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Abstract
The present study investigated the role of colchicine in the treatment of RSV infection. Treatment of BEAS-2B cells following 
RSV infection with colchicine caused a significant decrease in the number of viral plaques. In RSV-infected BEAS-2B cells’ 
treatment with colchicine leads to a significant up-regulation of both IFN-β1 and RIG-I genes. The levels of interleukin, NO, 
and MDA were suppressed in BEAS-2B cells infected with RSV by colchicine. The phosphorylation of Stat3, COX-2, and 
p38 was also suppressed significantly by colchicine. The phosphorylation of IkBα was promoted in RSV-infected BEAS-2B 
cells’ oncolchicine treatment. In neonatal rats, replication of RSV was inhibited significantly by colchicine treatment which 
was evident by suppression of RSV-L gene expression. A significant decrease in the level of IL-6 and TNF-α was caused in 
neonatal rat BALF by colchicine treatment. The production of MDA, NO and MPO in the neonatal rat BALF was suppressed 
markedly by colchicine treatment. Treatment of the neonatal rats infected by RSV with colchicine suppressed the release 
of IκBα and COX-2 in the pulmonary epithelial cells. Colchicine treatment of the neonatal rats promoted the expression of 
IFN-α and IFN-β1. In summary, the current study showed that colchicine inhibited RSV infection in neonatal rats through 
regulation of anti-oxidative factor production. The expression of IFN-β1 and RIG-I genes was also up-regulated in the RSV-
infected alveolar epithelial cells by treatment with colchicine. Therefore, colchicine may be developed as the therapeutic 
agent for the treatment of RSV infection.
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Introduction

Human respiratory syncytial virus (RSV), a member of 
Paramyxoviridae family, is the causal organism responsible 
for inducing pneumonia and bronchiolitis. Infection by RSV 
causes bronchiolitis in more than 50% cases and pneumo-
nia in around 20% cases because of non-availability of the 
effective vaccines against it (Shay et al. 1999). In infants, 
infection with RSV leads to the asthma and has very high 
rate of morbidity throughout the globe (Monick et al. 2001). 

Infant deaths by the RSV infection sensitised the clinicians 
and researchers to research for new molecules which can 
effective inhibit the infection. RSV infection has been found 
to cause epithelial cell damage and inflammation of the air-
ways leading to the severe breathing problems. Inflamma-
tion of airways stimulates the production of cytokines and 
increased mucous release in children and immune-compro-
mised patients (Rudd et al. 2005).There is huge recruitment 
of inflammatory cells in the perivascular spaces of lungs 
in the RSV-infected people (Rudd et al. 2005). Prevention 
of inflammation during RSV infection has vital therapeutic 
importance for the treatment of various RSV-induced dis-
eases (Rudd et al. 2005).

In traditional system of medicine, colchicine has been 
used for the treatment of acute gout as well as in preven-
tion of gout (Nuki 2008). Mechanistic study has shown 
that colchicine plays anti-inflammatory role by inhibition 
of neutrophil migration and chemotaxis (Hastie 1991). The 
motility of various motile cells is inhibited by colchicine 
through depolymerisation of the microtubule (Hastie 1991). 
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Colchicine has also shown satisfactory results for the treat-
ment of Behçet’s syndrome and Mediterranean fever (Slo-
bodnick et al. 2015). Some of the heart diseases such as 
pericarditis, acute cardiovascular syndrome, and postsurgical 
atrial fibrillation are also treated by the use of colchicine 
(Slobodnick et al. 2015). Moreover, colchicine suppresses 
synthesis of collagen thereby showing anti-fibrotic activ-
ity in the animal models of fibrosis (Rodríguez et al. 1998; 
Ledwozyw 1994). Treatment of the animal models with col-
chicine exhibits preventive effect on the renal injury induced 
during various disorders (Disel et al. 2004; McClurkin et al. 
1990; Li et al. 2009; Guan et al. 2013). Taking into consid-
eration the promising anti-inflammatory property and good 
bioavailability of colchicine the present study was designed 
to investigate its role in the inhibition of RSV infection. 
The study showed that colchicine treatment inhibited RSV 
infection both in vitro in BEAS-2B cells as well in vivo in 
the neonatal rats by suppression of inflammatory cytokines, 
oxidative markers and activation of IFN-α and IFN-β1 
expression.

Materials and methods

Cell line and culture

The BEAS-2B cell line was supplied by the American Type 
Culture Collection (ATCC; Rockville, MD, USA). The cul-
ture of cells was carried out in DMEM which contained fetal 
calf serum (10%; v/v) and antibiotics [penicillin (100 U/ml) 
and streptomycin (100 mg/ml)]. The DMEM medium also 
contained l-glutamine (2 mM). The culture of cells was per-
formed in an incubator under humidified 5% carbon dioxide 
atmosphere at 37 °C.

Cell treatment

HEp-2 cells were used to grow the RSV-A2 plaque-puri-
fied viral strains in accordance with the reported procedure 
(Guan et al. 2013). The transgenic strain of RSV employed 
in titration assay was also grown in HEp-2 cells. BEAS-2B 
cells at 2 × 105 cells per well density were grown for 36 h 
before actual experiments in 96 well plates. RSV at five mul-
tiplicity of infection was added to the plates using immu-
noplaque assay according to the known protocol (Wang 
et al. 2006). Following RSV infection, BEAS-2B cells were 
treated with 50, 100, 200, 250, 300, 350, and 400 µM con-
centrations of colchicine for 24 h. The cell viability measure-
ment was performed using MTS–PMS assay. There was no 
change in BEAS-2B cell viability on treatment with different 
concentrations of colchicine.

Animal experiments

Neonatal rats

The female Sprague–Dawley rats ten in number were 
obtained from the Guangdong Medical Laboratory Animal 
Center, Guandong, China. The rats were acclimatised to the 
environment in laboratory over 1 week at 24 ± 1 °C tempera-
ture, 55–60% humidity and exposed to 12 h light/dark cycles. 
The rats were housed in individual cages and provided free 
access to food and water. The animals were monitored care-
fully from postnatal day 0 and the pups were grown under 
standard laboratory conditions. The pups (around 25 mg in 
body weight) 50 in number were assigned to 5 groups of 10 
each; RSV, control, and three treatment groups. Using isoflu-
rane, the neonatal rats in RSV and treatment groups on post-
natal day 7 were infected with 2 × 105 PFU of RSV through 
intranasal route in 30 μl of PBS. The plaque assay according 
to the manual was used for the confirmation of establish-
ment of RSV neonatal rat model. The neonatal rats in three 
treatment groups were administered 10, 50, and 100 mg/kg 
doses of colchicine intra-gastrically at 2 h of RSV infection. 
Approval for the present study was obtained from Animal 
Care and Ethical Committee, Huazhong Agriculture Univer-
sity (Wuhan, China). The study was performed in accord-
ance with the guidelines for Use of Laboratory Animals 
issued by the National Institute of Health (Wang et al. 2013).

Histopathology and Immunohistochemistry

Five neonatal rats were sacrificed on postnatal day 12 
using isoflurane anaesthesia. The lungs of the rats were 
excised and using cannula 3 × 0.5 ml ice-cold PBS ali-
quots were instilled through the tracheal tube to collect 
the BALF. The pulmonary tissues were then subjected to 
formalin (10%) and subsequently embedded in paraffin. 
The paraffin-embedded tissues were put on glass slides 
and cut into thin 2 mm sections. The sections after de-
paraffintion in boiling xylene were blocked on treatment 
with 5% bovine serum albumin. Incubation of the tissues 
was performed with primary antibodies against IκBα and 
COX–2 (Cell Signaling Technology, Inc.) according to 
manufacturer instructions. Hematoxylin and eosin (H and 
E)-stained tissues were subjected to immunochemistry 
assay in accordance with the standard protocols. The sig-
nals were monitored using commercially available detec-
tion system known as PowerVision UltraVision Quanto 
(Thermo Scientific) in accordance with the supplier 
instructions. The light microscope (CKX31; Olympus, 
Tokyo, Japan) was used for the examination of the tissue 
sections by three pathologists blindly.
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BALF analysis

Inflammation of the pulmonary airways was determined 
using hemocytometer (XB.K.25; Shanghai Quijing Bohao 
Biotech Co., Ltd., Shanghai, China) to measure the counts 
of cells in BALF. The calculation of neutrophils and lym-
phocytes present in the BALF was performed using fluo-
rescence-activated cell sorting (FACS). In this, neutrophils 
were distinguished from the lymphocytes on the basis of 
presence of surface markers, GR-1 and CD3 (Belperio et al. 
2002).

Reverse transcription–quantitative polymerase 
chain reaction (RT–qPCR)

Viral replication and pulmonary inflammation in neonatal 
rats was determined using RT-PCR assay. From BEAS-2B 
cells and pulmonary tissues of neonatal rats, total RNA 
was isolated using commercially available extraction kit 
(BioTeke Corp., Beijing, China). After quantification, 1 μg 
RNA samples were subjected to reverse transcription into 
cDNA using PCR (Invitrogen, Carlsbad, CA, USA). The 
real-time PCR was carried out using FAM-labeled TaqMan 
probes and TaqMan Universal Master Mix (Applied Biosys-
tems) using Chromo4 (Bio-Rad Laboratories, Cambridge, 
MA, USA). The sequence of processes used for PCR con-
sisted of: incubation at 48 °C for 2-min, denaturation at 
48 °C for 12 min followed by 48 cycles at 93 °C for 15 s and 
then at 58 °C for 1 min. The internal loading control used 
was β-actin and the products of PCR were analysed on 2% 
agarose gel using ethidium bromide. The visualization of 
products was performed by a UV illuminator. The sequence 
of primers used was as follows:

Gene Forward Reverse

β-actin TGA CGT GGA CAT CCG 
CAA AG

CTG GAA GGT GGA CAG 
CGA GG

RSV-L GAA CTC AGT GTA GGT 
AGA ATG TTT GCA 

TTC AGC TAT CAT TTT CTC 
TGC CAA T

RIG-I GCC ATT ACA CTG TGC 
TTG GAGA 

CCA GTT GCA ATA TCC TCC 
ACCA 

IFN-β1 TGC TCT GGC ACA ACA 
GGT AG

CAG GAG AGC AAT TTG 
GAG GA

Western blot analysis

Colchicine-treated BEAS-2B cells were collected, PBS 
washed, and then treated with RIPA lysis buffer contain-
ing phenylmethylsulfonyl fluoride (1%). The lysate obtained 
was subjected to centrifugation at 4  °C for 20  min at 
12,000 ×g to eliminate any insoluble cell debris. The protein 

concentration present in the lysate was measured by employ-
ing a bicinchoninic acid assay using commercially avail-
able BCA kit (Pierce Chemical Co., Rockford, IL, USA). 
The protein samples (20 μg) were resolved on 10% sodium 
dodecyl sulfate–polyacrylamide gel by the electrophoresis 
(SDS-PAGE). The proteins were then transferred to the 
nitrocellulose membrane (Millipore Corp., Billerica, MA, 
USA) which were blocked on treatment with non-fat milk 
powder (5%; w/v) and Tween-20 (0.05%). Incubation of the 
membranes with primary antibodies was performed at 4 °C 
for overnight followed by membrane washing and then incu-
bation for 2 h with HRP-conjugated secondary antibodies at 
room temperature. The protein bands were visualized using 
enhanced chemiluminescence system.

Statistical analysis

The presented data are mean of three independently per-
formed experiments. The values are presented as the 
mean ± SD. The data were compared between various groups 
statistically using one-way ANOVA and Student’s t test. Dif-
ferences were considered significant statistically at P < 0.05.

Results

Inhibition of RSV replication by colchicine

Treatment of BEAS-2B cells following RSV infection with 
colchicine caused a significant decrease in the number of 
viral plaques formed in dose-based manner (Fig. 1). BEAS-
2B cells after RSV infection were treated with 50, 100, 200, 
250, 300, 350, and 400 nM concentrations of colchicine for 
24 h. The decrease in number of viral plaques formed was 
significant from 100 nM concentration of colchicine and 
the effect was maximum at 350 nM. These findings suggest 
inhibitory effect of colchicine on replication of RSV virus.

Fig. 1  Effect of different colchicine concentrations on RSV replica-
tion. After RSV infection, BEAS-2B cells were treated with 50, 100, 
200, 250, 300, 350, and 400 µM concentrations of colchicine for 24 h. 
Immunostaining was used for counting viral plagues to determine 
replication. *P < 0.05 and **P < 0.01 vs. RSV-infected cells
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Up‑regulation of IFN‑β1 and RIG‑I gene expression 
by colchicine in BEAS‑2B cells

The effect of colchicine on expression of IFN-β1 and RIG-I 
genes in BEAS-2B cells following RSV infection was stud-
ied using RT-PCR assay and western blotting (Fig. 2). In 
RSV-infected BEAS-2B cells treatment with colchicine for 
24 h lead to a significant up-regulation of both IFN-β1 and 
RIG-I genes. Colchicine treatment up-regulated IFN-β1 and 
RIG-I gene expression in RSV-infected BEAS-2B cells in 
concentration-based manner. No significant increase in IFN-
β1 and RIG-I gene expression by colchicine was observed 
at 50 nM concentration. The increase was significant from 
100 nM and the effect was maximum at 350 nM concentra-
tion at 24 h.

Colchicine reduces inflammatory cytokine secretion 
in BEAS‑2B cells following RSV infection

Effect of colchicine on inflammation of lung airways in 
BEAS-2B cells following RSV infection was assessed by 
analysis of interleukin (IL)-6, interleukin-8, and MDA levels 
(Fig. 3). Treatment of BEAS-2B cells following RSV infec-
tion with colchicine suppressed the levels of interleukin, 
NO, and MDA. The levels of IL-6-, IL-8, and MDA were 
also suppressed in concentration-dependent manner by col-
chicine in BEAS-2B cells following RSV infection.

Colchicine reduces oxidative stress molecule 
secretion in BEAS‑2B cells following RSV infection

The expression of COX-2 was reduced by colchicine treat-
ment in BEAS-2B cells (Fig. 4). The phosphorylation of 
Stat3, COX-2, and p38 was significantly suppressed by col-
chicine treatment in BEAS-2B cells following RSV infec-
tion. On the other hand, IkBα phosphorylation was pro-
moted by treatment of RSV-infected BEAS-2B cells with 

colchicine. The suppression of oxidative stress molecules by 
colchicine treatment was concentration dependent with max-
imum inhibition at 350 nM. The phosphorylation of ERK 
and JNK was not changed to any significant level by colchi-
cine treatment in BEAS-2B cells following RSV infection.

RSV replication inhibition in neonatal rats 
by colchicine

In neonatal rats, replication of RSV was inhibited signifi-
cantly by colchicine treatment which was evident by sup-
pression of RSV-L gene expression (Fig. 5). A significant 
decrease in the level of IL-6 and TNF-α was caused in the 
neonatal rat BALF by colchicine treatment in dose-based 
manner with maximum inhibition at 100 mg/kg dose. The 
production of MDA, NO, and MPO in the neonatal rat BALF 
was suppressed markedly by colchicine treatment. Although 
the reduction of MDA, NO, and MPO was significant at all 

Fig. 2  Up-regulation of IFN-β1 
and RIG-I genes by colchicine 
in BEAS-2B cells infected with 
RSV. The RSV-infected or non-
infected BEAS-2B cells were 
treated with different concentra-
tions of colchicine for 24 h. a 
Western blot and b RT-PCR 
was used for analysis of IFN-β1 
and RIG-I expression, respec-
tively. *P < 0.05 and **P < 0.01 
vs. non-infected cells

Fig. 3  Effect of different colchicine concentrations on secretion of 
inflammatory cytokines. The RSV-infected or non-infected BEAS-2B 
cells were treated with 100, 300 and 350 nM concentrations of col-
chicine for 24 h. Western blotting was used for analysis of inflamma-
tory cytokine release
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the three doses by the effect was maximum at 100 mg/kg 
dose.

Effect of colchicine on pro‑inflammatory molecules

Treatment of the neonatal rats infected by RSV with colchi-
cine suppressed the release of COX-2 and promoted IκBα 
level in the pulmonary epithelial cells (Fig. 6). The suppres-
sion of COX-2 and promotion of IκBα by colchicine in the 
neonatal rat pulmonary cells were dose dependent. Colchi-
cine treatment of the neonatal rats promoted the expression 
of IFN-α and IFN-β1. These findings proved that colchicine 
treatment inhibited RSV infection in neonatal rats by target-
ing IFN-α and IFN-β1 pathways.

Effect of colchicine on pulmonary histology 
of the neonatal rats

The H and E staining of pulmonary tissues of the RSV-
infected neonatal rats showed alleviated scores for 

inflammation in the airway and parenchyma tissues (Fig. 7). 
The pulmonary airway and parenchyma tissue inflammation 
scoring was markedly lower in the RSV-infected neonatal 

Fig. 4  Effect of different colchicine concentrations on secretion of 
oxidative stress molecules. The RSV-infected or non-infected BEAS-
2B cells were treated with 100, 200, 250, and 350 nM concentrations 

of colchicine for 24 h. Western blotting was used for analysis of oxi-
dative stress molecules

Fig. 5  Effect of colchicine on 
RSV-L expression and oxidative 
stress molecules in neonatal 
rat BALF. The neonatal rats 
after 1 h of RSV infection were 
treated with 20, 50 and 100 mg/
kg doses of colchicine. At 48 h 
post infection the neonatal rats 
were sacrificed to determine 
RSV-L expression and oxidative 
stress molecules by RT-PCR. 
*P < 0.05 and **P < 0.02 vs. 
untreated group

Fig. 6  Colchicine treatment suppresses pro-inflammatory and pro-
motes IFN-α and IFN-β1 expression in neonatal rats. In pulmonary 
tissues IκBα, COX-2, IFN-α, and IFN-β1 levels were analysed using 
western blot
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rats on treatment with colchicine. The accumulation of 
peribronchial, perivascular, and alveolar infiltrates was also 
markedly inhibited in the RSV-infected neonatal rats by col-
chicine treatment.

Discussion

The present study investigated the effect of colchicine on 
RSV infection in vitro in BEAS-2B cells and in vivo in the 
neonatal rats. The study showed that colchicine treatment 
inhibited RSV infection both in vitro as well in vivo in the 
neonatal rats by suppression of inflammatory cytokines, 
oxidative markers, and activation of IFN-α and IFN-β1 
expression.

RSV infection to human beings leads to the development 
of diseases to varied extent ranging from simple coldness to 
serious problem like bronchiolitis and pneumonia (Hall et al. 

1976). RSV on entering the host body damages the cells by 
decomposing the lipids and proteins and then uses its machin-
ery to replicate own genetic material. Death of the cells in 
RSV-infected patients is believed to be mainly due to the acti-
vation of oxidative pathway (Collins and Graham 2008). RSV 
infection causes shifting of equilibrium between secretion of 
ROS and production of anti-oxidants which leads to oxidative 
damage in the cells (Collins and Graham 2008). The patho-
genesis of RSV infection is associated with the increased pro-
duction of cytokines in lung alveolar cells (Zeng et al. 2011). 
The oxidative stress induced by RSV activates transcription 
molecule, nuclear factor-κB, and mitogen-activated protein 
kinase (Jie et al. 1984). In the present study, colchicine treat-
ment inhibited RSV replication in dose-based manner in vitro 
in BEAS-2B cells and in vivo in the neonatal rats. The RSV 
replication inhibition by colchicine treatment was evident by 
a significant reduction in the number of viral plaques formed 
in treatment neonatal group in comparison with the untreated 

Fig. 7  Effect of colchicine on 
lung histological parameters 
in RSV-infected neonatal rats. 
The neonatal rats after 1 h of 
RSV infection were treated 
with 20, 50, and 100 mg/kg 
doses of colchicine. a At 48 h 
post infection, the neonatal rats 
were sacrificed to determine 
airway inflammation severity 
and histologic parameters using 
H and E staining. b Average 
pulmonary tissue damage scores 
were determined in each experi-
mental group. *P < 0.05 and 
**P < 0.02 vs. untreated group



3 Biotech (2019) 9:392 

1 3

Page 7 of 8 392

rats. The colchicine treatment of RSV-infected neonatal rats 
led to a marked reduction of pulmonary airway and paren-
chyma tissue inflammation scoring. Treatment with colchicine 
suppressed accumulation of peribronchial, perivascular, and 
alveolar infiltrates in the neonatal rats.

Up-regulation of the IFN-β1 and RIG-I genes has been 
found to be associated with the inhibition of replication of 
the RVS (Icardi et al. 2012; Feng et al. 2016). In the present 
study, colchicine treatment caused a significant up-regulation 
of IFN-β1 and RIG-I genes in dose-based manner in alveolar 
epithelial cells infected with RSV. Thus, colchicine exhibits 
inhibitory effect on replication of RSV partly by up-regulation 
of IFN-β1 and RIG-I genes.

Oxidative stress plays a vital role in the development of 
bronchiolitis induced by RSV infection. The alveolar epithelial 
cells and endothelial cells secrete oxidative stress molecules 
which target several cellular components such as membrane 
lipids, proteins, and the chromatin material resulting in tis-
sue damage (Hosakote et al. 2012). In alveolar epithelial 
cells, enhanced secretion of ROS activates the expression of 
transcription factor associated, IRF, and chemokine genes 
(Jamaluddin et al. 2009). This is believed to be linked with 
the suppression of antioxidant enzyme level and their activity 
(Jamaluddin et al. 2009). In the present study, secretion of 
oxidative molecules such as nitric oxide, MDA, and MPO was 
markedly higher in the alveolar epithelial cells and pulmonary 
tissues of neonatal rats infected with RSV. Colchicine treat-
ment significantly reduced the levels of nitric oxide, MDA and 
MPO in both in vitro as well as in neonatal rats. These find-
ings suggested that colchicine treatment down-regulated RSV 
replication by preventing oxidative damage to the host tissues 
and debarring the virus to use the host machinery.

Conclusion

In conclusion, the current study showed that colchicines 
inhibited RSV infection in neonatal rats through regulation 
of anti-oxidative factor production. The expression of IFN-β1 
and RIG-I genes was also up-regulated in the RSV-infected 
alveolar epithelial cells by treatment with colchicine. There-
fore, colchicine may be developed as the therapeutic agent for 
the treatment of RSV infection.
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