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Abstract. Accumulating evidence demonstrates that 
Macleaya cordata extract exerts antiviral and anti‑inflam-
matory effects in various diseases. The present study 
aimed to investigate the potential effects of M. cordata on 
rotavirus SA11‑induced diarrhea in mice. Diarrhea severity, 
levels of inflammatory cytokines, histological changes in 
the small intestine and the underlying mechanisms were 
evaluated in rotavirus‑stimulated mice treated with 1, 2 and 
4 mg/kg/day M. cordata or 4 mg/kg/day ribavirin (posi-
tive control). M. cordata treatment effectively ameliorated 
rotavirus‑induced diarrhea in a dose‑dependent manner by 
decreasing viral RNA levels. In addition, M. cordata reduced 
the release of pro‑inflammatory cytokines including migra-
tion inhibitory factor, interleukin (IL)‑8, IL‑β, interferon‑γ 
and tumor necrosis factor‑α, and elevated the secretion of 
the anti‑inflammatory cytokine IL‑10 following rotavirus 
infection. M. cordata inhibited intestinal epithelial cell 
apoptosis and improved intestinal inflammation after rota-
virus infection. The study also revealed that M. cordata 
exerted antiviral and anti‑inflammatory effects on rota-
virus‑induced diarrhea by suppressing the Janus kinase 2 
(JAK2)/STAT3 pathway, as reflected by decreased protein 
expression of phosphorylated (p)‑JAK2 and p‑STAT3. 
Overall, M. cordata effectively inhibited the inflammation 
caused by rotavirus, which was closely associated with the 
suppression of JAK2/STAT3 phosphorylation. These data 

suggested that M. cordata may be applied as a treatment for 
rotavirus‑induced diarrhea.

Introduction

Rotavirus is a double‑stranded RNA virus which remains a 
primary etiologic agent of viral gastroenteritis and diarrhea in 
young children and animals (1). In humans, rotavirus is respon-
sible for ~450,000 deaths worldwide per year in children under 
5 years old (2). Rotavirus infection mainly occurs in the small 
intestine, which plays a role in food digestion and absorp-
tion (3). Current strategies to prevent rotavirus transmission 
are limited as the virus is particularly resistant to common 
disinfectants  (4). At present, two commercially available 
vaccines, Rotarix (GlaxoSmithKline plc) and RotaTeq (Merck 
KGaA), have been approved in many countries  (5). These 
vaccines seem to be effective at reducing rotavirus‑induced 
diarrhea. However, the vaccines only exert positive effects 
against the target strain of the virus, and the immunization 
schedule of vaccines must be strictly controlled (6). Therefore, 
it is important to develop other natural antiviral agents to treat 
rotavirus infection.

Macleaya cordata extract is a member of the Macleaya 
genus in the family Papaveraceae, which contains various 
active alkaloids (7). M. cordata has been reported to have a 
wide spectrum of biological activities, including antiviral, 
anti‑inflammatory, antioxidative, detoxifying and antimicro-
bial effects (8). In China, M. cordata has also been used as 
a traditional medicinal herb to treat cancer, including thyroid 
cancer and cervical cancer (9). M. cordata is also a traditional 
medicinal plant in Europe and North America, used for 
treating ringworm infection and insect bites (8).

The present study hypothesized that M. cordata may play 
key roles in mediating antiviral responses and consequently 
reduce the incidence of rotavirus‑induced diarrhea. The aim 
of the present study was to assess the biological influence of 
M. cordata on rotavirus‑induced diarrhea by detecting rota-
virus antigens and inflammatory cytokines, evaluating the 
histopathological changes in the small intestine and exploring 
the underlying mechanisms by which M. cordata mediates its 
antiviral and anti‑inflammatory effects.
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Materials and methods

Cells and virus. Simian rotavirus SA11 and rhesus monkey 
kidney MA‑104 cells (American Type Culture Collection) 
were used for rotavirus infection and cultivation  (10). 
MA‑104 cells were grown in DMEM (Beyotime Institute 
of Biotechnology) supplemented with 10% FBS (Beyotime 
Institute of Biotechnology) at 37˚C under 5% CO2. SA11 was 
activated with 15 µg/ml trypsin for 30 min and cultured in 
MA‑104 cells for 48 h. The virus titer used in the present study 
was 4x107 focus‑forming units/ml (11).

Animals and experimental design. A total of 72 newborn 
BALB/c mice (female, 16‑18 g) were obtained from Nanjing 
Medical University Animal Laboratory and maintained as 
previously described (12). Animal procedures were in line with 
the National Institutes of Health Guidelines for the Care and 
Use of Laboratory Animals and were approved by the Animal 
Committee of the Jiangsu Agri‑animal Husbandry Vocational 
College. All mice were negative for rotavirus antibodies before 
rotavirus exposure. Mice were randomly assigned to 6 groups 
(n=12 in each group) and ear‑coded as follows: Control; rotavirus 
(virus‑inoculated and administered saline); virus‑inoculated 
and administered 1  mg/kg/day M.  cordata (Phytobiotics 
Futterzusatzstoffe GmbH); virus‑inoculated and administered 
2 mg/kg/day M. cordata; virus‑inoculated and administered 
with 4  mg/kg/day M.  cordata; and virus‑inoculated and 
administered with 4 mg/kg/d ribavirin (Sigma‑Aldrich; Merck 
KGaA). At 3 days of age, mice were inoculated with 30 µl 
rotavirus‑infected MA‑104 cells via oral gavage. At 2 days 
post‑inoculation (DPI 2), the mice showed signs of diarrhea. 
Inoculated mice were evaluated for diarrhea (0 to 4) deter-
mined as the following: No fecal discharge recorded, score 0; 
brown molded stool, score 1; brown soft stool, score 2; soft 
yellow stool, score 3; yellow watery stool, score 4; and perianal 
stool contamination, also score 4. 1 was considered no diar-
rhea; 2 was considered common diarrhea; 3 was considered 
severe diarrhea; and 4 was considered very severe diarrhea. 
Mice with a score >2 were identified as having diarrhea. The 
mice were treated with M. cordata (1, 2, 4 mg/kg/day) or 
ribavirin (4 mg/kg/day). The antiviral effects of M. cordata 
were evaluated on fecal material, serum and small intestine 
histology. At the predetermined times, mice were anesthetized 
prior to euthanasia by decapitation. The experiments were 
based on humane endpoint criteria, that mice with a score >2 
were identified. All the animal procedures were in accordance 
with the National Institutes of Health Guidelines for the Care 
and Use of Laboratory Animals. The small intestines were 
harvested at DPI 3 for pathological analysis (n=6). Samples 
were quickly obtained and frozen in liquid nitrogen and stored 
at ‑80˚C for further analysis. The remaining six mice in each 
group were sacrificed at DPI 7 for diarrhea observation and the 
detection of inflammatory cytokines.

Diarrhea score. To evaluate the antiviral effects of M. cordata, 
fecal consistency scores (1, normal; 2, soft feces; 3, mild 
diarrhea; 4, severe diarrhea) were determined for each rat (13). 
Scores ≥2 were considered a symptom of diarrhea. The severity 
of diarrhea was calculated by dividing the total number of all 
scores by the number of total experimental mice.

ELISA. Fecal samples were collected at DPI 3, dissolved in PBS 
and centrifuged at 1,000 x g for 15 min at 4˚C. The supernatant 
was collected for rotavirus antigen detection using an ELISA 
kit (cat. no. CSB‑EQ027718MO; Cusabio Technology, LLC) 
according to the manufacturer's protocol. The absorbance 
was read at a wavelength of 450 nm using an EL808 micro-
plate reader (BioTek Instruments, Inc.). An optical density at 
450 nm of the sample minus that of the control group ≥0.1 was 
considered to be positive.

Macrophage migration inhibitory factor (MIF) 
(cat. no.  abx258931; Biolead Co., Ltd.), interleukin (IL)‑8 
(cat.  no. KHC0081; Invitrogen; Thermo Fisher Scientific, 
Inc.), IL‑10 (cat.  no.  29‑8101‑65; eBioscience; Thermo 
Fisher Scientific, Inc.), IL‑β (cat. no. BMS224‑2; Invitrogen; 
Thermo Fisher Scientific, Inc.), interferon (IFN)‑γ 
(cat. no. E‑EL‑R0009c; Elabscience), tumor necrosis factor 
(TNF)‑α (cat. no. BMS223HS; Invitrogen; Thermo Fisher 
Scientific, Inc.) and IL‑6 (cat. no. BMS213HS; Invitrogen; 
Thermo Fisher Scientific, Inc.) in serum were also determined 
using commercial ELISA kits. A total of 500 µl of blood was 
collected each day and centrifuged at 1,000 x g for 10 min at 
4˚C to obtain serum samples.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Rotavirus VP6 RNA in fecal samples was extracted as 
previously described (14). Total RNA was extracted using a 
QIAamp Viral RNA Mini kit (cat. no. 52904; Qiagen China 
Co., Ltd.) and stored at ‑80˚C for further analysis. RT was 
performed under the following thermocycling conditions: 61˚C 
for 3 min, followed by 95˚C for 5 min and chilling at 4˚C. The 
gene expression levels were measured using the SYBR Premix 
Ex TaqTM (Takara Bio, Inc.). The temperature protocol was 
as follow: 95˚C for 5 sec, 60˚C for 45 sec and 72˚C for 1 min 
for 40 cycles using a Real Time PCR system (Illumina, Inc.). 
A standard curve established using Light‑Cycler 480 gene 
scanning software V1.5 (Roche) was used to measure RNA 
concentration by performing linear analysis of the data. The 
following primer pair was used for the qPCR: The amount of 
rotavirus RNA in fecal samples was quantified based on the 
standard curve derived from 10‑fold serial dilutions of plasmid 
DNA, which was used as an external standard for all RT‑qPCR 
experiments (11). The data were calculated using the 2‑ΔΔCT 
method (12).

Hematoxylin and eosin (H&E) staining. Mouse small intes-
tines were excised at DPI 3, perfused with 10% formalin for 
24 h at 4˚C and embedded in paraffin. Sections with a thick-
ness of 5 µm were stained with 0.5% hematoxylin for 5 min 
at room temperature, followed by staining with 0.5% eosin 
solution for 1 min at room temperature. The images were 
examined under a light microscope (Olympus Corporation) at 
x200 magnification.

TUNEL assay. To evaluate the effects of M. cordata on intes-
tinal epithelial cell apoptosis, mice were sacrificed at DPI 3. 
Small intestine samples were fixed in 10% formalin for 24 h at 
4˚C and embedded in paraffin. Sections with 5‑µm thickness 
were used for TUNEL staining (according to the instructions 
of In Situ Cell Death Detection kit (cat. no. 11684817910; 
Roche Diagnostics GmbH). In brief, the sections were washed 
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and incubated with proteinase K for 30 min at 37˚C, followed 
by incubation with a terminal deoxynucleotidyl transferase. 
Then the sections were treated with 3% hydrogen peroxide for 
5 min and subsequently incubated with the peroxidase‑conju-
gated antibodies from the aforementioned kit, for 10 min at 
room temperature. Then the DAB solution, with 3% hydrogen 
peroxide and the methyl green was added for 2 min at room 
temperature. After treating with Mayer's hematoxylin for 
1 min at room temperature, the TUNEL‑positive cells were 
observed under a light microscope (Olympus Corporation) at 
x200 magnification. Five fields of view were selected randomly 
from one section.

Western blotting. Total protein was extracted from small intes-
tines using RIPA buffer (Beyotime Institute of Biotechnology) 
and the concentration was detected using the BCA kit 
(Beyotime Institute of Biotechnology). Proteins (30 µg per 
lane) were separated by 10% SDS‑PAGE and transferred 
to a PVDF membrane (EMD Millipore). Subsequently, the 
membrane was blocked with 5% non‑fat milk for 2 h at room 
temperature. The membrane was incubated overnight at 4˚C 
with the following primary antibodies: Janus kinase 2 (JAK2; 
1:1,000; cat.  no.  74987), phosphorylated (p)‑JAK2 (1:750; 
cat.  no.  66245), STAT3 (1:1,000; cat.  no. 9139), p‑STAT3 
(1:750; cat. no. 4113) and GAPDH (1:2,000; cat. no. 97116). 
The membranes were subjected to three 5‑min washes with 
0.5% TBS with Tween‑20, then probed with HRP‑conjugated 
secondary mouse antibodies (1:2,000; cat. no. 7076) for 1 h 
at room temperature. Following washing, protein levels 
were examined with an ECL kit (Beyotime Institute of 
Biotechnology). All antibodies were purchased from CST 
Biological Reagents Co., Ltd. The gray values of the bands 
were calculated using ImageJ software (version 4.3; National 
Institutes of Health) with GAPDH as the loading control.

Immunohistochemical analysis. At DPI 3, the aforementioned 
paraffin‑embedded sections were used to assess the expression 
of p‑JAK2 and p‑STAT3 based immunohistochemical staining. 
Sections with 5‑µm thickness were incubated with primary 
antibodies for JAK2 (1:1,000; cat. no. 74987), p‑JAK2 (1:750; 
cat. no. 66245), STAT3 (1:1,000; cat. no. 9139) and p‑STAT3 
(1:750; cat. no. 4113) at 37˚C overnight, followed by incuba-
tion with biotinylated secondary antibody (cat. no. 31926, 
30‑40 µl) at room temperature for 30 min. All antibodies 
were purchased from CST Biological Reagents Co., Ltd. All 
images were captured under a light microscope (Olympus 
Corporation) at x200 magnification.

Statistical analysis. Data were analyzed using GraphPad 
Prism 5.0 (GraphPad Software, Inc.) and are expressed as 
the mean ± SD. All experiments were repeated at least three 
times. One‑way ANOVA followed by Tukey's post hoc test was 
used to compare the differences between groups. P<0.05 was 
considered to indicate a statistically significant difference.

Results

M. cordata decreases the severity of diarrhea in rotavirus‑
infected newborn mice. To investigate the effects of M. cordata 
on rotavirus infection in vivo, newborn mice were inoculated 

with SA11 rotavirus cultured in MA104 cells by oral gavage. 
As expected, mice without rotavirus treatment did not exhibit 
diarrhea during the entire experimental period, whereas mice 
inoculated with rotavirus presented with severe diarrhea at DPI 
2 (Fig. 1A). Diarrhea was inhibited after ribavirin treatment 
ranging from DPI 4‑7, when compared to Rotavirus‑treated 
group, as evidenced by the decreased diarrhea score in the 
ribavirin group. M. cordata treatment resulted in decreased 
diarrhea scores at DPI 4 compared with rotavirus‑inoculated 
mice, and diarrhea scores appeared reduced at DPI 6. No 
significant difference was observed in the diarrhea scores 
between M. cordata‑ and ribavirin‑treated mice. The results 
demonstrated that M. cordata could effectively inhibit rota-
virus‑induced diarrhea.

M. cordata inhibits rotavirus replication in rotavirus‑infected 
newborn mice. In order to determine whether M. cordata 
suppressed rotavirus infectivity, rotavirus VP6 RNA and 
antigen expression were evaluated using RT‑qPCR and 
ELISA, respectively. No expression of rotavirus antigens was 
detected in mouse feces prior to the experiments. As depicted 
in Fig. 1B, no increase was measured in the rotavirus copy 
number of control mice, whereas M.  cordata remarkedly 
reduced rotavirus copy numbers at the three tested doses. 
Similarly, the M.  cordata‑ and ribavirin‑treated groups 
presented with reduced rotavirus antigen levels compared 
with virus‑inoculated mice (Fig. 1C). No significant difference 
in antigen levels between the M. cordata (4 mg/kg/day) and 
ribavirin‑treated groups was measured.

M. cordata restores the levels of inflammatory cytokines in 
rotavirus‑infected newborn mice. ELISA was performed to 
quantify inflammatory cytokine levels in rotavirus‑infected 
newborn mice. As shown in Fig.  2, the levels of the 
pro‑inflammatory cytokines MIF, IL‑6, IL‑8, TNF‑α, IFN‑β 
and IFN‑γ increased, but the levels of anti‑inflammatory IL‑10 
declined, after rotavirus infection. However, M. cordata or 
ribavirin treatment significantly reversed the upregulation of 
pro‑inflammatory mediator levels and the downregulation of 
anti‑inflammatory molecule levels (P<0.05; Fig. 2). The results 
indicated that M. cordata may exert immunomodulatory and 
anti‑inflammatory roles in rotavirus‑induced diarrhea.

M. cordata induces histopathological changes in the small 
intestine. H&E staining was used to examine the effects of 
M. cordata on rotavirus‑induced changes in the pathology 
of the small intestine. As shown in Fig. 3A, enterocytes were 
clearly polarized and the nuclei were localized at the base of 
the enterocytes in control mice. Virus‑inoculated mice showed 
notable lesions in the small intestinal villi, including epithe-
lium defluxion, edema and vacuolar degeneration. However, 
M. cordata and ribavirin treatment led to an attenuation of the 
lesions in the small intestinal villi. These data indicated that 
M. cordata treatment could improve the pathological damage 
in the small intestine caused by rotavirus.

M.  cordata suppresses enterocyte apoptosis in rota‑
virus‑infected newborn mice. A TUNEL assay was 
performed to further investigate the potential effect of 
M. cordata on enterocyte apoptosis in rotavirus‑induced mice. 
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Virus‑inoculated mice showed notable enterocyte apoptosis 
compared with control mice (Fig. 3B). However, M. cordata 
treatment resulted in reduced apoptotic cell death as confirmed 
by the decreased number of TUNEL‑positive cells, indicating 
that enterocyte apoptosis was repressed in rotavirus‑infected 
mice.

M.  cordata exerts antiviral effects via the JAK2/STAT3 
pathway in vivo. To verify whether M. cordata regulated the 
activity of the JAK2/STAT3 signaling pathway, the protein 
expression levels of JAK2 and STAT3 were detected by western 
blotting and immunohistochemical assays. As shown in 
Fig. 4A, rotavirus increased the levels of p‑JAK2 and p‑STAT3 
compared with the control, whereas the levels of p‑JAK2 and 
p‑STAT3 markedly decreased following M. cordata treatment 
compared with rotavirus‑induced samples (P<0.05). M. cordata 
was found to markedly decrease the Rotavirus‑induced 
phosphorylation of JAK2 and STAT3. On the other hand, no 
significant differences existed between the M. cordata and 
ribavirin‑treated groups, indicating a comparable therapeutic 
effect of M. cordata to ribavirin. Consistent with the western 
blotting results, immunohistochemical analysis also revealed 
that M. cordata markedly reversed the increased expression 

levels of p‑JAK2 and p‑STAT3 induced by rotavirus (Fig. 4B). 
Overall, the results suggested that M. cordata may regulate 
antiviral and inflammatory responses by inactivating the 
JAK2/STAT3 signaling pathway.

Discussion

Rotavirus infection can result in severe diarrhea with high 
morbidity and mortality (15). However, no specific drug against 
rotavirus infection is currently available. Therefore, herbal 
products can be potentially used as therapeutic drugs against 
rotavirus‑induced diarrhea. In the present study, M. cordata, 
a traditional medicinal herb, showed an antiviral role in mice 
with rotavirus‑induced diarrhea.

The employment of rotavirus‑infected animal models 
has been used to better understand the pathogenesis of 
rotavirus‑associated diseases (16,17). The physiopathology of 
rotavirus‑induced diarrhea has been investigated in different 
animal species including cows, pigs, sheep, rabbits and 
mice (18). Murine models, which are cost‑effective, easy to 
maintain and fast‑breeding, have been frequently used to study 
rotavirus infection (19). In the present study, a rotavirus‑infected 
mouse model was established by inoculating SA11 virus 

Figure 1. Diarrhea scores and viral antigen shedding experiments. (A) Diarrhea scores of mice treated with different concentrations of M. cordata following 
rotavirus induction. (B) Quantification of viral RNA copy numbers in the fecal samples of mice. (C) Virus antigen levels in the fecal samples of mice. *P<0.05; 
**P<0.01. DPI, days post‑inoculation; OD, optical density; M. cordata, Macleaya cordata.

Figure 2. Influence of M. cordata on rotavirus‑induced levels of IL‑8, IFN‑β, IFN‑γ, TNF‑α, IL‑6 and IL‑10 in mice. *P<0.05. MIF, migration inhibitory factor; 
IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; DPI, days post‑inoculation; M. cordata, Macleaya cordata.
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passaged in MA104 cells into newborn mice. A previous study 
showed that targets of 26 isoquinoline alkaloids were identified 
from M. cordata therefore the exact active ingredient(s) in this 

present study remain unclear (20). The targets in the interaction 
network of M. cordata were implicated in various biological 
progresses including cancer development, neurodegeneration, 

Figure 3. M. cordata induces histopathological changes in the small intestine. (A) H&E evaluation of small intestine samples of mice (magnification, x200). 
(B) TUNEL assay showing the effects of M. cordata on intestinal epithelial cell apoptosis of mice (magnification, x200). H&E, hematoxylin and eosin; 
M. cordata, Macleaya cordata.

Figure 4. Effects of M. cordata on the JAK2/STAT3 pathway. (A) Protein levels of JAK2, p‑JAK2, STAT3 and p‑STAT3 detected by western blotting. 
(B) Levels of JAK2, p‑JAK2, STAT3 and p‑STAT3 detected by immunohistochemical analysis (magnification, x200). *P<0.05. JAK2, Janus kinase 2; 
p, phosphorylated; t, total; M. cordata, Macleaya cordata.
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inflammation and autoimmunity, parasitosis, injury and 
pain  (20,21). Among these targets, dihydrochelerythrine 
(C6) was found to hit 23 targets, while MIF was found to hit 
15 alkaloids (C1‑2, C11‑16, C19‑25), and appeared to be the 
most promising target related to cancer (20). These findings 
further demonstrated that M. cordata had pleiotropic antiviral, 
anticancer and immunomodulatory effects. In the present 
study, M. cordata suppressed the diarrhea caused by rotavirus 
infection. In addition, M. cordata inhibited virus replication, 
since it reduced the fecal shedding of rotavirus RNA and anti-
gens in mice. The present findings corroborate the results of 
a previous study, in which M. cordata was found to alleviate 
rotavirus‑induced diarrhea (14).

Rotavirus infection is known to affect the secretion of 
inflammatory cytokines (22). M. cordata was demonstrated 
to have immunomodulatory properties and anti‑inflammatory 
effects (23). M. cordata was shown to stimulate the anti‑inflam-
matory enzyme heme oxygenase, which is associated with the 
pathogenesis of autoimmune diseases (24,25). The inflamma-
tory response is characterized by the release of inflammatory 
cytokines (26,27). MIF, a widely expressed pleiotropic proin-
flammatory cytokine, is a part of the innate immune response 
to inflammatory diseases (28,29). MIF promotes the release of 
inflammatory indicators such as IL‑6, IL‑1 and TNF‑α (30). 
In the present study, rotavirus infection elevated MIF levels 
compared with the control group, whereas M.  cordata 
treatment significantly reduced MIF levels compared with 
rotavirus‑induced samples. Subsequently, the levels of inflam-
matory cytokines including IL‑8, IFN‑β, IFN‑γ, TNF‑α and 
IL‑10 were determined. Similar to MIF, rotavirus infection 
led to increased levels of the pro‑inflammatory cytokines 
IL‑8, IFN‑β, IFN‑γ and TNF‑α, as well as decreased levels 
of the anti‑inflammatory cytokine IL‑10, whereas M. cordata 
reversed the levels of inflammatory cytokines in the serum of 
mice with rotavirus‑induced diarrhea, which is in accordance 
with previous reports (23,2).

Considering that rotavirus was documented to affect 
histopathological changes of the small intestine (31,32), the 
pathology of the small intestine was determined by histolog-
ical analysis. Rotavirus‑induced lesions in the small intestine 
were markedly restored following M. cordata or ribavirin 
treatment. The TUNEL assay results further confirmed that 
rotavirus promoted epithelial cell apoptosis, and M. cordata or 
ribavirin treatment reversed the apoptosis induced by rotavirus 
infection.

Traditional Chinese medicine may improve inflamma-
tory processes by regulating various protein kinases, such 
as mitogen‑activated protein kinase, PI3K and AKT  (33). 
M. cordata exerts an important role in the development of 
immunoinflammatory diseases and cancer by inhibiting the 
PI3K/AKT/mTOR pathway (34,35). The PI3K/AKT/mTOR 
axis is involved in the pathogenesis of rotavirus infection (36). 
The JAK2/STAT3 pathway is an important intracellular 
signal transduction pathway; phosphorylation of JAK2 
results in STAT3 phosphorylation, which consequently 
regulates the transcription of target genes encoding inflam-
matory cytokines (37). Previous studies confirmed that the 
JAK2/STAT3 signaling pathway is not only associated with 
various important functions in normal and malignant cells 
including differentiation, proliferation, angiogenesis and 

apoptosis (38), but is also confirmed as a pivotal inflammatory 
and immune mediator during disease progression, including 
hyperglycemia‑associated inflammation, atherosclerosis 
and rheumatoid arthritis (39‑41). Aberrant activation of the 
JAK2/STAT3 pathway generally occurs during the process 
of neuroinflammatory disease  (42). In the present study, 
mice exhibited a significant activation in JAK2/STAT3 phos-
phorylation following rotavirus infection compared with the 
control group, while M. cordata treatment reduced the levels 
of p‑JAK2 and p‑STAT3. The immunohistochemistry results 
also demonstrated reduced expression of p‑JAK2 and p‑STAT3 
following M. cordata treatment. These data suggested that 
the JAK2/STAT3 signaling pathway was inhibited following 
M.  cordata or ribavirin treatment. These findings are in 
accordance with previous research, which reported that the 
JAK2/STAT3 pathway was involved in the inflammatory 
response by inducing chemokine release (43-45).

In conclusion, M. cordata was demonstrated to exert anti-
viral and anti‑inflammatory effects, which protected against 
rotavirus‑induced diarrhea. Furthermore, the present findings 
showed that M. cordata repressed rotavirus‑induced diarrhea 
by suppressing the activation of the JAK2/STAT3 signaling 
pathway. These results suggested that M. cordata could be 
used as a therapeutic agent for rotavirus‑induced diarrhea.
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