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Background: Radia on-induced acute lung damages are refractory side eﬀects in
lung cancer radiotherapy (RT). Prospec ve study inves gates the possible role of
piperine (Pip) as an -inﬂammatory agent against γ-rays-induced lung ssue lesions
in an applicable rat model. Materials and Methods: Fi"y-six Sprague-Dawley
rats were divided into four groups: Control, rats were administered the
vehicle by gastric tube for 6-weeks, Pip-treated, (each rat received 40mg Pip/
kg body-weight; once daily, orally for 6weeks), irradiated, (animals subjected
to a single dose of whole body γ-rays (12Gy), and Pip-treated & irradiated,
(each rat received the Pip-dosages, then one hour later a"er the last
treatment, rats were exposed to 12Gy γ-rays. Results: The administra on of
Pip to rats pre-irradia on was signiﬁcantly abolish the radia on-induced
allevia on in lungs catalase (CAT) and glutathione peroxidase (PGx) ac vi es
and reduced glutathione (GSH) content and signiﬁcantly limited the eleva on
in serum tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β) and
interleukin-6 (IL-6) levels compared to irradiated group. The histopathological
ﬁndings in lung ssues of irradiated group, showed par al desquama on of
bronchiolar epithelial with peri-bronchiolar round cell inﬁltra on and serous
exudates, in some cases lung presented sero-ﬁbrinous pneumonia with
emphysema and collapse of some alveoli with thickness of inter-alveolar
septa, while in Pip-treated & irradiated group, lung ssues showed minimum
injury with or without few degenera ve changes. Conclusion: Pip acts as a
potent scavenger of free radicals to prevent and/or ameliorates the harmful eﬀects
of γ-rays. To our knowledge, this is the preliminary report of Pip mediated γ-rays
induced lung inﬂamma on in-vitro.
Keywords: Antioxidant, piperine, γ-rays, lung, pneumonia, rats.

INTRODUCTION
Radiation-induced
in lammation
and
production of reactive oxygen species (ROS) play
a critical role in lung tissue reaction (1). Recently,
research has focused on inding effective and
reliable anti-in lammatory agents that can
protect tissues against radiation-induced
damage (2).
In lammation is a complex biological
feedback of vascular tissues to injurious
provocations, such as pathogens, damaged cells
or irritants. It is caused by release of chemicals

from tissues and migrating cells. Most actively
related are the leukotrienes and interleukins (3).
Pneumonitis and lung ibrosis are the major
radiation-induced
complications
following
thoracic radiotherapy (RT) (4). Radiation can
interrupt epithelial integrity leading to edema,
enrolment of leukocytes, and a cascade of
molecular
events
that
alters
the
microenvironment. Furthermore; it produces a
self-sustaining cycle of in lammation and
chronic oxidative stress (5).
Piperine (Pip) is bioactive compound
originated from natural sources used as a lavor,
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spice and its major alkaloid present in piper
nigrum and piper longum (6). Previous studies
have shown that Pip has many biological
functions, including antioxidant, anti-cancer,
lung
tumor
inhibitor,
analgesic
and
anti-in lammatory (7-11) activities. It is reported
that a single dose of 11-13 Gy γ-rays is suf icient
to produce radiation-induced pulmonary toxicity
such as pneumonitis for this cause single dose of
12 Gy γ-rays was applied in the present study
(12). In the present work, an acute radiation
sickness model was successfully established in
rats to explore the potential anti-in lammatory
role of Pip against rat lung tissue damages
induced by γ-rays, which was not previously
known.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (age 9–10 weeks),
weighing 110–120g, obtained from the Holding
Company for Biological Products and Vaccines
(Helwan, Cairo, Egypt) were used in the
experiment. Animals were kept under standard
conditions and were allowed free access to a
standard requirement diet and water ad libitum.
Animals were kept under a controlled lighting
condition (light: dark, 13–11 hours). Animals
were acclimatized to the experimental
conditions prior to Pip dosing for 3 days. This
study complies with National Institutes of Health
guidelines.
Radiation processing
It was performed by using gamma cell-40
(Cesium-137) located at NCRRT, Nasr City, Cairo,
Egypt. Animals were irradiated with a single
dose of γ-rays (12Gy) delivered at a dose rate of
0.42 Gy/ minutes at the time of experimentation.
Animals were not anesthetized before irradiation.
Reagents
Pip (purity: >98%,) was purchased from
Sigma-Aldrich, USA, Scheme 1. All other
chemicals used were of the highest purity grade
available.
Int. J. Radiat. Res., Vol. 16 No. 1, January 2018

Experimental design
Fifty-six rats were divided randomly into four
groups, control group (n=12), rats received
orally by gastric tube an appropriate equivalent
volume of distilled water (vehicle of Pip) for 6
weeks. Irradiated group (n=20), received the
vehicle as in control group for 6 weeks, after one
hour of the last dose, rats were whole body
exposed to an acute single dose of 12Gy γ-rays.
Pip-treated group (n=12), rats received Pip,
orally by gastric tube at dose of 40mg/ kg body
weight according to Atal et al. (13), once daily for
6 weeks. Pip-treated & irradiated group (n=12),
rats received Pip doses as in Pip-treated group
for 6 weeks, then one hour post the last dose,
rats were whole body irradiated with an acute
single dose of 12Gy γ-rays. At the 2nd day post
radiation exposure, only 10 rats, from each
group were randomly sacri iced.
A high number of animals was used in the
irradiated groups (n=20), because of the
elevated mortality rate that may occur in such
γ-rays irradiated group. In the present
experiment, the mortality not exceeds 30% of the
total number of γ-irradiated group and zero
percentage of mortality for the other groups.
Samples collection
After an overnight fast, blood samples from
each rat were collected by retro-orbital puncture
using blood capillary tubes. Serum was obtained
immediately by centrifugation of blood samples
at 3000xg for 10minutes. Lungs were directly
separated after sacri ice, washed with ice-cold
saline and excised immediately in cold 0.9%
NaCl, then removed and rinsed in chilled 0.15M
Tris KCl buffer, pH 7.4 to yield 10% (w/v)
homogenate
using,
Homogenizer
type
MNW-302, Poland, then the lung homogenates
were centrifuged at 800xg for 5minutes at 40C to
separate the tissue debris. The homogenates
supernatant were subjected to biochemical
analysis.
For the histopathological investigation, lung
tissue specimens were collected and ixed in
10% buffered formalin solution followed by
dehydration, cleating and embedding in paraf in.
Paraf in sections of 5-micron thickness were
sliced and stained routinely with Haematoxylin
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and Eosin (H&E) reagent, according to Bancroft
and Stevens (14) and examined with a light
microscope (Olympus, Japan).
Estimation of biochemical parameters
Detection of serum tumor necrosis factor
alpha (TNF-α), Interleukin-1β (IL-1β) and
Interleukin-6 (IL-6) activities were performed
by Enzyme-Linked Immunosorbent Assays
(ELISA) technique (BioSource International,
Camarillo, CA, USA) according to the
manufacturer’s instructions. Each sample assay
was repeated three times. The absorbance was
read at 450nm with a microplate reader
(Thermo Scienti ic Multiskan MK3, USA).
CAT was assayed colorimetrically at 620nm
and expressed as unit (μmol of H2O2 consumed/
min) per mg protein as described by Sinha. The
reaction mixture (1.5 ml) contained 1.0 ml of
0.01 M phosphate buffer pH 7.0, 0.1 ml of tissue
homogenate and 0.4 ml of 2 M H2O2. The
reaction was stopped by adding 2.0 ml of
dichromate-acetic reagent (5% potassium
dichromate and glacial acid mixed in 1:3 ratio)
(15).
Reduced GSH levels were determined in lung
tissue by the methods described by Ellman,
which is based on the reduction of Ellman’s
reagent [5,5-dithiobis-(2-nitrobenzoic acid)] by
SH-groups to form 1mole of 2-nitro-5mercaptobenzoic acid/mole of SH. The
nitro-mercaptobenzoic acid has an intense
yellow color and can be determined by
spectrophotometer (16). The GPx activity in lung
tissue was determined according to the method
of Lawrence and Burk (17). This method is based
on measuring the oxidation of reduced
nicotinamide adenine dinucleotide phosphate
(NADPH) using hydrogen peroxide as the
substrate. A reaction mixture of 1ml contained
50mM potassium phosphate buffer (pH 7), 1mM
EDTA, 1mM NaN3, 0.2mM NADPH, 1 unit/ ml
oxidized glutathione reductase and 1mM GSH
was prepared. The preapared lung homogenate
was centrifuged at 105,000 for 15minutes at
4ºC. 0.1ml of the supernatant was added to
0.8ml of the reaction mixture and the solution
was incubated for 5 minutes at 25ºC. 0.1 ml of
0.25 mM hydrogen peroxide solution was added
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to initiate the reaction. Absorbance was
measured at 340nm for 5minutes, and an
extinction coef icient of 6.22x 10-3 was used for
calculation. The results were expressed as μmol
unit/ minute/g tissue. One unit is de ined as the
amount of GPx enzyme that will cause the
oxidation of 1.0 μmol of NADPH to NADP+ per
minute at 25ºC. The changes in the absorbance
at 340nm were recorded at 1-minute interval for
5minutes. In lung homogenate, protein content
was determined according to the method of
Lowry et al., using bovine serum albumin as
standard (18).
Statistical analysis
Data were analyzed using SPSS software
(version 19.0). One way analysis of variance
(ANOVA) followed by LSD as Post Hoc test were
used. The results obtained were expressed by
mean± standard deviation. P-values < 0.05 were
considered to be statistically signi icant (19).

RESULTS
Effects of Pip on γ-rays-induced in lammatory
cytokines
Administration of Pip alone without
γ-irradiation to rats resulted in non-signi icant
changes in all in lammatory cytokines and
biochemical parameters which were studied
(tables 1 and 2).
As
shown in table
1, signi icant
augmentation in some in lammatory cytokines
represented in serum TNF-α, IL-1β and IL-6
levels were observed in irradiated group
compared with corresponding values of control
group. The administration of Pip before
exposure to γ-rays signi icantly limited the
elevation in those in lammatory markers levels
compared to irradiated group.
Also, the effects of γ-rays on endogenous
antioxidant status are shown in table 2. γ-rays
induced signi icant diminution in the lung CAT,
GPx activities and GSH content compared with
control group. Administration of Pip for 6
consecutive weeks prior to γ-rays-exposure
resulted in signi icant increases in the activities
Int. J. Radiat. Res., Vol. 16 No. 1, January 2018
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of lung CAT, GPx and content of GSH compared
to irradiated group.
Histopathological inding
An alveolar duct arises from respiratory
bronchiole and numerous alveoli open into the
alveolar duct. The oval alveoli lined by simple
squamous epithelium. Adjacent alveoli share a
common inter-alveolar septum. Capillary
plexuses are located in the thin septum,
supported by ine connective tissue ibres,
ibroblasts and other cells. At the free ends of
the alveoli are narrow bands of smooth muscle
which is a continuation from the muscle layer of
the respiratory bronchiole ( igure 1). In
irradiation group, the lung showed partial
desquamation of bronchiolar epithelial with
mild peri-bronchiolar round cell in iltration. In
some cases showed sero- ibrinous pneumonia

characterized by serous exudates in alveolar
space and proliferative pneumocytes type П
( igures 2,3), moreover the lesion may be
advanced to lymphocytic histolytic pneumonia
in iltrated by leukocytes beside emphysema, the
alveoli are over distended with air, thinning and
destruction of alveolar septa ( igures 4 and 5).
Emphysema
may
be
associated
with
compression atelectasis of some alveoli which
decrease in size with thickness of inter-alveolar
septa ( igure 6). On the other hand, the lung of
treated irradiated group revealed in most cases
the histological structure of lung relatively well
preserved architecture with few degenerative
changes, in some cases, lung tissue showed
slightly thickness of inter-alveolar septa with
peri
bronchiolar
increase
leuckocytes
in ilteration and proliferative pneumocytes type
П ( igures 7 and 8).

Table 1. Serum tumor necrosis factor alpha (TNF-α), Interleukin-1β (IL-1β) and Interleukin-6 (IL-6) levels in the diﬀerent animal
groups.

Inﬂammatory Cytokines

Control

Pip-treated

Irradiated

Pip-treated & Irradiated

TNF-α (pg/ml)

1.02±36.34

1.87±35.27

2.39±79.53a,b

2.11±46.28a,b,c

IL-1β (pg/ml)

0.74±13.63

1.12±13.10

1.91±51.89a,b

1.92±31.33a,b,c

(pg/ml)

1.27±86.12

1.41±84.84

4.76±201.31a,b

2.32±136.21a,b,c

IL-6

All values are expressed as mean ± SE
a
Signiﬁcant (P˂ 0.05) when compared with the control group.
b
Signiﬁcant (P˂ 0.05) when compared with the Pip-treated group.
c
Signiﬁcant (P˂ 0.05) when compared with the irradiated group.

Table 2. Lung catalase (CAT) and glutathione peroxidase (GPx) ac vi es and reduced glutathione (GSH) content in the diﬀerent
animal groups.

Biochemical parameters

Control

Pip-treated

Irradiated

Pip-treated & Irradiated

CAT (U/mg protein)

0.90±2.40

1.2±2.39

1.3±1.10a,b

1.2±1.67a,b,c

GSH (μmol/ g ssue)

0.021±1.34

0.032±1.30

0.071±0.49a,b

0.059±0.85a,b,c

GPx (μmol unit/ g ssue)

0.163±1.48

0.172±1.52

0.146±0.64a,b

0.062±1.05a,b,c

All values are expressed as mean ± SE
a
Signiﬁcant (P˂ 0.05) when compared with the control group.
b
Signiﬁcant (P˂ 0.05) when compared with the Pip-treated group.
c
Signiﬁcant (P˂ 0.05) when compared with the irradiated group.
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Figure 1. Lung of control group showing normal structure (H&E× 400).

Figure 2. Lung of irradiated group showing par al
desquama on of bronchiolar epithelial ( ) with mild
peri-bronchiolar round cell inﬁltra on (H&E× 400).

Figure 3. Lung of irradiated group showing sero-ﬁbrinous
exudates ( ) and prolifera on pneumocytes type ІІ (H&E×
400).

Figure 4. Lung of irradiated group showing pneumonia ( )
with emphysema ( ) (H&E× 400).

Figure 5. Lung of irradiated group showing emphysema
(H&E× 400).

Figure 6. Lung of irradiated group showing emphysema
( ) and collapse ( ) of some alveoli with thickness of
inter-alveolar septa (H&E× 400).
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Figure 7. Lung of Pip-treated & irradiated group showing
slightly thickness of inter-alveolar septa ( ) with
peri-bronchiolar leuckocytes inﬁltra on ( ) (H&E× 400).

DISCUSSION
Radiation sickness is an in lammatory
disease (20). Many reports have shown that
γ-rays can induce lung in lammation (12).
Radiation pneumonitis has been widely studied
and well-con irmed to several thoracic RT;
hence, it is a major focus of RT protocol planning
(4). In the present study, rat lung tissue damage
induced by γ-rays was relieved by Pip, as an anti
-in lammatory agent in agreement with the
results of Zhai et al. study (21). These results
showed that Pip could signi icantly alleviate
in lammation injury of mouse endometritis.
Histopathology changes showed that γ-rays
induced serious injury to the lung of rats (22),
including interstitial in lammatory cells,
markedly thickened alveolar walls, collapsed
alveoli, foam-like cells and, collagen deposition
in the alveolar space and damage to the lung
tissue structure (12).
Previous study on the acute exposure to
γ-rays increased the secretion of in lammatory
cytokines, which is consistent with the indings
of a previous study by Palma et al. (23). In the
present study, Pip showed anti-in lammatory
effects
by
inhibiting
signi icantly
the
γ-rays-induced increased level of pro
in lammatory markers (TNF-α, IL-1β and IL-6).
Furthermore, the results of the present study
are in agreement with those of a previous study
by Li et al. (6).
TNF-α and IL-1β play a role in starting the
Int. J. Radiat. Res., Vol. 16 No. 1, January 2018

Figure 8. Lung of Pip-treated & irradiated group showing
normal histological structure with increase of
pneumocytes type ІІ (H&E× 400).

in lammatory responses (21). In general, a
cascade of in lammatory processes is controlled
through the production of pro in lammatory
mediators. Improved expression of pro
in lammatory cytokines, chemokines, and
adhesion molecules, and their close interactions
facilitate pro-in lammatory pathways by
recruiting and migrating in lammatory cells
from blood to tissues (24). Up-regulation of TNF-α
and IL-1β level is key in the regulation of host
immune responses in lung after exposure to
γ-rays in the rat (25). The decrease of IL-1β
expression in Pip-treated & irradiated group
showed that Pip could control in lammation.
IL-6, which is sharply and quickly produced in
infections and tissue injury responses,
contributes to the host defense through the
(26).
stimulation
of
immune
reactions
Additionally, both total body and localized
irradiation resulted in signi icant increase in
TNF, IL-1 and IL-6 levels in circulating blood
of rats (27). Pip contains pentacyclic oxindole
group which is effective for immunomodulation
activity due to its complex properties such as
anti-oxidative, anti-apoptotic, and cytokine
release (7,28). The amelioration which occurred in
assessed in lammatory markers in Pip-treated &
irradiated group suggested that Pip agent could
have potent anti-in lammatory role (6), reported
that there are several experimental evidences
which support the protective effect of Pip in
acute injury induced by a variety of
pharmacological or harmful agents, mediated by
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products of oxidative stress.
Most of the toxic effects of ionizing radiation
to tissue are due to the generation of FOR which
triggers formation of several in lammatory
intermediates (29). To overcome such events,
living cells are equipped with integrated
endogenous enzymatic and antioxidant systems
such as CAT, GPx and GSH (30) The activity of CAT
is important in relation to the scavenging of FOR
generated by ionizing radiation (31), then the fact
that Pip add-on before radiation seems to inhibit
their decline in activity.
A smaller trial suggest a bene it for using the
ethanol extract of Pip during radiation-exposure
in Swiss mice, Pip attenuated the elevated levels
of glutamate pyruvate transaminase, alkaline
phosphatase, lipid peroxidation and restored
GSH in the liver and serum of irradiated animals
(32). Pip seems to be bene icial in in lammatory
diseases accompanied by severe pain (33). It has
been reported that prophylactic Pip offered
protection
against
small
intestine
ischemia-reperfusion injury and improved the
in lammatory responses in rats (34). Further, Pip
has also used to assess its potential as an
inhibitor agent in gastric cancer of rats (11).
These studies indicate the different therapeutic
potential of Pip in variety of diseases.
Reduced GSH is the main intracellular
antioxidant and has multiple biological
functions. It acts directly as ROS scavenger and
as a substrate for GPx to reduce H2O2 (35).
Reduced GSH is a vital determinant of cellular
radio sensitivity because it can react with a
variety of electrophilic compounds (36).
The depletion of GSH contents in irradiated
group may be due to the reaction of reduced
GSH with free radicals resulting in the formation
of thioyl radicals that associate to produce
oxidized glutathione (GSSG). Moreover, the
availability of reduced GSH can also be limited
either by de iciency in synthesis, enhanced
ef lux, or inef icient reduction of GSSG (37).
Signi icant increase in lung reduced GSH
contents and CAT, GPx activities were observed
in Pip-treated & irradiated animals. GSH offers
protection against FOR following exposure to
ionizing radiation (38). The ameliorative action of
Pip observed may be attributed to its
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anti-in lammatory properties. Additionally, the
mechanism of Pip anti-in lammatory property
may be due to its possible antioxidant activity
(39). Oral supplementation of Pip revealed an
increase in the lung of rat antioxidant defense
system by increasing the activities of enzymatic
antioxidants CAT and GPx, and non-enzymatic
antioxidants GSH (40).
Cytokine discharge in response
to
ionizing-radiation is a recognized phenomenon
and may play a major role in subsequent
radiation-induced lung toxicity (41). Several
tissue macrophages respond to any toxic-event
by secreting cytokines such as TNF-α (42). As
evidenced in the present study, γ-irradiation
resulted in increased serum TNF-α, indicating
the role of this cytokine in irradiation-induced
in lammatory processes, while depression of the
TNF-α response by Pip implicates the
anti-in lammatory role of Pip on the release of
this pro-in lammatory cytokine.
The histopathological indings of the present
study indicated that irradiated group revealed
partial desquamation of bronchiolar epithelial
with mild peri-bronchiolar round cell
in iltration. In some cases showed serous
pneumonia characterized by serous exudates in
alveolar space and proliferative pneumocytes
type П. moreover the lesion may be advanced to
lymphocytic histolytic pneumonia, beside
emphysema
may
be
associated
with
compression atelectasis of some alveoli with
thickness of inter-alveolar septa. These indings
are in agreement with these reported by Abratt
and Morgn (43) and O’Sullivan and Levin (44). Lung
tissue injury implied the induction of numerous
cytokines in blood which form the basis for the
associated multicellular interactions and the
release of FOR and neutrophilic alveolitis
through the radiation injury was reduced by Pip
(45). Lung has very high blood supply and large
surface area, the lung is highly susceptible to
oxidative stress mediated injury. Furthermore,
these oxidants also activate in lammatory
responses in the lungs through activation of
transcription of pro-in lammatory mediator
genes (46). The initial damage in the lung leads to
the in iltration of activated in lammatory cells
into the lung parenchyma and release of
Int. J. Radiat. Res., Vol. 16 No. 1, January 2018
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different cytokines such as TNF-α. These
eventually result in collagen deposition in the
lung tissue (47).
The activated ibroblasts generate improved
amounts of extracellu-lar matrix proteins that
interfere with the normal lung architecture (48).
Owing to the fact that Pip is a potent agent in
reducing cytokine markers and the levels of FOR
shown in development of RT-induced lung
in lammation (39), this experimental study was
designed with a concern that Pip might play a
role in the prevention of pulmonary toxicity
secondary to radiation.
No data demonstrating the effects of Pip in
radiation-induced pulmonary toxicity was
available in the literature. Nonetheless, in a
study by Sunila et al. , they suggested the bene it
of using ethanol extract of Pip for protecting
liver of irradiated Swiss mice (32). It is reported
that a single dose of 11-13Gy γ-rays is suf icient
to produce radiation-induced pulmonary
toxicity such as radiation pneumonitis (12), for
this cause single dose of 12Gy γ-rays was
applied in the present study.
Histopathological results of Pip-treated &
irradiated group showed relatively well
conserved architecture in lung tissues without
necrosis, in few cases slightly degenerative
changes in pulmonary tissues may be appear.
Also such result agreement with the data of the
present biochemical study indicated that, Pip
ameliorated the in lammatory processes
induced lung tissue damage in rats exposed to
γ-rays. These indings are in agreement with
these reported by Bang et al., they showed that
Pip signi icantly reduced the in lammatory area
in the ankle joints of rats (49).

CONCLUSION
All of the results indicated that Pip may be a
potential anti-in lammatory drug in lung tissue
damage induced by γ-rays. Pip acts in the lung
tissues as a potent scavenger of free radicals to
prevent or ameliorate the toxic effects of
γ-irradiation as shown in the biochemical and
histopathological studies. Also, Pip might
provide lung substantial protection against
Int. J. Radiat. Res., Vol. 16 No. 1, January 2018

γ-rays-induced in lammatory markers.
Measurement
of
cytokine
markers
concentrations during RT could help predict
lung toxicity and lead to new therapeutic
strategies.
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