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time.[3,4] Subsequently, different groups 
around the world have found and verified 
the anti-SARS-CoV-2 ability of cepharan-
thine in vitro and in vivo (Figure 1).[5–7]

2. Discovery of Anti-SARS-CoV-2 
Activity of Cepharanthine In Vitro
Before the coronavirus disease-19 
(COVID-19) epidemic outbreak, a coro-
navirus named GX_P2V sharing 86.0% 
genome nucleotide sequence and 92.2% 
amino acid identity of spike protein with 
SARS-CoV-2 isolate Wuhan-hu-1 was iso-
lated and kept in our lab.[2] Moreover, 

both GX_P2V and SARS-CoV-2 utilize angiotensin converting 
enzyme 2 (ACE2) as the entry receptor, and GX_P2V is non-
pathogenic to human, we proposed GX_P2V can be used as an 
ideal alternative model for SARS-CoV-2 drug screening.[3] After 
the outbreak of COVID-19 epidemic, we immediately decided to 
use GX_P2V for drug screening against SARS-CoV-2. The cyto-
pathic effects (CPE) of each of 2406 clinically approved drugs 
on GX_P2V were observed by microscope, and cepharanthine 
was found to be the most powerful compound to inhibit CPE 
of this SARS-CoV-2 related coronavirus infection. And then 
more experiments were conducted and repeated to confirm the 
virustatic effect of cepharanthine, the anti-SARS-CoV-2 effect 
of cepharanthine on authentic SARS-CoV-2 was confirmed by 
our collaborators in Bio-level 3 laboratory very soon (data not 
published). Our research further suggested that cepharanthine 
inhibited GX_P2V infection in Vero E6 cells with the EC50 of 
0.98 × 10−6 m and the CC50 of 39.30 × 10−6 m. Relevant achieve-
ments were declared priority as a Chinese patent for the “Use of 
Cepharanthine for the Preparation of Drugs for the Treatment 
of SARS-CoV-2 Infectious Diseases” on February 16, 2020, and 
the related data was published online in the Chinese Medical 
Journal on March 1, 2020.[3]

Later on April 15, 2020, Ohashi et Al. from Japan posted 
a  preprint article in bioRxiv and cited the above result from 
our team as follow “A recent study reported that CEP exhibited 
anti-SARS-CoV-2 activity (Fan et al., 2020), these authors spec-
ulated that CEP targeted both the entry and viral replication 
phase.” Their study reported that cepharanthine  possessed a 
more potent antiviral ability against SARS-CoV-2 authenic virus 
than remdesivir, and eventually published on iScience in April 
2021. In the SARS-CoV-2 infected VeroE6/TMPRSS2 model, 
the EC50 of cepharanthine was 0.35 × 10−6 m, which was lower 
than the 1.58  × 10−6 m of remdesivir. Moreover, the time-of-
addition assay identified cepharanthine acted at the entry stage 
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1. Introduction

On May 10, 2022, the invention patent “Use of Cepharan-
thine for the Preparation of Drugs for the Treatment of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Infec-
tious Diseases” (ZL 2021 1 0172158.7) was officially authorized 
in China. This news ignited heated discussions on Chinese 
internet platforms, and has even become the top list of Weibo, 
Baidu, Tik Tok, and other major platforms, with the number 
of views on Weibo once reaching 530 million on May 14, 2022. 
To some extent, this reflects the strong desire of the Chinese 
public for the arrival of powerful oral anti-SARS-CoV-2 drugs 
in China as soon as possible.[1] Cepharanthine is an alkaloid 
from stephania japonica, a raw material of the traditional Chi-
nese medicine, and is a member of the bis-benzylisoquinoline 
family. It has been mainly used in clinical diseases such as 
leukopenia. In early 2020, our team used the SARS-CoV-2 like 
pangolin coronavirus GX_P2V[2] to identify SARS-CoV-2 inhibi-
tors from clinically approved drugs, and identified the antiviral 
potential of cepharanthine against SARS-CoV-2 for the first 
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of viral infection, and speculated that cepharanthine interacted 
with viral spike protein and blocked the combination with 
ACE2. The single treatment with cepharanthine (3.20 × 10−6 m) 
or nelfinavir (2.24 × 10−6 m) reduced viral RNA level to 6.3% or 
5.8% of the untreated control, respectively, while the combina-
tion with cepharanthine and nelfinavir  reduced the viral RNA 
level to 0.068% of the untreated control, highlighting the syner-
getic effect of cepharanthine and nelfinavir in anti-SARS-CoV-2 
infection.[5]

On July 20, 2021, one study published on Science by a 
group from the University of Chicago showed that cepharan-
thine exhibited the most potent inhibition against SARS-CoV-2 
in vitro among the 1900 clinically approved drugs. The EC50 
of cepharanthine in A549-ACE2 cells was only 0.1  × 10−6 m,  
followed by desloratidine, remdesivir, flupenthixol, trimipra-
mine, lapatinib, and benztropine with the EC50 of 0.7 × 10−6, 
0.72 × 10−6, 0.76 × 10−6, 1.5 × 10−6, 1.6 × 10−6, and 1.8 × 10−6 m, 
respectively. In brief, this study first conducted the in vitro 
screening of 1900 clinically approved drugs using human 
coronavirus OC43. After two rounds of screening, 108 drugs 
were identified as qualified, among which only five pos-
sessed the EC50 lower than 1 × 10−6 m. The drugs that effec-
tively inhibited OC43 were tested for the inhibitory ability in  
SARS-CoV-2. Interestingly, the most effective drugs against 
HCoV-OC43 infection (elbavir and amphotericin B) were not 
effective on SARS-CoV-2 infection, whereas cepharanthine 
was the most effective drugs that inhibited SARS-CoV-2. These 
data suggested that cepharanthine exhibited good inhibi-
tory effect on both SARS-CoV-2 and HCoV-OC43 infection in 
vitro and was the most potent SARS-CoV-2 inhibitor among 
1900 clinically approved drugs. Moreover, they confirmed 
that cepharanthine had no inhibitory effect on SARS-CoV-2 
3CL protease. Overall, this research confirmed cepharan-
thine exhibited the most potent anti-SARS-CoV-2 ability 
among all clinically approved drugs, far more effective than 
remdesivir which had been approved to treat SARS-CoV-2  

infection, and masitinib (EC50 = 3.2  × 10−6 m) which had 
been focused in their research.[8]

3. Potential Mechanisms of Cepharanthine 
against SARS-CoV-2
On January 11, 2021, our team proposed the possible mecha-
nisms of cepharanthine inhibiting the GX_P2V infection in 
Vero cells by RNA-Seq analysis. Cepharanthine was speculated 
to exert the antiviral effect through reversing the viral interfer-
ence of HSF1-mediated heat shock response, ER stress/response 
to unfolded protein, and hypoxia pathways. In addition, the 
single-cell transcriptome analysis of COVID-19 patients showed 
the upregulation of genes related to heat shock response and 
stress response. These results from COVID-19 patients were 
in accordance with the potential mechanism of cepharanthine 
against GX_P2V at the cell culture level, providing an important 
basis for the therapeutic targets of COVID-19.[9]

On March 23, 2021, a study from Huang’s team in Chong-
qing Medical University (China) conducted an antiviral 
screening of 188 natural compounds using pseudotyped SARS-
CoV-2, among which cepharanthine was the most effective. 
Cepharanthine showed significant inhibitory effect on S-G614 
pseudovirus in three different cell lines, with the EC50 of 
0.351 × 10−6, 0.759 × 10−6, and 0.911  × 10−6 m in  293T-ACE2, 
Calu-3, and A549-ACE2 cells, respectively, and the EC50 of 
cepharanthine on SARS-CoV-2 S-D614, mutant N501Y.V1 
(B.1.1.7), and N501Y.V2 (B.1.351) pseudoviruses in 293T-ACE2 
cells were 0.054 × 10−6, 0.047 × 10−6, and 0.296  × 10−6 m, 
respectively. Cepharanthine was also effective against pseudo-
typed SARS-CoV and MERS-CoV S-protein infection, whose 
authentic viruses could cause serious diseases, with the EC50 
of 0.042 × 10−6 and 0.140 × 10−6 m, respectively. The above data 
indicated that cepharanthine could effectively inhibit the infec-
tion of SARS-CoV-2 mutants and different coronaviruses in 

Figure 1. A timeline of critical events in research progress on inhibition of SARS-CoV-2 by cepharanthine. Since March 2020, when cepharanthine was 
first discovered as a potential anti-SARS-CoV-2 drug, a large number of studies on the inhibition of cepharanthine against SARS-CoV-2 infection and 
its mechanism of action are underway. These events were summarized and displayed in the form of a timeline.
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vitro. Further studies showed that the blockade of SARS-CoV-2 
S pseudovirus entry by cepharanthine was largely depended on 
the calcium homeostasis. Cepharanthine eliminated S-ACE2-
mediated membrane fusion by targeting the host calcium 
channel. At the same time, cepharanthine could upregulate the 
intracellular cholesterol level, which might also help to inhibit 
the viral infection.[6]

As mentioned above, cepharanthine effectively inhibits 
the infection of SARS-CoV-2 wide type and mutant strains 
including B.1.1.7 and B.1.351.[6] Our latest research progress 
shows that cepharanthine also has a good inhibitory effect on 
pseudotyped Omicron, a novel variant that is prevailing. In 
addition, it has been reported to have a good inhibitory effect 
on SARS-CoV,[6] MERS-CoV,[6] HCoV-OC43,[8] and important 
human pathogens such as HIV-1,[10] EboV,[7] Zika,[7] HSV-1,[11] 
HTLV-1,[12] etc. And we hypothesize that cepharanthine might 
inhibit viral infection by regulating the expression of key host 
factors in viral infection, or by regulating antiviral immunity 
as interferons. Moreover, cepharanthine was found to inhibit 
the activity of SARS-CoV-2 helicase. Andrew et  al. suggested 
cepharanthine as a potential inhibitor of SARS-CoV-2 nsp13 
(helicase) by virtual screening and estimated its IC50 value by 
nsp13 ATPase activity assay to be 0.4  × 10−3 m.[13] The amino 
acid sequences of the wild type with those of five SARS-CoV-2 
VOCs including Omicron were compared, and the sequence 
similarity of nsp13 was greater than 99%. Therefore, the 
mutants of SARS-CoV-2 may not have a great impact on the 
clinical application of cepharanthine for the treatment of  
COVID-19.

In addition to cepharanthine, chloroquine was also used 
to treat SARS-CoV-2 infected patients in the early stage of 
COVID-19 epidemic, which is a manifestation of the “repur-
posing of clinically approved drugs” strategy. Among them, 
chloroquine was used as a therapy of malaria, it can play anti-
inflammatory and antiviral role through inhibiting extracellular 
metalloproteinases and regulating intracellular pH, respec-
tively. Hoffmann and colleagues found that chloroquine could 
inhibit cathepsin L-depended SARS-CoV-2 entry route through 
the regulation of pH,[14] however, the entry can also be induced 
by transmembrane protease serine 2, limiting the effective-
ness of chloroquine treatment. Compared with chloroquine, 
cepharanthine can play multiple antiviral roles and show sat-
isfactory inhibitory effects in different cell lines and hACE2 
mouse, thus is promising in the further clinical application.

4. Confirmation of Cepharanthine’s  
Anti-SARS-CoV-2 Activity In Vivo
On November 4, 2021, the researchers from Tsinghua Univer-
sity and Peking Union Medical College published their study 
on Cell Research. They first identified the host factors inter-
acting with SARS-CoV-2, Zika and Ebola virus by ChIRP-MS, 
and then expounded drugs targeting vRNA-host factor inter-
actions (from open-source chemical databases). Among the 
screened drugs, cepharanthine showed a high antiviral activity 
against clinical isolate SARS-CoV-2 (IPBCAMS-YL01/2020) in 
A549-ACE2 cell lines, with the IC50 value of 1.67 × 10−6 m, the 
CC50 value of 30.92 × 10−6 m. Furthermore, the antiviral activity 

of cepharanthine on SARS-CoV-2 authenic virus in hACE2-
transgenic mice was also evaluated. Compared with the control 
group, cepharanthine-treated group (intranasally administered 
24 h prior to SARS-CoV-2 challenge) showed a significant reduc-
tion in viral load at 5 d post infection and the expression levels 
of inflammatory factors including TNF and IL-6 in the mice, 
which explained the less lung injury in cepharanthine-treated 
group compared with the control group. Interestingly, cepharan-
thine exerted strong antiviral effect against Beta (B.1.351) variant 
in A549-ACE2 cells, with the IC50 of 0.24 × 10−6 m, and with the 
IC50 of 0.06 × 10−6 m in Huh7.5.1 cells. In addition, the combi-
nation therapy of cepharanthine and trifluoperazine (5 × 10−6 m 
each) reduced vRNA levels to less than 0.01% compared with 
control group. The above results showed that cepharanthine 
could play antiviral roles at a low concentration, suggesting 
its potential effectiveness and safety.[7] It is worth noting that 
cepharanthine showed strong inhibitory effect to SARS-CoV-2 
variants and therapeutic effect on SARS-CoV-2 infected hACE2-
transgenic mice, suggesting that cepharanthine has the value  
of further development in clinical application of treating 
COVID-19.[15] Although the antiviral efficacy data of cepharan-
thine obtained by different teams differed by more than ten 
times, the fluctuation of the EC50 was within a reasonable 
range. Similar with some other anti-SARS-CoV-2 drugs (e.g., 
remdesivir, molnupiravir, paxlovid), the EC50 of cepharanthine 
fluctuates in different cell lines, different SARS-CoV-2 strains 
and different research groups.

5. Potential Approaches for Improving the 
Druggability of Cepharanthine
On December 9, 2021, Hijikata et al. from Japan also reported 
the remarkable anti-SARS-CoV-2 ability of cepharanthine  in 
cell culture. The EC50 of cepharanthine was 1.90  × 10−6 m in 
VeroE6/TMPRSS2 cells.[15] According to the computer simula-
tion, the diphenyl ester moiety of cepharanthine was presumed 
to be the pharmacophore, but the key viral target protein of 
cepharanthine was awaiting to be found. Moreover, the chem-
ical structure of cepharanthine  was analyzed and was specu-
lated that two ammonium cations  in cepharanthine could 
induce phospholipid deposition, which is common in drug 
development. The authors proposed an idea of substituting 
ammonium cations without affecting the antiviral effect of 
cepharanthine.[15]

To effectively improve the solubility and bioavailability of 
cepharanthine, a variety of approaches could be performed to 
perfect the druggability of cepharanthine. Preparation of dis-
solvable salt forms from the medicinal alkaloids cepharanthine 
by using either inorganic or organic type acids can effectively 
enhance water solubility and provide for much more efficient 
dosage regimes for treatment of viral infections via oral, intra-
venous and pulmonary administrations. In addition, prepa-
ration of spray or transdermal patch by changing the dosage 
form of cepharanthine can also improve the bioavailability 
of cepharanthine. Moreover, construction of biomimetic 
cepharanthine nanoparticles for targeted delivery to improve 
the bioavailability of cepharanthine is a promising clinical 
treatment strategy.[4]
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Table 1. Features of research articles and patent on the effect of cepharanthine against SARS-CoV-2.

In vitro In vivo

Team Cell line Virus EC50/IC50 CC50 Subjects Results of  
experiments

Underlying mechanisms

Fan et al.[3] Vero E6 GX_P2V 0.98 × 10−6 m 39.30 × 10−6 m Inhibited both the viral 
entry and post-entry 

processes.

Ohashi et al.[5] Vero E6/TMPRSS2 SARS-CoV-2 0.35 × 10−6 m Acted at the entry stage 
of viral infection;  

cepharanthine interacts 
with viral spike protein 

and blocks the combina-
tion with ACE2.

Li et al.[9] Vero E6 GX_P2V Exhibited antiviral activi-
ties through reversing 
the viral interference 

of HSF1-mediated 
heat shock response, 
ER stress/response to 
unfolded protein, and 

hypoxia pathways.

He et al.[6] 293T-ACE2, 
Caclu 3, A549-ACE2;

293T-ACE2;
293T-ACE2;
293-DPP4

SARS-CoV-2 S-G614  
pseudovirus;

SARS-CoV-2 S-D614,  
mutant N501Y.V1 (B.1.1.7),  

N501Y.V2 (B.1.351)  
pseudoviruses;

SARS-CoV S-protein  
pseudovirus;

MERS-CoV S-protein  
pseudovirus

0.351 × 10−6 m, 
0.759 × 10−6 m, 
0.911 × 10−6 m;

0.0537 × 10−6 m,  
0.047 × 10−6 m, 
0.296 × 10−6 m;
0.0417 × 10−6 m;
0.140 × 10−6 m

Blocked SARS-CoV-2 S  
pseudovirus entry by 
calcium homeostasis.

Upregulation of  
intracellular cholesterol 
levels, which may also 

help to inhibit viral  
infection.

Drayman et al.[8] A549;
A549-ACE2

OC43;
SARS-CoV-2

0.1 × 10−6 m;
0.77 × 10−6 m

Blocked SARS-CoV-2  
infection without  

targeting 3CL protein .

Zhang et al.[7] A549-ACE2;
A549-ACE2;

Huh7.5.1

SARS-CoV-2;
SARS-CoV-2 Beta variant;
SARS-CoV-2 Beta variant

1.67 × 10−6 m;
0.24 × 10−6 m;
0.06 × 10−6 m

30.92 µM hACE2-  
transgenic  

mice

The drug-treated group  
showed a significant  

reduction in viral load on  
the fifth day after  
infection and sig-

nificantly lower levels 
of inflammatory factors 
such as TNF and IL-6 in 

the mice.

Hijikata et al.[15] VeroE6/TMPRSS2 SARS-CoV-2 1.90 × 10−6 m According to computer 
simulation, the diphenyl 

ester moiety of ceph-
aranthine was presumed 

to be the pharmaco-
phore, but the key target 
protein of cepharanthine  
was await to be found.

Two ammonium cations 
in cepharanthine  

could induce phospho-
lipid deposition.

CEP PharmaDrug Inc. 
US_10576077(1)[16]

human Declare the clinical 
studie on the mild and 

moderate COVID-19 
patients in the second 

half of 2022.
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6. Clinical Trials of Cepharanthine Treating 
SARS-CoV-2 Infection

In terms of clinical trials of cepharanthine treating SARS-CoV-2 
infection, PharmaDrug (a Canadian pharmaceutical company) 
obtained a U.S. patent about the enteric-coated formulation 
of cepharanthine (PD-001) (US 10,576,007 B2)[16] on March 3, 
2020, and subsequently submitted a clinical trial application 
for PD-001 in treating SARS-CoV-2 infection to the U.S. Food 
and Drug Administration (FDA) in June 2021. In September 
2021, FDA granted a pre-investigational new drug (pre-IND) 
meeting with PharmaDrug for the clinical development of 
PD-001, and then the pre-IND meeting was successfully held, 
PharmaDrug had established the agreement with FDA on the 
path forward for the development of PD-001 toward clinical 
studies for mild-to-moderate COVID-19. PharmaDrug planned 
to initiate clinical studies in the second half of 2022, and this 
is the only clinical study of cepharanthine for the purpose to 
treat  COVID-19. Although cepharanthine showed effective-
ness in the treatment of SARS-CoV-2 infection, the low oral 
bioavailability suggested the demand for intravenous admin-
istration, limiting the further clinical application. Therefore, 
PharmaDrug prepared cepharanthine into an enteric-coated 
form (PD-001) for oral administration. Compared with generic 
cepharanthine, PD-001 showed well-absorbance in rodent and 
nonrodent models, remarkably improving its bioavailability.[16]

7. Conclusion

In 1934, cepharanthine was purified by Japanese pharmacists 
Heisaburo Kondo for the first time, and it was named after one 
of its important sources, Stephania cepharantha. It has been 
widely used in Japanese medicine since 1951, mainly for the 
treatment of managing radiation-induced leukopenia, alopecia 
pityrodes, alopecia areata, venomous snakes, and idiopathic 
thrombocytopenic purpura. At the same time, cepharanthine has 
been used clinically for the experimental treatment of pneumo-
coniosis in China for many years.[17] As an approved drug being 
used for more than 70 years, cepharanthine is mainly extracted, 
separated, and purified from the rhizomes of Stephania, and 
possesses mature production technique with low price. The raw 
material Stephania rotunda is a creeper that is native to China 
and now commonly found in the mountains of Cambodia and 
throughout Southeast Asia. In addition to the antiviral ability, 
cepharanthine is also reported to possess antiparasite, antitumor, 
anti-inflammatory, and other activities. Given the remarkable in 
vitro and in vivo efficiency against SARS-CoV-2 infection and 
the mature production technique, cepharanthine is a promising 
drug candidate for treating COVID-19. We look forward to the 
promotion of the clinical trial of cepharanthine for the treatment 
of COVID-19, and hope cepharanthine-based COVID-19 therapy 
can contribute for ending the COVID-19 epidemic (Table 1).
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