
Contents lists available at ScienceDirect

Food and Chemical Toxicology

journal homepage: www.elsevier.com/locate/foodchemtox

White tea - A cost effective alternative to EGCG in fight against benzo(a)
pyrene (BaP) induced lung toxicity in SD rats

Sunil Kumar Dhatwalia, Manoj Kumar, Priti Bhardwaj, D.K. Dhawan∗

Department of Biophysics, Panjab University Chandigarh, India

A R T I C L E I N F O

Keywords:
Oxidative stress
Lung tissue
SD rats
Endogenous oxidants

A B S T R A C T

Tea is a natural resource of catechins and exhibits antioxidative and anticancer activities. This study was de-
signed to elucidate the comparative efficacy of white tea and pure EGCG in containing benzo (a) pyrene (BaP)-
induced pulmonary stress. Rats were treated with white tea extract (WT) (1%) and pure EGCG at a dose of 80μg/
ml in drinking water on alternate days for 12 weeks (4 weeks prior, during and after BaP treatment). BaP(50 mg/
kg b. wt) was administered to rats orally in olive oil twice a week for four weeks. The indices such as stress
biomarkers (LPO, PCC & ROS), antioxidant enzymes (SOD, CAT, GSH, GST, GR, GPx) activities and lung his-
toarchitecture were assessed. BaP administration enhanced the levels of inflammatory markers (NO and ci-
trulline) and reduced activities of antioxidant enzymes. We observed similar antioxidant efficacy by both WT
and EGCG as seen by their ameliorative action in restoring BaP induced oxidative and inflammatory stress as
well as lung histoarchitecture. Our findings suggest that WT is equally beneficial as EGCG in maintaining the
integrity of alveoli and is a potential candidate to be used as a cost effective and protective agent in conditions of
BaP-induced lung damage.

1. Introduction

Medicinal herbs which are widely used in traditional medicine
practices have gained recognition over time as a resource of drug dis-
covery and development. Tea is one of the most consumed beverages
worldwide and is being extensively explored for its health benefits
(Chen et al., 2011). White tea (WT), which is extracted from Camellia
sinensis, contains high levels of catechins but is rarely used as a bev-
erage. Epigallocatechin gallate (EGCG), an active component of white
tea, has earlier been reported to exhibit anti-carcinogenic, immune-
boosting and antioxidative properties that can improve human health
(Unachukwu et al., 2010; Zhang et al., 2007; Chhabra et al., 2001;
Peschard et al., 2007; Fujiki et al., 2002; Siddiqui et al., 2011).

The enormous health benefits of EGCG have encouraged various
pharmaceutical service providers to formulate pure EGCG as a pre-
ventive intervention. But, the process of isolation, purification and
characterization of EGCG from WT extract is relatively time consuming
and also increases the cost of formulation. So, it is worthwhile to elu-
cidate the comparative efficacy of pure EGCG and WT extract to vali-
date the extent of protection exerted by WT extract vis-à-vis equivalent
amount of pure EGCG. Thus, the present work was undertaken to ex-
plicate the comparative efficacy of WT extract and pure EGGC
equivalent to the amount present in WT extract against benzo(a)pyrene

(BaP) induced pulmonary toxicity.
We induced pulmonary toxicity in rats by administering BaP

(Srivastava et al., 2000), which is discharged in the environment from
incomplete combustion of organic compounds. The major contributory
factors for BaP involve engine exhaust, cigarette smoke, soil, water and
food (Cao et al., 2005). The enzyme dihydhrodiol dehydrogenase me-
tabolizes BaP into quinones which in turn undergo redox cycling and
induce oxidative stress via reactive oxygen species (ROS) (Penning
et al., 1999). The increased level of oxidative stress is associated with
elevated levels of oxidative stress biomarkers such as protein carbonyl
content (PCC) and lipid peroxidation (LPO) (Poirier, 2004; Sehgal et al.,
2013). Elevated oxidative stress biomarkers and decreased level of
antioxidants are considered to be pivotal for enhanced susceptibility of
cellular macromolecules to oxidative stress (Kasala et al., 2015). The
elevated levels of reactive oxygen species are associated with diverse
medical conditions as they are linked to various signaling cascades and
in particular H2O2 is believed to regulate the activities of tyrosine ki-
nases, phosphatases and transcription factors (Chiarugi and Fiaschi,
2007; Rhee et al., 2000; Storz, 2005).

This is the first study of its kind to appraise the comparative efficacy
of pure EGCG and white tea in preventing BaP induced pulmonary
stress. The study was executed with an emphasis on various indices that
included a) in vitro determination of free radical scavenging activity of
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pure EGCG and WT extract, b) in vivo investigations to assess the effects
of EGCG and WT on functional efficacy of endogenous antioxidants and
oxidative stress biomarkers c) lung histoarchitecure examination in BaP
induced pulmonary stress in rats.

2. Materials and methods

2.1. Chemicals

BaP, Bovine serum albumin, Glutathione reductase, Reduced glu-
tathione, Chloro-2,4-dinitro benzene, 2,4-dinitrophenyl hydrazine, 5,5-
dithiobis-2-nitrobenzoic acid were purchased from Sigma Chemical Co.
India. EGCG (Cat No. 588500) was purchased from Toronto Research
Company, Canada. White tea was procured from Budwhite teas Pvt.
Ltd, New Delhi, India. The reagent kits for the analysis of liver marker
enzymes were procured from Reckon Diagnostics Pvt. Ltd. All other
chemicals used were of analytical grade and procured from reputed
Indian manufactures.

2.2. Tea preparation

WT extract was prepared by soaking loose tea leaves (1 g in 100ml)
in hot water and were kept at 85±3 °C for 5min (Kumar et al.,
2012a,b). The aqueous extract was filtered, allowed to cool at room
temperature and fed to the rats.

2.4. Quantification of EGCG in WT extract

High-performance liquid chromatography (HPLC) technique was
used to determine the concentration of EGCG in WT extract. Briefly,
solvent A-10mM sodium phosphate (pH 2.6), and solvent B- acetonitrile
(93:7, v/v/) were the mobile phases for the gradient elution. Total
EGCG present in the WT extract (Supplementary Figure 1) was then
given alone in drinking water to animals.

2.5. In vitro studies

2.5.1. Antioxidant activity
DPPH (2, 2-diphenyl-2-picryl hydrazyl) and ABTS (2,2′-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) assays were employed to de-
termine the antioxidant capacity of WT and EGCG according to the
method described by Mahakunakorn et al. (2004). DPPH in its radical
form exhibits characteristic absorbance at 515 nm which disappears
after its reduction by anti-radical compounds. The antioxidant activity
of the sample was expressed as IC50 value.

2.6. In vivo studies

2.6.1. Animals
Female Sprague Dawley (SD) rats weighing 160–250 g were pro-

cured from the central animal house facility of Panjab University,
Chandigarh, India. The experimental procedures were in compliance
with the guidelines of the committee instituted for the purpose of
control and supervision of experiments on animal (CPCSEA, India) and
approved by the institutional animal ethical committee. Before

subjecting the animals to various treatments, the animals were allowed
to acclimatize for at least one week. The rats were given standard la-
boratory pelleted diet and water ad libitum throughout the period of
experimentation.

2.6.2. Experimental design
Rats were pretreated with WT (1%) or with EGCG (Concentration

equivalent to 1% of WT i. e 80 μg/ml) in normal drinking water on
alternate days for a period of four weeks. The animals were pretreated
with WT and EGCG, and received BaP (50mg/kg b. wt.) dissolved in
olive oil (twice a week) for a period of 4 weeks (5th to 8th week of
treatment) (Sikdar et al., 2013). 36 female SD rats were randomly
segregated into six experimental groups with six animals per group
(Table 1) as per the following schedule:

Group 1, Normal control (NC): The animals in this group served as
normal controls and had free access to normal diet and drinking
water. The animals received normal drinking water for upto 12th
week along with 0.3ml olive oil orally twice a week from 5th to 8th
week.
Group 2, BaP Exposed (BaP): The animals in this group were ad-
ministered orally with BaP at a dose level of 50mg/kg b. wt. dis-
solved in olive oil, twice a week, for a duration of 4 weeks (5th to
8th week of treatment) (Sikdar et al., 2013).
Group 3, EGCG controls (EGCG): The animals in this group were
treated with EGCG (80 μg/ml) orally on alternate days for entire 12
weeks duration. The dose of EGCG as 80 μg/ml was equivalent to the
amount of EGCG present in 1% of WT extract.
Group 4, White tea control (WT): The animals in this group were
treated with WT extract (1%) orally on alternate days for the whole
12 weeks.
Group 5, WT + BaP treated (WB): The animals in this group were
given WT and BaP at the same doses, as were given to animals be-
longing to Group 3 and Group 2, respectively. In this group, the
treatment with WT started 4 weeks prior to BaP treatment and
continued 4 weeks post BaP treatment.
Group 6, EGCG + BaP treated rats (EB): Group 6 animals received a
combined treatment of EGCG and BaP at the same doses, as were
given to the animals belonging to Group 4 and Group 2, respec-
tively. In this group, the treatment with EGCG started 4 weeks prior
to BaP treatment and continued 4 weeks post BaP treatment.

All the animals were sacrificed under light ether anesthesia after 12
weeks by cervical dislocation.

2.6.3. Physical parameters
2.6.3.1. Body weights. The body weights of rats were recorded every
week and at the time of sacrifice.

2.6.3.2. Consumption of water, white tea extract and EGCG. The
consumption of water, white tea extract and EGCG was recorded
every week and expressed as mean consumption/rat.

2.6.4. Biochemical assay
Lungs from all the sacrificed animals were removed and perfused

Table 1
Experimental design.

S. No. Groups Weeks (1–4) Weeks (5–8) Weeks (9–12)

Group 1 Normal control (NC) Drinking water Drinking water Drinking water
Group 2 BaP Drinking water BaP (50mg/kg b.wt.) Drinking water
Group 3 EGCG EGCG (80 μg/ml) EGCG (80 μg/ml) EGCG (80 μg/ml)
Group 4 WT WT (1%) WT (1%) WT (1%)
Group 5 WT + BaP (WB) WT (1%) WT (1%) +BaP (50 mg/kg b.wt.) WT (1%)
Group 6 EGCG + BaP (EB) EGCG (80 μg/ml) EGCG (80 μg/ml) + BaP (50 mg/kg b.wt.) EGCG (80 μg/ml)
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immediately with 0.9% normal saline (ice cold). 10% homogenates
(weight/volume) were prepared from tissue samples in phosphate
buffer saline (100mM; pH 7.4). The biochemical estimations (except
GSH & LPO) were carried out in the supernatants obtained after cen-
trifugation of homogenates at 10000×g for 30min. Protein contents in
various samples of crude homogenates and post mitochondrial frag-
ments (PMF) were determined according to the method of Lowry et al.
(1951).

2.6.4.1. Oxidative stress biomarker response. The levels of oxidative
stress biomarkers which included LPO, PCC, and ROS were
determined in lung tissues of normal and different treatment groups.
The assay for lipid peroxidation was performed according to the
method of Trush and Kensler (1991). The protein carbonyl contents
were estimated according to the method of Levine et al. (1994). ROS
contents were determined by using probe DCFH-DA which when
oxidized gets converted into fluorescent DCF. Briefly, the tissue
samples were incubated with 4 μl of DCFH-DA at 37 °C for 30min in
dark. The concentrations of ROS were expressed as relative fluorescence
of DCFH-DA.

2.6.4.2. Endogenous antioxidants. The activity of SOD was estimated by
following the method as described by Kono (1978). The method
described by Luck (1954) was used for the estimation of CAT. Total
glutathione levels were estimated in post mitochondrial fractions by
using the method of Zahler and Cleland (1968). The reduced
glutathione (GSH) content was determined by following the method
of Moron et al. (1979). To measure the Redox ratio (GSH/GSSG),
oxidized glutathione (GSSG) was calculated from subtracting the total
glutathione from reduced glutathione (GSSG= tGSH- GSH).
Glutathione-S-transferase (GST) activity was calculated by the
procedure described by Habig et al. (1974). Glutathione reductase
(GR) was estimated in post mitochondrial fractions in accordance with
the method of Williams and Arscott (1971). Glutathione peroxidase
(GPx) estimation was performed in post mitochondrial fractions as
described by previously described method (Flohe, 1985).

2.6.4.3. Inflammatory biomarkers. Nitric oxide levels were measured by
using the method of Raddassi et al. (1994). Briefly, 0.2ml of sample and
0.05ml of Griess reagent were mixed and incubated in dark for 10min
and then absorbance was noted at 540 nm. The estimation of Citrulline
levels in the sample was performed by using the method of Boyde and
Rahmatullah (1980).

2.6.5. Histoarchitectural study
Lung tissue samples obtained from treated and respective control

animals were subjected to histoarchitectural examination. Small pieces
of lung tissue were fixed in 10% formalin and after 8–12 h of fixation;
the tissues were thoroughly washed with running water and dehydrated
in upgrading concentrations of ethanol (30%, 50%, 70%, 90% and
100%) for 1 h each. After completion of dehydration process, tissues
were placed in the mixture of absolute alcohol + benzene (1:1) for 1 h
and then in pure benzene for 20 min. After placing in benzene, tissues
were subjected to benzene + paraffin wax (1:1) for 1 h and then in pure
wax. The tissues were given two changes of wax in 6 h and finally
embedded in paraffin wax (60–62 °C). Subsequently, 5 μm thick sec-
tions were cut using microtome and slides were made. Histological
analyses of liver tissue sections were done by using Hematoxylin and
Eosin staining as described by Humanson (1961). The slides were de-
waxed in xylene for 10–20 min and were placed in downgrading con-
centrations of ethanol (absolute 90%, 70%, 50%, and 30% for 2–3 min
in each concentration). After hydrating, the slides were rinsed with
distilled water and stained in Hematoxylin for one minute then washed
in water till the appearance of blue colour. The tissues samples were
rinsed in ammonia water and again washed with water. The slides were
dipped in acid water if over stained, then dipped in 30% alcohol

followed by the 50% and 70% alcohol and stained with 1% alcoholic
eosin for one min. The slides were finally rinsed in 90% and 100%
alcohol, cleared in xylene and mounted with DPX.

Ten fields in five slides from each group were scored using semi
quantitative scoring system by a pathologist blinded to various treat-
ment groups. Variables scored were alveoli inflammation (AI), neu-
trophil infiltration (NI), alveolar septal thickening (AST), peribronch-
iolar inflammation (PI), enlargement of alveolar space (ELS) and
destruction/fragmentation of septal wall (DSW). Each variable was
scored using a 0 to 4 scale, with no injury score as 0, injury in 25% of
the field scored 1, injury in 50% of the field scored 2, injury in 75% of
the field scored 3 and injury throughout the field scored 4. Maximum
possible score was 24. Descriptive statistics (ANOVA followed by LSD
post hoc test with significance set at p < 0.05) were calculated on all
variables and for the percent change observed after lung injury. Data
are given as Mean ± SD.

2.6.6. Statistical analysis
The data is expressed in terms of Mean ± SD of six animals for each

group. The statistical significance between different groups was per-
formed by using one way analysis of variance (ANOVA). To compare
the means among the different treatment groups, post hoc comparisons
were performed by least significant difference (LSD) method. The sta-
tistical software package SPSS v14 was used and a value of p≤ 0.05
was considered to be statistically significant in this study.

3. Results

3.1. In vitro studies

In vitro experiments were conducted to compare the total anti-
oxidant capacity of WT and pure EGCG equivalent to the WT extract by
employing DPPH and ABTS free radical scavenging assays and the data
is presented in Fig. 1. The results of DPPH assay (Fig. 1) showed con-
centration dependent scavenging activities of both EGCG and WT with
IC50 values 86.14 ± 3.1 μg/ml and 134.97 ± 18.4 μg/ml, respec-
tively. Free radical scavenging activity by ABTS assay was found to be
high for EGCG as compared to WT with IC50 values 7.44 ± 1.1 μg/ml
and 13.54 ± 3.2 μg/ml, respectively.

3.2. In vivo studies

After analyzing the comparative antioxidant potential of WT and
EGCG in scavenging the free radicals in in vitro system, we then con-
ducted other experiments to compare the protective potential of EGCG
with WT extract against BaP induced pulmonary toxicity. The results
from BaP treatment group have been compared with normal control
group. Further, the results from Group 3 and 4 were compared with BaP
treated animals. Additionally, the results from Group 5 (WB) were also
compared with the Group 6 (EB) animals.

3.2.1. Body weight change
The variations in the body weights of the animals amongst various

groups were recorded weekly. We observed a steady increase in body
weights of the animals among different treatment groups. There were
no significant differences in the body weight of the animals subjected to
various treatments vis-à-vis normal control animals, throughout the
experimental period (data not shown).

3.2.2. Consumption of water, white tea extract and EGCG
The consumption of water, white tea extract and EGCG was also

recorded. A significant difference in the consumption of white tea ex-
tract and EGCG when compared with water was observed throughout
the experimental period. However, this consumption was not sig-
nificant when EGCG and white tea extract was compared with each
other (Fig. 2).
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3.2.3. Oxidative stress biomarkers
BaP treatment to normal rats resulted in a significant increase

(p≤ 0.001) in ROS, LPO and PCC levels in pulmonary tissues in com-
parison to a normal control group (Fig. 3). However, BaP treated ani-
mals which received pure EGCG in drinking water for 4 weeks before
and after BaP exposure showed a significant reduction (p≤ 0.001) in
otherwise elevated levels of ROS, LPO and PCC in pulmonary tissues.
Similarly, BaP treated animals supplemented with WT extract also
showed a significant reduction (p≤ 0.001) in the elevated levels of
ROS, LPO and PCC. However, when the levels of oxidative stress bio-
markers in group 5 animals (WB) were compared with the group 6
animals (EB), no significant difference in their levels was observed.

3.2.4. Endogenous antioxidants
A statistically significant decrease (p≤ 0.001) in the levels of GSH

and activities of endogenous antioxidants including SOD, CAT, GR, GPx
and GST was observed when normal animals were subjected to BaP
treatment (Table 2). Interestingly, when BaP treated animals were

administered with EGCG or white tea, the levels of GSH and activities of
all these enzymes were elevated significantly (p≤ 0.001). Further, the
ratio of GSH/GSSG showed a similar trend. When EGCG or white tea
was administered to normal rats separately, no significant change in
activities of endogenous antioxidants, GSH as well as GSH/GSSG ratio
was noticed. Moreover, no significant difference in the levels of en-
dogenous antioxidants was observed when group 5 (WB) animals were
compared with the group 6 (EB) thereby implying that White Tea ex-
hibits the same antioxidant efficacy as shown by EGCG.

3.2.5. Inflammatory biomarkers
The levels of inflammatory markers NO and Citrulline in lung tis-

sues were significantly elevated following treatment with BaP, which
however were appreciably reduced (p≤ 0.001) when supplemented
with either EGCG or WT extract (Table 2). When EGCG or white tea
were administered to normal rats separately, no significant change in
the levels of NO and Citrulline, was noticed.

Fig. 1. The total antioxidant capacity of pure EGCG and white tea extract (WT) as measured by DPPH and ABTS assays. The percentage scavenging is plotted against
the concentration of the sample. The data are expressed as mean ± SD of three independent assays.
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3.2.6. Lung histoarchtecture
The histological observations from light microscope preparations of

the lungs from EGCG, WT treated animals showed near normal lung
histoarchitecture as revealed by normal control animals (Fig. 4). In
these animals, the pulmonary alveoli were demarcated by septa com-
posed of a continuous layer of epithelial cells overlying a thin inter-
stitium. The two morphologically distinct cells -type I and type II al-
veolar cells with large nuclei, reduced cytoplasm and microvilli were
also present. Normal alveolar spaces and wide air sacculi were also
observed. BaP intoxicated lungs displayed thickening of alveolar septa
and hypertrophied alveolar cells. The important morphological changes

including alveolar septal thickening, inflammatory cell infiltration and
epithelial cell detachment of bronchi and bronchioles were observed.
Moreover, some areas of lungs showed dilation of many alveolar spaces
and destruction of the septal walls. The affected alveoli were irregular
which lost the normal alveolar structure. The bronchiolar epithelium
showed appreciable changes involving thinned alveolar wall and de-
generated cartilage in pulmonary tissues. The animals intoxicated with
BaP also had highest total lung tissue injury index (P < 0.05)
(Table 3). The lungs of BaP exposed animals when co-administered with
pure EGCG and WT showed similar morphological features as they
appeared in the normal control lungs except that mild interalveolar

Fig. 2. Water, white tea extract and EGCG con-
sumption among different treatment groups. The
values are expressed as Mean ± SD. NC: Normal
Control, BaP: Benzo (a)pyrene, EGCG: EGCG treated,
WT: White Tea treated, WB: White Tea + Benzo(a)
pyrene, and EB: EGCG + Benzo(a)pyrene treated
groups. Statistical significance (p≤ 0.05), a; as
compared with water, b; as compared with white tea
extract by ANOVA followed by LSD post hoc test.

Fig. 3. Effects of pure EGCG and white tea extract (WT) on the extent of lipid peroxidation (LPO), protein carbonyl content (PCC) and total reactive oxygen species
(ROS) in pulmonary tissue of benzo(a)pyrene treated rats. The values are expressed as Mean ± SD; N = 6. NC: Normal Control, BaP: Benzo (a) pyrene, EGCG: EGCG
treated, WT: White Tea treated, WB: White Tea + Benzo(a)pyrene, and EB: EGCG + Benzo(a)pyrene treated groups. C1=p≤ 0.001, C2= p≤ 0.01, C3= p≤ 0.05,
by post hoc analysis when values are compared with normal control animals. B1= p≤ 0.001, B2= p≤ 0.01, B3= p≤ 0.05, by post hoc analysis when values are
compared with benzo(a)pyrene group. E1= p≤ 0.001, E2= p≤ 0.01,E3= p≤ 0.05, by post hoc analysis when values are compared with EGCG group.
W1=p≤ 0.001, W2=p≤ 0.01, W3=p≤ 0.05, by post hoc analysis when values are compared with White tea group.
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septal thickening and peribronchioler inflammation were present. Si-
milar observations were also recorded in tissue injury index (Table 3).

4. Discussion

The primary objective of the present study was to understand
whether pure EGCG affords the same protection as provided by WT
extract against BaP induced toxicity in pulmonary tissues of the rats.

The validated markers of oxidative stress such as GSH, LPO, PCC
and ROS (Toyokuni et al., 1995) which were elevated in BaP animals
were decreased upon supplementation with WT and pure EGCG. These
results do suggest the protective efficacy of both WT and EGCG in
mitigating the BaP induced oxidative stress. The previous studies on
white tea had also documented similar findings (Kumar et al., 2012a,b).
The alteration in redox homeostasis is a crucial step in BaP induced
toxicity (Alvarez-Gonzalez et al.; Kasala et al., 2015). So, we also

Table 2
Effect of pure EGCG and White Tea extract (WT) on endogenous antioxidants in pulmonary tissues, nitric oxide and citrulline content in the liver of BaP treated rats.
All the values are expressed as Mean ± S.D., n = 6. NC: Normal Control, BaP: Benzo (a) pyrene treated, EGCG: EGCG treated, WT: White Tea treated, WB: White
Tea + Benzo (a) pyrene treated, and EB: EGCG + Benzo(a)pyrene treated groups.

Groups/Parameters NC BaP EGCG WT WB EB

NO (μ Moles of Nitrite accumulated/g Tissue) 0.3 ± 0.23 0.55 ± 0.52
C1

0.30 ± 0.21
B1

0.31 ± 0.18
B1

0.37 ± 0.21
C2, B1, E1, W2

0.36 ± 0.16
C2, B1, E2, W2

Citrulline (n Moles of L-Citrulline/g Tissue) 21.31 ± .97 34.01 ± 3.03
C1

20.04 ± 2.44
B1

20.21 ± 1.30
B1

24.80 ± 3.69
B1, E3, W3

23.99 ± 1.98
B1, E3, W3

GSH (μ Moles of reduced Glutathione/g Tissue) 1.68 ± 0.15 0.89 ± 0.10
C1

1.68 ± 0.08
B1

1.66 ± 0.07
B1

1.39 ± 0.05
C1, B1,E1, W1

1.40 ± 0.04
C1, B1, E1, W1

GSSG/GSH 1.68 ± 0.035 3.71 ± 0.047
C1

1.71 ± 0.03
B1

1.70 ± 0.06
B1

2.01 ± 0.090
C1, B1,E1,W1

1.96 ± 0.10
C1, B1,E1,W1

GR (n Moles of NADPH oxidized/min/mg Protein) 42.70 ± 5.7 28.32 ± 5.6
C2

18.42 ± 5.5
C1, B3

17.88 ± 2.2
C1, B3

22.87 ± 7.2
C1

14.47 ± 1.45
C1,B2

GPx (n Moles of NADPH oxidized/min/mg Protein) 30.38 ± 5.75 22.06 ± 4.03 29.21 ± 5.7 32 ± 10
B3

25.58 ± 2.47 1.97 ± 2.45
C3, W3

GST (μ Moles of GSH-CDNB conjugate formed/min/mg Protein) 0.107 ± 0.04 0.047 ± 0.003 0.127 ± 0.01
B1

0.116 ± 0.01
B1

0.065 ± 0.013
C3, E1,W2

0.067 ± 0.01
C3,E1,W2

SOD (IU/mg Protein) 12.48 ± 0.55 8.12 ± 0.39
C1

12.39 ± 0.76
B1

12.27 ± 0.78
B1

10.80 ± 0.90
C2, B1, E3,W3

10.87 ± 0.64
C2, B1, E3,W3

Catalase (m Moles of MDA formed/min/mg Protein) 0.93 ± 0.10 0.44 ± 0.76
C1

0.92 ± 0.12
B1

0.91 ± 0.06
B1

0.710 ± 0.06
C2, B1, E2, W2

0.712 ± 0.06
C2, B1, E2, W2

C1= p≤ 0.001, C2=p≤ 0.01, C3= p≤ 0.05, by post hoc analysis when values are compared with normal control animals.
B1= p≤ 0.001, B2= p≤ 0.01, B3=p≤ 0.05, by post hoc analysis when values are compared with benzo(a)pyrene group.
E1= p≤ 0.001, E2= p≤ 0.01,E3= p≤ 0.05, by post hoc analysis when values are compared with EGCG group.
W1=p≤ 0.001, W2=p≤ 0.01, W3=p≤ 0.05, by post hoc analysis when values are compared with White tea group.

Fig. 4. Histological assessment of pul-
monary morphology at 12 weeks. Light
microscopic images of representative par-
affin-embedded lung sections from different
treatment groups stained with hematoxylin
and eosin (H&E). NC: Normal Control, BaP:
Benzo (a) pyrene, EGCG: EGCG treated, WT:
White Tea treated, WB: White Tea + Benzo
(a) pyrene, and EB: EGCG + Benzo(a)
pyrene treated groups. AS: Alveolar spaces,
AW: Airway, AL: Alveoli, BC: Bronchioles,
PI: Peribroncheolar Inflammation, ELS:
Enlargement of alveolar space, DSW:
Destruction/fragmentation of septal walls.
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determined the total ROS levels as well as the activities of major en-
dogenous antioxidants (SOD, CAT, GR, GST, and GPx) in different
treatment groups. The higher levels of ROS and decreased endogenous
antioxidants (SOD, CAT, GR, GST, GPx and GSH) clearly indicated the
imposition of oxidative stress in BaP exposed animals. However, re-
duction in oxidative stress was observed as evidenced by increased le-
vels of endogenous antioxidants (SOD, CAT, GR, GST, GPx and GSH)
following separate supplementation of EGCG and WT to BaP treated
animals.

The oxidative degradation of fatty acids affects the integrity of
plasma membrane, which in turn can alter its fluidity and also affects
the normal functioning of associated enzymes (Brrera, 2012). Beside,
oxidation of proteins resulting in elevated content of PCC (Stadtman,
1990), sulfur atoms in amino acid are also susceptible to oxidation
(Shacter, 2000), which in turn lead to alterations in the conformation of
secondary and tertiary structures of proteins (Zhang et al., 2013).
Oxidation further alters the proteolytic properties of proteins (Morzel
et al., 2006). Our results clearly demonstrate that pure EGCG and WT
effectively modulate the activities of endogenous antioxidative enzymes
and exhibit carbonyl scavenging properties as evidenced by low level of
ROS, LPO and PCC in BaP exposed animals. But, when EGCG + BaP
group was compared with the group that received WT treatment along
with BaP exposure, no significant change in the outcome was observed;
thereby suggesting that both WT and EGCG have more or less the same
protective potential to inhibit BaP induced pulmonary toxicity.

GSH is an important reductant in our body which protects the cel-
lular components from ROS induced damage. The oxidized form of
glutathione (GSSG) is converted back to reduced form (GSH) by GR
with the help of NADPH (Mateen et al., 2016). The low levels of GSH/
GSSG and reduced activities of endogenous antioxidant enzymes viz.,
SOD, CAT, GST and GR as observed in pulmonary tissues of BaP ex-
posed animals have also been reported in previous studies (Bodduluru
et al., 2016; Kumar et al., 2017; Sehgal et al., 2013). Additionally, we
observed an appreciable improvement in the activities of above said
antioxidants in animals co supplemented with pure EGCG and WT ex-
tract. Interestingly, we did not observe any difference in the above
biochemical indices when EGCG treated group was compared with WT
supplemented group. Consequently, the results from in vivo study do
suggest that both EGCG in pure form and WT extract exert indis-
tinguishable protection against BaP induced pulmonary toxicity.

The levels of NO and citrulline (inflammatory markers) have been
reported to be increased during chronic inflammations (Geller et al.,
1993). We also noticed an increase in these indices in BaP treated an-
imals which is arguably a response of pulmonary tissues against in-
flammatory inputs. The levels of nitric oxide also get increased in other
medical conditions including cirrhosis (Pilette et al., 1996). Literature is
replete with reports that advocate the potential of tea catechins to de-
crease the nitric oxide production (Nomura et al., 2017; Wang et al.,
2017; Williamson, 2017). Earlier, it was proposed that phytochemicals
with NO scavenging potential may have an important role to exert
protection against inflammatory responses (Majano et al., 2004). Our

results also make obvious that pure EGCG and WT supplementation to
BaP exposed animals reduced the NO and citrulline levels, hence sug-
gesting the protective role of both EGCG and WT in pulmonary toxicity.

The histoarchitectural analysis of the current study clearly showed
the uniform arrangement of lung alveolar spaces with regular arranged
small nuclei-filled cells in normal and EGCG as well as WT treated lung
sections. However, the toxic effects of BaP on rat lung alveolar cells
were evidenced by deformation in alveolar cells and reduced interstitial
spaces due to thickening of alveolar walls. Lipid peroxidation in the cell
membranes of alveolar wall due to oxidative stress is associated with
cellular damage which may possibly be prevented by antioxidants. In
our study, both WT extract and EGCG, show considerable histoarchi-
tectural improvements in pulmonary tissues of BaP intoxicated animals.
Further, increased levels of LPO, PCC support histological impairment
of lung tissue in BaP treated animals. Besides, simultaneous co-ad-
ministration of EGCG and WT to BaP exposed animals showed me-
lioration and revealed near normal histoarchitecture of BaP induced
altered pulmonary tissue.

However, the most important outcome of the present study is that
we did not find any noticeable difference in the improvement potential
of WT extract vis a vis EGCG equivalent to the EGCG present in the WT
extract in modulating the BaP induced altered biochemical indices and
pulmonary histoarchitecture which is contrary to in-vitro studies. This
may be possible, as the white tea extract contain other polyphenols
which may aid in the increased absorption of EGCG thus improving the
bioavailability of EGCG.

5. Conclusion

Since, isolation of EGCG is cumbersome and costly procedure and
especially when both white tea and EGCG exhibit similar antioxidative
efficacy in containing damage inflicted by BaP on pulmonary tissue,
then white tea can serve as a cost-effective alternative to EGCG.
Though, the present study espouses the prospective roles of EGCG and
White tea extract as protective measures to limit the oxidative damage
following BaP induced pulmonary toxicity (Higdon et al., 2003), but the
possible contribution of other catechins towards antioxidant potential
of white tea in lungs cannot be ruled out.

Conflicts of interest

The authors declare that there are no conflicts of interest.

Declaration of interests

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Table 3
Individual lung injury scores. NC: Normal Control, BaP: Benzo (a) pyrene treated, EGCG: EGCG treated, WT: White Tea treated, WB: White Tea + Benzo (a)pyrene
treated, and EB: EGCG + Benzo(a)pyrene treated groups. Descriptive statistics (ANOVA followed by LSD post hoc test) calculated and the values are expressed as
Mean ± S.D., n = 5. Statistical significance set p < 0.05 where; a as compared with NC; b as commpared with BaP; c as compared with WB group.

Individual lung score NC BaP EGCG WT WB EB

Alveolar inflammation (AI) 0.6 ± .5 3.8± .4a 0.2± .4b 0.4± .5b 1.8± .8a,b 1.6± .5a,b

Neutrophil infiltration (NI) 0.0 1.6± .8a 0.2± .4b 0.2± .4b 0.2± .4b 0.0b

Alveolar septal thickening (AST) 0.4 ± .5 2.2 ± 1.6a 0.6± .8b 0.6± .8b 1.2± .8b 1.2± .4b

Peribronchiolar inflammation (PI) 0.6 ± .5 3.4± .8a 0.4± .5b 0.6± .5b 0.6± .5b 0.4± .5b

Enlargement of laveolar spaces (ELS) 0.2 ± .4 1.8± .4a 0.2± .4b 0.0b 0.4± .5b 0.6± .5b

Destruction/fragmentation of septal walls (DSW) 0.0 2.8± .4a 0.0b 0.0b 0.4± .8b 0.2± .4b

Total Score 1.8 15.6 1.6 1.8 4.6 4
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