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Abstract. - OBJECTIVE: Phytochemicals is one
such family of chemopreventive agents that is be-
ing researched extensively the world over for its ef-
ficacies against several cancer pathways. Curcum-
in and quercetin belong to the family of phyto-
chemicals and have anti-oxidative and anti-car-
cinogenic properties. In the present study, chemo-
preventive efficacy of curcumin and quercetin was
investigated against benzo(a)pyrene (BP) induced
lung carcinogenesis.

MATERIALS AND METHODS: The mice were
segregated into five groups which included normal
control, BP treated, BP+curcumin treated,
BP+quercetin treated and BP+curcumin+quercetin
treated groups. Lung carcinogenesis was induced
by a single intra-peritoneal (IP) injection of BP (100
mg/kg body weight). Curcumin was supplemented
to mice at a dose level of 60 mg/kg body weight in
drinking water and quercetin was given at a dose
level of 40 mg/kg body wt in drinking water.

RESULTS: The BP treatment resulted in a sig-
nificant increase in LPO and ROS levels. GSH
levels and the activities of SOD, GST as well as
GR were found to be significantly decreased fol-
lowing BP treatment. Further, BP treatment
brought about a significant increase in the activ-
ities of drug metabolizing enzymes (cytochrome
P450 and b5). Curcumin and quercetin treat-
ments to mice were able to decrease significant-
ly the levels of LPO, ROS, as well as activities of
SOD, GST. Also, the activities of drug metaboliz-
ing were markedly decreased by the administra-
tion of phytochemicals.

CONCLUSIONS: The results of this study sug-
gest that combined treatment with curcumin and
quercetin proved beneficial on antioxidant status
and drug metabolizing enzymes during experi-
mentally induced lung carcinogenesis in mice.
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Introduction

Lung cancer is the cause for a large number of
deaths in the world. According to estimates, 90%
of lung cancers are caused by cigarette smoking'.
It is the most common cancer amongst men in
India, with increasing number of cases being re-
ported every year?. Lung cancer in its early
stages often produces no symptoms. As the dis-
ease progresses, symptoms may include a chron-
ic cough with bloody sputum, repeated respirato-
ry infections, and difficulty in breathing?. There
are two major types of lung cancers namely non
small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC)* However, prior to neoplas-
tic transformation, the normal cell may be sub-
jected to an assault either by carcinogen or by the
hostile factors which include oxidative stress and
hormonal imbalance.

In our study, benzo(a)pyrene (BP) was used to
instigate lung carcinogenesis in mice. BP comes
from the family of polycyclic aromatic hydrocar-
bons (PAH), which is a major carcinogenic pollu-
tant® and has carcinogenic properties. BP was
first isolated and characterized by Cook et al® in
the year 1933 and is formed when gasoline,
garbage or any plant or animal materials burn in-
completely. BP is a mutagenic and has been
shown to be a potent tumorigenic chemical in an-
imal models’. For early-stage of the disease, sur-
gical resection and radiation ablation is currently
the mainstay of lung cancer therapy. Though,
chemotherapy for treating cancerous cells is of-
ten successful in killing the malignant cells but it
often causes intense side effects in the body. Re-
searchers all over the world are busy in investi-
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gating several substances which have the poten-
tial to inhibit the molecular events leading to the
occurrence of cancer and are called chemopre-
ventive agents. The term ‘chemoprevention’ was
coined by Sporn et al® in mid 1970s and is ex-
pressed as the use of chemicals or dietary com-
ponents to block, inhibit, or reverse the develop-
ment of cancer in normal or preneoplastic tissue.
Curcumin and quercetin are the two phytochemi-
cals used in the present study.

Curcumin has been accounted for exhibiting
its anti-tumor role in cancer cells by modulating
the de-regulated cell cycle®. Curcumin, an antiox-
idant is an active principle of turmeric and has
been used for cooking in India for centuries. Cur-
cumin has been recognized to retard the forma-
tion of adducts of carcinogen with DNA and de-
lay the process of tumorigenesis in several ani-
mal models'®!!. Various cellular as well as animal
models have reported the chemopreventive ef-
fects of quercetin'?2. The antioxidant activity
and the capacity to affect the expression of sever-
al detoxifying enzymes provide quercetin with
ability to hamper particular stages of the carcino-
genic process. In the present study, the response
of curcumin and quercetin individually as well as
in combination on key biochemical parameters
and tumor marker enzymes involved during the
progression stage of BP induced lung carcino-
genesis was investigated.

Materials and Methods

Chemicals

BP (BP), curcumin and quercetin were pro-
cured from Sigma Aldrich company (St Louis,
MO, USA). NADPH, GSH, NBT and DTNB
were procured from Merck chemicals (Darm-
stadt, Germany).

Animals

Male laka mice in the weight range of 18-20 g
were procured from the central animal facility,
Southeast University, China. The animals were
housed in polypropylene cages under hygienic
conditions in the departmental animal house
strictly in accordance with the guidelines as out-
lined by the Institutional Ethics Committee.

Experimental Design

Animals were segregated into five treatment
groups. Animals in Group I served as normal
controls and were administered with corn oil in-

traperitoneally (IP), which was used as a vehicle
for the treatment of animals in BP group. Ani-
mals in Group II were given a single injection
(IP) of BP at a dose level of 100 mg/kg body
weight dissolved in corn oil"® Group III animals
were given curcumin orally in water at a dose
level of 60 mg/kg/b.wt thrice a week. Animals in
Group IV were given quercetin orally in water at
a dose level of 40 mg/kg/b.wt in water thrice a
week. Both the phytochemicals were given to an-
imals using intubation gavage technique. Ani-
mals in group V animals were given a combined
treatment of curcumin and quercetin in a similar
manner as was given to group III and group IV
animals respectively. The treatment with phyto-
chemicals to the animal belonging to groups III
to V was started 10 days prior to BP injection.
All the animals had free access to the diet and
water and the treatments continued for a total du-
ration of 22 weeks.

Body Weight Changes

A careful record of body weight changes of
normal control, BP, curcumin, quercetin and cur-
cumin + quercetin treated animals was kept
throughout the study. The animals were weighed
at the beginning of the experiment, then weekly
and finally before sacrificing them. A daily
record of food as well as water intake was also
maintained throughout the study period.

Lung Weight Changes

Following 22 weeks of BP treatment, animals
were sacrificed under ether anesthesia, lung ex-
cised and washed in normal saline. Lung weights
were measured using Shimadzu Digital weighing
balance (Kyoto, Japan).

Collection of blood and Preparation of
Lung Homogenate

At the end of the study, the animals were
anaesthetized using mild ether anesthesia and the
blood samples were drawn from the animals be-
longing to all the groups by puncturing the ocular
vein (retro-orbital plexus), using fine sterilized
capillaries. Thereafter, serum was separated by
centrifugation and stored at —40°C until analyses
for enzyme activities of alkaline phosphatase and
lactate dehydrogenase. The mice were then sacri-
ficed, lungs were removed immediately and
washed with ice-chilled saline. 10% lung ho-
mogenates were prepared in ice cold Tris buffer
(Sigma, ST. Louis, MO, USA), (pH 7.4) by using
mechanically driven Teflon fitted Potter-Elve-
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jhem type homogenizer for a few minutes till the
total disruption of cells. Homogenates were cen-
trifuged at 1.000 g for 10 minutes at 4°C. Pellets
were discarded and the supernatants was used for
the estimation of lipid peroxidation and reduced
glutathione levels. A portion of the above super-
natants were again centrifuged at 10.000 g for 20
minutes to obtain post mitochondrial fraction
which were utilized for the rest of biochemical
estimations.

Reactive Oxygen Species Levels (ROS)
Reactive oxygen species were estimated by us-
ing the method of Driver et al'.

Antioxidant Defense Systems and
Lipid Peroxidation

Lipid peroxidation assay was done according
to the method of Wills"®.

Reduced Glutathione (GSH): Estimation of
GSH was performed in the tissue homogenates
of lung by using the method of Ellman'.

Catalase: The method of Luck'” was used for the
estimation of catalase.

Superoxide Dismutase (SOD): The activity of
SOD was estimated by using the method of
Kono'.

Glutathione Reductase (GR): The enzyme was
assayed by following the method of Carlberg
and Mannervik".

Glutathione-S-Transferase (GST): This en-
zyme was assayed by using the method of
Habig et al®.

Protein: Protein assay was done by the method
of Lowry et al’!.

Drug Metabolizing Enzymes
Cytochrome P-450: Cytochrome P-450 was
measured by the carbon monoxide difference

spectrophotometry of dithionite-reduced sam-
ples by using the method of Omura and Sato®>.

Cytochrome b5: Cytochrome b5 activity was
measured according to the method of Omura
and Sato®.

Statistical Analysis

The statistical significance of the data has been
determined using one-way analysis of variance
(ANOVA) followed by multiple post-hoc least
significant difference (LSD) test. The results are
represented as Means = SD. p < 0.05 was consid-
ered statistically significant.

Results

Body Weight and Lung Weights Changes

BP treatment to all the treated groups caused a
significant decrease in the body weights, when
compared to the normal control mice (Table I).
Supplementation of BP treated mice with cur-
cumin and quercetin separately as well as in
combination improved the body weight growth.
However, no significant changes in food and wa-
ter consumption were observed among various
groups of animals. Further, BP treatment signifi-
cantly increased (Table I) the lung weights of an-
imals when compared with normal controls and
showed an appreciable moderation following
treatments of curcumin and quercetin separately
as well as in combination.

Lipid Peroxidation and Reactive
Oxygen Species Levels

A statistically significant increase in the levels
of malondialdehyde (MDA) was observed in the
lungs of mice subjected to BP treatment (Table
II). Supplementation with curcumin and

Table I. Effects of curcumin and quercetin treatments on body and lung weights of mice subjected to benzo(a)pyrene treat-

ment.

Groups

Body weights (g) Lung weights (mg)

Normal control

Benzo(a)pyrene

Benzo(a)pyrene + Curcumin
Benzo(a)pyrene + Quercetin
Benzo(a)pyrene + Curcumin + Quercetin

36.60 +2.60 268.67 + 15.50
24.40 = 3.51°¢ 331.25 £ 14.36¢
29.40 + 1.67%Y 301.67 + 4.73b
29.50 + 1.00¢Y 303.75 £ 16.52

30.00 + 1.87¢* 305.00 + 18.71%*

Data are expressed in mean = SD; p < 0.05, ®p < 0.01 and °p < 0.001 by Least Significance Difference test when values are
compared with normal control group; *p < 0.05, Yp < 0.01, ?p < 0.001 by Least Significance Difference test when values of

Groups III, IV and V are compared with Group I,
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Table Il. Effects of curcumin and quercetin treatments on lipid peroxidation (LPO) and reactive oxygen species (ROS) levels
in lungs of mice subjected to benzo(a)pyrene treatment.

LPO (nano moles of ROS (DCF fluorescent

Groups MDA formed/min/mg protein) intensity units/mg protein)
Normal control 14.87 +1.92 1.05+£0.20
Benzo(a)pyrene 19.88 £ 0.36¢ 1.79 £ 0.27°
Benzo(a)pyrene + Curcumin 18.42 + 1.34° 1.22 £ 0.39*
Benzo(a)pyrene + Quercetin 15.98 £ 0.95Y 1.23 £0.31Y
Benzo(a)pyrene + Curcumin + Quercetin 15.07 £ 0.39¥» 1.09 £ 0.07~

Data are expressed in mean = SD; “p < 0.05, ®p < 0.01 and ¢p < 0.001 by Least Significance Difference test when values are
compared with normal control group; *p =< 0.05, ¥p < 0.01, ?p < 0.001 by Least Significance Difference test when values of
Groups III, IV and V are compared with Group II; Pp < 0.05 by Least Significance Difference test when values of Groups V are

compared with Group III.

quercetin separately and in combination to BP
treated mice resulted in normalization in MDA
levels. Moreover, combination treatment was
more effective in lowering the MDA levels as
compared to separate treatment with individual
phytochemicals. The reactive oxygen species
levels were observed to be significantly elevated
in the lungs of BP treated mice (Table II). Sup-
plementation with curcumin and quercetin sepa-
rately as well as in combination moderated the
levels of ROS and the moderation was pro-
nounced in the combined treatment group there-
by signifying the importance of combination
therapy action.

Antioxidant Defence System

BP treatment to normal control animals result-
ed in a significant decrease in the levels of re-
duced glutathione (GSH) (Table III). Treatment

with curcumin to BP treated animals significantly
brought elevation in the levels of GSH and the
levels were within normal range. However,
quercetin treatment to BP treated mice was not
able to show any increase in the GSH levels
when compared with BP treated mice. Combined
treatment of quercetin and curcumin also resulted
in a significant elevation in the levels of GSH.
Conversely, BP treatment caused a significant de-
crease in the activities of superoxide dismutase
(SOD), glutathione S-transferase (GST) and glu-
tathione reductase (GR) while there were no sig-
nificant changes in the activity of catalase (CAT).
Further, treatment with quercetin separately as
well as in combination with curcumin signifi-
cantly elevated the activities of SOD in BP treat-
ed animals. Moreover, curcumin and quercetin
treatment alone as well as in combination to BP
treated animals significantly increased the activi-

Table Ill. Effects of curcumin and quercetin treatments on antioxidant system in lungs of mice subjected to benzo(a)pyrene

treatment.
GST GR CAT
GSH (nanomoles of soD (nanomoles/ (umoles of
(umoles/mg CDNB conjugates/ (Units/mg min/mg H,O, decomposed/
Groups protein) min/mg protein) protein) protein) min/mg protein))

Normal control 3.33+0.15 233+0.12 2.64 £0.32 2.89 +£0.58 35.22 £5.31
Benzo(a)pyrene 2.26+0.13¢ 1.72 £ 0.04¢ 1.30 £ 0.35¢ 1.87 £0.39¢ 40.41 +1.39
Benzo(a)pyrene + 291 +£0.17~ 2.08 = 0.01> 1.68 +0.20¢ 1.88 +0.34¢ 31.93 +9.55
Curcumin
Benzo(a)pyrene + 241 +0.36¢ 1.99 +0.12¢Y 2.03 +£0.36* 1.75 £0.28¢ 41.86 +7.43
Quercetin
Benzo(a)pyrene + 297 +£0.19¢ 1.98 + 0.04<Y 2.10 £ 0.19~ 2.09 +0.30° 39.13£5.15
Curcumin + Quercetin

Data are expressed in mean + SD; *p < 0.05, ®» < 0.01 and °p < 0.001 by Least Significance Difference test when values are
compared with normal control group; *p =< 0.05, ¥p < 0.01, ?p < 0.001 by Least Significance Difference test when values of
Groups III, IV and V are compared with Group II.
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ties of GST only when compared to BP treated
mice and no significant change was observed in
GR activity.

Drug Metabolizing Enzymes

A significant elevation in the enzyme activity
of cytochrome p450 and b5 (Table IV) was ob-
served in the lungs of the mice subjected to sin-
gle dose of BP treatment. Administration of phy-
tochemicals both separately as well as in combi-
nation for a period of 22 weeks to BP treated
mice was able to lessen the enzyme activity sig-
nificantly and the enzyme activity of P450 and
b5 was restored to within normal limits.

Discussion

Chemoprevention, especially with non nutri-
tive agents seems to be the cheapest and novel
methods available which can help in combating
the high mortality rates of lung cancer. Phyto-
chemicals are one such class of non nutritive
agents which have been reported in several stud-
ies to show a great potential in fighting cancer
and other diseases?. In the present study, cur-
cumin and quercetin were the phytochemicals of
interest and were able to modulate the BP in-
duced altered activities of drug metabolizing and
antioxidant enzymes.

The body weights of mice recorded after 22
weeks of single injection of BP were observed to
be decreased significantly. BP and certain poly-
cyclic hydrocarbons have been reported to cause
similar decrease in the body weights*. In our
study, the decrease in body weights might be due
to cachexia in which the tumor induces metabolic
changes in the host leading to loss of adipose tis-
sue and skeletal muscle mass?. When curcumin
and quercetin were administered to BP treated

mice separately as well as in combination, a sig-
nificant improvement in the body weights was
observed. Curcumin has been reported to reduce
muscle wasting by inhibiting multiple proteolytic
pathways?’. Quercetin along with other polyphe-
nols, through its activating of SIRT1 has been re-
ported to be beneficial in calorie restriction, me-
tabolism and skeletal muscle function?.

The lung weights of BP treated mice were
found to be significantly higher than those of
normal controls. The increase in the lung weights
might be due to inflammation as it plays a major
contributor role in tumor development and pro-
gression®-%. We observed that simultaneous as
well as separate administration of curcumin and
quercetin was able to significantly decrease the
lung weights as compared to BP treated mice.
Curcumin is a known anti-inflammatory agent
and it exhibits its anti-inflammatory effect in
part, through inhibition of the NF-xB pathway
and COX-2 enzyme which is responsible for the
production of certain proinflammatory
prostaglandins®!. Also, quercetin was able to in-
hibit inflammation as its anti-inflammatory role
was reported in chronic prostatitis patients®>.

BP metabolism results in the production of
ROS 33 that in turn cause mutations to the DNA
which if not repaired helps in promotion of car-
cinogenesis. Certain forms of ROS also act as es-
sential intracellular second messengers for sever-
al cytokines and growth factors which may ulti-
mately lead to the process of tumor promotion®.
Further, ROS initiates lipid peroxidation (LPO)
directly by reacting with the lipids of membranes
or by acting as second messengers for the prima-
ry free radicals®. In the present study, we also
observed a significant rise in the LPO levels as
well as ROS levels upon BP treatment. Com-
bined as well as individual treatments of BP
treated mice with curcumin and quercetin signifi-

Table IV. Effects of curcumin and quercetin treatments on the activity of cytochrome P450 and cytochrome b5 in lungs of
mice subjected to benzo(a)pyrene treatment (nanomoles/mg protein).

Groups

Cytochrome P450

Cytochrome b5

Normal control

Benzo(a)pyrene

Benzo(a)pyrene + Curcumin
Benzo(a)pyrene + Quercetin
Benzo(a)pyrene + Curcumin + Quercetin

1.42+0.25 5.27+0.31

1.78 £ 0.08° 6.87 +0.36°
1.38 +0.06Y 551+ 0.39”
144 +0.17* 531+ 0.55*
1.42 £ 0.20¥ 5.75 £ 0.30¢

Data are expressed in mean = SD; p < 0.05, ®p < 0.01 and °p < 0.001 by Least Significance Difference test when values are
compared with normal control group; *p < 0.05, Yp < 0.01, ?p < 0.001 by Least Significance Difference test when values of

Groups III, IV and V are compared with Group II.
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cantly reduced the LPO as well as ROS levels,
thereby, depicting their protective role. The ame-
liorating effects on the LPO and ROS levels due
to curcumin and quercetin may be attributed to
their antioxidant and free radical scavenging
properties®*-’.

The production of ROS initiates the synthesis
of superoxide dismutase at the transcriptional
level which is responsible for hunting down the
superoxide radicals®®. However, the activity of
superoxide dismutase was significantly reduced
upon BP treatment, which seems to be the natur-
al response of the body tissues to constant on-
slaught of free radicals. It has been stated that in-
creased LPO levels have a bearing on the activi-
ties of SOD which are ultimately found to be de-
creased in different carcinogenic states®*. Further,
BP treatment caused a significant reduction in
the levels of GSH that might be due to its con-
sumption in detoxifying the peroxides produced
by increased LPO levels. Curcumin and
quercetin supplementation to BP treated mice
have been able to bring improvement in the lev-
els of both SOD and GSH. Both the phytochemi-
cals have been reported earlier to increase the
concentration of GSH as well as the gene expres-
sion of SOD*. Also in the present study glu-
tathione-S-transferase (GST) activity was found
to be reduced in the BP treated mice at 22 weeks
time duration. BP administration has been report-
ed to deplete the levels of GST in several stud-
ies*!. However, supplementation with phyto-
chemicals in individual and combined form re-
sulted in significant increase in the GST activity
in the lungs indicating the effectiveness of the
phytochemicals. Valentine et al*? reported that
there was a 20% increase in the activity of GST
upon curcumin administration to female Swiss
Webster mice. Also, Garg et al** showed that di-
etary curcumin was able to increase the activity
of GST in BP treated mice. Thus, increased ac-
tivity of GST by curcumin and quercetin admin-
istration might be linked to an improvement in
the detoxification system which is indicative of
protection against damaging effects of carcino-
gen.

A significant elevation in the enzyme activities
of cytochrome P450 as well as cytochrome b5
was noticed in the lungs of the mice subjected to
single dose of BP treatment. A growing body of
research worldwide has recognized the fact that
certain individual forms of cytochrome P450 en-
zymes overexpress themselves in tumor**, Fur-
ther, cytochrome b5 has been shown to be an

electron transport hemoprotein for the cy-
tochrome P450 enzyme thereby playing a signifi-
cant role in cytochrome P450 associated drug
metabolism.46 Increase in cytochrome P450 en-
zyme activity as discussed earlier, can be corre-
lated with the increase in the activity of cy-
tochrome b5. Administration of phytochemicals
both separately as well as in combination for a
period of 22 weeks to BP treated mice were able
to moderate enzyme activities of both the en-
zymes significantly.

Conclusions

We observed that curcumin and quercetin ex-
hibit inhibiting effects probably by modulating
regulators of phase I and phase II enzymes and
thereby adversely affecting the carcinogenic
process to the benefit of the biological system.
Therefore, curcumin and quercetin show great
prospects in dealing with the condition of lung
carcinogenesis. All the observations discussed
clearly suggest that these phytochemicals hold
great potential to be used as an effective preven-
tive measure against the occurrence of lung can-
cer in a section of human population who have a
family history of lung cancer as well those who
are constantly exposed to carcinogens from dif-
ferent sources.
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