ SD for six mice in each group. Results are
given as statistically significance at P < 0.05. a group 2 compared
with group 1, b group 3 compared with group 2, ¢ group 4 compared
with group 2, d group 3 compared with group 4, ns not significant.
Units nmoles of MDA released/mg protein

and as a common symptom of carcinogenesis as reported
previously (Singh et al. 1998). The considerable weight
loss in B(a)P-administered animals reportedly contributes
to cancer cachexia, anorexia or malabsorption which leads
to progressive wasting, notably in the skeletal muscle and
adipose tissue (Magesh et al. 2006). An increased lung
weight in B(a)P-induced animals could be uncontrolled
proliferation of the cancer cells which leads to formation of
tumor nodules. Galangin treatment showed gradual
increase in the body weight and decrease in lung weight
indicating its anti-tumor property against B(a)P-induced
mice, tissue marker enzyme analyses also support this
phenomenon. The marker enzymes such as AHH, ADA,
GGT, 5'-ND and LDH are particular indicators of lung
damage (Ferrigno et al. 1994). Their functions are mainly
to metabolize some PAHs to protect plasma membrane
from oxidative stress and also act as a marker for solid
neoplasms (Buening et al. 1981; Kocic et al. 2002; Jean
et al. 2002; Anbarasi et al. 2005). In the present study, there
was a significant elevation in levels of these marker
enzymes in B(a)P-induced animals. The activities of these
enzymes were brought down to near normal level upon pre-
and post-treatment with galangin. It reveals the anti-tumor
effect of galangin against B(a)P induced mice.

The CYP system is the primary pathway for metabolic
bioactivation of xenobiotics through the process of acti-
vation or deactivation and excretion of products. The phase
I enzymes predominantly CYP450 metabolize the xenobi-
otics to more reactive electrophilic moieties, which in turn
are detoxified by phase II enzymes (Dinkova-Kostova et al.
2001). Therefore, the inhibition of phase I enzymes and
enhancement in the activity of detoxifying enzymes (phase
II) by chemopreventives would play an important role in
blocking the initiation process of tumorigenesis. In this
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Table 2 Effect of galangin on the activities of antioxidant enzymes in lung of control and experimental mice

Particulars Group 1 Group 2 Group 3 Group 4 Group 5

SOD 5.88 + 0.44 3.18 + 0.23% 5.35 4 0.28"¢ 4.19 £ 0.20° 5.70 £ 0.39™
CAT 245.0 £+ 28.57 118.33 + 25.45° 217.0 + 33.85>¢ 171.0 £ 18.55¢ 248.0 + 31.05™
GPx 41.33 £ 4.76 20.33 £ 6.22% 36.33 + 3.98"4 34.67 + 4.59° 42.17 £ 3.66™
GSH 1.55 £ 0.07 1.05 £ 0.18* 1.48 &+ 0.07°¢ 1.11 £ 0.19¢ 1.52 +£ 0.10™
Vit C 0.50 £+ 0.09 0.33 £ 0.07* 0.39 & 0.05"¢ 0.35 £ 0.08° 0.52 £ 0.11™
Vit E 0.60 £+ 0.10 0.35 £ 0.07* 0.51 & 0.12°¢ 0.41 £ 0.09° 0.54 £ 0.04™

Each value is expressed as mean £ SD for six mice in each group. Results are given as statistically significance at P < 0.05

SOD inhibition of epinephrine autooxidation/min/mg protein, CAT pmol of H,O, consumed/min/mg protein, GPx glutathione oxidized/min/mg
protein, GSH ng/mg protein, Vit C ng/mg protein, Vit E pg/mg protein, ns not significant

4 Group 2 compared with group 1
b Group 3 compared with group 2
¢ Group 4 compared with group 2
4 Group 3 compared with group 4

present study a pronounced increase in the expression of
CYPIAI1 together with elevations in the levels of Cyt P450,
Cyt b5, and in the activities of phase I xenobiotic enzymes
such as NADPH Cyt P450 reductase and NADH Cyt b5
reductase in B(a)P-administered animals, denotes carcino-
genic processes. Simultaneously, a decrease in the above
mentioned parameters were observed in the animals pre-
and post-treated with galangin reflecting selective regula-
tion of galangin against phase I enzymes. Result of the
present study was further supported by reports documented
that galangin inhibits various cytochrome P450s such as
1A1, A2, 1B1, 2C9 and 3A4 (Hamada et al. 2010; Shimada
et al. 2010) and also acts as antagonist/blocker to Ahr for it
inhibits the Ahr-B(a)P binding (Quadri et al. 2000).

GST is a crucial detoxification enzyme that functions
primarily in conjugating ‘functionalized P450 metabolite’
with endogenous ligands (GSH) favoring their elimination
from body of the organism (Hartman and Shankel 1990).
Glucuronidation, catalyzed by UDP-GT a microsomal
detoxification enzyme, that detoxified endogenous steroids,
bile acids, drugs and carcinogens (King et al. 2001). DTD
is a flavoprotein that catalyses two-electron reduction of
quinones, quinone imines and nitrogen oxides. Reduction
of quinines and nitrogen oxide might also make them
available for conjugation with UDP-glucuronic acid,
facilitating their excretion. Hence, DTD acts as an early
cellular defense against tumorigenesis (Begleiter et al.
1997). In our present study, the activities of these phase Il
enzymes were significantly decreased in lung and liver of
B(a)P-induced animals which denote that tissues were
more susceptible to carcinogenic effect of B(a)P. The
damaged liver cells are no longer capable of synthesizing
these enzyme proteins. The observed increase in levels of
these enzymes in the animals treated with galangin when
compared to the control group. This may be due to
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inhibitory action on the interaction of metabolites with
cellular DNA. Thus, treatment with galangin was effective
in inducing phase II metabolic enzyme activities. Though
B(a)P is a lung specific carcinogen, it does not lead to any
hepatocarcinogenicity which is concordant with previous
studies (Garg et al. 2008; Office of Environmental Health
Hazard Assessment (OEHHA) 2010). Primarily, the liver is
an organ with the highest complement of cytochrome P450
in terms of quantity as well as number of isoenzymes and
also it is the first site for metabolism of xenobiotics
absorbed from GI tract. It is known that the types, amounts
and location of carcinogen-DNA adducts and cell turnover
in a tissue may be significant factors in tumor development
and determining the target organ.

Histopathological observation also supports the above
phenomenon, B(a)P-induced mice shows presence of ade-
nocarcinoma, that could arise from progenitor cells of
bronchioles and alveoli or from mucin-producing cells
(Minna et al. 2002). The inhibitory effect of galangin was
noticeable through delayed progression of the tumorigenic
changes from anaplasia to adenocarcinoma. Hence, we
suggest a protective role of galangin in restricting appear-
ance of early lesions upon treatment and thus altering/
delaying the progression of lung carcinoma.

ROS and organic free radical intermediates formed from
BPDE mainly involve in the initiation and progression of
carcinogenic transformation by reacting with lipids, caus-
ing release of LPO (Panandiker et al. 1994). The products
of LPO include malondialdehyde, hydrogen peroxide
(H,0,) and hydroxyl radicals (OH) that have been reported
to be involved in formation of tumors (Mikhail et al. 1996;
Kim et al. 2000). Antioxidants, the downstream of Nrf2
gene effectively scavenge these ROS. So, drugs having the
potentiality to elevate these antioxidants enzymes play a
vital role to scavenge these ROS and prevent LPO.
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Fig. 6 Schematic representation of possible mechanism of action of
Galangin during B(a)P-induced lung carcinogenesis

SOD vigorously catalyze the dismutation of superoxide
(O,7) into oxygen and H,O, This H,O, is broken down into
water and oxygen molecules by catalase and GPx enzymes
(Van Driel et al. 1997). So, these SOD, CAT and GPx con-
stitute a mutually supportive team of defense against ROS
which have been found to be decreased in B(a)P-induced
animals. Neoplastic cells may sequester essential antioxi-
dants from circulation to supply the demands of growing
tumor (Ruddon 1995). GSH, vitamin C and E comprise the
non-enzymic antioxidant system that protects the cells
against free radicals. GSH acts directly as a free radical
scavenger by donating a hydrogen atom and thereby neu-
tralizing the hydroxyl radicals (Sies 1986). Vitamin E is the
major lipid soluble peroxyl radical scavenger by donating its
labile hydrogen atom from phenolic hydroxyl groups to
propagation lipid peroxyl and alkoxyl radical intermediates
of LPO, which is again neutralized by vitamin C (Freisleben
and Packer 1993; Beyer 1994). The lowered levels of these
non-enzymic antioxidants in B(a)P-induced animals might
be due to excessive utilization of this antioxidant for
quenching enormous free radicals produced in this condi-
tion. Galangin supplementation significantly increased all
the above enzymic and non-enzymic antioxidants which may
be due to its potent free radical scavenging activity.

To support the above data the level of LPO was
observed to be significantly higher in B(a)P-induced

animals whereas it was lower in the animals treated with
galangin. Hence, B(a)P is a very effective carcinogen with
a capability to induce enormous amounts of free radicals,
which in turn reacts with lipids causing LPO (Kim et al.
2000). Naturally, there is a dynamic balance between the
amount of free radicals generated in the body and antiox-
idant defense system, which quenches or scavenge free
radicals and protect body against their deleterious effects.
Hence, the decreased levels of LPO in the animals treated
with galangin might be due to its ability to increase levels
of antioxidants.

Conclusion

To conclude (Fig. 6), the dietary flavonol galangin inhibits
B(a)P-induced CYP450 isozymes by modulating the tran-
scriptional regulator CYP1A1l and induces phase II and
antioxidant enzymes constitutively to enhance the detoxi-
fication process, which aids to eliminate the carcinogen
from the body. Further, reduced levels of LPO and tissue
marker enzymes with increased levels of antioxidant status
in the animals pre- and post-treated with galangin reveal
anti-carcinogenic efficacy of galangin. Hence, this pre-
liminary study suggests that galangin is a possible candi-
date for the chemoprevention of cancer.
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