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Abstract

Lonicerae japonicae flos (LJF), known as Jin Yin Hua in Chi-
nese, is one of the most commonly used traditional Chinese
herbs and nutraceuticals. Nowadays, LJF is broadly applied in
an array of afflictions, such as fever, sore throat, flu infection,
cough, and arthritis, with the action mechanism to be eluci-
dated. Here, we strove to summarize the main phytochemical
components of LJF and review its updated pharmacological
effects, including inhibition of inflammation, pyrexia, viruses,
and bacteria, immunoregulation, and protection of the liver,
nervous system, and heart, with a focus on the potential effi-
cacy of LJF on coronavirus disease—2019 based on network
pharmacology so as to fully underpin the utilization of LJF as a
medicinal herb and a favorable nutraceutical in daily life.
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Introduction

Lonicerae japonicae flos (LJF), known as Jin Yin Hua in
Chinese and recorded in the Chinese Pharmacopoeia,
refers to the dried flower buds or the initial flowers of
Lonicera japonica Thunb., which mainly grows in eastern
Asia, particularly including China and Japan. In tradi-
tional Chinese medicine, LJF is known to possess the
potencies of clearing heat and toxin, and it is broadly

utilized for the treatment of diverse clinical afflictions,
including fever, sore throat, flu infection, cough, and
arthritis. Other than clinical use, LJF is a common type
of nutraceutical, with significant nutritional and health
care functions [1]. In addition, LJF is also applied to
some cosmetics for prevention of acne and eczema [2].
Currently, it is well established that LJF contains
numerous bioactive compounds including phenolic acid,
iris, saponins, and flavonoids. In addition, LJF exhibits
multiple pharmacological effects, involving inhibition of
inflammation, pyrexia, viruses, and bacteria, immuno-
regulation, and protection of the liver, nervous system,
and heart, which underpin the management of various
physical disorders with LJE

Coronavirus disease—2019 (COVID-19) is a contagious
disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Symptoms of COVID-19
are variable, but often include fever, cough, and
breathing difficulties. The pathogenesis of COVID-19 is
facilitated by host suppressed immune function and
hyperactive inflammatory response, leading to the
development of cytokine storm that is a vital factor in
COVID-19 progression [3]. A growing body of evidence
reveals that traditional Chinese medicine, particularly
LJE may exert substantial efficacies on COVID-19, by
alleviating fever and ameliorating respiration of patients
with COVID-19 [4—7]. However, the effective con-
stituents of LJF and the in-depth mechanisms under-
lying the therapeutic action of LJF on COVID-19
remain obscure. Hereby, we sought to summarize the
main phytochemical components of LJF and review the
updated pharmacological effects of LJE particularly
with a focus on the potential efficacy of LJF on COVID-
19 based on network pharmacology so as to fully support
the utilization of LJF as a medicinal herb and a favorable
nutraceutical in daily life.

Phytochemical components

It is well known that LJF has varieties of phytochemical
ingredients, which are mainly phenolic acid, iris, sapo-
nins, and flavonoids. Chlorogenic acid (CGA) is the
largest family of phenolic acid, consisting of quinic acid
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and cinnamic acid, with the latter mainly composed of
caffeic acid and ferulic acid.

In the traditional Chinese medicine systems pharma-
cology database and analysis platform, 236 phytochem-
ical constituents in LJF are recorded. Among them, 23
bioactive elements are characterized, with the oral
bioavailability values at over 30% and drug-like
property values at more than 0.18 ("Table 1).

Updated pharmacological effects

A large amount of updated data show that LJF exerts
various novel pharmacological actions, involving the ef-
fects on inflammation, pyrexia, viruses, bacteria,
immune response, the liver, the nervous system, and the
heart, and the potential efficacy on COVID-19 based on
network pharmacology.

Anti-inflammatory effect

In the 12-O-tetradecanoylphorbol-13-acetate—induced
mouse ear edema, chrysoeriol, a flavone in LJE was
demonstrated to alleviate acute skin inflammation, with
the reduction in ear thickness, ear weight, and the
number of inflammatory cells in inflamed ear tissues, by
downregulating the protein levels of phospho-p65,
phospho-STAT3, inducible nitric oxide synthases,
cyclooxygenase-2, interleukin 6 (IL-6), interleukin 1

Table 1

Effects of Lonicerae japonicae flos Zhao et al. 201

beta (IL-1B), and tumor necrosis factor o (TNF-a) in
inflamed ear tissues. In addition, chrysoeriol suppresses
the JAK2/STAT3 and IkB/p65 nuclear factor-kappa B
(NF-kB) pathway activity in lipopolysaccharide (LLPS)-
stimulated RAW264.7 cells [8]. It was reported that
LJP-1, a polysaccharide isolated from LJE potently di-
minishes picryl chloride—caused allergic contact
dermatitis in the mouse ear, with substantial attenua-
tion in ear thickness, the serum level of IgE, and his-
tamine, as well as tissue TNF-a [9]. In addition, all five
novel iridoid glucosides in LJF were discovered to
moderately diminish platelet-activating factor—induced
B-glucuronidase release in rat polymorphonuclear leu-
kocytes, indicative of the an ti-inflammatory action of
LJF [10].

The toll-like receptor (TLR) signaling pathway plays a
critical role in the pathogenesis of sepsis. HS-23, an
ethanol extract of LJE was found to mitigate septic
injury through inhibiting TLR4 signaling, evidenced by
increasing bacterial clearance, reducing sepsis-induced
mortality, and retarding multiple organ failure and
TLR4 expression in septic mice, with downregulation in
protein levels of myeloid differentiation primary
response protein 88, c-Jun N-terminal kinase, p38
kinase, TIR-domain-containing adapter-inducing inter-
feron-B, and interferon regulatory factor 3 [11].

The main bioactive components in Lonicerae japonicae flos.

Number Main phytochemical components OB (%) DL
1 (-)-(3R,8S,9R,9aS,10aS)-9-ethenyl-8-(beta-D-glucopyranosyloxy)- 87.47 0.23
2,3,9,9a,10,10a-hexahydro-5-oxo-5H,8H-pyrano [4,3-d]Joxazolo [3,2-a]
pyridine-3-carboxylic acid_qt
2 loniceracetalides B_qt 61.19 0.19
3 Centauroside_qt 55.79 0.50
4 Caeruloside C 55.64 0.73
5 Secologanic dibutylacetal_qt 53.65 0.29
6 5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chromone 51.96 0.41
7 Dinethylsecologanoside 48.46 0.48
8 Kryptoxanthin 47.25 0.57
9 Quercetin 46.43 0.28
10 7-epi-vogeloside 46.13 0.58
11 Ethyl linolenate 46.10 0.20
12 ZINC03978781 43.83 0.76
13 Stigmasterol 43.83 0.76
14 Phytofluene 43.18 0.50
15 Xylostosidine 87.47 0.23
16 Mandenol 42.00 0.19
17 Kaempferol 41.88 0.24
18 Eriodyctiol (flavanone) 41.35 0.24
19 Beta-carotene 37.18 0.58
20 Beta-sitosterol 36.91 0.75
21 Luteolin 36.16 0.25
22 Chryseriol 35.85 0.27
23 4,5'-Retro-.beta.,.beta.-carotene-3,3'-dione,4’,5'-didehydro 31.22 0.55

OB, oral bioavailability; DL, drug-like property.
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Chronic obstructive pulmonary disease (COPD) is a
type of obstructive lung disease characterized by long-
term breathing problems and poor airflow. Inhalational
delivery of LJF microparticle (LJFmp) may be a
promising approach for the treatment of COPD, as
LJFmp lessens the levels of TINF-a and IL-6 in bron-
choalveolar fluid, decreases the number of inflamma-
tory cells including neutrophils in peripheral blood,
induces the recovery of elastin and collagen distribu-
tion, and suppresses caspase-3 expression in lung tis-
sues of COPD mice [12]. A relatively recent study
revealed that LJF may weaken the cytokine storm by
attenuation of arachidonic acid metabolism, suggesting
the potential therapeutic effect of LJF on COVID-
19 [13].

Colorectal cancer, predominantly caused by colitis, is
one of the most severe malignancies in the world
nowadays [14]. In the dextran sulfate sodium—induced
mouse colitis, LJF prevents colon shortening, the loss
of recessive glands, and histological damage and de-
creases the levels of inflammatory cytokines in colonic
mucosa, including IL-1B, TNF-a, interferon-y, I1L-6,
IL-12, and 1L.-17, demonstrating the prophylactic role
of LJF in mouse colitis by suppression of inflammation
[15]. It was reported that SARS-CoV-2 gastrointestinal
infection causes hemorrhagic colitis in the patients
with COVID-19; LJF may potentially alleviate the in-
testinal inflammation to facilitate the treatment of
COVID-19 [16].

Antipyretic effect

In a rat model of baker’s yeast—caused pyrexia, both LJF
and LJF-containing Shuang-Huang-Lian, a famous
traditional Chinese medicinal formula, lessen the rectal
temperature, with elevation in the AUC (area under the
concentration time curve) (0-t) and plasma concentra-
tions of CGA, a bioactive constituent of LJE in the
febrile rats versus the normal control, providing the
pharmacokinetic evidence for the antipyretic effect of
LJF [17]. Furthermore, LJF alleviates LPS-induced
fever in rats, accompanied by decreased expression of
TNF-a, IL-1PB, and I1.-6 [18]. As fever is one of the most
common symptoms of COVID-19, the antipyretic effect
of LJF may improve the outcome of the patients with
COVID-19.

Antiviral effect

Cumulative evidence reveals that LJF exhibits inhibi-
tory effects on a broad spectrum of viruses, including the
influenza virus, respiratory syncytial virus, avian influ-
enza virus H9 subtype, enterovirus EV71, and herpes
virus [19].

For influenza A, secoxyloganin and dimethylsocolologa-
noside of LJF drastically inhibit its growth and replica-
tion [20]. In addition, LJF exerts the therapeutic

intervention in influenza by regulating the activities of
NF-kB, mTOR, and T cell signaling pathways [21].

In addition, it was documented that most terpenoids of
LJF display remarkable inhibition on the secretion of
HBsAg (hepatitis B surface antigen) and HBeAg (hep-
atitis B e antigen) and the replication of HBV (hepatitis
B virus) DNA in human hepatocellular carcinoma HepG
2.2.15 cells, justifying that LJF may serve as a dietary
supplement against HBV infection [22].

Antibacterial effect

In a study on the spectrum—effect correlation between
chemical fingerprints and antibacterial effect, LJF was
unveiled to inhibit Pseudomonas aeruginosa replication, which
was dominantly contributed by its two major bioactive
compounds, such as CGA and 3.4-dicaffeoylquinic
acid [23]. In a microcalorimetric determination, three di-
O-caffeoylquinic acids (diCQAs) of LJF were noted to
suppress Bacillus shigae growth, and the order of inhibitory
actions was 3, 5-diCQA > 4, 5-diCQA > 3, 4-diCQA [24].

It was demonstrated that two thymol derivatives of LJE
7-acetyl-8,9-dihydroxy thymol and 7,8-dihydroxy-9-
butyryl thymol, both manifest significant inhibition on
Staphylococcus aureus, Escherichia coli, Micrococcus luteus, and
Bacillus cereus in vitro, with 1Csq values ranging from
27.64 £+ 2.26 to 128.58 + 13.26 pg/mL [25]. Moreover,
five novel iridoid glucosides in LJF also display mild
inhibitory potentials against . aureus with minimal
inhibitory concentration values ranging from 13.7 to
26.0 pg/mL [10]. After gastrointestinal SARS-CoV-2
infection, some patients with COVID-19 may develop
alterations in the gastrointestinal microbiota. Hence,
the antibacterial effect of LJF may be beneficial to the
restoration of gut microbiota [26].

Immunoregulation

It was documented that some phytochemical com-
pounds in LJF may present diversified immunoregula-
tory effects. For instance, CGA, abundant in LJE
improves LLPS-induced expressions of IL.-10 and 1L.-6 in
RAW264.7 cells and elevates the activities of NF-kB,
Sp1, and C/EBPp and 3. However, these actions of CGA
may be impeded by luteolin of LJF through alleviating
the phosphorylation of IKB and p38 kinase, NF-kB ac-
tivity, and IL-6 expression in LPS-challenged
RAW264.7 cells [27]. It is well known that the healthy
immune system can protect against SARS-CoV-2; the
immunoregulatory action of LJF may be helpful to the
treatment of COVID-19 with LJF [28].

Liver protection

Liver fibrosis is very likely to cause hepatic cirrhosis.
LJF was reported to alleviate carbon tetrachloride—
induced liver fibrosis in mice, accompanied by the
decrease in hepatic hydroxyproline content, serous
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collagen IV level, hepatic stellate cell activation,
epithelial—mesenchymal transition process, and oxida-
tive stress injury in the liver, through increasing the
antioxidative activity of the nuclear factor erythroid 2—
related factor 2 signaling pathway cascade. In addition,
the phenolic acids in LJE particularly CGA, sharply
mitigate hepatic stellate cell activation # vitro. These
data suggest the antifibrotic activity of LJF [29], which
is consistent with another report that LJF extract ex-
hibits marked protection against liver fibrosis in
dimethylnitrosamine-induced rat hepatic injury, with
alteration in the levels of 9 metabolites [30].

Besides amelioration of liver fibrosis, LJF also shows
liver protection by antagonizing reactive oxygen
species activity. Under oxidative stress, a biflavonoid of
LJF named japoflavone D attenuates the activation of
ERK and mTOR and activates the KEAP1/NRF2/ARE
signaling axis in SMMC-7721 hepatoma cells, indicative
of the potent antioxidative function of LJF [31].
Furthermore, some phytochemical constituents of LJF
present significant activities against the viabilities of
HepG 2 and SMMC-7721 cells iz vitro, by inducing cell
apoptosis via the intrinsic apoptotic pathway [22].

Neuroprotective effect

It is being brought to light that inflammation is impli-
cated in the pathogenesis of chronic neurodegenerative
diseases, such as Alzheimer’s disease and Parkinson’s
disease. In LPS-stimulated BV2 microglial cells, poly-
phenols isolated from LJF showed to attenuate the
levels of proinflammatory cytokines, including IL-1J,
"TNF-a., nitric oxide (NO) synthase 2, prostaglandin E,,
NO synthase, and cyclooxygenase-2, through inhibiting
the phosphoinositol 3-kinase/Akt/NF-kB signaling axis,
supporting the neuroprotective function of LJF via anti-
inflammatory reaction [32].

Cardioprotective effect

Heart failure is a serious medical situation in the clinical
setting. The CGA of LJF was reported to protect
cardiomyocytes in transverse aortic constriction—caused
mouse heart failure, by reducing TNF-a—induced
toxicity. In addition, CGA lessens TNF-a—induced
cardiac injury in human induced pluripotent stem cell—
derived cardiomyocytes, accompanied by increased cell
viability and mitochondrial membrane potential and
decreased apoptosis in cardiomyocytes. These results
are attributed to the inhibition of CGA on the NF-kB
signal by attenuation of NF-kB/p65 phosphorylation and
c-Jun N-terminal kinase activity [33].

Potential efficacy on COVID-19 based on
network pharmacology

As per the traditional Chinese medicine systems phar-
macology database, LJF contains 23 high orally
bioavailable and drug-like phytochemicals ('Table 1) that

Effects of Lonicerae japonicae flos Zhao et al. 203

target 270 genes, 20 of which are among the 1116 genes
involved in the pathogenesis of COVID-19, based on the
Therapeutic Target Database [34] and Online Mende-
lian Inheritance in Man database. Therefore, these 20
overlapped genes are the potential targets of LJF in
COVID-19, including heat shock protein family B
(small) member 1, plasminogen activator, urokinase,
collagen type I alpha 1 chain, paraoxonase 1, interleukin
6 receptor, TNE myeloperoxidase, neutrophil cytosolic
factor 1, alcohol dehydrogenase 1C, estrogen receptor 1,
IL6, heme oxygenase 1, I1L10, phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit gamma,
epidermal growth factor receptor, interferon-gamma,
nitric oxide synthase 3, albumin, glycogen phosphory-
lase, muscle associated, and amyloid-beta precur-
sor protein (Figure 1).

Of these 20 postulated targets of LJE the heat shock
protein family B (small) member 1 [35], plasminogen
activator, urokinase [36], interleukin 6 receptor [37],
'TNF [38], myeloperoxidase [39], estrogen receptor 1
[40], TLL6 [41], heme oxygenase 1 [42], 1LL10 [43],
epidermal growth factor receptor [44], nitric oxide
synthase 3 [45], and albumin [46] have been validated
to be highly correlated with the initiation and develop-
ment of COVID-19, and these target genes of LJF are
implicated in the inflammatory reaction, oxidative
stress, immune regulation, and respiratory function,
implying the actions of LJF on these multiple targets
orchestrate its efficacy on COVID-19.

Moreover, gene ontology enrichment analysis of these 20
target genes indicates that LJF may exert its anti—
COVID-19 potential through the regulation of the bio-
logical process, cellular component, and molecular

Figure 1

Lonicera

COVID-19

Current Opinion in Pharmacology

The Venn diagram depicts the target genes of LJF in COVID-19. In TCMSP
database, 270 target genes are screened out for LJF, and 1116 pathogenic
genes of COVID-19 are retrieved in TTD and OMIM database, generating 20
overlapped genes that are the potential targets of LJF in COVID-19. TCMSP,
traditional Chinese medicine systems pharmacology; TTD, Therapeutic Target
Database; OMIM, Online Mendelian Inheritance in Man.
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Gene ontology (GO) enrichment analysis of the functions of the 20 LJF-targeted genes in COVID-19. The 20 LJF-targeted genes in COVID-19 are
subject to GO enrichment analysis, revealing that LJF-targeted genes are associated with the regulation of the biological process, cellular component,

and molecular function in COVID-19.

function (Figure 2). Particularly, for biological processes,
LJF mainly modulates the pathways involved in the
cellular response to organic cyclic compounds, positive
regulation of chemokine production, response to
oxidative stress, myeloid leukocyte activation, blood
vessel development, regulation of signaling receptor
activity, extracellular structure organization, response to
nutrient levels, respiratory bust, positive regulation of
small molecule metabolic processes, response to cAMP,
antibiotic metabolic processes, and response to
acid chemical.

Furthermore, these results are reinforced by Kyoto
Encyclopedia of Genes and Genomes pathway enrich-
ment analysis of the biological process enriched with the
[JF-targeted genes, indicating that LJF substantially
regulates the chemokine production, cellular response
to organic cyclic compounds, and response to oxidative
stress, with great significance (Figure 3).

Importantly, these potencies of LJF on COVID-19 are
evidenced by numerous experimental reports. An
orally absorbable plant microRNA in LJE named
MIR2911, was found to suppress the replication of
SARS-CoV-2, by acting on the 28 binding sites for
MIR2911 in the virus genome, which underpins the
negative conversion of SARS-CoV-2—infected patients
by MIR2911 [47]. Luteolin, the main flavonoid in LJE
was found to bind the main protease of the SARS-
CoV-2 coronavirus with high affinity, implying the
potential inhibitory action of LJF on SARS-CoV-2
[48]. A meta-analysis based on 7 English and Chi-
nese databases revealed that the LJF-containing
Lianhua Qingwen capsule exerts remarkably thera-

peutic intervention in common pneumonia and
COVID-19 pneumonia [49, 50].

Moreover, it was well documented that LJF can mediate
cellular response to organic cyclic compounds, response

Current Opinion in Pharmacology 2021, 60:200—207
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KEGG pathway enrichment analysis of the biological process regulated by the LJF-targeted genes. The biological processes enriched with 20
LJF-targeted genes in COVID-19 are subject to KEGG pathway enrichment analysis, revealing that LJF may drastically regulate the chemokine pro-
duction, cellular response to organic cyclic compounds, and response to oxidative stress. KEGG, Kyoto Encyclopedia of Genes and Genomes.

to oxidative stress [51], myeloid leukocyte activation
[52], blood vessel development, and extracellular
structure organization, coinciding with network
pharmacology—based efficacy of LJF on COVID-19.

Conclusions and perspectives
"To date, it is widely acknowledged that complementary

and alternative therapy, including traditional Chinese
medicine and nutraceutical, may play a pivotal role in
the management of miscellaneous diseases, with favor-
able effects and fewer adverse reactions [53-55]. LJF is
one of the most commonly used herbs and nutraceut-
icals, with multiple properties against a range of clinical
disorders, such as inhibition of inflammation, pyrexia,
viruses, and bacteria, immunoregulation, and protection
of the liver, nervous system, and heart. However, the in-
depth mechanisms underlying these properties are still
in great need of extensive and intensive exploration with
cutting-edge approaches and state-of-the-art technolo-
gies. In addition, on long-term dietary uptake, the side
effects of LJF should not be neglected, although the
toxicological data of LJF are extremely deficient
at present.

For COVID-19, collectively, LJF may exert preventive
and therapeutic intervention by host-directed regula-
tion and certain antiviral effects [56]. With the progress
of several clinical trials of LJF-containing Chinese me-
dicinal preparations, including the Lianhua Qingwen
capsule, Toujie Quwen granule, and Jinye Baidu granule
[57], more convincing data will strongly evidence the
utilization of LJF as a beneficial herb and functional
nutraceutical in COVID-19.
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