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Abstract
Forsythiae Fructus, a well-known traditional Chinese medicine preparation derived from the
dried fruits of Forsythia suspensa (Thunb.) Vahl, has been historically utilized for its
heat-clearing and detoxification properties. Forsythiae Fructus has been reported to exhibit
antiviral activity such as against SARS-CoV-2 and influenza virus. This review highlights the
recent updates on the effects and underlying action mechanisms of compounds in and active
fractions from Forsythiae Fructus and Chinese formulae containing Forsythiae Fructus.
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Introduction

Viruses are small, obligate, intracellular parasites that contain genetic
material, which can be either RNA or DNA, surrounded by a protective
protein coat. They cannot reproduce on their own and use the host’s
cellular machinery to replicate their genetic material and produce
more virus particles [1]. Viral infection is the process by which viruses
invade the body through various routes and proliferate in susceptible
host cells [2]. Infectious diseases are characterized by their diversity,
high infectivity, morbidity, and mortality, all of which pose a
significant risk to human health. Owing to the diversity of virus
species and physiological conditions, viral infections frequently result
in a wide range of diseases with varying degrees of severity. The
common symptoms of viral infections include but are not limited to
fever, headache, and cough.
With the global spread of viruses, particularly the SARS-CoV-2 that

was identified in 2019 and is still mutating and continues to be highly
infectious, antiviral drugs are urgently needed. The key to combating
SARS-CoV-2 is the development of safe and effective medications [3,
4]. At present, oseltamivir [5] (effective against influenza virus),
ribavirin [6] (effective against respiratory syncytial virus (RSV)),
interferon-α [7] (effective against hepatitis B virus), and other
antiviral medications are commonly used in clinical practice [8].
Additionally, immunizations prevent virus infections. However, these
drugs are known to cause serious side effects such as gastrointestinal
(oseltamivir) [9] and hemolytic anemia (ribavirin) [10]. The H275Y
mutation confers resistance to oseltamivir [11], lacking immune
regulation [12]. Therefore, the major challenges associated with viral
diseases should be identified to aid in the development of antiviral
medications [13].
Traditional Chinese medicine (TCM) is characterized by few side

effects and exceptional healing benefits. TCM is quite distinct from
western medicine in the prevention, diagnosis, and treatment of
diseases because it uses multiple targets, multiple pathways, and
multiple linkages, which can effectively reduce symptoms and shorten
the course of therapy [14, 15].
Unfortunately, due to the complex matrix and undefined active

components, the underlying mechanisms of TCM are still largely

unknown, which impedes its globalization. However, unlike western
medicine, TCM is effective in treating complex diseases with immune
imbalance, such as influenza.
Forsythiae Fructus (FF), an effective heat-clearing and detoxicating
herb in Chinese medicine, is derived from the dried fruits of Forsythia
suspensa (Thunb.) Vahl. Depending on the harvest time, FF is classified
into Qingqiao (when the fruits are green) and Laoqiao (when the fruits
are ripe). Both are commonly used in clinical and pharmaceutical
studies on TCM. FF and its active ingredients can inhibit various
viruses, including SARS-CoV-2, influenza A virus, RSV, herpes simplex
virus, and human cytomegalovirus [16]. In this review, we highlight
the recent updates on the antiviral research of FF and explore the
literature regarding its underlying molecular mechanisms.

Antiviral effect of FF prescriptions

According to ancient Chinese classic literature such as Treatise on Cold
Damage Diseases (Zhong-Jing Zhang, 205 C.E.), Compendium of Materia
Medica (Shi-Zhen Li, 1552–1578 C.E.), Shennong’s Classic of Materia
Medica (Nong Shen, 25–220 C.E.), and Prescriptions of Peaceful
Benevolent Dispensary (Shi-Wen Chen, 1107–1110 C.E.), FF has
heat-clearing and detoxification properties, eliminates mass, relieves
swelling, and dispels wind and heat [17]. It can also treat stranguria,
edema, Qi (Qi refers to the basic substance that constitutes the human
body and maintains life activities, and is the unity of substance and
function)-stagnation, and blood stasis. FF is believed to have
anti-inflammatory, antibacterial, and antiviral properties, which may
make it useful in treating conditions such as furuncles and influenza. It
is also believed to have a diuretic effect, which can help to reduce
edema and relieve symptoms such as swelling and bloating. In
addition, FF is thought to have a protective effect on the liver and may
be useful in the treatment of liver injury and related conditions. It is
also believed to have a mild antiemetic effect, which can help to
relieve nausea and vomiting. According to Chinese pharmacopoeia,
preparations containing FF are mainly used for clearing heat and
detoxification. Compounds and active fractions from FF and formulae
containing FF have antiviral effects, particularly against SARS-CoV-2
and influenza virus. Prescriptions and Chinese patent medicines are
summarized in Table 1.

Table 1 Summary of traditional and modern FF prescriptions in China

Prescription name Composition Treatment Records

Liangge powder
Forsythiae Fructus, Rhei Radix et Rhizoma, Natrii Sulfas,
Gardeniae Fructus, Menthae Herba, Scutellariae Radix,
Glycyrrhizae Radix et Rhizoma, Lophatheri Herba.

Herpangina in children
[18]; acute suppurative
tonsillitis in children [19,
20].

Prescriptions of
Peaceful
Benevolent
Dispensary, 1511

Yinqiao powder

Forsythiae Fructus, Lonicerae Japonicae Flos, Armeniacae Semen
Amarum, Menthae Herba, Lophatheri Herba, Platycodonis Radix,
Glycyrrhizae Radix, Schizonepetae Spica, Sojae Preparatum
Semen, Arctii Fructus.

Influenza A virus infection
[21–23]; H1N1 virus
infection [24]; Reduces the
level of M1 protein [25].

Detailed Analysis
of Epidemic Warm
Diseases, 1798

Lianhua Qingwen capsule

Forsythiae Fructus, Lonicerae Japonicae Flos, Ephedrae Herba,
Armeniacae Semen Amarum, Gypsum Fibrosum, Isatidis Root,
Dryopteridis Crassirhizomatis Rhizoma, Houttuyniae Herba,
Pogostemonis Herba, Rhei Radix et Rhizoma, Rhodiolae
Crenulatae Radix et Rhizoma, L-Menthol, Glycyrrhizae Radix et
Rhizoma.

Severe viral-bacterial
pneumonia [26]; Influenza
A virus infection [27, 28];
COVID-19 [29].

Pharmacopoeia of
the People’s
Republic of China,
2010

Jinhua Qinggan granule

Ephedrae Herba, Gypsum Fibrosum, Armeniacae Semen
Amarum, Lonicerae Japonicae Flos, Scutellariae Radix,
Forsythiae Fructus, Fritillariae Thunbergii Bulbus, Anemarrhenae
Rhizoma, Arctii Fructus, Artemisiae Annuae Herba, Menthae
Herba, Glycyrrhizae Radix et Rhizoma.

Influenza A virus infection
[30]; COVID-19 [31–33].

China Academy
of Traditional
Chinese
Medicine, 2009

Tanreqing injection
Scutellariae Radix, Bear Bile, Goat Horn, Lonicerae Japonicae
Flos, Forsythiae Fructus, Propylene Glycol.

RSV pneumonia [34–36];
COVID-19 [37].

China’s National
Drug Standards,
2009

Fufang Yinhua Jiedu
granule

Artemisiae Annuae Herba, Lonicerae Japonicae Flos,
Schizonepetae Herba, Menthae Herba, Chrysanthemi Indici Flos,
Isatidis Folium, Forsythia Fructus, Commeline Communis, Sojae
Preparatum Semen, Peucedani Radix.

Influenza A virus infection
[38].

China’s National
Drug Standards,
2007

RSV, respiratory syncytial virus.
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Liangge powder
Liangge powder, a popular TCM formula documented in Formulary of
Peaceful Benevolent Dispensary [39] comprises FF, Natrii Sulfas, Rhei
Radix et Rhizoma, Gardeniae Fructus, Scutellariae Radix, Glycyrrhizae
Radix et Rhizoma, Menthae Haplocalycis Herba, and Lophatheri Herba.
It is prescribed for pharyngitis, stomatitis, acute tonsillitis, biliary
tract infection, and acute icteric hepatitis. Liangge powder has been
reported to have antiviral activity and when combined with
Kaihoujian spray, was effective in reducing the duration of various
symptoms associated with herpangina in children, such as antipyretic
time, pain improvement time, salivation disappearance time, and
herpes resolution time [18]. Similarly, combination of Liangge
powder and the anti-inflammatory oral liquid Pudilan improved
clinical symptoms such as pharyngeal congestion, sore throat, loss of
appetite, halitosis, and stool characteristics in children [19].
Furthermore, Liangge powder was found to be effective in the
treatment of acute suppurative tonsillitis in children with excessive
lung and stomach heat, with an effective rate of 93.33% [20].

Yinqiao powder
Yinqiao powder is commonly used for the treatment of warm diseases,
particularly at the initial stages of the disease. It was first described in
Detailed Analysis of Epidemic Warm Diseases, which was written by
Tang Wu.
Yinqiao powder comprises FF, Lonicerae Japonicae Flos, Armeniacae

Semen Amarum, Menthae Herba, Lophatheri Herba, Platycodonis Radix,
Glycyrrhizae Radix et Rhizoma, Schizonepetae Spica, Sojae Semen
Praeparatum, and Arctii Fructus. Clinical applications include the
treatment of influenza, acute tonsillitis, initial symptoms of measles,
encephalitis B, meningitis, mumps, pharyngitis, and angina. Yinqiao
powder extracted in 50% ethanol had the best effect against influenza
A virus and outperformed ribavirin in this regard [21]. Moreover,
Wang et al. [24] found that Maxing Shigan decoction-Yinqiao powder
resulted in faster resolution of fever in 410 people (aged from 15 to
69) with laboratory-confirmed H1N1 influenza. In the absence of
oseltamivir, Maxing Shigan decoction-Yinqiao powder can be utilized
as an alternate treatment for H1N1 virus infection. In addition, Law et
al. [25] discovered that forsythoside A, the main component of
Yinqiao powder, lowered the level of influenza virus M1 protein,
which may aid in inhibiting viral replication. Network
pharmacological prediction and experimental verification revealed
that Yinqiao powder combined with Xijiao Dihuang decoction can
alleviate the inflammatory response of influenza virus infection by
inhibiting the TLR4/TRAF5/NF-ĸB pathway [22]. By promoting the
autophagy of macrophages in influenza virus-infected mice, it
down-regulated the level of mtROS, thereby reducing the
inflammatory response [23].

Lianhua Qingwen capsule (LHQW)
LHQW was listed in the Diagnosis and Treatment Program for
COVID-19 (Trial version 6) of the National Health Commission of the
People’s Republic of China in February 2020. LHQW was approved by
the State Food and Drug Administration in treating COVID-19 patients
with mild symptoms such as fever, cough, and fatigue, with a course
of treatment ranging from 7 to 10 days in April 2020. The LHQW
formula is composed of FF, Lonicerae Japonicae Flos, Ephedrae Herba,
Armeniacae Semen Amarum, Gypsum fibrosum, Isatidis Root,
Dryopteridis Crassirhizomatis Rhizoma, Houttuyniae Herba, Pogostemonis
Herba, Rhei Radix et Rhizoma, Rhodiolae Crenulatae Radix et Rhizoma,
L-menthol, and Glycyrrhizae Radix et Rhizoma. It has heat clearing and
detoxification properties. According to network pharmacology
analysis, LHQW may regulate the inflammatory process, have antiviral
properties, and alleviate lung injury [40]. Zhao’s [41] findings suggest
that LHQW can inhibit the inflammatory response mediated by
lipopolysaccharide and modify the AGE-RAGE pathway via IL-6.
LHQW inhibited influenza-induced bacterial adhesion by
downregulating adhesion molecules, thereby inhibiting severe
pneumonia, indicating that LHQW, rather than being administered as
a single agent, could be utilized as an adjuvant in the treatment of

severe viral-bacterial pneumonia [26]. Additionally, a meta analysis
[28] revealed that the incidence of side effects in LHQW group was
lower than that in conventional drug group in treating influenza A and
H1N1 virus infections. According to Xu [27], LHQW is effective in
treating pneumonia caused by influenza A virus and the mechanism is
related to inhibiting the TLR4/NF-ĸB signaling pathway in the lung.
More importantly, several LHQW components such as forsythoside A,
rhein, forsythoside I, and neochlorogenic acid can inhibit SARS-CoV-2
by significantly affecting the binding of ACE-2 to the S protein, which
is a vital pathway to prevent virus infection [29].

Jinhua Qinggan granules (JHQG)
Oseltamivir (Tamiflu) was the first choice of drug during the global
outbreak of influenza (H1N1) in 2009. However, owing to its high cost
and limited supply, JHQG, a new prescription based on Maxing Shigan
decoction and Yinqiao powder was developed; JHQG is composed of
Ephedrae Herba, Gypsum fibrosum, Armeniacae Semen Amarum,
Lonicerae Japonicae Flos, Scutellariae Radix, FF, Fritillariae Thunbergii
Bulbus, Anemarrhenae Rhizoma, Arctii Fructus, Artemisiae Annuae Herba,
Menthae Herba, and Glycyrrhizae Radix et Rhizoma. JHQG is one of the
three TCM prescriptions listed in the Diagnosis and Treatment Plan
(Trial Third Edition), which was jointly released by the China Health
Commission and the Administration of Traditional Chinese Medicine
on January 22, 2020. It has the effect of dispersing wind, ventilating
lungs, clearing heat, and detoxifying in the treatment of infections
caused by all types of influenza, especially influenza A. Shi [30] found
that JHQG targets viral life cycle and regulates host immune responses
and inflammation. Several studies on COVID-19 have reported that
the main active ingredients of JHQG could down-regulate IL-6 [32].
Furthermore, Wu [33] found that JHQG alleviates cough in COVID-19
patients. In addition, JHQG effectively shortened the time required to
clear SARS-CoV-2 and improved the absorption of inflammatory
exudates from pneumonia without apparent side effects [31].

Tanreqing injection (TRQ)
TRQ has been available since 2003. It has been listed in the clinical
guidelines or Diagnosis and Treatment Plan by the Health Commission
of China and the Administration of Traditional Chinese Medicine for
the prevention and control of major epidemics such as human avian
influenza, influenza A (H1N1), influenza A (H7N9), dengue, Ebola,
and Middle East respiratory syndrome. In addition, TRQ capsule was
listed as the recommended medication for common, severe, and
critical cases in the “Expert Consensus on the Prevention and
Treatment of COVID-19 with Chinese Patent Medicine”. TRQ is
extracted and processed from Scutellariae Radix, bear bile, goat horn,
Lonicerae Japonicae Flos, FF, and propylene glycol. Its functions
include clearing heat, dissipating phlegm, and detoxification. It is used
for the treatment of respiratory tract infections, particularly those
characterized by phlegm-heat blocking the lung with wind-heat or
lung-heat syndrome. In China, TRQ was utilized in combination with
ganciclovir in the treatment of RSV pneumonia in children [34].
Moreover, Wang [35, 36] discovered that TRQ could directly
inactivate RSV, inhibit its replication, and prevent RSV from infecting
Hep-2 cells with an obvious dose-effect relationship. In addition,
based on network pharmacology analysis, Han et al. [37] found that
the main active ingredients in TRQ capsules interfere with the IL-17
signaling pathway, the cAMP signaling pathway, the T cell receptor
signaling pathway, and arachidonic acid metabolism, all of which play
a role in treating COVID-19 by acting on vital proteins such as TNF,
NOS3, EGFR, IL2, and PTGS2.

Fufang Yinhua Jiedu granules (FFYH)
FFYH is a modified and optimized formula derived from Yinqiao
powder, which has been used in the clinical treatment of influenza for
approximately 20 years [42, 43]. FFYH is a well-known Chinese
patent medicine including Artemisiae Annuae Herba, Lonicerae
Japonicae Flos, Schizonepetae Herba,Menthae Herba, Chrysanthemi Indici
Flos, Isatidis Folium, FF, Commeline communis, Sojae Preparatum Semen,
and Peucedani Radix. Previous studies shown that FFYH [38]
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significantly inhibited the replication of influenza A viruses, including
H1N1, H3N2, H5N1, H7N9, and H9N2 in vitro. FFYH protects against
influenza virus-induced acute lung injury in vivo by inhibiting
inflammatory response via suppression of the TLR7-MyD88 signaling
pathway. Zheng [44] discovered that the combination of FFYH and
oseltamivir provided superior protection against influenza A viruses in
mice than either oseltamivir or FFYH alone through inhibition of the
TLR7-MyD88 signaling pathway.

Antiviral effect of FF extract

FF extract is obtained from dried fruits by using different solvents, the
most common of which being water and alcohol. FF extracts exerted
obvious antiviral activity. FF aqueous extract inhibited the replication
of the avian influenza viruses H5N1 and H9N2 in DF-1 cells [45]. It
inhibited the inflammatory response of RSV-infected A549 cells and
lowered the inflammatory response of RSV-infected mice in vivo [46].
Su et al. discovered that the 80% ethanol extract of FF protected
MDCK cells infected with the H1N1 virus at a minimum inhibitory
concentration of 1:8192 mg/mL [47]. Moreover, Ko [48] discovered
that 95% ethanol extract of FF exerted both a positive and negative
impact on the production of MCP-1 in virus-stimulated macrophages,
which is concentration dependent. However, both 50% ethanol and
aqueous extract of FF increased virus-induced MCP-1 secretion. Above
of them, the extracts of FF exhibited a consistent inhibitory effect on
the activation of virus-stimulated T cells at the non-cytotoxic doses.
Additionally, the extract of FF also decreased the viral load, alleviated
the pathological damage of brain tissues, and reduced the expression
levels of TNF-α, IL-1β, IFN-α, and other inflammatory factors in brain
tissue from mice infected with herpes simplex virus type 1 [49].

Antiviral effect of compounds from FF

The chemical composition of FF is complex; it consists of lignans,
phenylethanol glycosides, flavonoids, terpenoids, among other
compounds. The main active constituents are lignans and
phenylethanol glycosides. Wang et al. summarized that FF contained
at least 237 ingredients [50]. Among them, phillyrin (KD-1) [51],
forsythoside A (FA) [52], and some new compounds exert significant
antiviral effect. The specific chemical structures are shown in Figure 1.

KD-1
KD-1 (Figure 1), a type of bisepoxylignan, is a representative

ingredient of FF. Chinese Pharmacopoeia lists KD-1 as an important
indicator for the quality control of FF [17]. KD-1 has
anti-inflammatory, lipid-lowering, hepatoprotective, antibacterial,
antiviral, and neuroprotective activities [53]. Qu [54] showed that
KD-1 protects influenza A virus-infected mice by inhibiting virus
replication. Duan et al. [55] showed that KD-1 could reduce the copy
number of nucleoprotein (NP) gene of influenza A virus, which may be
related to the inhibition of NP and viral RNA binding to form NP
complex, thereby inhibiting the production of the influenza A virus’s
NP gene after transfection. In addition, by upregulating the expression
of IFITM3 and IFN-β, KD-1 promotes the clearance of influenza A
(H1N1) virus and lowers the amount of NP [56].
KD-1 can also play a critical role in the treatment of COVID-19 [57].
Based on bioinformatics analysis [58], 192 common core targets and
25 biological pathways for FF were found in the treatment of
COVID-19 and influenza coinfection, including HIF-1, RAS, and
PI3K-AKT, which were the key signaling pathways implicated in its
antiviral activity, offering new perspectives for the subsequent
treatment of COVID-19. In vitro, Ma found that KD-1 could
significantly inhibit SARS-CoV-2 and HCoV-229E replication [59].
Moreover, network pharmacology and molecular docking analysis
revealed that KD-1 blocked the SARS-CoV-2 S protein binding and
Gln325 in ACE2 [60]. In addition, KD-1 had a significant anti-RSV
effect; in vitro experiments showed that KD-1 could effectively in
improving the survival rate of cells infected with RSV, increasing the
expression of PI3K, and decreasing the expression of AKT [61].

FA
FA (Figure 1) is the main component of FF and has antiviral,
anti-inflammatory, antipyretic, and antioxidant properties. Deng
found that FA inhibits the replication of influenza A virus by
down-regulating the mRNA expression of TLR7, TRAF6, MyD88, and
IRAK4 in the TLR7 signaling pathway as well as NF-ĸB [62]. Zheng
[63] discovered that FA could down-regulating of the RLRs signaling
pathway in mouse lung immune cells, thereby reducing the
inflammation caused by influenza A virus infection in mouse lungs
and improve the prognosis of infection. Law et al. found that FA could
lower the quantity of influenza virus M1 protein, potentially limiting
viral replication [25]. FA was able to directly inhibit the infectious
bronchitis virus in vitro in a dose-dependent manner. When chicken
embryonic kidney cells were pretreated with high doses of FA, the
infectivity of infectious bronchitis virus was significantly inhibited
[64].

Figure 1 Structure of antiviral compounds from FF. FF, Forsythiae Fructus.
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Others
In addition to KD-1 and FA, there are other novel compounds in FF
that exert antiviral effects. By inhibiting the release of β-glucuronidase
in rat polymorphonuclear leukocytes, two novel C17-labdane
diterpenoid alkaloids, forsyqinlingine A and B (Figure 1), were shown
to have antiviral and anti-inflammatory activities against the
influenza A (H1N1) virus and RSV [65]. Zhao [66] found that eight
labdane diterpenoids, including two new labdane diterpenoids named
forsyshiyanins A and B (Figure 1), showed antiviral activities against
influenza A (H1N1) virus and RSV, with IC50 values ranging from
18.4–26.2 μM and EC50 values ranging from 10.5–14.4 μM in vitro.
Two alkaloids not previously described, forsyshiyanins A and B
(Figure 1), as well as three known alkaloids, had antiviral activity
against influenza A and RSV, with IC50 values ranging from 7.3–32.5
μM and EC50 values ranging from 3.7–14.1 μM [67].

Conclusion and future perspectives

TCM has a well-documented history for treating virus infectious
diseases. As a traditional antipyretic TCM preparation, FF is effective
against various viral infections. During the fight against COVID-19 in
China, TCM prescriptions of LHQW, JHQG, TRQ, and FFYH were
utilized. Maxing Shigan decoction, Liangge powder, and Yinqiao
powder have demonstrated clinical efficacy against influenza virus.
Nevertheless, there are still some issues that remain unclarified.

Although TCM has demonstrated important clinical value as an
antiviral medication, similar to FF, is difficult to promote the
application of TCM worldwide due to the complexity of its
components and unclear underlying mechanisms. Firstly, systematic
investigation of difference between Qingqiao and Laoqiao in the clinic
is still limited. In addition, thorough understanding of the activity of
FF, appropriate quality control standards, and exploration of the
underlying mechanism are lacking. Although further research on FF is
needed, we believe that it has potential for clinical application.
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