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Abstract: The aim of the current study was to define the Broad-spectrum antiviral effect of chebulagic acid and
punicalagin on respiratory syncytial virus infection in the BALB/c model. 3-week-old female SPF BALB/c mice were
infected with respiratory syncytial virus (RSV) and orally administered chebulagic acid and punicalagin. Neonatal
mice showed chebulagic acid and punicalagin alleviated viral-induced lung lesions and reduced viral loads in the
lung tissue in BALB/c rat with respiratory syncytial virus infection. Meanwhile, chebulagic acid and punicalagin
inhibited inflammation reactions and suppressed Inducible Nitric Oxide Synthase (iNOS), cyclooxygenase-2 (COX-2)
and prostaglandin E 2 (PGE2) protein expressions in BALB/c rat with respiratory syncytial virus infection. Lastly,
chebulagic acid and punicalagin emerges broad-spectrum antiviral through suppression of IKK-NF-KB and MAPK
signaling pathway. Our results demonstrate that the broad-spectrum antiviral effect of chebulagic acid and punica-
lagin on respiratory syncytial virus infection in the BALB/c model through anti-inflammation, suppression of iNOS,

COX-2 and PGE2 expressions and suppression of IKK-NF-KB and MAPK signaling pathway.
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Introduction

Respiratory syncytial virus infection is a com-
mon disease clinically. Statistics shows that
more than half of acute diseases are acute
upper respiratory tract infection. Adults could
suffer from it 1 to 3 times each year. It is also
the major cause of high morbidity and death
rates worldwide [1]. Each year, about 1.9 t0 2.2
million teenagers died of pneumonia all over
the world [1]. Every year, each in developing
countries would suffer from pneumonia for
0.29 times while the number in developed
countries is 0.05 [2]. Meanwhile, it has been
predicted that cases with pneumonia of teen-
agers less than 5 years old in China are approx-
imately 21.1 million. Research reported that
90%-95% acute respiratory infection is caused
by virus and it occupies more than 50% of
emergency and outpatient cases [3]. Respi-
ratory syncytial virus infection includes rhinitis,
pharyngitis, laryngitis, amygdalitis, bronchitis,
bronchiolitis and pneumonia, etc. Major caus-
ative virus constitutes of influenza virus, para-
influenza virus, respiratory syncytial virus, cyto-

megalovirus, adenovirus, rhinovirus, coronavi-
rus, certain enterovirus (e.g. Coxsackie virus
and ECHO virus), rubella and measles. Clinical
features of respiratory viral disease are multi-
ple [4]. Features can be slight such as common
cold or upper respiratory infection (URI) while
sever features can be capillary bronchitis or
pneumonia or even death. It greatly threatens
peoples’ daily life and working [5].

Terminalia chebula Retz. belongs to combreta-
ceae. As an important Tibetan and Mongoli-
an medicine, it originates in provinces such as
Yunnan, Guizhou, Guangdong and Guangxi [6].
It is bitter, sour and astringent in taste and neu-
tral in nature with functions of relieving diarrhea
with astringents, astringing the lung to stop
cough, etc. Fruits of terminalia chebula Retz.
are rich in tannins compounds accounting for
about 30% to 37.36%. With strong antioxidant
activities, terminalia chebula Retz. Mainly con-
tains triterpenic acid, gallyl glucose, gallate and
anthraquinone etc. New report discovered that
its extracts have good antioxidant activities [7].
It was discovered that chebulagic acid and puni-
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calagin could control contents of hydrogen per-
oxides in diabetic rats and gives play to func-
tions of antioxygen. Chebulagic acid and pu-
nicalagin can prevent hepatic cells from oxida-
tive damages and eliminates activities of free
radicals [8]. We suggest that broad-spectrum
antiviral effect of chebulagic acid and punicala-
gin restrains respiratory syncytial virus infec-
tion in the BALB/c model.

Materials and methods
Experimental design

This study was performed 3-week-old female
SPF BALB/c mice from the Comparative Me-
dicine Center of Yangzhou University (Yangzhou,
China). BALB/c mice was housed in the Ex-
perimental Animal Center of, with a 12 h light/
dark cycle, at 23 + 2°C and freely food and
water. All procedures reported in this study
were reviewed and approved by the Animal
Ethics Committee of Nanjing University of Ch-
inese Medicine. 50 mice were randomly assi-
gned into four groups: sham group (n = 12),
chebulagic acid and punicalagin group (n = 12),
model group (n = 12) and model + chebulagic
acid and punicalagin group (n = 12). In sham
group, all normal mice were gave with physio-
logical saline from caudal vein; in chebulagic
acid and punicalagin group, normal mice were
gave with 50 mg/kg of chebulagic acid and 50
mg/kg of punicalagin for 24 h from caudal vein;
in model group, respiratory syncytial virus infec-
tion mice were gave with physiological saline
from caudal vein; in model + chebulagic acid
and punicalagin group, respiratory syncytial vi-
rus infection mice were gave with 50 mg/kg of
chebulagic acid and 50 mg/kg of punicalagin
for 24 h from caudal vein.

Viral preparation

The A2 strain of RSV was kindly provided from
Ewha Womans University, Seoul, Korea. Firstly,
The RSV A2 strain propagated in HEp-2 cells
and then 3-week-old female SPF BALB/c mice
were intraperitoneally injected with ketamine
(100 mg/kg) and xylazine (5.83 mg/kg) for
anesthetization. Following anesthetization, mi-
ce were injected intranasally with 1 x 10° pfu/5
ul of RSV.

Evaluation of lung samples

Lung tissue samples were quickly acquired and
wash with PBS. Tissue fluid was blotted up us-
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ing filter paper. Weight of lung tissue samples
were weighed “wet weight (W)” and then lung
tissue samples were putted into oven at 70°C
for 24-48 h and weighed as “dry weight (D)". So,
content of lung tissue samples (%) = (W-D)/W x
100%.

Lung tissues histopathology

Lung tissue samples were quickly acquired
and wash with PBS. Tissue fluid was fixed in
4% paraformaldehyde overnight, transferred to
70% ethanol and embedded in paraffin blocks.
Lung tissue samples were quickly sectioned, in
which was stained with periodic acid-Schiff
(PAS).

ELISA of inflammation

The concentration of IL-1j3, IL-6, IL-10 and TNF-«
levels in supernatants from venous blood of
very group were measured using ELISA Kits in
accordance with the manufacturer’s instruc-
tions (BD Bioscience).

Determination of iNOS, COX-2 and PGE2 activ-
ity

Lung tissue samples were quickly acquired and
wash with PBS. Tissue fluid was fixed in 4%
paraformaldehyde overnight and homogenized
in an ice-cold lysis buffer. After centrifugation
at 12,000xg for 20 min, the supernatant was
collected and conducted protein quantification
by a BCA kit (Beyotime Institute of Biotechnolo-
gy, Nantong, China). Equal protein was used to
determined iNOS and COX-2 activity using com-
mercial kits according to the manufacturer’s
instructions (Nanjing Jiancheng Biotechnolo-
gy Institute, Nanjing, China) and PGE2 activity
using (R&D Systems, Minneapolis, MN, USA).

Western blot analysis

Lung tissue samples were quickly acquired and
wash with PBS. Tissue fluid was fixed in 4%
paraformaldehyde overnight and homogenized
in an ice-cold lysis buffer. After centrifugation
at 12,000xg for 20 min, the supernatant was
collected and conducted protein quantification
by a BCAkit (Beyotime Institute of Biotechnology,
Nantong, China). Equal protein was separated
by electrophoresis on 8%-12% SDS-polyacry-
lamide gels and transferred onto nitrocellulo-
se membranes. The membranes were blocked
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Figure 2. Broad-spectrum antiviral effect of chebu-
lagic acid and punicalagin on lung W/D ratio in the
BALB/c model. Sham, sham group; Ca, chebulagic
acid and punicalagin group; Model, espiratory syncy-
tial virus infection model group; Model + Ca, espira-
tory syncytial virus infection model mice + chebulag-
ic acid and punicalagin group. #P < 0.01 compared
with sham group; P < 0.01 compared with Model

group.

with 5% skimmed milk in TBST for 1 h and
Protein was detected using mouse anti-p-IKK-«
(1:2000, Santa Cruz, Dallas, TX, USA) and anti-
NF-KB (1:4000, Santa Cruz, Dallas, TX, USA),
anti-p-38-MAPK (1:4000, Santa Cruz, Dallas,
TX, USA) or mouse anti-GAPDH (1:2000, Kang
Chen, Shanghai, China) overnight 4°C. Then,
the membranes were blocked with horseradish
peroxidase-conjugated goat antimouse anti-
body (1:5000, Santa Cruz, Dallas, TX, USA) and
protein was conducted by Quantity One soft-
ware (Bio-Rad, Hercules, CA, USA).

Statistical analysis

Data were reported as mean * standard devia-
tion of mean and performed with Student’s
t-test using the SPSS 13 (SPSS Inc., Chicago,
IL, USA). The p-values were calculated using a
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Figure 1. The chemical structure of
chebulagic acid and punicalagin.

two-sided, unpaired Student t-test. Values were
considered to differ significantly if the p value
was less than 0.05.

Results

Broad-spectrum antiviral effect of chebulagic
acid and punicalagin on lung W/D ratio in the
BALB/c model

The chemical structure of chebulagic acid and
punicalagin are displayed in Figure 1. As sho-
wn in Figure 2, the lung W/D ratio of sham
group was very similar to the chebulagic acid
and punicalagin group. BALB/c mice were in-
duced by respiratory syncytial virus infection
exhibited a severe lung edema and higher lung
W/D ratio than that of sham group (Figure 2).
However, treatment with 100 mg/kg of chebu-
lagic acid and punicalagin to injured mice with
respiratory syncytial virus infection significan-
tly decreased lung W/D ratio, in comparison to
the respiratory syncytial virus infection model
group (Figure 2).

Broad-spectrum antiviral effect of chebu-
lagic acid and punicalagin on histology in the
BALB/c model

On the other hand, respiratory syncytial virus
infection mice showed that a severe alveo-
lar damage than that of sham group (Figure 3).
Meanwhile, alveolar damage of sham group
was very similar to that of chebulagic acid and
punicalagin group (Figure 3). But, treatment
with chebulagic acid and punicalagin could
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Figure 3. Broad-spectrum antiviral effect of chebulagic acid and punicalagin on histology in the BALB/c model.
Sham, sham group; Ca, chebulagic acid and punicalagin group; Model, espiratory syncytial virus infection model
group; Model + Ca, espiratory syncytial virus infection model mice + chebulagic acid and punicalagin group.
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Figure 4. Broad-spectrum antiviral effect of chebulagic acid and punicalagin on inflammation in the BALB/c model.
Broad-spectrum antiviral effect of chebulagic acid and punicalagin on IL-10 (A), TNF-a (B), IL-13 (C) and IL-6 (D) in
the BALB/c model. Sham, sham group; Ca, chebulagic acid and punicalagin group; Model, espiratory syncytial virus
infection model group; Model + Ca, espiratory syncytial virus infection model mice + chebulagic acid and punicala-
gin group. #P<0.01 compared with sham group; “*P < 0.01 compared with Model group.

remit the respiratory syncytial virus infection- respiratory syncytial virus infection-induced
induced alveolar damage in comparison to mice markedly suppressed these indices in
the respiratory syncytial virus infection model comparison to the respiratory syncytial virus
group (Figure 3). infection model group (Figure 4).
Broad-spectrum antiviral effect of chebulagic Broad-spectrum antiviral effect of chebulagic
acid and punicalagin on inflammation in the acid and punicalagin on iNOS activity in the
BALB/c model BALB/c model

The serum levels of IL-1B, IL-6, IL-10 and TNF-o We further investigate whether chebulagic ac-
were determined in our investigations. As id and punicalagin exerted protection against
shown in Figure 4, the serum level of IL-10 was respiratory syncytial virus infection through
significantly reduced and the serum levels of mediation of iINOS activity. Figure 5 revealed
IL-1B, IL-6 and TNF-a were all significantly ele- that mice-induced by respiratory syncytial virus
vated in BALB/c mice induced with respiratory infection showed a notable increased in the
syncytial virus infection, compared to sham iNOS activity compared to sham group or che-
group or chebulagic acid and punicalagin group. bulagic acid and punicalagin group. Neverthe-
Chebulagic acid and punicalagin treatment of less, chebulagic acid and punicalagin treat-
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Figure 5. Broad-spectrum antiviral effect of che-
bulagic acid and punicalagin on iNOS activity in the
BALB/c model. Sham, sham group; Ca, chebulagic
acid and punicalagin group; Model, espiratory syncy-
tial virus infection model group; Model + Ca, espira-
tory syncytial virus infection model mice + chebulag-
ic acid and punicalagin group. #P < 0.01 compared
with sham group; P < 0.01 compared with Model

group.
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Figure 6. Broad-spectrum antiviral effect of chebu-
lagic acid and punicalagin on COX-2 activity in the
BALB/c model. Sham, sham group; Ca, chebulagic
acid and punicalagin group; Model, espiratory syncy-
tial virus infection model group; Model + Ca, espira-
tory syncytial virus infection model mice + chebulag-
ic acid and punicalagin group. #P < 0.01 compared
with sham group; P < 0.01 compared with Model
group.
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Figure 7. Broad-spectrum antiviral effect of chebu-
lagic acid and punicalagin on PGE2 activity in the
BALB/c model. Sham, sham group; Ca, chebulagic
acid and punicalagin group; Model, espiratory syncy-
tial virus infection model group; Model + Ca, espira-
tory syncytial virus infection model mice + chebulag-
ic acid and punicalagin group. #P < 0.01 compared
with sham group; P < 0.01 compared with Model
group.

ment remarkably decreased the iNOS activity
in respiratory syncytial virus infection mice (Fi-
gure 5).
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Broad-spectrum antiviral effect of chebulagic
acid and punicalagin on COX-2 activity in the
BALB/c model

Figure 6 revealed that COX-2 activity in the
BALB/c model induced respiratory syncytial
virus infection were remarkably augmented
compared to sham group or chebulagic acid
and punicalagin group. Taken together, admin-
istration with chebulagic acid and punicalag-
in generated a more pronounced reduction of
COX-2 activity in respiratory syncytial virus
infection mice (Figure 6).

Broad-spectrum antiviral effect of chebulagic
acid and punicalagin on PGE2 activity in the
BALB/c model

Conversely, BALB/c mice induced by respirato-
ry syncytial virus infection showed a modest
increase in PGE2 activity compared to sham
group or chebulagic acid and punicalagin group
(Figure 7). Together, these data demonstrate
that chebulagic acid and punicalagin treatment
remarkably inhibited the respiratory syncytial
virus infection-induced PGE2 activity in respira-
tory syncytial virus infection mice (Figure 7).

Broad-spectrum antiviral effect of chebulagic
acid and punicalagin on IKK-NF-KB in the
BALB/c model

In order to ensure the Broad-spectrum antiviral
effect of chebulagic acid and punicalagin on
IKK-NF-KB in the BALB/c model, Western Blot
Analysis was used for further analysis. Figure 8
revealed that respiratory syncytial virus infec-
tion increased in IKK-NF-KB in the BALB/c
model compared to sham group or chebulagic
acid and punicalagin group. As shown in Figure
8, treatment with chebulagic acid and punicala-
gin suppressed IKK-NF-KB signaling pathway in
respiratory syncytial virus infection mice.

Broad-spectrum antiviral effect of chebulagic
acid and punicalagin on p-38-MAPK in the
BALB/c model

On the other hand, treatment with chebulagic
acid and punicalagin showed a weak inhibition
against p-38-MAPK in the BALB/c model. As
shown in Figure 9, respiratory syncytial virus
infection-induced p-38-MAPK was emerged a
remarkable promotion of p-38-MAPK protein
expression in the BALB/c model, compared to

Int J Clin Exp Pathol 2016;9(2):611-619
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Figure 8. Broad-spectrum antiviral effect of chebulagic acid and punicalagin on IKK-NF-KB in the BALB/c model.
Broad-spectrum antiviral effect of chebulagic acid and punicalagin on p-IKK-a (A) and NF-kB (C) protein expression
using Western blot analysis, and statistical analysis of p-IKK-a (B) and NF-kB (D) protein expression in the BALB/c
model. Sham, sham group; Ca, chebulagic acid and punicalagin group; Model, espiratory syncytial virus infection
model group; Model + Ca, espiratory syncytial virus infection model mice + chebulagic acid and punicalagin group.
#P < 0.01 compared with sham group; “*P < 0.01 compared with Model group.
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Figure 9. Broad-spectrum antiviral effect of chebulagic acid and punicalagin on p-38-MAPK in the BALB/c model.
Broad-spectrum antiviral effect of chebulagic acid and punicalagin on p-38-MAPK (A) protein expression using West-
ern blot analysis, and statistical analysis of p-38-MAPK (B) protein expression in the BALB/c model. Sham, sham
group; Ca, chebulagic acid and punicalagin group; Model, espiratory syncytial virus infection model group; Model +
Ca, espiratory syncytial virus infection model mice + chebulagic acid and punicalagin group. *#P < 0.01 compared
with sham group; "*P < 0.01 compared with Model group.

sham group or chebulagic acid and punicalagin respiratory syncytial virus infection is a com-
group. However, chebulagic acid and punicala- mon and frequently-occurring disease [5]. The
gin remarkably inhibited the p-38-MAPK pro- outbreak of SARS in 2003, bird flu and dissemi-
tein expression of BALB/c mice with respiratory nation of vaccinum influenza vivum aroused
syncytial virus infection (Figure 9). great fear to people worldwide [9]. As a country

with the highest rates of influenza, costs on
Discussion prevention of influenza and labor loss are large.

Clinical manifestations of acute upper respi-
Upper respiratory tract virus can invade into ratory infection are fever, rhinorrhoea, nasal
respiratory tracts and leads to local lesions or obstruction, sneeze, cough, headache and pha-
triggers lesions to tissues and organs by invad- ryngalgia. Cardinal symptom is fever. Generally,
ing through respiratory tract [2]. Data shows it is slight with short course and good progno-
that more than 90% of acute upper respiratory sis. However, its morbidity is high and is infec-
infection is caused by this kind of virus. Upper tious. As it influences daily life and may cause

616 Int J Clin Exp Pathol 2016;9(2):611-619
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severe complications, it should be positively
prevented and treated. It can be disseminated
by droplet with virus or contaminated hands or
apparatus. Most are sporadic and prevalent in
large areas when climate has abrupt changes
[10]. We previously observed the broad-spec-
trum antiviral effect of chebulagic acid and
punicalagin weakened lung W/D ratio and alve-
olar damage in the BALB/c mice with respira-
tory syncytial virus infection. Previous research
has established that chebulagic acid and puni-
calagin prevents against viruses in vivo [11]
and viral glycoprotein-glycosaminoglycan inter-
actions [12].

After virus infection, parasitifers can be induced
to express and secrete lots of pro-inflammatory
factors and immuno-regulatory molecules in-
cluding the release of inflammatory mediator,
necrosis of epithelial cells, occurrence of infla-
mmation and generation of a lot of mucus [13].
Sphacelus of bronchus and bronchiole are
gathered with mucus and fibrous protein, which
are likely to block narrow air passages of infants
[14]. Sever capillary bronchitis and pneumonia
occurs or even die. In our respiratory syncytial
virus infection model we showed chebulagic
acid and punicalagin could reduce the respira-
tory syncytial virus infection-induced inflamma-
tion in mice. Reddy et al. suggested that chebu-
lagic acid attenuates LPS-induced inflammation
through p38 MAPK and NF-kappaB [8].

Under physiological status, it does not express.
Simulated by endotoxin, TNF-a and IL-1, macro-
phage expresses iNOS, which generates lots of
NO and mediates cytotoxic effects. Histocytes
are injured or die [15]. Excessive NO inhibits
cellular energy metabolism; improves vascular
permeability; directly injuries DNA. Furthermore,
it damages cell functions and structures to par-
ticipate in pathological processes by activating
protein kinase on cytomembrane [16]. Expe-
riment proved that iINOS mRNA of lung tissues
and metabolite of NO in douche after influenza
infection are positive correlated with degrees
of lung injury [17]. It suggested that excessive
NO or derived products of NO takes part in lung
injury. Injured cells of NO could produce lots of
TNF-a and IL-1 in short period and activate mo-
nonuclear macrophage [18]. Superoxide anions
are generated, which would seriously injury tis-
sues and organs [17]. As an inflammatory medi-
um, NO could participate in direct injury and
activates NF-KB. Also, it can promote transcrip-
tion of inflammatory materials and magnifies
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injured functions of inflammatory mediators,
which would cause more serious damages to
organism [19]. However, together our data con-
clude that the treatment with chebulagic acid
and punicalagin inhibited iNOS activity in the
BALB/c model of respiratory syncytial virus
infection. Reddy et al. suggested that chebu-
lagic acid attenuates LPS-induced inflamma-
tion through iNOS, COX-2, p38 MAPK and NF-
kappaB [20]. Xu et al. reported that punicalagin
inhibits LPS-induced inflammation through p38
and NF-kB activation [21]. Jean-Gilles et al.
reported that punicalagin could reduce inflam-
mation and type-Il collagen degradation in vitro
or vivo [7].

As a rate-limiting enzyme to catalyze the oxida-
tion of arachidonic acid, COX contains COX-1
and COX-2 [22]. The production of prostaglan-
din induced by COX-1 participates in physiologi-
cal functions and stability of internal environ-
ment in blood vessels. COX is known as infla-
mmatory response [23]. Under normal condi-
tions, expression of COX-2 is strictly regulated.
Stimulated by growth factors, cytokines and
oxidative stress, COX-2 could produce quickly
in macrophages or other cells and promote the
synthesis of inflammatory cells [24]. Experiment
results demonstrated that after infection of
macrophage by respiratory syncytial virus wou-
Id up-regulate expressions of COX-2 and inflam-
matory medium PGE2 [25]. PGE2 causes he-
mangiectasis and strengthens permeability. It
is closely associated with contrafluxion, edema
and ache. It also can increase capacities of IL-1
and IL-2 by macrophages [25]. We have demon-
strated that chebulagic acid and punicalagin
suppressed the promotion of COX-2 and PGE2
activities by respiratory syncytial virus infection
in the BALB/c model. Reddy et al. suggested
that chebulagic acid attenuates LPS-induced
inflammation through iNOS, COX-2, PGE2, p38
MAPK and NF-kappaB [20]. Achari et al. shows
the chebulagic acid synergizes the cytotoxici-
ty of doxorubicin through COX-2 and PGE2 in
human hepatocellular carcinoma [26].

P38-MAPK locates at upstream of conserva-
tive cascade reactions of MAPK signal path-
ways. Ligand activates MAPK by this pathway
and then activates MAPK [27]. After that, p38-
MAPK signal pathway is activated through the
phosphorization of two sites. It also partici-
pates in activating IKK-NF-KB signal pathways
[28]. In this study, we found that chebulagic
acid and punicalagin suppressed the respira-
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tory syncytial virus infection-induced IKK-NF-
KB and p38-MAPK signal pathway in mice.
Achari et al. shows the chebulagic acid syner-
gizes the cytotoxicity of doxorubicin through
p38 in human hepatocellular carcinoma [26].
Kumar et al. showed that chebulagic acid ame-
liorates NF-kB and induces apoptosis in retino-
blastoma cells [29]. Peng et al. also demon-
strate that treatment with punicalagin inhibits
lipopolysaccharide-induced acute respiratory
distress syndrome through Toll-like receptor 4
(TLR4) expression and NF-kB activation in mice
[30].

In summary, these data show the broad-spec-
trum antiviral effect of chebulagic acid and
punicalagin ameliorates the respiratory syncy-
tial virus infection-induced lung W/D ratio and
alveolar damage in the BALB/c mice. These
effects of chebulagic acid and punicalagin ag-
ainst respiratory syncytial virus infection re-
vealed that anti- inflammation, and inhibition of
iNOS, COX-2 and PGE2 through regulation of
IKK-NF-KB and P38-MAPK signal pathway in
mice.
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