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Evaluation of ameliorative potential of isolated flavonol fractions 
from Thuja occidentalis in lung cancer cells and in Benzo(a)pyrene 
induced lung toxicity in mice 

Relative anticancer potentials of six flavonol fractions (F1-F6) 
isolated from Thuja occidentalis extract were first evaluated 
against lung cancer cells A549 in vitro, and fraction- F4 showing 
the maximum protective ability, was then tested in mice 
intoxicated with Benzo(a)pyrene (BaP), a known carcinogen 
with major effect on lung, to learn if this could also have 
ameliorative action against lung toxicity and tissue damage in 
mice in vivo. Chemical nature of F1-F6 fractions was confirmed 
with specific flavonol confirmatory test and mass spectral 
analysis; all fractions were tested for their possible anticancer 
effects against A549 cells. Results suggested that fraction 4 
(F4) had the strongest anticancer effect. When treated to BaP 
intoxicated mice, F4 induced recovery of damaged lung tissue, 
presumably through inhibition of ROS generation, and enhanced 
production of major antioxidant molecules, that in turn blocked 
PI3K-activated expressions of Akt. Decrease in Bcl2/Bax ratio, 
over-expression of p53 gene and activation of caspase 3 were 
observed in tissues of F4 treated mice, further confirming 
apoptotic cell death as its major target. The F4 fraction of Thuja 
occidentalis extract showed remarkable apoptotic potential 
against lung cancer cells and ameliorative ability against BaP 
induced lung toxicity.
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Introduction

With rapid increase in the environmental toxic ele-
ments like polycyclic aromatic hydrocarbons (PAHs), 
lungs become primarily intoxicated, causing more 
incidence of lung cancer[1]. Among PAHs, Benzo(a)
pyrene (BaP), which is found in cigarette smoke, coal 
tar, automobile fumes etc contributes heavily for de-
veloping non-small cell lung cancer (NSCLC)[2,3]. BaP 
also remains in our daily foods[4] in significantly high 
amount. It is readily absorbed and metabolized in the 
form of Benzo[a]pyren-7,8-dihydrodiol-9,10-epoxide 
that intercalates with DNA[5]. Through this method, it 
forms DNA adducts and facilitates DNA damage to 
induce lung cancer[6]. BaP, by altering normal oxida-
tive threshold level via generation of free radicals like 
ROS can also distort lung tissue architecture[7]. Thus 
there is a need for target-specific chemopreventive 
agents which can combat BaP induced lung toxicity

Flavonols, are known to be promising chemopre-
ventive phytochemicals, which have both nutritive 
value and target-specific anti-carcinogenic proper-
ties that help them combat cancer cells, but without 
causing much harm to normal cells[8,9]. Thus, plants 
having a rich source of flavonols are of interest for 
their possible chemotherapeutic use. Earlier reports 
have shown flavonol as a potential anticancer com-
pound which helps in lowering the carcinogenesis 
process[10,11]. However, the possible mechanism and 
pathway of action of flavonols against lung cancer 
are not yet fully understood.

Thuja occidentalis is an ornamental plant that grows 
in north-eastern areas of the United States and in the 
south east parts of Canada. It is known to contain 
(1.4-4) % essential oils, flavonols, coumarins, tannic 
acid etc[12,13]. Earlier, we have shown that ethanolic 
leaf extract of Thuja occidentalis and isolated flavo-
nols from it exert apoptotic effect on a kras mutated 
NSCLC cell line (A549) sparing the normal embryon-
ic lung cell (L-132)[14,15], but further studies to isolate 
different flavonol fractions and identify if any particu-
lar flavonol fraction had greater anti-cancer potential 
against NSCLC cell line A549 or any particular frac-
tion acted more strongly to ameliorate BaP induced 
lung toxicity are lacking. 

Therefore, the hypotheses to be tested in this study 
were: i) If different flavonol-rich fractions could be iso-
lated, identified and tested for their individual ability 
to induce cytotoxicity in lung cancer cells, A549 in vi-
tro; ii) If any particular fragment could show greater 

ability to induce apoptosis, and whether this fragment 
could be effective in reducing BaP induced lung tox-
icity in the mice model as well, indicating its possi-
ble chemotherapeutic use; and iii)  if the underlying 
mechanism of drug induced redox state modulation 
and the signal transduction, in particular, could be 
understood to know if it was mediated through the 
modulation of Akt signalling pathway, a major path-
way involved in initiation of BaP induced toxicity as 
reported by earlier workers[16,17].  

Materials and Methods

Chemicals and reagents

All major chemicals/antibodies/culture media were of 
analytical/extra-pure research grade and purchased 
from Sigma Aldrich (USA)/Gibco BRL (Grand Island, 
NY, USA)/Tarsons (USA)/Cell Signalling Tech (USA) 
and BD Bioscience (USA).

Isolation of Flavonol from ethanolic leaf extract 
of Thuja occidentalis

The ethanolic (65%) leaf extract of Thuja occidenta-
lis, procured from Boiron laloratories, Lyon, France, 
was dried under vacuum (yield 17.2% w/w). The dry 
extract was then mixed with petroleum ether (50 ml 
v/v) and the soluble portion was then taken out and 
again dried on a hot plate (yield 1-2% w/w). After this 
evaporation, a brownish mass was found[18]. It was 
then loaded on to silicic acid column (60-120 mesh) 
using n-hexane and ethyl acetate as solvent system. 
Thereafter, 6 fractions (F1-F6) were collected at the 
polarity 8:2 (v/v) of n-hexane: ethyl acetate mixture. 
The concentration of each fraction in the solvent 
(n-hexane and ethyl acetate mixture) was measured. 
The maximum concentration (100 mg/ml) was found 
in the fraction 4 (F4).

Flavonol confirmatory test

After addition of 10% NaOH to the 6 isolated fractions 
(F1-F6), only fraction 4 (F4) gave the yellow coloura-
tion, indicative of being flavonol-rich fractions [19]. Be-
side this, fraction 5 (F5) gave partial yellow coloration 
after addition of 10% NaOH. Thereafter, mass spec-
troscopy was done to identify the components of iso-
lated fraction, which showed only the fraction 4 (F4) 
to be highly-flavonol rich. In this study, the desired 
amount of isolated fraction was mixed with solvent 
media and was sonicated with a probe sonicator for 
use in subsequent experiments.
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Cell lines

Human non-small cell lung carcinoma cell line, A549 
and normal lung cell line, L-132 were collected from 
National Centre for Cell Science, Pune, India. The 
cells were cultured  in DMEM with 10% heat inacti-
vated FBS and 1% antibiotic (PSN) and  maintained 
at 37ºC with 5% CO2 in a humidified incubator. 

Treatment of isolated flavonol fraction 

For MTT assay, A549 and L-132 cells were exposed 
to 6 isolated flavonol fractions named as F1-F6 at 
370C in DMEM supplemented with serum. As positive 
control equal volume of medium was added to the 
untreated cells. IC50 values were determined after 48 
hours of incubation.

Cell viability assay

Briefly, A549 and L-132 cells were seeded in 96 well 
plates at a density of 1×102 cells per well and were 
allowed to settle for 24 h before treatment. Then the 
cells were treated with isolated fractions (F1-F6) (1-
100 µg/ml) for 48 hours with 5% CO2 at 370C. Cell 
viability was measured by MTT assay. The control 
values corresponding with the untreated cells were 
taken as 100% and the viability data of treated ones 
were expressed as percentage of control. 

Animals

A large group of healthy inbred strain of Swiss albi-
no mice (Mus musculus) (6-8 weeks ; 20-25 g) were 
housed for at least 14 days in an environmentally con-
trolled room (temp 24 ± 200C, humidity 55 ± 5%,12 
hrs light/dark cycle) with access to food and water ad 
libitum. The experiments were conducted under su-
pervision of the Animal Welfare Committee of the De-
partment of Zoology and as per the approved guide-
lines of the Institutional Ethical Committee, University 
of Kalyani (892/OC/05/CPCSEA).

 Animal study design

Swiss albino mice (Mus musculus) were randomized 
and those weighing between 20-25 gm were selected 
for the experiment. 12 mice were selected for each 
group. Flavonol fraction, F4 was given through ga-
vages at a dose of 100 mg/kg bw daily to the “treat-
ment groups” at different time points. Earlier, BaP 
was given at 50 mg/kg bw of dose for first 30 days 
(twice a week) to induce cancer after 120 days[20]. 
The following experimental groups were selected for 
the study.

Group 1: Normal control- animals received no treat-
ment and only standard food and water.

Group 2:  Only flavonol (F4) treated group- Flavo-
nol (F4) was fed orally for 120 days once daily, and 
thereafter chronic toxicity test was done.

Group 3: BaP fed group- animals received BaP dis-
solved in olive oil.

Group 4: Only olive oil fed group- received only olive 
oil.

Group 5: Animals received BaP for first 30 days and 
co-treated with flavonol (F4) orally from first day for 
120 days.

Group 6: Animals received BaP for first 30 days and 
co-treated with flavonol (F4) after first 30 days and 
after that for 90 days.

Group 7: Animals received BaP for first 30 days and 
co treated with flavonol (F4) after first 60 days and 
after that for 60 days.

Group 8: Animals received BaP for first 30 days and 
co-treated with flavonol (F4) after first 90 days and 
after that for 30 days.

All the groups except group 1, 2 and 4 were fed orally 
BaP to develop lung tumors. The animals were hu-
manely sacrificed under light ether anaesthesia and 
the target organs (lung and liver) were collected.

Acute toxicity assay

For acute toxicity, mice were reared under suitable 
condition. They were given the F4 at 25 mg/kg bw, 
50 mg/kg bw, 100mg/kg bw and 200mg/kg bw. Be-
haviour was observed after 24 h of drug exposure.

Chronic toxicity assay

We fed F4 (100mg/kg bw) alone for 120 days and 
thereafter, peripheral blood mononuclear cells 
(PBMC) were isolated by Ficol-density gradient 
centrifugation[21] and liver tissue homogenates were 
made. For chronic toxicity assay cytotoxic analy-
sis of PBMC was done by MTT assay[22]. Aspartate 
transaminase (AST) and Alanine transaminase (ALT) 
activities of liver tissue homogenates were deter-
mined[23].

Tumor bioassay 

At 120 days mice in each group were sacrificed. For 
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flow cytometric analysis, the cells were perfused and 
subsequent experiments were done. For microscopic 
and histological analysis, lung tissues were placed in 
10% phosphate-buffered formalin.

Scanning electron microscopic study

Lung samples of normal, cancerous and F4-treated 
mice were immediately washed with PBS after dis-
section and were fixed with 2.5% glutaraldehyde (pH 
7.2-7.4) for 24 h. After fixation, tissues were dehy-
drated with graded series of acetone (50%-100%); 
keeping 20 min in each grade. The tissues were 
dried by critical point drying (CPD), cut into small and 
after gold coating, were observed and analysed by 
S530-Hitachi SEM instrument (Department of USIC, 
University of Burdwan).

Histological analysis

Fixed tissues were cut into 5µm single sections and 
was deparaffinised with xylene and stained thereafter 
with haematoxylin and eosin, following the standard 
protocol[24]. The images were captured under a light 
microscope (Leica, Germany).

Confocal microscopy

Tissue sections were deparaffinised with xylene and 
thereafter incubated with blocking solution (BSA with 
0.5% Tween-20) for 1h. Then the sections were incu-
bated overnight with anti-Akt (1:50) and anti-caspase 
3 (1:50) primary antibodies. Thereafter, sections were 
washed with PBST (PBS with 0.5% TWEEN-20) and 
PBS with 3 changes each. Sections were then incu-
bated with FITC-tagged secondary antibody (1:100) 
for 30 minutes. After that, DAPI (10µM) stain was 
added and tissue sections were viewed under Carl 
Zeiss LSM 510 META Laser Scanning Microscope.

Apoptosis related assay

The lung tissues were minced within RPMI-1640 
media with 5% FBS and the lung cells were flushed 
gently using a hypodermic syringe. The media-con-
taining cells were spun down at 1000 g and the su-
pernatant-containing lung cells were used for further 
study[25]. 2x107 cells were dual-stained with Annex-
inV-FITC (100ng/ml) and PI (50µg/ml) to check phos-
phatidylserine externalization, if any[26]. For caspase 
3 expression analysis, caspase 3 positive cell popula-
tion was then quantified by FACS Calibur (BD Biosci-
ence, USA) after labelling the cells with anti-caspase 
3 antibody (1:50) for 2 hr and thereafter with FITC-
tagged secondary antibody (1:100) for 30 minutes.

Intracellular ROS accumulation study

Intracellular ROS accumulation assay was done after 
staining the perfused cells (2x107 cells/sample) with 
DCFDA (10 µM) for 30 minutes in dark[27]. ROS ac-
cumulation was then quantified by FACS Calibur (BD 
Bioscience USA).

Reverse transcriptase polymerase chain reaction 
(RT-PCR) analysis

Lung tissue samples were washed with ice-cold PBS. 
Then, total RNA was extracted from lung sample of 
normal, cancerous and flavonol fed mice and equal 
amount of RNA was subjected to RT reaction[28]. 
Thereafter, mRNA expression levels of PI3K, Akt, 
p53, Bax and Bcl2 was analysed by measuring the 
band intensities on the agarose gel using the image 
J software[29]. GAPDH was taken as housekeeping 
gene control. The oligonucleotide (primer) sequenc-
es are mentioned in table 1.

Preparation of lung tissue homogenates and pro-
tein isolation

50 mg lung tissue samples were taken and washed 
twice with ice cold PBS. Then for total protein isola-
tion, tissue sample was lysed in 2 ml of ice-cold ly-
sis buffer and for cytoplasmic protein isolation, tissue 
sample was lysed in cytoplasmic protein extraction 
buffer[30].

FRAP assay 

We determined antioxidant capacity of isolated fla-
vonol on alveolar tissues of normal, cancerous and 
flavonol fed animals by FRAP (ferric reducing antiox-
idant potential) assay[31].

Estimation of Anti-oxidants level 

The activities of major anti-oxidants like reduced glu-
tathione (GSH)[32] and superoxide dismutase (SOD)
[33] from lung tissue homogenates were spectrophoto-
metrically analysed.

Indirect ELISA 

Equal amount (20 µg) was taken for indirect ELISA. 
Akt, p-Akt, PI3K and GAPDH protein expressions 
were then analyzed by indirect ELISA according to 
the manufacturer’s protocol (Santa Cruz Biotechnol-
ogy, Inc., USA).

Western blot analysis 
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For western blot analyses equal amount (70 µg) of 
protein was loaded and samples were denatured by 
SDS-PAGE. The separated proteins were transferred 
separately onto PVDF membranes and were probed 
with p53 (1:500), Akt (1:500), p-Akt (1:1000), PI3K 
(1:500), PARP (1:1000), Bax (1:500), Bcl2 (1:500), 
caspase 3 (1:1000) and GAPDH (1:1000) followed by 
1 h incubation with ALKP conjugated secondary an-
tibody (1:500) and were developed by BCIP-NBT[34]. 
Thereafter, band intensities were quantified by densi-
tometry using image J software[29].

Statistical analysis

All the data reported were the arithmetic means of 
data of independent experiments performed in tripli-
cate.  Results were expressed as mean ± SD (stan-
dard deviation), unless otherwise stated. Statistical 
analysis was made by the one-way analysis of vari-
ance (ANOVA) with LSD post-hoc test using SPSS 
16 software (SPSS Inc, Chicago, IL, USA). Statistical 
significance was considered as $P<0.05, $$P<0.01, 
$$$P<0.001 between BaP intoxicated group vs. nor-
mal control group, *P<0.05, **P<0.01, ***P<0.001 be-
tween flavonol treated groups vs. BaP intoxicated 
group and #P<0.05, ##P<0.01, ###P<0.001 between 
flavonol treated groups vs. normal control group.

Results

Isolation and identification of flavonol fraction

6 fractions arbitrarily designated as F1, F2, F3, F4, 
F5 and F6 were successfully isolated from the Thuja 
occidentalis leaf extract. Among them only F4 gave 
the yellow colouration after addition of 10% NaOH 
indicative of being the flavonol-rich fraction. Howev-
er, mass spectral analysis revealed the presence of 
flavonols like quercetin, kaempherol in a higher pro-
portion only in the fraction 4 (F4).

Isolated flavonol fraction (F4) reduced A549 cell 
viability

MTT assay revealed F4 and F5 to have significantly 
more cytotoxicity in A549 cells, than the other frac-
tions, F1, F2, F3 and F6. F4 showed maximum cy-
totoxicity (IC50 value being 7.5 μg/ml) in lung cancer 
cell line (A549), but the normal lung cells (L132) after 
48 h of incubation remained least affected (IC50 value 
being >1000 μg/ml) (Table 2). On the other hand, F5 
showed partial cytotoxicity both in the A549 (IC50 val-
ue being 10 μg/ml) and L-132 (IC50 value being 27.2 

μg/ml) cells.

Flavonol toxicity assessment

In acute toxicity, no behavioural changes or be-
havioural abnormalities were observed in the mice at 
a dose of 100 mg/kg body weight F4 which was used 
in the experiment while partial behavioural changes 
and rapid movement were observed at the doses of 
200 mg/kg body weight. 

In chronic toxicity test, no significant alterations were 
found in PBMC viability and ALT and AST activities 
between normal and only flavonol fraction 4 (100 mg/
kg bw) treated groups (Figure 1A). In case of olive oil 
(solvent of BaP) fed mice (group 4) no significant re-
covery was observed. Therefore, we excluded group 
2 (only flavonol treated group) and group 4 (olive oil 
fed group) from further in-depth studies.

Flavonol (F4) treated animals showed lower lung 
tumor load compared to BaP-intoxicated animals

Reduction in numbers of lung tumor nodules was ob-
served in BaP plus F4 treated mice (group 5, group 
6, group 7 and group 8) as compared to only BaP 
intoxicated ones (group 3). Flavonol-4 fed specially 
at the later phase of carcinogenesis (group 7 and 8) 
was found to be more effective in reducing lung tu-
mor nodules than in the other two groups (group 5 
and 6) fed flavonol from initial stages of carcinogen 
treatment.

Flavonol (F4) treatment recovered lung tissue ar-
chitecture

In BaP induced mice, alveolar cells were found to be 
denser and alveolar spaces were reduced as com-
pared to the normal ones. In case of simultaneous 
flavonol treatment for all tested time points, tissue 
structure and alveolar spaces regained proper shape 
and architecture (Figure 1B) of lung.

SEM study revealed the architectural distortion of 
alveolar vasculature due to BaP induction as com-
pared to that of the normal ones. Reduction of alve-
olar spaces and uneven surface topology were also 
prominent in the BaP induced cancerous lung. Simul-
taneous flavonol administration recovered the archi-
tectural pattern including that of the surface topology 
in the lung tissue section. Flavonol administration for 
60 and 30 days (Group 7 and 8), respectively, was 
found to be more effective in recovering alveolar tis-
sue architecture than in the other two flavonol fed 
groups (Figure 1C).
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Fig. 1. Isolated flavonol and its effect on lung tissue 
architecture. (A) Chronic toxicity assay of flavonol. 
PBMC viability and ALT, AST activity measurement of 
liver tissue were done. All the data were expressed as 
percentage of control and presented as mean ± SD. (B) 
Histological analysis after Eosin-Haematoxylin staining. 
Lung tissue sections were deparaffinised and stained 
with eosin and haematoxylin to observe alveolar tissue 
architecture under the light microscope. (C) Scanning 
electron microscopical (SEM) study of lung tissue to 
observe tissue distortion, alveolar structure in details.

Fig. 2. Effect of flavonol on the constitutive and activated 
expression of Akt. (A) RT-PCR analysis of proliferation 
related gene analysis. RT-PCR of PI3K, Akt, and GAPDH 
was done. (B) Relative band intensities of PI3K, Akt were 
calculated. GAPDH was taken as housekeeping gene 
control. Data were expressed as percentage of control and 
presented as mean ± SD. $$$P<0.001,  #P<0.05, 
###P<0.001, **P<0.01, ***P<0.001 were considered as 
statistically significant. (C) Western blots of PI3K, Akt, p-Akt, 
GAPDH was done. (D)  Relative band intensities of PI3K, 
Akt ,  p-Akt  was ca lcu lated.  GAPDH was taken as 
housekeeping gene control. Data were expressed as 
percentage of control and presented as mean ± SD. 
$$$P<0.001, ##P<0.01, ###P<0.001, **P<0.01, ***P<0.001 
were considered as statistically significant. (E) Indirect 
ELISA of PI3K, Akt, p-Akt was done. Data were expressed 
as percentage of control and presented as mean ± SD. 
$$$P<0.001, ##P<0.01, ###P<0.001,*P<0.05, **P<0.01, 
***P<0.001 were considered as statistically significant. (F) 

Expression of Akt after flavonol treatment by confocal microscopy was analysed. Tissue sections were incubated with Akt antibody. Thereafter the 
tissue sections were incubated with FITC-tagged secondary antibody and counterstained with DAPI to explain modulation of Akt expression after 
flavonol treatment as compared with the BaP intoxicated ones.

Fig. 3. Effect of flavonol on ROS generation and antioxidant enzyme 
contents. (A) Perfused lung cells of treated and untreated mice were 
stained with DCFDA (10µM) and intercellular ROS generation was 
analysed after FACS analysis. (B) Total antioxidants value was 
estimated by FRAP assay from lung tissue homogenates of treated and 
untreated mice. Data were expressed as percentage of control and 
presented as mean ± SD. $$$P<0.001, ###P<0.001, ***P<0.001 were 
considered as statistically significant. (C) GSH content was estimated 
and the data were presented as mean ± SD taking percentage of 
control. $$$P<0.001, ###P<0.001, ***P<0.001 were considered as 
statistically significant. (D) SOD activity of untreated and treated mice 
lung tissue homogenates was estimated. . Data were expressed as 
percentage of control and presented as mean ± SD. $$$P<0.001, 
#P<0.05, ##P<0.01, ***P<0.001 were considered as statistically 
significant.
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Flavonol (F4) blocked proliferation through 
down-regulation of both constitutive and PI3K-ac-
tivated expression of Akt

Assays like- RT-PCR, indirect ELISA and western 
blot analyses revealed significant down-regulation of 
constitutive Akt expression upon flavonol treatment 
(Figure 2A- 2E).

In the flavonol treated mice, PI3K level was down-reg-
ulated both at gene and protein levels as analysed 
from RT-PCR, indirect ELISA and western blot re-
sults (Figure 2A-2E). p-Akt, a PI3K mediated activat-
ed form of Akt, was also down-regulated upon fla-
vonol treatment as revealed from indirect ELISA and 
western blot analyses (Figure 2A-2D). Hence, these 
findings suggested that flavonol was also able to 
down-regulate PI3K mediated activated expression 
of Akt.

In the BaP induced cancerous tissue, confocal im-
aging indicated that the expression level of Akt got 
up-regulated as indicated by intense green fluores-
cence. However, in flavonol treated lung tissues, 
lesser intense green fluorescence level, merged with 
intense blue fluorescence of DAPI were found (Fig-
ure 2F). This would indicate down-regulation of Akt 
expression upon F4 treatment, compared to that of 
BaP intoxicated drug untreated ones.

Flavonol fraction scavenged reactive oxygen 
species (ROS) and up-regulated level of antiox-
idant enzymes

An up-regulation of ROS (1.06%) in BaP induced 
mice perfused lung cells was observed as compared 
to that in the normal mice lung cells (0.81%). This 
was in conformity with earlier report[33] which demon-
strated that BaP mediated its toxicity by elevating 
ROS level and ROS-mediated DNA damage. How-
ever, upon flavonol treatment BaP induced ROS 
level was down-regulated in a significant proportion 
especially in the mice fed with the isolated flavonol-4 
for 120 and 90 days (groups 5 and 6, respectively) 
(Figure 3A).

Along with this, levels of the total antioxidants includ-
ing that of major antioxidants like- GSH and SOD was 
down-regulated after BaP exposure, which might be 
due to the elevated ROS level. FRAP and antioxi-
dant enzymatic assay data thus revealed that total 
antioxidant levels (Figure 3B) including that of GSH 
(Figure 3C) and SOD (Figure 3D) were increased af-
ter flavonol treatment, as compared to that of only 

BaP-intoxicated ones.

Flavonol (F4) induced apoptosis of BaP intoxicat-
ed mice lung cells

Flow cytometric data revealed that significant num-
ber of lung cells showed annexinV positivity, indicat-
ing thereby ability of flavonol in inducing apoptosis 
causing destruction/regression of BaP exposed lung 
tumor (Figure 4A). 

FACS data revealed an up-regulation of activated 
caspase 3 positive cell population, especially in the 
flavonol treatment groups 7 and 8 (5.3% and 4.3%, 
respectively) as compared to that of normal ones 
(0.7%) (Figure 4B). Confocal imaging also revealed 
an up-regulated cytoplasmic expression of caspase 
3, as indicated by brighter green fluorescence (Fig-
ure 4C). From western blot data, we observed a 
significant up-regulation of cleaved caspase 3 at 17 
kDa and PARP at 89 kDa fragments (Figure 4D-4E). 
These would indicate flavonol induced apoptotic cell 
death in lung tumor of BaP intoxicated mice. Elevat-
ed level of caspase 3 induces DNA fragmentation 
and thereby helps in the process of apoptotic cell 
death[34].

Flavonol (F4) modulated gene and protein ex-
pressions related to apoptosis

From RT-PCR and western blot data we got an in-
creased expression of p53 and Bax along with de-
creased expression of Bcl2 in the lung of flavonol 
treated mice than that in the drug untreated BaP in-
toxicated ones (Figure 5A-5D). Hence, after flavonol 
treatment, both at gene and protein levels, Bcl2/Bax 
ratio had been decreased (Figure 5E) that would rath-
er provoke the cells to progress towards apoptosis. 

Discussion

Our in vitro studies revealed that among all six fla-
vone-rich fractions, F4, had significant cytotoxic ef-
fects against A549 cells, but no or little effect on nor-
mal L-132 lung cells. Besides, we have also found 
F5-induced partial cytotoxicity both in lung cancer 
cell lines, A549 and the normal lung cells, L-132. This 
suggests that though this fraction (F5) bears partial 
amount of flavonols but may also bear some toxic 
impurities that might be detrimental both for the can-
cer cells along with their normal counterparts which 
is undesirable. Therefore, the fraction 5 (F5) was not 
continued for other assays. F4 was taken as the lead 
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Fig.  4.  In f luence of  f lavonol  in 
conducting apoptosis. (A) Perfused 
lung cells of different treated groups 
and untreated ones were stained with 
annexinV-FITC and PI and FACS 
analysis was done. The number of 
a n n e x i n V  p o s i t i v e  c e l l s  w a s 
determined and the percentage was 
represented in lower right quadrant 
(Annexin V+/PI-) and upper right 
quadrant  (Annexin V+/PI- ) .  (B) 
Perfused lung cells of normal mice 
and mice of different treated groups 
and untreated ones were incubated 
w i t h  c a s p a s e 3  a n t i b o d y  a n d 
furthermore FITC-tagged secondary 
antibody. Thereafter percentage of 
caspase3 positive cell population was 
analysed by FACS analysis. (C) Mice 
lung tissue sections of different groups 
were  incubated  w i th  caspase3 
antibody and FITC-tagged secondary 
ant ibody. Thereafter,  the t issue 
sections were counterstained with 
DAPI and caspase3 expression was 

visualized by confocal microscopic images. (D) Western blot assay of caspase3, PARP, GAPDH was done. (E)  Band intensities of caspase3, 
PARP were calculated. GAPDH was used for loading correction. Data were expressed as percentage of control and presented as mean ± SD. 
$$P<0.01, $$$P<0.001, ###P<0.001, **P<0.01, ***P<0.001 were considered as statistically significant.

Fig. 5. Effect of flavonol on 
a p o p t o s i s  r e l a t e d  g e n e 
expression. (A) RT-PCR of Bax, 
Bcl2, p53, GAPDH was done. 
(B) Relative band intensities of 
B a x ,  B c l 2  a n d  p 5 3  w e r e 
calculated. GAPDH was used 
for loading correction. Data 
were expressed as percentage 
of control and presented as 
m e a n  ±  S D .  $ P < 0 . 0 5 , 
$ $ $ P < 0 . 0 0 1 ,  # P < 0 . 0 5 , 
# # P < 0 . 0 1 ,  # # # P < 0 . 0 0 1 , 
**P<0.01, ***P<0.001 were 
considered as stat is t ica l ly 
significant. (C) Western blot of 
Bax, Bcl2, p53 and GAPDH was 
d o n e .  ( D )  R e l a t i v e  b a n d 
intensities of Bax, Bcl2 and p53 
were calculated. GAPDH was 
used for loading correction. 
D a t a  w e r e  e x p r e s s e d  a s 
percentage of  cont ro l  and 
presented as  mean ±  SD. 
$ $ P < 0 . 0 1 ,  $ $ $ P < 0 . 0 0 1 , 
# # P < 0 . 0 1 ,  # # # P < 0 . 0 0 1 , 

**P<0.01,***P<0.001 were considered as statistically significant. (E)  Bcl2-Bax ratio both at gene and protein levels was calculated. Results were 
presented as mean ± SD. Data were expressed as percentage of control and presented as mean ± SD. $$$P<0.001, ###P<0.001,***P<0.001 were 
considered as statistically significant.
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compound bearing the flavonols in a higher propor-
tion than the other isolated fractions.   

For in vivo studies the protective dose was optimized 
at (100 mg/kg bw) for F4. When this dose was admin-
istered to normal mice, no acute or chronic toxicity 
was found, but a significant reduction of lung tumor 
burden was noted in BaP intoxicated mice. Histolog-
ical studies under normal microscope and SEM indi-
cated that F4 treatment lowered the tumor burden, 
alveolar distortion and improved tissue architecture.

Further, expression levels of several anti-proliferative 
and apoptotic related genes were favourably modu-
lated by F4 administration in BaP treated mice. As 
for example, favourable modification in expression 
of Akt, which is known to an important regulator of 
proliferation and differentiation[37,38] involved in BaP 
induced lung carcinogenesis, was noted. F4 also 
favourably modulated PI3-kinase, which is an up-
stream effector of Akt activation[39].  This was further 
supported by results of RT-PCR, indirect ELISA and 
western blot.

FACS analysis showed significant number of per-
fused cells from flavonol treated mice lung tissue to 
respond positively with annexinV-FITC and caspase 
3. Western blot and confocal microscopic data also 
supported the cytosolic up-regulation of cleaved 
caspase 3 (17 kDa fragment) along with overex-
pression of cleaved PARP fragment (89kDa) in the 
flavonol treated lung tissue as compared to the nor-
mal and BaP intoxicated ones. In this study, RT-PCR 
and western blot data revealed the alteration of Bcl2/
Bax ratio upon administration of the isolated fraction. 
Up-regulation of Bax and down-regulation of Bcl2 
therefore suggested that F4 induced apoptosis in the 
BaP intoxicated lung tissue of mice.

p53, a tumor suppressor gene, and Akt, are two ma-
jor and opposing molecules in apoptotic signaling 
pathway, which display a cross talk between them, 
Akt, affecting down-regulation of p53 and p53-depen-
dent signaling activities. Thus the observation of p53 
up-regulation along with Akt down-regulation upon 
flavonol (F4) treatment in this study was significant in 
the context of induction of apoptosis.

As BaP exerts its carcinogenic effect by up-regulation 
of ROS level and thereby deregulate the redox state 
of cells; this in turn initiates oxidative tissue damage. 
The efficacy of this isolated fraction in scavenging 
BaP-induced ROS activity was analysed. Results of 
fluorometric study suggested that elevated level of 

ROS due to carcinogen induction was down-regulat-
ed by the administration of flavonol (F4) especially in 
the mice of group 5 and 6 than in the other two groups 
(group 7 and 8). Analysis of data from FRAP and en-
zymatic assays revealed increased level of activities 
of both the total antioxidants and major antioxidants 
like- GSH, SOD after treatment with the isolated frac-
tion. Sum total of these activities could be attributed 
to the lowering of BaP induced toxicity level in mice.

Flavonol (F4) could modulate ROS and antioxidant 
enzymatic activity more significantly when it was 
administered to BaP intoxicated mice right from the 
beginning (group 5 and 6 mice). On the other hand, 
this isolated fraction also reduced BaP induced car-
cinogenicity, presumably by the combined effects of 
down-regulating both the constitutive and PI3K in-
duced Akt activity, blocking the uncontrolled lung cell 
proliferation, and thereafter by inducing apoptotic cell 
death. However, ability to induce apoptosis by the iso-
lated flavonols was found to be relatively more pro-
nounced especially in mice of group 7 and 8, which 
presumably represented late phase of BaP induced 
tumorigenesis. This would indicate that if this isolated 
flavonol fraction (F4) was unable to block the entry of 
BaP metabolites into the lung cells, it still succeeded 
in effectively blocking the toxic activity of BaP rather 
mechanistically.

To determine the proper human dose equivalence, 
extrapolation was necessary from the dose used in 
mice here. For this, the dose translated in human 
system following body surface area normalization 
can be calculated by the method of Reagan-Shaw et 
al.[40]. Based on this the equivalent dose of flavonol 
used in mice (100 mg/kg bw), the human dose can 
be calculated by the following formula:

Human equivalent dose (mg/kg) = Animal dose (mg/
kg) × (Animal Km factor/Human Km factor), Km fac-
tor for mouse = 3; Km factor for an adult human = 37. 
If the body weight of a normal person is considered to 
be 70 kg, then almost 0.56 g of this isolated flavonol 
fraction (F4) will be needed for a person per day to 
produce almost equal level of anti-lung carcinogenic 
effects as observed in mice. The dose seems to be 
sensible and attainable.

Earlier reports on several studies have suggested the 
flavonols as a major anticancer agent though the ex-
act mechanism of it in lowering the lung cancer pro-
liferation and tumorigenesis has not been elucidated 
in details so far[9,41,42,43]. Therefore the results of the 
present study have gained the significance over the 



Mukherjee et al., IJTCM, 2016; Vol. 1(1): 0001-0013

IJTCM: http://escipub.com/international-journal-of-traditional-and-complementary-medicine/          0010

Table 1. Primer sequences used for RT-PCR.

Primer name Primer sequences

PI3K                   Fwd  5’-TTAAACGCGAAGGCAACGA-3’
                       Rev  5’-CAGTCTCCTCCTGCTGCTGAT-3’

Akt                   Fwd  5’-CCTGGACTACCTGCACTCTCGGAA-3’
                       Rev  5’-TTGCTTTCAGGGCTGCTCAAGAAGG-3’

Bax Fwd 5’-AGTAACATGGAGCTGCAGAGG-3’
                       Rev 5’-ATGGTTCTGATCAGTTCCGG-3’

Bcl2                        Fwd 5’-GTGACTTCCGATCAGGAAGG-3’
                       Rev 5’-CTTCCAGACATTCGGAGACC-3’

P53 Fwd 5’-GGAAATTTGTATCCCGAGTATCTG-3’
Rev 5’-GTCTTCCAGTGTGATGATGGTAA-3’

GAPDH          Fwd 5’-CCATGTTCGTCATGGGTGTGAACCA-3’
          Rev 5’-GCCAGTAGAGGCAGGGATGATGTTC-3’

Table 2- Isolated fraction and the calculated IC50 values on A549 and L-132 cells

Fraction Name IC50 Value
(48 h of incubation)

A549 L-132
F1 >50 µg/ml >951 µg/ml

F2 >50 µg/ml >1000 µg/ml

F3 >50 µg/ml >1000 µg/ml

F4 7.5 µg/ml >1000 µg/ml
F5 10 µg/ml 27.2 µg/ml

F6 >50 µg/ml >1000 µg/ml
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other reports. Collectively, the present data indicated 
that flavonols of Thuja occidentalis extract were able 
to lower the toxicity of BaP by oxidative stress mod-
ulation and later it blocked BaP induced lung cancer 
proliferation by down-regulation of PI3K/Akt path-
ways. This isolated fraction also induces apoptotic 
activity in inhibiting BaP induced lung carcinogenesis 
with potential involvement of p53 up-regulation, Bcl2/
Bax dysregulation and caspase3 activation, the qual-
ities often sought for formulating effective anticancer 
drugs.

Conclusion

The current study validates that the flavonols of Thuja 
occidentalis possess ameliorative ability against BaP 
induced lung toxicity in mice. Therefore, the present 
study should be nominated to formulate target spe-
cific and chemopreventive anti-lung cancer agents in 
future. 
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