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Abstract

Influenza is an infectious acute respiratory disease with complications and a high mortality rate; the effective medicines for
influenza therapy are limited. “Huanglian” or Coptidis Rhizoma, Coptis chinensis Franch., Ranunculaceae, and “ganjiang”
or Zingiberis Rhizoma, Zingiber officinale Roscoe, Zingiberaceae, combination is clinically used for treating respiratory
diseases. HPLC was applied for the quantification of berberine hydrochloride (1.101 mg/ml) and 6-gingerol (38.41 pg/ml)
in the H,O-soluble extract of the herbal formulation. In this study, the effect of “huanglian”- “ganjiang” extract on influenza
virus HIN1-induced acute pulmonary inflammation was evaluated, in addition to the investigation of its anti-influenza
mechanism in a mouse model. The analyzed herbal combination inhibited the expression of cytokine IL-6 and stimulated
the expression of IL-2 in the serum of influenza virus-infected mice. Meanwhile, the herbal combination downregulated the
gene and protein expression levels of TLR3, TLR7, MyD88, RIG-I, MAVS, TRAF3, and NF-kB p65, which are key targets
of toll-like and RIG-I-like receptor signaling pathways in mice. In addition, the herbal combination could also promote the
combination of intracellular autophagosomes and lysosomes in autophagosome-lysosome formation and improve impaired
fusion of autophagosomes and lysosomes by influenza virus. This study suggested that the “huanglian”- “ganjiang” extract
may be a candidate therapeutic strategy for the treatment of HIN1 influenza.
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Introduction antiviral drugs, such as RNA polymerase inhibitors or neu-

raminidase inhibitors as oseltamivir, sold under the brand

Influenza is an acute respiratory disease caused by the
influenza virus infection with high incidence, short incu-
bation period, and strong infectivity (Abdelrahman et al.
2020). According to World Health Organization, there are
3 to 5 million cases of severe illness caused by influenza
worldwide, and about 290,000 to 650,000 respiratory
deaths a year (Tuliano et al. 2018). However, vaccines or
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name tamiflu, could not work for all types of influenza
viruses (Paules et al. 2017; Scorza and Pardi 2018); in
addition, they show toxicity and side effects (Kumar et al.
2018). Therefore, new antiviral strategies are urgently
needed for influenza therapy.

Traditional Chinese medicine has a long history of
herbal use for the treatment of influenza (Rahman et al.
2022), which is based on the multi-component, multi-path-
way, and multi-target mechanism of action of its formula-
tions with low level of herbal drug resistance, and repre-
sents a source for drug development from natural resources
(Zhang et al. 2018a). Traditional Chinese medicine has
been used for the selection of medicinal plants with anti-
viral activities against SARS (Liu et al. 2012), COVID-19
(Zhao et al. 2021b), and HIN1 (Li et al. 2016), which has
attracted worldwide attention.

The herbal combination of “huanglian” or Coptidis
Rhizoma, Coptis chinensis Franch., Ranunculaceae, and
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“ganjiang” or Zingiberis Rhizoma, Zingiber officinale
Roscoe, Zingiberaceae, is a formulation derived from the
multi-herb decoctions “banxia xiexin” (“banxia” or Pinel-
liae Rhizoma, Pinellia ternata (Thunb.) Breit, Araceae)
and “gancao xiexin” (“gancao” or Glycyrrhizae Radix et
Rhizoma, Glycyrrhiza uralensis Fisch., Fabaceae), both of
which are classic prescriptions described in the Treatise
on Febrile Diseases (Shanghan Lun) of the Han Dynasty
of China compiled sometime before 220 AD (Gong et al.
2019). The herbal “huanglian”- “ganjiang” prescription is
widely applied for clinical respiratory diseases treatment
(Chen et al. 2019; Li et al. 2019). The active ingredient
of “huanglian” is berberine (1), which can alleviate lung
injury of influenza virus—infected mice as an anti-flu medi-
cine on the TLR/RLR signaling pathways and the target
genes (Yan et al. 2018). In addition, berberine appeared to
be effective for treating hyperglycemia and dyslipidemia
in diabetes mellitus (Khashayar et al. 2021). 6-Gingerol
(2) is the active ingredient of “ganjiang” in antipyresis,
analgesia, anti-inflammation, bacteriostasis, and boost-
ing immunity (Hong et al. 2021). In previous studies, the
combination of “huanglian” and “ganjiang” showed anti-
influenza effect in vitro, and the virus inhibition rate was
the largest when the dosage ratio of the two medicinal
plants was 1:1 (Table S1). However, the action mechanism
of “huanglian”- “ganjiang” combination against influenza
has not been described.

O OH

HO
OCH,

When the influenza virus invades, innate immunity, as
the first line of defense of the body, plays a pivotal role in
resisting the virus invasion. During influenza infection, the
host uses various pattern receptors, mainly toll-like receptors
(TLRs) located in the cell membrane and RIG-I like recep-
tors (RLRs) located in the cytoplasm (Zhang et al. 2015).

The stress responses would be initiated when TLRs and
RLRs pathways are stimulated, which are associated with
adaptor proteins MyD88 and MAVS, then activate transcrip-
tion factors NF-kB, and induce the expression of inflamma-
tory cytokines, such as IL-2 and IL-6 (Zhang et al. 2015).

Autophagy is a major process of programmed cell death
that degrades some intracellular proteins, damaged orga-
nelles, and invades pathogens through lysosomes, playing
an important role in maintaining intracellular homeostasis
and preventing viral infection (Liu et al. 2019). Influenza
virus infection induces autophagy and inhibits the fusion
of autophagosomes and lysosomes, resulting in the accu-
mulation of autophagosomes (Wang et al. 2019). It causes
high expression of autophagy proteins ATGS and ATG7,
and in addition, it accelerates the conversion of LC3-I into
autophagy marker protein LC3-II, leading to a significant
increase in the expression of LC3-II, indicating that inhibi-
tion of incomplete cell autophagy is a potential strategy to
alleviate influenza virus infection (Beale et al. 2014).

In the present study, the anti-virus efficacy of the extract
obtained from the “huanglian”- “ganjiang” medicinal herbal
formulation was evaluated. The mechanism of action for the
regulation of target protein expression was explored in vivo
by the use of a pneumonia mouse and in vitro by the Madin
Darby canine kidney (MDCK) epithelial cell monolayer. Thus,
this study aims to provide a new way for the study of the anti-
influenza potential of herbal formulations from the traditional
Chinese medicine.

Materials and Methods
Plant Material

The medicinal herbs produced in the Sichuan province of
China, Coptis chinensis Franch., Ranunculaceae (batch no.
20170501), and Zingiber officinale Roscoe, Zingiberaceae
(batch no. 20150702), were purchased from Zhejiang Chinese
Medical University Decoction Pieces Co., Ltd., Hangzhou,
China. The specimens were deposited in the School of Phar-
maceutical Sciences, Zhejiang Chinese Medical University, and
accession numbers were assigned as follows: Coptis chinensis
Franch., Ranunculaceae (no. 20190917), and Zingiber offici-
nale Roscoe, Zingiberaceae (no. 20191209). The plants were
identified by Professor Shui-li Zhang, School of Pharmaceutical
Sciences, Zhejiang Chinese Medical University, China.

Extraction

“Huanglian” and “ganjiang” (3 g each) were refluxed
in water (60 ml) for 2 h. After filtration, the residue was
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refluxed with water (48 ml) for 1 h again. Filtering and mix-
ing the solutions, the resulting H,O-soluble extract corre-
sponded to 0.5 g/ml, which was stored at 4 °C.

Plant Quality Control

HPLC was used for quality control of the total extract.
The analysis was performed in an Agilent 1260 system,
including G1315D diode array detector and ChemStation
chromatography workstation. Chromatographic separation
was performed with an Agilent Hypersil BDS C,g column
(250 mm x 4.6 mm, 5 pm) and monitored at 280 nm at
30 °C. The mobile phase was a mixture of water contain-
ing 0.3% phosphoric acid (triethylamine controlled pH 4)
(A) and acetonitrile (B), and the elution method was as
follows: 0—18 min (30-40% B), 18-25 min (40-57% B)
with a flow rate of 1 ml/min. The injection volume was
10 pl (0.5 g/ml). Berberine hydrochloride (RT 8.18 min;
purity >98%; lot: 165230-201203) and 6-gingerol (RT
22.65 min; purity >98%; lot: 0713-9906) were purchased
from National Institutes for Food and Drug Control, China,
and used as chemical markers.

Virus and Cells

Influenza A virus strain A/PR/8/34 (HIN1) and MDCK cells
were kindly supplied by Virus Research Institute, Zhejiang
Provincial Center for Disease Control and Prevention, Hang-
zhou, China.

Animals

Institute Cancer Research mice (120 male individuals;
18-22 g) were supplied by the Animal Experimental
Center, Zhejiang Academy of Medical Sciences, China
(ZSLL-2016-191). Experiments on infected animals
were carried out in Zhejiang Provincial Center for
Disease Control and Prevention. Mice (120) were ran-
domly divided into 6 groups, healthy group, infection
group, oseltamivir group (23 mg/kg), H,O-soluble plant
extracts high dose group (Extract-H, 18 g/kg), plant
extract middle dose group (Extract-M, 9 g/kg), and plant
extract low dose group (Extract-L, 4.5 g/kg), 20 mice
for each. Except for the healthy group, after being anes-
thetized with ether, the mice in each group were intra-
nasally infected with 50 pl of 10 LDs, virus, and viral
pneumonia was induced. After 2 h, oseltamivir or plant
extract was administered intragastrically for 1 week. The
healthy group and the infection group were fed the same
volume of water.

@ Springer

Inhibition Rate Detection

The mice were sacrificed on the 7th day and lungs (Cui
et al. 2022), and spleens and thymus were collected (Du
et al. 2020). After washing in saline and dried, the samples
were weighted, and the following formulae were used for
index calculation:

O ight
Organ index (mg/g) = —2on W18 (mg)

weight (g)

Organ index inhibition rate %

_ Organ index of infected group — Organ index of drug treatment group

- — X 100%
Organ index of the infected group

Histology

Lung tissues were fixed with 10% formalin and dehydrated in
gradient ethanol, permeabilized in xylene, and embedded into par-
affin. The lung tissues were cut into 4-pum-thick sections, stained
with hematoxylin/eosin, and observed under a microscope.

Viral Load

RNAs from lung tissues were extracted and amplified by
RT-PCR. The primers were designed by Sangon Biotech
(Shanghai) Co., Ltd. (Table S2). The relative expression
level of the M1 gene (viral load of influenza virus) was cal-
culated by the formula 2724,

ELISA

Mouse blood was collected from the mice orbit, and the
serum was obtained by centrifugation at 1369.55 x g for
15 min at 4 °C. IL-2 and IL-6 levels in serum were detected
by ELISA kit.

RT-PCR

TLR3, TLR7, MyD88, RIG-I, MAVS, TRAF-3, NF-kB p65,
and GAPDH primers (Table S2) were designed by JRDUN
Biotechnology (Shanghai) Co. Ltd., China, and synthesized
by Shanghai Generay Biotech Co. Ltd., China. Lung tissue
was homogenized at 4 °C by the application of Trizol total
RNA extraction protocol. Total RNA was extracted from the
homogenate. Reverse transcription of RNAs was performed
by the First Strand cDNA Synthesis Kit (Thermo, America).
Then, the cDNA was amplified in the RT-PCR system (ABI-
7300 Real-Time Detector, ABI, America). Amplification
conditions were pre-denaturation at 95 °C for 2 min, 95 °C
for 15 s, 55 °C for 35 s, and circulation for 40 times. The
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relative expression level of the target gene was calculated by
the formula 2744,

Cell Autophagy

Six groups were set as the control group, the virus model
group, and the positive control group (10 mmol/ml
3-methyladenine (3-MA), 2 h pretreated cells), and plant
extracts high, middle, and low dose groups (3.125, 1.56,
and 0.78 mg/ml) in MDCK cell. Each group was cultured
for 16 h in DMEM medium with RFP-GFP-LC3B double
fluorescence plasmid. Then, the cells were inoculated with
100 median tissue culture infective doses (TCIDs) of the
HINT1 virus for 1 h, 100 pl/well, except for the control group
(Moradi et al. 2017). Plates were washed twice with PBS.
Then plant extracts were added, and cells cultivated and
observed after 24 h.

Western Blotting

Tissues and cells were lysed in RIPA lysis buffer and quanti-
fied by BCA protein assay kit. After SDS-PAGE electropho-
resis and semi-dry membrane transfer, 1 h blocking, TLR3
(1:500), TLR7 (1:1000), MyD88 (1:1000), RIG-I (1:1000),
MAVS (1:1000), TRAF3 (1:1000), NF-kB p65 (1:1000),
LC3 (1:1000), and GAPDH (1:5000) antibodies were incu-
bated overnight, and the secondary antibodies (1:2000) were
incubated in 1 h at room temperature. Immunoblotting sig-
nals were detected by ECL Western blot detection system
and analyzed by Image-J software.

Statistical Analysis

All statistical computations were performed on SPSS 21.0.
ANOVA, and multiple comparisons were applied. The
p <0.05 were considered statistically significant. The charts
were shown in Graphpad Prism 8.

Results and Discussion
HPLC Profiling

HPLC analysis of H,O-soluble extract from the “huanglian”-
“ganjiang” herbal formulation was used for the quality con-
trol of the commercial plant materials. The resulting chro-
matogram allowed the identification of the chemical markers
used as standards (Fig. S1): compounds 1 (Rt 8.27 min) and
2 (Rt 22.66 min). In addition, the method applied allowed
the quantification of berberine (1.101 mg/ml) and 6-gingerol
(38.41 pg/ml) in the crude drug.

Amelioration of Pneumonia

When the body is infected with the influenza virus, patho-
logical phenomena such as edema, inflammatory exuda-
tion, cell degeneration, death, and even shedding appear
in lungs increase lung mass and lung index (Fig. 1A). The
lung indexes of oseltamivir group, and the soluble extract
in high and medium doses, were lower compared with the
infection group (p <0.01), and the lung index inhibition rate
was higher, with 39.46, 33.37, and 16.12% in oseltamivir
group, as well as extract treatments at high and medium
doses, respectively.

Lymphocyte proliferation and humoral immunity response
occurred after infection. As the largest lymphatic organ in
the human body, the spleen can identify foreign bodies, pro-
mote the proliferation and differentiation of immune cells,
and initiate an immune response (Lester and Li 2014). The
thymus is the central immune organ of the human body and
the site for the production, differentiation, development, and
maturation of T lymphocytes (Iwasaki and Medzhitov 2010).
Both are closely related to the immune state of the body.
The immune organ indices (spleen index and thymus index)
were significantly higher (p <0.01) with the high dose and
medium dose of the tested extract (Fig. 1B, C). The results
showed that extract treatments at high and medium doses had
protective effects on the immune organs of mice infected by
influenza virus in a dose-dependent manner.

Meanwhile, we observed that the unclear alveolar walls
in the infection group were thicker than the control, with
infiltrated alveoli and dilated blood vessels in the lung
interstitium and consolidation lung tissues. The damages
were mitigated in the oseltamivir group and tested extract
groups. Moreover, the extract treatment at the high dose
group showed a better effect in lung tissues for reduced
lesion scope and inflammatory cell density (Fig. 1D). Pul-
monary viral load indirectly reflects the extent of influenza
virus replication and infection (Lalueza et al. 2019). After
treatment with oseltamivir or extract by gavage, the relative
expression levels of viral load in the lung tissue of mice were
significantly reduced (p <0.01). The viral load of oseltamivir
group was lower than that of extract-treated groups, and the
viral load of extract treatment at high doses was lower than
that of extract treatment at medium and low doses (Fig. 1E).

Severe lung capillary injury and immune dysfunction caused
by virus would lead to a systemic cytokine storm, which accel-
erates lung injury and overexpresses a variety of inflammatory
factors (Shinya et al. 2012). The IL-2 level decreased in the
infection group compared to the healthy group and returned
when treated with the extract at the higher dose. Such treat-
ment effect was better than that in other treated groups with
the extract. Virus infection stimulated the IL-6 secretion, and
was inhibited by extract, which showed a significant decrease
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Fig. 1 Effect of H,0O-soluble extract from the “huanglian”- “gan-
jiang” herbal formulation on viral pneumonia in mice infected with
influenza. A Effect of the tested extract on lung index of influenza-
infected mice (n=10); B, C effect of the tested extract on immune
organ index of mice infected with influenza (n=10); D photomi-
crographs of lung tissue morphology of mice (200X) with hema-
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toxylin/eosin stain; E effect of total extract on viral load in lung
tissue (n=3); F, G effect of total extract on serum IL-2 and IL-6
contents in influenza-infected mice (n=10). Compared with infected
group, *p<0.05, ¥**p<0.01. Abbreviations: EXTRACT-H, -M, and
-L=H,0-soluble extract at high, medium, and low doses
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Fig.2 The H,0-soluble
extract from the “huanglian”-
“ganjiang” herbal formula-
tion suppressed the TLRs/
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in both the treated group with the extract at a high dose and
the oseltamivir group. The results indicated that the herbal
extract could significantly reduce the IL-6 and promote the IL-2
level, which regulated the synthesis and secretion of cytokines
(Fig. 1F, G). The herbal formulation of Huanglian- Ganjiang
crude drug combination worked in influenza-infected mice and
adjusted the body function of mice by protecting the lung cells.

EXTRACT-H

EXTRACT-M
EXTRACT-L

TLR/RLR Signaling Pathways

RT-PCR and western blotting were performed for signal-
ing pathways analysis. The expressions of TLR3, TLR7,
MyDS88, RIG-I, MAVS, TRAF3, and NF-xB p65 genes in
the lung were activated by virus infection both in mRNA
and in protein level, especially in TLR7 and MAVS in PCR
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Fig.3 The H,O-soluble extract A
from the “huanglian”- “gan-
jiang” herbal formulation
regulated autophagy induced by
influenza virus. A Autophagy
induced by the total extract
against influenza virus. Under
the single GFP channel, the
green fluorescent aggregation
points represented autophago-
somes. In the GFP-RFP channel
diagram, the yellow fluorescent
aggregate points represented
autophagosomes, and the red
fluorescent aggregate points
represented autophagosome-
lysosome. When incomplete
autophagy occurred, a yellow
fluorescent aggregation point is
detected. B The expression level
of autophagy marker protein
LC3-1I/p-actin in MDCK

cells induced by influenza

virus (n=23). Compared with
infection control, *p <0.05,

**p <0.01. C Western blots of
autophagy marker proteins

Cell control

o

3-MA

(=]
EXTRACT-H .

EXTRACT-M
EXTRACT-L

amplification, of which were more than ninefold increase.
Although TRAF3 and NF-kB p65 were detected at a high
level in protein, the PCR growth rates were smaller than
mitochondrial antiviral-signaling (MAVS). The action of
the tested extract was dose dependency; thus, the high dose
displayed a better effect (Fig. 2A, B). For these results, as
compared with the infected control group, the mRNA and
protein expression of targets genes in the TLR/RLR signal-
ing pathways of model mice was suppressed by the extract
of the herbal formulation.

At present, Traditional Chinese medicine anti-influenza
virus mechanism focuses on TLR/RLR signaling pathways.
“shixiangru” or Moslae Herba, Mosla chinensis Maxim.,
Lamiaceae, total flavonoids, and “huanglian xiangru decoc-
tion” (“huanglian” or Coptidis Rhizoma, Coptis chinensis
Franch., Ranunculaceae. “xiangru” or Moslae Herba, Mosla
chinensis Maxim., Lamiaceae) have been reported to inhibit
TLR signaling pathway mice infected by influenza virus
for lung protection (Wu et al. 2016; Zhang et al. 2018b).
Liu Shen Wan worked on the RLR signaling pathway in
the treatment of mouse pneumonia (Zhao et al. 2021a).
From the results above, we proposed and confirmed that
the H,O-soluble extract of the Chinese herbal formulation
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“huanglian”- “ganjiang” exerts anti-influenza effect by reg-
ulating the expression of key target genes and proteins of
TLR and RLR signaling pathways. TLRs and RLRs are two
important pattern-recognition receptors (PRRs) related to
influenza invasion in innate immunity. TLR signaling path-
way is for innate immunity (Duan et al. 2022); activation of
both TLR and RLR signaling pathways to initiate an innate
immune response requires the activation of both TRAF3 and
NF-kB genes (Zou et al. 2020; Shang et al. 2021). Hence,
PRRs of TLRs and RLRs form a strong innate immune sig-
nal network for influenza virus invasion resistance.

Autophagosome Elimination of Virus

Autophagy is a process in which some proteins or organelles
in cells are encapsulated and transferred to lysosomes for
digestion and degradation, thus maintaining cell homeosta-
sis (Bruckova et al. 2011). We detected the programmed cell
death in vitro of virus-infected MDCK cells. A reduced aggre-
gations of green points detected in treated groups suggest that
the extract inhibited the proliferation of influenza viruses in
autophagosomes by inhibiting the production of autophago-
somes. For the yellow spots, the accumulation occurred in
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the cells of the virus model group, indicating the impaired
fusion of autophagosomes and lysosomes. Furthermore, red
spots representing autophagosome-lysosome appeared in the
3-MA group and extract-treated groups, suggesting that the
damage of the fusion process between autophagosomes and
lysosomes could be reversed by the herbal extract to eliminate
the intracellular influenza virus (Fig. 3A).

The expression of LC3 was investigated as well. LC3-
[I/B-actin ratio decreased significantly after 3-MA and the
extract added into medium (p <0.05). And the decreasing
trend was 3-MA >extract high dose group > extract medium
dose group > extract low dose group for dose dependence
(Fig. 3B, C). These results indicated that herbal extract could
inhibit the expression of autophagy marker protein LC3-II,
and thus inhibit autophagy to produce anti-influenza virus
effects in a dose-dependent manner. In summary, the results
illustrated that herbal extract could reverse the damage of
the fusion process of intracellular autophagosomes and lys-
osomes, promote the formation of autophagosome-lysosome
and then clear the influenza virus in cells, and inhibit the
expression of autophagy protein LC3-II at the same time,
to play a role in resisting influenza virus infection.

Conclusion

The H,0O-soluble extract of the Chinese herbal formulation
“huanglian”- “ganjiang” has remarkable anti-HIN1 influ-
enza effects, by regulating the expression level of inflam-
matory cytokines in the body and inhibiting the expression
of key target genes and proteins in the TLR/RLR signaling
pathways. The herbal extract could impair the damage of
the lung, reduce the inflammatory of influenza virus infec-
tion, and reverse influenza-induced incomplete autophagy.
Therefore, the herbal formulation “huanglian”- “ganjiang
could be a promising candidate for the treatment of HIN1
influenza and its subsequent viral pneumonia.
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