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Background: KangBingDu (KBD) is a classic traditional Chinese medicinal formula widely used to treat 

influenza. However, little information is available from controlled studies regarding the anti-influenza 

pharmacological activities of KBD and its underlying mechanisms, at least partly due to the lack of ap- 

propriate study models. 

Purpose: We hypothesized that KBD might provide a protection against influenza infection by reducing 

the host’s susceptibility to viruses. To prove it, mouse restraint stress model was employed. 

Methods: Mice were restricted and infected with influenza virus. KBD (13 and 26 mg/kg/d) was orally 

administrated to mice from the first day of restraint stress and lasted for 7 days (twice a day). Mice were 

monitored daily for morbidity, symptom severity, and mortality for 21 days. The histopathologic changes 

were examined. For the study of mechanisms of action, we investigated whether KBD could promote 

mitochondria antiviral signaling protein (MAVS)-mediated antiviral signal and inhibit nuclear factor-kappa 

B (NF- κB)-mediated inflammation response. 

Results: KBD significantly decreased the susceptibility of restraint mice to influenza virus, as evidenced 

by lowered mortality, attenuated inflammation and reduced viral replications in lungs. Further results re- 

vealed that KBD elevated the protein expression of MAVS, which subsequently increased the IFN- β and 

IFITM3 protein levels, thereby helping to fight viral infections. Finally, we identified that ( R,S )-goitrin, 

mangiferin, forsythin and forsythoside A were effective components in KBD against influenza viral infec- 

tions. 

Conclusion: KBD can reduce the susceptibility to influenza virus via mitochondrial antiviral signaling. 

© 2017 Elsevier GmbH. All rights reserved. 
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Introduction 

KangBingDu (KBD) oral liquid, a classic traditional Chinese

medicinal formula which is modified based on the traditional

Chinese medicine (TCM) formulations of "BaiHutang" and "Qing-

WenBaiDuYin", is widely used for clinical treatment of viral

infections, especially influenza virus. KBD has been used for the

treatment of epidemic encephalitis B, mild childhood hand-foot-

mouth disease, acute upper respiratory infection and pneumonia
Abbreviations: KBD, KangBingDu oral liquid; NP, nucleoprotein; NF- κB, nuclear 

factor-kappa B; IL-1 β , interleukin-1 β; TNF- α, tumor necrosis factor α; IFITM3, in- 

terferon inducible transmembrane 3; IFN- β , interferon- β; MAVS, mitochondrial an- 

tiviral signaling; TCM, traditional Chinese medicines; RT-PCR, reverse transcription 

polymerase chain reaction. 
∗ Corresponding authors. 

E-mail addresses: liyifang706@jnu.edu.cn (Y.-F. Li), rongronghe@jnu.edu.cn 

(R.-R. He). 
1 These authors contributed equally to this work. 
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0944-7113/© 2017 Elsevier GmbH. All rights reserved. 
n clinic with few side effects ( Qiao et al., 2012 ). Despite the use

nd development of KBD in anti-influenza therapy, the pharmaco-

ogical activities of many herbal formulae still lack evidence-based

nvestigation and mechanism study. 

Chinese herbal medicines are guided by TCM theory in increas-

ng the host’s resistance to pathogens, which is different from

he theory of western medicines aiming at “setting a thief to

atch a thief”. The three distinct host strategies that are used to

eal with the same infection are resistant host, tolerant host, and

usceptible host ( Iwasaki and Pillai, 2014 ). Therefore, increasing re-

istance/tolerance or reducing the susceptibility of the host are key

trategies for prevention of influenza. Stress has been well-known

o perturb the homeostatic state of the body ( Jaggi et al., 2011 ),

aking people vulnerable to diseases. Our previous studies indi-

ated that the restraint stress could increase the susceptibility to

nfluenza virus in mice and provide a useful model basis for evalu-

ting the effectiveness of the herbal medicinal product and natural

roducts ( Cao et al., 2012; He et al., 2011; Tang et al., 2014 ). Hence,

http://dx.doi.org/10.1016/j.phymed.2017.02.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/phymed
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phymed.2017.02.004&domain=pdf
mailto:liyifang706@jnu.edu.cn
mailto:rongronghe@jnu.edu.cn
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n the present study, we employed this model to evaluate the anti-

nfluenza activities of KBD and investigate its related mechanisms. 

aterial and methods 

rugs and reagents 

KBD (Batch No. 201408062), forsythoside I, forsythoside

, pinoresinol-4-O-glucoside and β-asarone were provided by

uangzhou Xiangxue Pharmaceutical Co., Ltd. (Guangzhou, China).

 R,S )-goitrin, mangiferin, forsythoside A, forsythin, α-pinene, β-

inene, borneol, methyleugenol, patchouli alcohol and α-asarone

ere purchased from National Institutes for Food and Drug Control

Beijing, China). Terpinen-4-ol was provided by Dr. Ehrenstorfer

mbH (Augsburg, Germany) and α-terpineol was procured from

igma-Aldrich (St. Louis, MO, USA). The purity of all reference

ompounds was > 98.0%. 

KBD is composed of Radix isatidis (Banlangen; the radix of Isatis

ndigotica Fortune ex Lindl. (a synonym of the accepted name Isatis

inctoria L. according to theplantlist.org), of family Brassicaceae),

hizoma phragmitis (Lugen; the rhizome of Phragmites communis

rin. of family Poaceae), Radix rehmanniae (Dihuang; the radix

f Rehmannia glutinosa (Gaertn.) DC. of family Scrophulariaceae),

adix curcumae (Yujin; the radix of Curcuma wenyujin Y.H.Chen

t C.Ling. (a synonim of the accepted name Curcuma aromatica

alisb. according to theplantlist.org), of family Zingiberaceae),

hizoma anemarrhenae (Zhimu; the rhizome of Anemarrhena

sphodeloides . Bunge of family Asparagaceae), Rhizoma acori

atarinowii (Shichangpu; the rhizome of Acorus tatarinowii Schott.

a synonym of the accepted name Acorus calamus L.) of family

coraceae), Herba pogostemonis (Guanghuoxiang; the caulis of

ogostemon cablin (Blanco) Benth. of family Lamiaceae), Fructus

orsythiae (Lianqiao; the fructus of Forsythia suspensa (Thunb.)

ahl. of family Oleaceae) and Gypsum fibrosum (Shigao; one min-

ral with hydro calcium sulfate fibriform crystallized polymeric)

n a dry weight of 129 g, 61 g, 32 g, 25 g, 25 g, 25 g, 29 g, 46 g

nd 57 g, respectively. Radix isatidis, Rhizoma phragmitis, Radix

ehmanniae and Gypsum fibrosum were identified by Xiupai Zeng,

iaoying Lin, Miaochan Cai and Bixi Li, respectively. Rhizoma

nemarrhenae, Herba pogostemonis and Fructus forsythiae were

dentified by Longcheng Ye. Radix curcumae and Rhizoma acori

atarinowii were identified by Shijie Mo. These people are experts

n authenticating Chinese medicines. Guangzhou Xiangxue Phar-

aceutical Co., Ltd. prepared the sample. These herbs were mixed

nd soaked in water and heated for 3 h. The volatile was collected

ith hydroxypropyl- β-cyclodextrin and the water solution was

ltered. Then, the filter residue was again soaked in water and

eated for 1.3 h to collect filtrate. The two filtrates were combined,

oncentrated and then added the 85% ethanol until the ethanol

ontent was 70%. Subsequently, the solution was filtered and the

ltrate was concentrated under reduced pressure. The ethanol

olution and volatile were mixed and water was added to 10 0 0 ml.

he final KBD test sample was sterilized and stored at 4 °C. The

atio of dry herb to dry extract was 100: 23. 

Oseltamivir was purchased from Yichang Changjiang Pharma-

eutical Co., Ltd. (Wuhan, China). CORT was obtained from Sigma

MO, USA). Antibodies against mitochondrial antiviral signaling

rotein (MAVS) (#3993), transcription factor nuclear factor-kappa

 p65 (NF- κB p65) (#3033), phosphorylation interferon regulatory

actor 3 (p-IRF3) (#4947) and tumor necrosis factor α (TNF- α)

#3707) were provided by Cell Signaling Technology Inc. (Boston,

A, USA). Antibody against interferon- β (IFN- β) (TA306437) was

ought from OriGene Technology (Rockville, MD, USA). Antibodies

gainst interferon inducible transmembrane 3 (IFITM3) (ab15592),

nfluenza virus nucleoprotein (NP) (ab20343), and interleukin-1 β
IL-1 β) (ab9722) were purchased from Abcam (Cambridge, UK). 
irus 

The influenza virus A/FM/1/47 (H1N1) was donated by Prof.

ianxin Chen in College of Veterinary Medicine, South China Agri-

ultural University (Guangzhou, China). A double LD50 dose was

sed for viral challenges in all animal experiments. All influenza

irus related experiments were performed in a Biosafety Level 2

aboratory in Jinan University. 

PLC and GC analysis method 

KBD was analyzed by HPLC with UV detection at 236 nm.

aters Corp. (Milford, MA, USA) CORTECS C18 column

150 mm × 4.6 mm, 2.7 μm) was used to separate components

f KBD and the oven temperature was 30 °C. The compounds were

luted (eluent A, 0.1% phosphoric acid in water; eluent B, methyl

lcohol; eluent C, acetonitrile) at a flow rate of 1 ml/min using

 gradient program. The calibration curves were established by

lotting the peak area versus the concentration of the standard

olution prepared with the reference compounds in the seven

ifferent concentration ranges ( Table 1 ). For GC elution and sep-

ration an HP-INNOWAX column (30 m × 0.32 mm, CA, USA) with

 film thickness of 0.25 μm was used. Detection was carried out

sing a hydrogen flame ionization detector. The column temper-

ture was programmed as follows: the initial temperature was

0 °C and increased to 100 °C at 1 °C/min, ramped to 145 °C at 4 °C
min, increased to 165 °C at 1 °C /min and held for 20 min, then

ncreased to 230 °C at 40 °C /min and held for 5 min. The injection

olume was 1 μl in split mode (5:1). Nitrogen was the carrier gas

ith an initial flow rate of 0.6 ml/min, holding for 34 min, increas-

ng to 1 ml/min at 2 ml/min 

2 , holding for 25 min, and increasing

o 2 ml/min at 2 ml/min 

2 . N-heptadecane (National Institutes for

ood and Drug Control, Beijing, China) was used as an internal

tandard for quantitative analysis by GC. The internal standard

alibration curves were established by plotting the ratio of the an-

lyte response to the internal standard response against the ratio

f the analyte amount to the internal standard amount ( Table 1 ). 

nimals and treatments 

Male Kunming mice (13–15 g) were purchased from Guangdong

edical Laboratory Animal Center (Guangzhou, China). All mice

ere acclimatized in a pathogen-free animal room with a con-

rolled temperature at 23 ± 2 °C, 12 h light/dark cycles. All animal

are and experimental procedures were approved by the Labora-

ory Animal Ethics Committee of Jinan University (20131011017)

nd were in accordance with the National Institute of Health’s

uide for the Care and Use of Laboratory Animals (the 7th edition,

ashington, DC, USA). 

The first experiment was conducted to evaluate the anti-

nfluenza virus effects of KBD in normal mice. Animals were

andomly divided into 5 groups with 10 mice in each group:

ontrol, Virus, Oseltamivir (virus + 31 mg/kg/d oseltamivir), KBD-L

virus + 13 mg/kg/d KBD, and KBD-H (virus + 26 mg/kg/d KBD).

ice were inoculated intranasally with virus (35 μl) under anes-

hetization by diethyl ether vapor. Control mice were inoculated

ith PBS. Oseltamivir and KBD were administered to mice for 7

ays (twice a day) while other groups received saline only. The

urvival and several typical symptoms of illness were recorded for

1 days or until death. 

The second experiment was performed to evaluate the anti-

nfluenza virus effects of KBD in mice loaded with restraint stress.

ice were randomly divided into 6 groups with 10 mice in

ach group: Control, Virus, “Restraint stress + Virus”, Oseltamivir

restraint stress + virus + 31 mg/kg/d oseltamivir), KBD-L (re-

traint stress + virus + 13 mg/kg/d KBD) and KBD-H (restraint
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Table 1 

Regression equations, linearity and correlation coefficients, LOD and LOQ for the main ingredients in KBD. 

Compound Linear range Regression equation a Correlation LOD b LOQ c 

( μg/ml) coefficient (r 2 ) ( μg/ml) ( μg/ml) 

(R, S)-Goitrin 2 .02–100.70 y = 32618628.04x + 4716.38 0 .9999 0 .04 0 .13 

Mangiferin 1 .92–96.00 y = 10570430.39x + 3685.81 0 .9998 0 .07 0 .23 

Forsythoside A 17 .47–873.50 y = 4724166.70x + 7424.94 0 .9999 0 .44 1 .46 

Forsythin 4 .69–234.50 y = 6566402.12x + 1388.11 0 .9999 0 .39 1 .88 

α-Pinene 0 .79–63.40 Y = 1.05179X −0.0 0 06592 0 .9999 0 .03 0 .10 

β-Pinene 3 .28–262.01 Y = 1.03777X −0.0018416 0 .9999 0 .03 0 .10 

Terpinen-4-ol 7 .68–608.51 Y = 0.6 8363X −0.0024 864 0 .9999 0 .07 0 .24 

Borneol 1 .16–92.54 Y = 0.90 074X −0.0 010412 0 .9999 0 .05 0 .15 

Methyleugenol 3 .41–273.98 Y = 0.74768X −0.0019670 0 .9999 0 .07 0 .21 

Patchouli alcohol 5 .40–431.21 Y = 0.93568X −0.0026342 0 .9999 0 .07 0 .24 

β-Asarone 9 .48–758.77 Y = 0.59072X −0.0022465 0 .9999 0 .30 0 .92 

α-Asarone 4 .78–383.24 Y = 0.69396X −0.0041827 0 .9999 0 .18 0 .58 

a y: peak area (mAU) of compounds; x: concentration ( μg/ml) of compounds. Y: the ratio of the analyte 

response to the internal standard response; X: the ratio of the analyte amount to the internal standard amount. 
b Limit of detection (LOD) = 3 × SD/slope of regression. 
c Limit of quantitation (LOQ) = 10 × SD/slope of regression. 
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stress + virus + 26 mg/kg/d KBD). In the “Restraint stress + Virus”

and drug treatment groups, mice were physically restrained in

a 50 ml polypropylene restraint tube with holes for 22 h. After

recovering for one day, mice were infected with influenza virus.

The oral administration of oseltamivir and KBD started from the

first day of stress and lasted for 7 days (twice a day). The body

weight, survival, and several typical symptoms of illness were

recorded for 21 days or until death. 

The animal group and drug administrations of the third ex-

periment were the same as the second experiment. Five days

after virus infection, mice were weighed and anesthetized with

ethyl ether. The lungs were removed, cleaned and weighed. The

lung index was calculated according to the following formula:

Lung index (mg/g) = lung weight/body weight. Lung tissue was

harvested for histopathologic examination, reverse transcription

polymerase chain reaction (RT-PCR) and western blotting analysis. 

The 4th experiment was performed to examine the effect of

KBD on plasma CORT levels and MAVS in mice loaded with re-

straint stress. The mice were randomly divided into 4 groups with

25 mice in each group: Control, Restraint stress, KBD-L (Restraint

stress + 13 mg/kg/d KBD) and KBD-H (Restraint stress + 26 mg/kg/d

KBD) groups. Mice were physically restrained for 22 h except for

the control group. Mice were orally administered with KBD for

4 days (twice a day). On the 3rd day after stress, mice were

anesthetized by ethyl ether. Blood samples were collected from

the heart, and plasma CORT levels were determined by HPLC. 

Cell culture 

A549 cells were provided by Guangzhou Medical University.

Cells were grown in DMEM (Gibco-BRL, Carlsbad, CA, USA) supple-

mented with 10% FBS (Gibco). Cells were maintained at 37 °C in

5% CO 2 . 

In order to mimic the stress-induced susceptibility to influenza

virus infection in vitro , we used corticosterone (CORT), an indi-

cator of the stress response, to establish a “CORT + Virus” A549

cell model. Cells were randomly divided into 3 groups, includ-

ing Control, Virus, and “CORT + Virus”. In the Virus group, cells

were infected with 10 TCID 50 virus and cultured for 8 h. In the

“CORT + Virus” group, cells were treated with CORT (100 μM) for

48 h and then infected with 10 TCID 50 virus for 8 h. Cells were

harvested to determine the protein expressions. 

Based on the “CORT + Virus” cell model, we then screened the

active components in KBD. Cells were pretreated for 2 h with the

main compounds identified in KBD (-goitrin, mangiferin, forsythin,

forsythoside A). Then the cells were challenged with CORT and

virus. Cells were harvested to determine the protein expressions. 
ung histopathologic analysis 

Lung tissue was harvested on the 5th day post infection and

mmersed in 4% of paraformaldehyde and embedded in paraffin.

ung sections (5 μm) were cut, mounted on microscopic slides,

nd stained with hematoxylin and eosin (HE). Five to ten fields

f at least 2 sections per animal and 3 animals per experimental

roup were evaluated. 

mmunohistochemistry staining 

The in situ expression of NP in lung tissues was performed

s follows: serial 5- μm tissue sections were immersed in xylene

twice for 5 min at room temperature), rehydrated in 100% ethanol

twice for 2 min at room temperature), 95% ethanol (for 1 min),

nd 80% ethanol (for 1 min). Antigen retrieval was performed

y boiling slides for 30 min in 1 mM EDTA buffer, pH 8.0. Slides

ere blocked in 1% FBS, 0.4% TritonX-100 for 1 h at room tem-

erature, and subsequently incubated overnight at 4 °C with the

ollowing primary anti-NP antibody. Sections were washed thrice

ith blocking buffer and were subsequently incubated with goat

nti-mouse antibody. The sections were then counterstained with

ematoxylin for 2 min to stain cell nuclei. The sections that were

abeled to detect NP positive cells were visualized by microscopy. 

estern blotting analysis 

Lung tissue was lysed and protein contents were quantified

sing the Bradford assay. Protein (30 μg) was run on a 10%

DS/PAGE gel and transferred to nitrocellulose membranes. Im-

unoblotting was assayed using anti-NF- κB p65, p-IRF3, TNF- α,

FITM3, NP, IL-1 β , IFN- β and MAVS antibodies. The immunode-

ection was done using an enhanced chemiluminescence detection

it (MultiSciences Biotech, Hangzhou, China). The band density

as quantified using the quantity one analysis software (Bio-Rad,

ercules, CA) via calculating the average optical density in each

eld, and expressed as the ratio to β-actin. 

T-PCR 

Total RNA was extracted from lung tissues as previously de-

cribed ( Tang et al., 2014 ). The quality of the extracted RNA was

etermined by optical density measurement at 260 nm on a spec-

rophotometer (Thermo, Waltham, MA, USA). Retrotranscription

as performed using 1 μg of RNA. The sequences of primer pairs

sed for NP, IFN- β and internal control 18S are provided in Table

1 (Supporting Information). The gene expressions of NP, IFN- β
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Fig. 1. 3D-HPLC fingerprint and GC analysis of KBD. The composition (A), 3D-HPLC fingerprint (B) and GC fingerprints(C) of KBD. 
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Fig. 2. Effects of KBD on influenza virus infection in normal and stressed mice. Mortality in normal mice (A); Survival curve in normal mice (B); Mortality in restraint mice 

(C); Survival curve in restraint mice (D). # p < 0.05 vs. Virus group; & p < 0.05 and && p < 0.01 vs. “Restraint stress + Virus” group. 

Table 2 

The contents of the main ingredients in the single herb and KBD. 

Compound Plant name Content in the Content in the KBD 

plant ( μg/g.single plant) ( μg/g. single plant) 

(R, S)-Goitrin Radix isatidis 360 .41 170 .54 

Mangiferin Rhizoma anemarrhenae 7700 .52 1718 .00 

Forsythoside A Fructus forsythiae 35600 .00 2924 .35 

Forsythin Fructus forsythiae 2800 .86 1343 .70 

α-Pinene Fructus forsythiae 31 .48 10 .43 

β-Pinene Fructus forsythiae 200 .35 55 .22 

Terpinen-4-ol Fructus forsythiae 1036 .27 308 .26 

Borneol Rhizoma acori tatarinowii 96 .86 13 .20 

Methyleugenol Rhizoma acori tatarinowii 79 .32 10 .40 

Patchouli alcohol Herba pogostemonis 3200 .56 317 .24 

β-Asarone Rhizoma acori tatarinowii 1386 .54 342 .00 

α-Asarone Rhizoma acori tatarinowii 489 .52 135 .60 
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and internal control 18S in lung tissues were fractionated on a 1%

agarose gel and visualized by ethidium bromide staining. The band

intensity of ethidium bromide was measured and then quantified

with the Quantity-One software (Bio-Rad, Hercules, CA, USA), and

expressed as the ratio to 18S. 

Determination of corticosterone (CORT) level in plasma 

Blood samples were pretreated with 10 μl of heparin, and the

plasma was collected after centrifugation at 2292 × g for 10 min.

CORT was extracted from the plasma and quantified by HPLC as

we previously reported ( Li et al., 2012 ). Cortisol solution (100 μl,

500 ng/ml) as an internal standard was mixed into plasma (1 ml).

Steroids were extracted by mixing with 2 ml of ethyl acetate thor-

oughly for 3 times. The organic phase was collected and washed

twice with 1 ml of HPLC-grade water, then evaporated under
itrogen. The residue was dissolved in 200 μl of acetonitrile-water

38:62, v/v) and the CORT level was analyzed by HPLC with

 UV detection at 254 nm (Agilent 1200). The column (5 C 18 ,

.6 × 250 mm; particle size 5 μm; Waters Corp.) was equilibrated

y HPLC grade acetonitrile-water (38:62, v/v) at a flow rate of

 ml/min. 

tatistical analysis 

The data were presented as means ± SD. Statistical comparisons

f the data were performed using the ANOVA of the SPSS 19.0

ystem for multiple comparisons with Tukey post-hoc test to deter-

ine statistical significance. Survival curves were estimated using

he Kaplan-Meier method and the log-rank test was used to assess

he group differences using GraphPad Prism4 (GraphPad Software,

a Jolla, CA, USA). A value of p < 0.05 was considered significant. 
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Fig. 3. Effects of KBD on influenza-induced pneumonia in stressed mice. Lung index (A) and the protein expressions of TNF- α, IL-1 β (B) in the lung tissues. Representative 

images of histologic changes (C). Bar = 0.5 mm. Light yellow arrows represented hyperplasia of bronchial and black arrows represented inflammatory cells infiltration. Data 

were expressed as means ± SD. ∗p < 0.05, ∗∗p < 0.01 vs. Control group; # p < 0.05, ## p < 0.01 vs. Virus group; & p < 0.05, && p < 0.01 vs. “Restraint stress + Virus” group. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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esults 

hemical analysis of KBD 

The chemical fingerprint of KBD was determined using HPLC

nd GC analysis as shown in Fig. 1 . The components of KBD were

dentified through comparing the HPLC or GC fingerprints of single

erb, KBD without single herb, KBD and reference substances

Figs. S1–S7, Tables S3–S4). Five (forsythoside I, forsythoside H,

orsythoside A, pinoresinol-4-O-glucoside and forsythin), one

mangiferin), and one (( R,S )-goitrin) ingredients were respec-

ively detected in Frutus forsythiae, Rhizoma anemarrhenae and

adix isatidis by HPLC. Four ( α-pinene, β-pinene, terpinen-4-

l and α-terpineol), one (patchouli alcohol) and four (borneol,

ethyleugenol, β-asarone, α-asarone) ingredients were respec-

ively detected in Fructus forsythiae, Herba ogostemonis and

hizoma acori tatarinowii by GC spectrum analysis. Totally, five

erbs have been identified. Radix rehmanniae, Rhizoma phragmitis

nd Radix curcumae were not identified, which may be due to

he low contents of the active ingredients or weak UV absorbance.

hat’s more, Gypsum fibrosum was CaSO • 2H O, which could not
4 2 
e detected by GC and HPLC. The calibration curves or internal

tandard calibration curves of maker compounds showing good

inearity with r 2 > 0.9998 and other parameters were shown in

able 1 . The quantitative data of the main ingredients in the single

erb and KBD were displayed in Table 2 . 

ffect of restraint stress on the susceptibility to influenza virus in 

ice 

Mice were infected with H1N1, and their body weight and

ehavior were monitored daily until 21 days post-infection. From

he 6th day after virus exposure, a tendency to huddle, ruffled

ur, altered respiration, and reduced food intake was observed

n infected mice. However, KBD exerted no significant protection

gainst mortality after influenza virus infection in mice ( Fig. 2 A).

t should be noted that only 45% of infected mice in the “Virus”

roup presented a more severe pattern of illness signs and death,

hich suggested that 55% of them were relatively resistant to

nfluenza virus. 

To establish a susceptible animal model, mice were loaded with

estraint stress for 22 h before viral infection. The data showed
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Fig. 4. Effects of KBD on NP, IFN- β and IFITM3 expressions in the lung tissues of influenza virus-infected mice loaded with restraint stress. NP and IFN- β mRNA expressions 

in the lung tissues (A). NP immunohistochemistry in the lung sections (B). Bar = 50 μm. Yellow arrows indicated viral NP. Nuclei were stained with hematoxylin (blue). 

IFN- β and IFITM3 protein expressions in the lung tissues (C). Data were expressed as means ± SD ( n = 3). ∗∗p < 0.01 vs. Control group. # p < 0.05, ## p < 0.01 vs. Virus group; 
& p < 0.05 and && p < 0.01 vs. “Restraint stress + Virus” group. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 

this article.) 
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that the morbidity increased to 100% ( Fig. 2 C), and the mortal-

ity also significantly increased in the “Restraint stress + Virus”

group ( Fig. 2 B). These results strongly suggested a major role

of the stress in the elimination of individual differences and

keeping the susceptibility to influenza virus at a similar level.

Therefore, we employed “Restraint stress + Virus” as the model

to investigate the protective effects of KBD against influenza

viruses in mice. As shown in Table S2 (Supplementary Material)

and Fig. 2 C and D, mice in the “Restraint stress + Virus” group

had a higher morbidity rate (100% vs. 33.3%) and lower mean

time to sickness (6.3 ± 1.1 vs. 16.4 ± 6.8 days) when compared

to the “Virus” alone group. The survival rate decreased to 50.0%
ompared to 91.7% in the “Virus” alone group ( p < 0.01), and the

ean day to death (MDD) decreased from 20.3 ± 2.3 to 14.7 ± 6.7

ays ( p < 0.01). Compared with the “Restraint stress + Virus” group,

BD-H treatment presented a less severe pattern of illness signs

nd significantly improved the survival rate (50.0% vs. 85.7%,

 < 0.05) and prolonged the MDD to 19.3 ± 4.4 days ( p < 0.05),

emonstrating a protective effect against virus-induced death. A

ositive control, oseltamivir, significantly decreased the morbidity

ate to 35.7% and prolonged mean time to sickness to 16.7 ± 6.0

ays ( p < 0.01). In addition, oseltamivir markedly raised the sur-

ival rate to 92.9% and extended the MDD to 20.4 ± 2.4 days

 p < 0.01). 
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Fig. 5. KBD regulates the mitochondrial antiviral signaling pathway. A schematic model of the MAVS-mediated antiviral signal pathway (A). MAVS, p-IRF3 and NF- κB protein 

expressions in the lung tissues (B). CORT level in the plasma (C) and MAVS protein expression in the lungs (D). Data were expressed as means ± SD. ∗p < 0.05 and ∗∗p < 0.01 

vs. Control group. # p < 0.05 and ## p < 0.01 vs. Virus group. & p < 0.05 and && p < 0.01 vs. “Restraint stress + Virus” or Restraint stress group. 
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nfluence of KBD on influenza virus-induced lung inflammation in 

estraint-stress mice 

In the present study, the lung weight was recorded to calculate

he lung index, an indicator of inflammation and edema levels on

he 5th day after infection. As shown in Fig. 3 A, the baseline of

he lung index in the control group was 9.06 ± 0.38 mg/g, and it

arginally increased to 9.74 ± 0.91 mg/g in the “Virus” alone group

 p > 0.05). In contrast, mice in the “Restraint stress + Virus” group

resented a higher lung index (11.66 ± 0.80 mg/g, p < 0.01 com-

ared to the “Virus” alone group). Application of oseltamivir, KBD-L

r KBD-H significantly recovered the lung index to 8.77 ± 0.52 mg/g

 p < 0.01), 10.46 ± 0.52 mg/g ( p < 0.05) and 10.68 ± 0.37 ( p < 0.05),

espectively. Analysis of pro-inflammatory markers on post-

nfection day 5 revealed that virus infection significantly increased

L-1 β and TNF- α levels ( p < 0.05), the levels of TNF- α and IL-1 β
ere even higher in the “Restraint stress + Virus” group mice.

BD-H and KBD-L effectively lowered TNF- α and IL-1 β protein

xpression ( Fig. 3 B). We next determined the histopathologic

hanges in the lungs of the mice. As shown in Fig. 3 C, mild

nflammatory cell infiltration was observed in the lungs of mice

n the “Virus” group. Moreover, extensive edema, more severe
 t  
nflammatory cell infiltration and thicker bronchial walls were

ound in the “Restraint stress + Virus” group mice. As expected,

BD-H and KBD-L treatment displayed an obvious reduction in

nflammatory cell infiltration. 

BD decreases the susceptibility to influenza virus by increasing 

FN- β responses in mice 

Influenza virus NP is an indicator of viral replication and

learance during influenza infection. We found that NP gene

xpression significantly increased in the ‘Restraint stress + Virus’

roup when compared to the Virus group ( p < 0.05, Fig. 4 A).

imilar results were obtained from immunohistochemistry staining

f lung sections with an anti-NP antibody ( Fig. 4 B). The reduced

iral replication and enhanced viral clearance in KBD-H and KBD-L

reated mice were confirmed by the determination of NP gene

nd protein expressions in the lungs ( Fig. 4 A and B). These results

evealed that the treatment of KBD-H and KBD-L could decrease

he susceptibility to influenza virus in mice. 

The protein expressions of IFN- β and IFITM3 were assayed in

he lung tissue. As shown in Fig. 3 A and C, significant increases in

he gene expression of IFN- β ( p < 0.05) as well as the protein ex-
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Fig. 6. The establishment of CORT-induced viral susceptibility in A549 cells. The mRNA (A) and protein expressions (B) of NP in A549 cells. IFN- β (C) and IFITM3 (D) protein 

expressions. Data were expressed as mean ± SD. ∗∗p < 0.01 vs. Control group. ## p < 0.01 vs. Virus group. 
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pressions of IFN- β and IFITM3 ( p < 0.01) upon viral infection were

observed when compared with the “Control” group. Compared to

the “Virus” group, restraint stress significantly lowered IFN- β gene

( p < 0.05) and protein ( p < 0.01) expressions and reduced IFITM3

protein expression ( p < 0.05). Significantly, higher protein levels

of IFN- β and IFITM3 were found in KBD-H and KBD-L treated

mice than in mice loaded with restraint stress ( Fig. 4 C). These

observations strongly suggested that the enhanced host antiviral

defense by KBD-H and KBD-L might be related to an increase in

IFN- β and IFITM3 expressions. 

KBD increases IFN- β responses by regulating the mitochondrial 

antiviral signaling pathway 

The mitochondrial antiviral signaling pathway plays an impor-

tant role in the synthesis of type I IFNs. The RNA helicase retinoic

acid-inducible gene I (RIG-I) recognizes the 5 ′ -triphosphate viral

single-stranded ribonucleic acid that is generated after viral repli-

cation, then recruits and interacts with MAVS. This action results in

the phosphorylation of IRF3 and the activation of the NF- κB, which

subsequently induces some inflammatory cytokines and produc-

tion of type I IFNs ( Iwasaki and Medzhitov, 2010 ). A schematic

model of the MAVS-mediated antiviral signal pathway is illustrated

in Fig. 5 A. Since the synthesis of pro-inflammatory cytokines is

modulated by NF- κB, we examined the effects of KBD on NF- κB

p65 protein expression. As shown in Fig. 5 B, the protein expression

of NF- κB p65 in mice of the “Restraint stress + Virus” group was

significantly increased compared to the “Virus” group. Application

of KBD-H and KBD-L decreased protein levels of NF- κB p65 in lung
issue of infected stressed-mice ( p < 0.01). In addition, to investi-

ate whether the elevated IFN- β and IFITM3 levels in KBD-H and

BD-L treated mice were the consequence of the enhanced MAVS

ntiviral signaling pathway, the protein expressions of p-IRF3 and

AVS were also tested by western blotting. As shown in Fig. 5 B,

irus infection induced an increase in MAVS ( p < 0.05) and p-IRF3

 p < 0.01) protein expressions. However, a marked reduction in

he protein expressions of MAVS and p-IRF3 was observed in

he “Restraint stress + Virus” group when compared to the “Virus”

roup. As expected, compared to the “Restraint stress + Virus”

roup, KBD-H and KBD-L treatment could up-regulate the protein

xpressions of MAVS and p-IRF3 to increase the synthesis of type

 IFNs. Restraint stress could activate the hypothalamic-pituitary-

drenal (HPA) axis, resulting in the secretion of CORT ( Yang and

laser, 2002 ). An increase in CORT levels can cause the breakdown

f immune homeostasis ( Li et al., 2012 ). In order to explore

hether the role of KBD in the mitochondrial antiviral signaling

athway is ascribed to the non-specific anti-stress effect (which

an be reflected by plasma CORT levels), the effects of KBD on the

lasma CORT levels and lung MAVS protein expression in restraint-

tressed mice were evaluated. As shown in Fig. 5 C and D, restraint

tress significantly elevated the plasma CORT levels and decreased

he protein expression of MAVS in lungs of mice. Interestingly,

BD-H and KBD-L had no significant effects on the plasma CORT

evel, but restored the protein level of MAVS in stressed mice. It

an be inferred that restraint stress-induced influenza viral suscep-

ibility might be associated with CORT secretion, and KBD-H and

BD-L boosted resistance to influenza through the mitochondrial

ntiviral signaling pathway independent of non-specific anti-stress

ffects. 
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Fig. 7. The antiviral activities of the components in KBD in CORT-treated A549 cells. NP, IFN- β and IFITM3 protein expressions after different concentrations of (R, S)-goitrin 

(A), mangiferin (B), forsythin (C) and forsythiaside A (D). Data were expressed as mean ± SD. ∗p < 0.05, ∗∗p < 0.01 vs. Control group. # p < 0.05 and ## p < 0.01 vs. Virus group. 
& p < 0.05 and && p < 0.01 vs. “CORT + Virus” group. 
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R,S)-goitrin, mangiferin, forsythin, and forsythoside A in KBD induce 

n antiviral response to influenza virus infection 

In order to identify the antiviral components in KBD in vitro ,

t was necessary to develop a cell-based screening model corre-

ponding to the restraint stress animal model. According to the

esults of animal experiments ( Fig. 5 C), restraint stress-induced

nfluenza viral susceptibility was associated with CORT secretion.

hus, we utilized CORT to establish an A549 cell stress model, and

he protein expressions of NP, IFN- β and IFITM3 were assessed to

eflect the viral replication level. Our data showed that the viral

oad in the cells treated with CORT and virus was significantly

igher than that in cells only treated with virus ( Fig. 6 A and B).

he decreased production of IFN- β and IFITM3 was also observed

n the cells treated with CORT and virus ( Fig. 6 C and D). These data

ndicated that CORT in vitro could alter the expressions of suscep-

ible factors and ultimately increase influenza viral susceptibility.

ased on this model, we further examined the anti-virus effects of

he main components in KBD. Our results demonstrated that ( R,S )-

oitrin (10 μM), mangiferin (5 μM), forsythin (5 μM) and forsythia-
 p  
ide A (5 μM) significantly lowered the protein levels of NP as well

s increased the protein levels of IFN- β and IFITM3 ( Fig. 7 ). 

iscussion 

The herbal formulation of KBD has a long history of influenza

nd related complications clinically. However, in normal mice,

e didn’t observe a significant influence of KBD on the mor-

ality and morbidity after influenza virus. In comparison, KBD

ould substantially reduce the risk of influenza virus infection in

estraint-stressed mice. 

We then explored how KBD decreased the susceptibility of

nfluenza virus in stressed mice. The classic stress response is the

ctivation of HPA axis and subsequent boosted glucocorticoids

evels, mainly cortisol in humans and CORT in rodents ( Boardman

t al., 2014; Miller et al., 2007 ). Excessive CORT can produce multi-

le deleterious immunological changes ( Kugler et al., 2013 ). Hence,

e inferred whether KBD could suppress the production of stress

ormones to keep body’s homeostasis, but our results showed that

lasma CORT level in the stressed mice was unaffected by KBD
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Fig. 8. A schematic summary—KBD reduces influenza susceptibility via mitochon- 

drial antiviral signaling. 
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treatment. Nevertheless, KBD was found to elevate IFN- β protein

level and the consequent induction of IFITM3. IFN- β induction by

influenza viruses partially depends on the recognition of RNA viral

genomes by either the cytosolic receptors RIG-I ( Pang and Iwasaki,

2012 ). RIG-I interacts with MAVS upon influenza virus infection

to trigger the activation of NF- κB and IRF-3, which in turn induce

the production of type I IFNs and pro-inflammatory cytokines

( Iwasaki and Pillai, 2014 ). Intriguingly, our results indicated that

restraint stress markedly impaired the mitochondrial antiviral sig-

naling pathway, which can be reversed by KBD but not oseltamivir.

The activation of NF- κB could be also regulated by MAVS

antiviral signaling ( Iwasaki and Pillai, 2014 ). From this perspective,

NF- κB mediated inflammation should be compromised when

stress blocks MAVS antiviral signaling. However, it is paradoxi-

cal with the fact that inflammation is a dominating pathogenic

mechanism causing high morbidity and mortality in many stress-

induced diseases ( Sternberg, 2006 ). In accordance with this report,

we also observed that restraint stress profoundly aggravated

inflammation in the lungs of mice caused by influenza virus infec-

tion. KBD exhibited obvious anti-inflammatory activity relevant to

mitigating NF- κB activation, which might be attributed to the ac-

tivities of mangiferin and forsythiaside ( Cheng et al., 2014; Duang

et al., 2011 ), although the deep mechanism remains unknown. In

this study, we established a “CORT + Virus” model and identified

forsythin, forsythiaside A, ( R,S )-goitrin, and mangiferin might be

the antivirus components in KBD. Nevertheless, in the future, in

vivo studies are still needed to confirm whether their actions are

in accordance with that of KBD. 

Conclusion 

Overall, the present study demonstrated that this restraint-

stress mouse model is effective in the evaluation of the antiviral

activity of KBD. Restraint stress can reduce the susceptibility to

influenza via regulating mitochondrial antiviral signaling. In addi-

tion, KBD could also down-regulate NF- κB protein expression to

reduce the level of pro-inflammatory cytokines. The results of the
urrent study provide scientific data for the use and development

f KBD and other anti-influenza TCM. 
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