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ABSTRACT: The study was aimed to investigate the
protective effect of green tea extract (GTE), curcumin,
and N-acetyl cysteine (NAC) on experimentally in-
duced pulmonary fibrosis. Curcumin (200 mg/kg b.w),
GTE (150 mg/kg b.w), and NAC (490 mg/kg b.w) were
administered orally for 14 days with concomitant ad-
ministration of cyclophosphamide (CP). Lung fibro-
sis was assessed by measuring hydroxyproline and
elastin levels and confirmed by histopathological ex-
amination. Oxidative stress was also observed in the
CP group. Lung myeloperoxidase activity was sig-
nificantly decreased in animals of the CP group. N-
acetyl-β-D-glucosaminidase, leukotriene C4, and pro-
tein were increased in bronchoalveolar lavage fluid
(BALF). Transforming growth factor-β, interleukin -1β,
and histamine were increased in both serum and BALF.
All modulators markedly attenuated the altered bio-
chemical parameters as compared to CP-treated rats.
These results suggest the possibility of using these
treatments as protective agents with chemotherapy and
as protective agents for lung fibrosis. C© 2012 Wiley Pe-
riodicals, Inc. J Biochem Mol Toxicol 26:461–468, 2012;
View this article online at wileyonlinelibrary.com. DOI
10.1002/jbt.21447
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INTRODUCTION

Lung is a target organ for toxicity caused by a va-
riety of xenobiotics due to environmental exposure to
mineral dusts, airborne pollutants, cigarette smoke, or
pharmacologic therapy with anticancer drugs that lead
to acute and chronic inflammatory lung diseases. Un-
der many conditions, this damage is repaired without
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any residual effects. However, the repair process can
become deranged, resulting in the deposition of excess
or abnormal collagen characteristic of fibrosis [1, 2].

Five million individuals worldwide may suffer
from idiopathic pulmonary fibrosis [3], which is a
chronic, progressive lung disorder of unknown eti-
ology in which excessive deposition of collagen-rich
extracellular matrix (ECM) in the alveoli and intersti-
tial tissues of the lung leads to impaired gas exchange
[4]. The disease is associated with release of oxygen
radicals and some mediators such as tumor necrosis
factor-α (TNF-α), transforming growth factor-β (TGF-
β), platelets-derived growth factor, insulin-like growth
factor-1 (IGF-I), and interleukins 1, 4, 8, and 13 as well
as leukotrienes. The symptoms of the disease include
dyspnea, nonproductive cough, fever, and damage to
the lung cells [5].

Several models of experimental lung fibrosis are
documented such as bleomycin, paraquat, and cy-
clophosphamide (CP) models [6–8].

CP, a chemotherapeutic agent commonly used in
the treatment of lymphomas and leukemias, produces
diffuse interstitial and alveolar edema and inflamma-
tory changes that progress to lung fibrosis in animals
and human [9]. The important factor for the therapeu-
tic and the toxic effects of CP is the requirement of
the metabolic activation by the hepatic microsomal cy-
tochrome P450 mixed functional oxidase system [10].
Phosphoramide mustard and acrolein are the two ac-
tive metabolites of CP [11]. CP antineoplastic effects are
associated with the phosphoramide mustard, whereas
the acrolein is linked with its toxic side effects [12].
Acrolein interferes with the tissue antioxidant defense
system, produces highly reactive oxygen free radicals,
and is mutagenic to mammalian cells [13].

Curcumin, a widely used yellow curry powder
from turmeric (Curcuma longa) in Indian and other
Asian cuisines has been used as a therapeutic agent
because of its attractive combination of properties that
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include antiinflammatory [14], antioxidant [15], and an-
ticancer qualities [16].

Green tea extract (GTE) has been reported to be
useful in the prevention of cancer [17] and cardiovas-
cular diseases [18] as well as antioxidant, scavenging
reactive oxygen, and nitrogen species [19]. In addition,
GTE has been found to modulate cytokine expression
related to inflammation such as TNF-α by inhibiting the
activation of nuclear factor KB (NF-κB) and activator
protein 1 [20].

N-Acetyl cysteine (NAC), a well-known antioxi-
dant, exerts direct antioxidant properties as a free rad-
ical scavenger and increases glutathione (GSH) lev-
els as an L-cysteine prodrug in airway cells under
oxidative stress [21]. Short-term studies using oral
and intravenous NAC administration in patients with
pulmonary fibrosis demonstrated that NAC improved
antioxidant status of the lung by elevating GSH levels,
as well as restoring pulmonary function tests with a
low incidence of adverse effects [22, 23].

In the present study, we attempted to gain a better
understanding of the biochemical changes associated
with lung fibrosis and to correlate the reported histo-
logical changes and other biochemical markers, which
led to development of CP-induced lung fibrosis. And
also we aimed to study the protective effects of curu-
min and GTE as natural products against CP-induced
lung fibrosis.

MATERIALS AND METHODS

Chemicals and Drugs

CP (Endoxan R©) was purchased from Baxter Oncol-
ogy (Frankfurt, Germany). GTE was received as a gift
from Mepaco Company (Cairo, Egypt). Curcumin and
NAC were purchased from Sigma(St. Louis, MO). All
other chemicals and solvents used were of the highest
purity and analytical grade.

Green tea powdered extract contained tea
polyphenols (by UV) 82.6% and total catechins (by
HPLC) 56.89%. The percentage of catechins in GTE
was epigallocatechin-gallate 34.07%, epigallocatechin
29.8%, epicatechin 19.32%, gallocatechin-gallate 6.29%,
and epicatechin-gallate 3.5% of total catechine content.

Experimental Design

One hundred two male albino Wistar rats (180–
220 g) were used in the study. Animals had free access
to water and standard rat chow throughout the study.
All the procedures in this study are in accordance with
the guidelines for the care and use of laboratory animals
as adopted by the Ethics Committee of the Faculty of
Pharmacy Cairo University.

Rats were divided into six groups. Group I (n =
8): Rats received normal saline, ip (vehicle for CP)
and served as a normal control group. Group II
(n = 20): Rats received CP dissolved in normal saline
(150 mg/kg b.w., ip) for 2 consecutive days, then were
kept for 7 days [24] and served as a lung fibrosis–
induced group. Group III (n = 18): Rats were given
150 mg/kg b.w GTE [25]. Group IV (n = 18): Rats re-
ceived 490 mg/kg b.w NAC [26]. Group V (n = 18):
Rats received 200 mg/kg b.w curcumin dissolved in
1% carboxy methyl cellulose (CMC) [27]. Group VI
(n = 20): Rats received 1% (CMC) (vehicle for cur-
cumin). Groups from III to VI received an oral daily
dose of their corresponding treatments for 14 days with
concomitant administration of CP on days 7 and 8 with
the same dosage regimen as in group II.

Collection of Blood, Bronchoalveolar Lavage Fluid,
and Lung Tissues

At the end of the experimental period, all the an-
imals were sacrificed by cervical decapitation. Blood
of each rat was collected into a dry test tube and cen-
trifuged at 3000 rpm for 15 min for separation of serum.
After sacrificing the animals, thoracic viscera was ex-
posed; a needle was inserted in the right ventricle, and
the lung was washed with ice-cold physiological saline.
The trachea was cannulated, and the lung was lavaged
with ice-cold sterile physiological saline three times at
a volume of 3 mL/wash. The bronchoalveolar lavage
fluid (BALF) from each rat was centrifuged at 3000 rpm
for 10 min to sediment the cells prior to biochemical as-
says.

Lungs were excised and washed with normal
saline and dried, then two portions of lung were cut:
The first one was fixed in 10% formol saline and used
for histopathological analysis, and the other one was
used for hydroxyproline determination. The remain-
ing lung was homogenized in ice-cold double distilled
water to make 10% homogenate. A suitable aliquot
of homogenate was mixed equally with phosphate
hexadecyltrimethyl ammonium bromide buffer pH 6,
centrifuged at 10,000 rpm at 4◦C for 15 min. The re-
sulting supernatant was used for the determination of
myloperoxidase (MPO) activity.

A second aliquot was mixed equally with 30% cold
ZnSO4, centrifuged at 17,000 rpm at 4◦C for 15 min, and
the resulting supernatant was used for the determina-
tion of nitric oxide (NO) level as NO2/NO3.

To determine the lung oxidant status, a suitable
aliquot of homogenate was mixed equally either with
2.3% KCl or 7.5% sulfosalicylic acid, centrifuged at
3000 rpm, and the resulting supernatants were used
for the determination of malodialdehyde (MDA) and
reduced GSH levels, respectively.
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Biochemical Measurements

Determination of Lung Fibrotic Markers

Collagen and elastin are the only proteins that have
been found to contain hydroxyproline [28]. Since colla-
gen is by far the most abundant protein in lung tissue,
comprising 60–70% of the tissue mass [29]. Analysis of
the hydroxyproline content of lung tissue has provided
a reliable index of the quantity of collagen [30]. Hy-
droxyproline was determined according to the method
described by Woessner [31]. Lung specimens were hy-
drolyzed by 6 N HCl at 100◦C for 24 h. After neu-
tralization, hydroxyproline was oxidized by buffered
chloramine T reagent at room temperature. The chro-
mophore was developed by heating with Ehrlich’s
reagent (p-dimethylaminobenzaldehyde) at 60◦C and
then was detected at 555 nm.

The percentage of elastin is calculated from the
following expression: [(micrograms of hydroxypro-
line)/(micrograms of sample) × factor] × 100. This fac-
tor is 43.4 for rat elastin [32].

Analysis of the hydroxyproline content of lung tis-
sue has generally provided a reliable index of the quan-
tity of collagen [30]

Determination of Lung Oxidative, Nitrosative
Status, and MPO Activity

Lung GSH, MDA, NO levels, and MPO activity
were determined according to the methods of Beutler
et al. [33], Mihara and Uchiyama [34], Miranda et al.
[35], and Bradley et al [36], respectively.

Determination of Inflammatory Markers in Serum
and Lavage

Transforming growth factor-β1 (TGF-β1) may play
a key role during the process of pulmonary fibrosis by
increasing the synthesis and secretion of ECM protein
through stimulation of its gene transcription and by
decreasing degradation of ECM through inhibition of
secretion of protein kinases [37].

In lung fibroblasts, leukotrienes stimulate collagen
synthesis, chemotaxis, and transform into myofibrob-
lasts [38]. IL-1β is believed to have an important role
in the generation of acute inflammatory responses and
a central role in experimental lung fibrosis [39]. His-
tamine is a vasoactive chemotactic mediator released
from mast cells and has been reported as a putative me-
diator in the chain of events leading to fibrosis [40, 41].

TGF-β1, interleukin-1β (IL-1β), and histamine
were determined in both serum and BALF using ELISA
kits supplied by WKEA Med Supplies Crop. (New
York) and BioVendor Research and Diagnostic (Can-
dler, NC) and DIAsource ImmunoAssays(Louvain-La-

Neuve, Belgium), respectively. BALF leukotriene C4
(LT-C4) was determined using an ELISA kit supplied
by Neogen (Lansing, MI).

N-Acetyl-β-D-glucosaminidase (NAG) activity in
lavage fluid was measured by a colorimetric method
based on the enzymatic hydrolysis of the substrate p-
nitrophoneyl-N-acetyl-β-D-glucusaminide by NAG in
0.1 M citrate buffer pH 4.4 at 37◦C for 15 min and the
produced yellow color in alkaline medium by the lib-
erated p-nitrophenol was measured at 405 nm [42].

Total protein content in BALF fluid was deter-
mined according to the method of Lowry et al. [43].

Histopathological Examination

The lung sections were stained by hema-
toxylin and eosin stains, examined through the light
microscope.

Statistical Analysis

Comparisons between the mean of the control and
treated groups were carried out using one-way analysis
of variance (ANOVA) followed by the Tukey–Kramer
post hoc test. In all cases, a probability level of P < 0.05
was considered to indicate a significant difference.

RESULTS

Analysis of Lung Fibrotic Markers

Lung hydroxyproline and elastin (Figure 1A) was
significantly increased in group II (CP-treated group)
and group VI (CMC + CP-treated group) when com-
pared with the normal control group (P < 0.05). Cur-
cumin, NAC, and GTE significantly decrease their con-
tent in lung as compared to CP-treated rats.

Analysis of Lung Inflammatory Markers

Curcumin, GTE, and NAC pretreatment markedly
normalized the elevated NO level and the reduced
MPO activity that observed in lungs of CP-treated rats
(Figure 1B).

Analysis of Lung Oxidant Stress Markers

It was observed that CP administration signifi-
cantly caused lung oxidative stress as evidenced by
the increase in lung MDA and decrease in GSH levels
in groups II and VI. Curcumin, GTE, and NAC normal-
ized these parameters (Figure 1C).
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FIGURE 1. Effect of curcumin, GTE, and NAC on lung: hydrox-
yproline and elastin (A), MPO activity and NO level (B) and MDA
and GSH and NO levels (C) in CP-induced lung fibrosis. Values
are mean ± SEM of 8–12 observations per group and calculated as
percentage of normal control. (a) Significant difference from the nor-
mal control group; (b) significant difference from the lung fibrotic
group (CP); (c) significant difference from the CMC group, P < 0.05
(one-way ANOVA followed by the Tukey–Kramer post hoc test).
Normal values for hydroxyl proline 628.27 μg/g, elastin 2.72 μg/g,
MPO 1.51 IU/mL, NO 297 nmol/g, MDA 195.3 nmol/g , and GSH
352.93 μg/g.

FIGURE 2. Serum TGF-β, IL-1β, and histamine in CP-induced lung
fibrosis. Values are mean ± SEM of 8–12 observations per group and
calculated as percentage of normal control. (a) Significant difference
from the normal control group; (b) significant difference from the
lung fibrotic group (CP); (c) significant difference from the CMC
group, P < 0.05 (one-way ANOVA followed by the Tukey–Kramer
post hoc test). Normal values for TGF-β 84.16 ng/L, IL-1β 304.93
pg/mL, and histamine 37.45 ng/mL.

Analysis of Inflammatory Markers in Serum

Serum TGF-β, IL-1β (Figure 2A), and histamine
(Figure 2B) were increased significantly (P < 0.05) after
CP administration. Pretreatment with curcumin, NAC,
and GTE consistently resulted in a reduction of serum
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TABLE 1. Effects of Curcumin, GTE, and NAC on TGF-β, Histamine, IL-1β, LT-C4, Total Protein Levels and NAG Activity
BALF in CP-Induced Lung Fibrosis

Groups

Parameter Normal CP GTE NAC CMC Curcumin

TGF-β (ng/L) 96.16 ± 9.44 137.94 ± 4.57a 132.31 ± 4.35a 142.25 ± 3.82a 137.42 ± 8.31a 136.81 ± 8.68a

Histamine (ng/mL) 29.91 ± 1.98 56.81 ± 4.00a 2.04 ± 0.23a ,b 9.36 ± 0.77a ,b 51.90 ± 4.40a 11.00 ± 0.87b ,c

IL-1β (pg/mL) 365.56 ± 32.4 596.66 ± 26.26a 405.26 ± 22.84b 362.12 ± 22.84b 621.04 ± 34.46a 424.2 ± 28.21b ,c

LT-C4 (ng/mL) 0.866 ± 0.067 3.06 ± 0.28a 0.85 ± 0.048b 1.29 ± 0.1283b 2.66 ± 0.217a 0.78 ± 0.078b ,c

Total protein (μg%) 32.35 ± 3.11 81.72 ± 7.62a 51.32 ± 4.25b 41.32 ± 3.41b 96.26 ± 19.59a 37.00 ± 3.13b ,c

NAG (nmol/min/mL) 6.128 ± 0.545 13.15 ± 1.13a 6.36 ± 0.55b 6.99 ± 0.708b 12.89 ± 0.969a 81.53 ± 8.40b ,c

Values are mean ± SEM of 8–12 observations per group.
a Significant difference from the normal control group, P < 0.05 (one-way ANOVA followed by Tukey-Kramer post hoc test).
b Significant difference from the lung fibrotic group (CP), P < 0.05 (one-way ANOVA followed by Tukey-Kramer post hoc test).
c Significant difference from CMC group, P < 0.05 (one-way ANOVA followed by the Tukey–Kramer post hoc test).

TABLE 2. Severity of the Reaction in the Lung According to Histopathological Alterations

Groups

Histopathological Alteration Normal Control CP NAC GTE CMC CURCUMIN

Fibrosis – +++ + + ++ +
Collagen proliferation – +++ + + ++ +
+++ indicates sever, ++ indicates moderate, + indicates mild, and – indicates nil.

IL-1β, but they did not alter the elevated level of TGF-
β. The histamine level decreased significantly as com-
pared either to the normal control or CP group.

Analysis of Inflammatory Markers in BALF

TGF-β, IL-1β, histamine, LT-C4, total protein, and
N-acetyl-β-D-glucosaminidase activity in BALF were
increased significantly (P < 0.05) after CP administra-
tion. Curcumin, NAC, and GTE pretreatment resulted
in excellent reduction in the elevated IL-1β, LT-C4, his-
tamine, total protein levels, and NAG activity. How-
ever, they did not affect the elevated TGF-β (Table 1).

Lung Histopathological Examination

In the control group (Figure 3A), there was no
histopathological alteration with a normal histologi-
cal structure of the bronchiole, air alveoli, and inter-
stitial blood vessels. Focal fibrosis with collagen fibers
were detected between the bronchiole and blood ves-
sels (Figure 3B), as well as between adjacent blood ves-
sels (Figure 3C) in group II. In group VI, focal fibrosis
was observed in between the air alveoli, blood ves-
sel, and bronchiole (Figure 3D). In curcmin, NAC, and
GTE groups (Figure 3E–3G), respectively, few collagens
as well as few fibroblastic cells proliferation were de-
tected in a focal manner between the bronchiole and
blood vessels.

The severity of the reaction in the lung accord-
ing to histopathological alterations is demonstrated in
Table 2.

DISCUSSION

Lung fibrosis was evidenced in the present study
by the increased levels of lung hydroxyproline and
elastin, correlating well with the histopathological evi-
dence of fibrosis in most animals in the CP group. Our
results are in good agreement with those reported in
experimental animals exposed to a variety of lung tox-
icants [44, 45].

The observed decrease in lung GSH and an in-
crease in MDA levels in the CP group might be due to
the increased production of free radicals and a subse-
quent increase in lipid peroxidation.

Although it was expected that lung MPO activity
would increase after CP administration due to accumu-
lation of neutrophils and as previous studies showing
[7, 46], our study showed that the MPO activity was
decreased significantly after CP administration. This
result may be due to the observed increase in the lung
NO level, as NO is an inhibitor to MPO enzyme [47].

The observed increase in the TGF-β level in CP-
treated rats may be due to the increased NO also, which
stimulates the transcription factor (NF-κB) to promote
TGF-β1 gene expression [48].

Acrolein generation during CP metabolism and
the severe inflammatory reaction in consequence to the
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FIGURE 3. Light micrographs of lung sections stained with hematoxylin and eosin from the control group (A) showing the normal histological
structure of the bronchiole (b), air alveoli (a) , and interstitial blood vessels (v), the CP group (B,C) showing collagen fibers and fibrosis between
the bronchiole (b) and blood vessels (v) in focal manner in photograph B and focal fibrosis with collagen proliferation (cf) in between the blood
vessels of stroma (v), the CMC group (D) showing focal fibrosis (cf) between air alveoli (a), blood vessels (v), and bronchioles (b) and curcumin,
NAC, and GTE groups (E, F, G, respectively) showing mild collagen proliferation (cf) in between bronchioles (b).

enhanced lipid peroxidation leads to the increase in
NAG activity and elevated total protein and inflamma-
tory markers levels.

In our study, treatment with curcumin resulted
in decreased oxidative and nitrosative stress and de-
creased inflammatory markers, thus indicating its po-
tent antioxidant and antiinflammatory properties. The
membrane-stabilizing action of curcumin, as evidenced
by the observed decrease in NAG activity, prevented
the damaging action of CP. Thus, curcumin with its
high lipophilicity could localize within the membra-
nous subcellular fraction and inhibit the propagation

phase of membrane lipid peroxidation. Curcumin de-
creased the elevation in the lung hydroxyproline con-
tent as compared to the CP group. Similarly, it also
decreased the excessive deposition of lung collagen in
bleomycin-induced pulmonary fibrosis in rats [49]; the
suggested mechanism may be inhibition of collagen
gene transcription [50].

GTE alleviated the biochemical changes in the CP-
treated rat lung. Previous studies indicated that the
presence of a gallate (G) ring and either a catechol (B)
ring or a pyrogallo was important for the antioxidant
activities of catechins [51]. Our results showed that GTE

J Biochem Molecular Toxicology DOI 10.1002/jbt



Volume 26, Number 11, 2012 MODULATION OF PULMONARY FIBROSIS 467

attenuated the CP-induced increase in IL-1β, which is
in agreement with previous studies, suggesting that
green tea regulates the IL-1β and TNF-α expression in
transcriptional machinery [20, 52].

Histological staining showed that GTE clearly re-
duced the patchy fibrosis; also quantitative determi-
nation of hydroxyproline confirmed the reduction of
collagen deposition. The antifibrotic effect might be
through the inhibition exerted by epigallocatechin-
gallate on gelatinases involved in the damage to lung
extracellular matrix, matrix metalloproteinases (MMP-
2), and (MMP-9) [53].

In the present study, administration of NAC atten-
uated CP-induced lung fibrosis. Possible explanations
for this antifibrotic effect may be the antioxidant effi-
cacy and inhibition of fibroblast proliferation. Our data
are consistent with a previous study that uses NAC
in attenuation of experimentally induced lung fibrosis
[54].

We found that our treatments decreased the his-
tamine level as compared to CP and control groups.
Previous studies explain that by suppressing com-
pound 48/80 induced rat peritoneal mast cell degran-
ulation and histamine release [55–57].

In conclusion, curcumin, GTE, and NAC have the
potential to moderate CP-induced lung injury in rats
Thus these compounds may have a wide application in
suppressing drug- or chemical-induced lung injury.
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