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Abstract  

Coronavirus-2019 (COVID-2019), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), has been declared a pandemic due to its global threats to public health and resulting economic 
losses. Currently, no specific and effective antivirals for SARS-CoV-2 infection exist. Despite the 
development of vaccines, the high transformation rate of the COVID-19 infection have dictated that an 
finding an effective treatment is urgent. The 3CL protease plays an essential role in viral replication; 
therefore, it is recognized as an attractive drug discovery target. In this study, we investigated 
sauchinone and the combination of sauchinone/Zn-II as potential inhibitory agents against 3CL-
Protease activity. The 3CL Protease Assay Kit was used to determine 3CL protease activity. A 
commercial tetrazolium MTS assay kit was used to determine cytotoxicity. Sauchinone produced a 
dose-dependent inhibitory effect on 3CL protease with a half inhibitory concentration (IC50) of 4.325 
µM. Zinc sulphate monohydrate (2 mg/mL) demonstrated an additive and inhibitory effect of 2.02-fold 
when used in combination with sauchinone against 3CL-protease activity when compared with the 
effects of 5 μM sauchinone against 3CL-protease activity with a significant inhibitory activity (p < 0.001). 
Cytotoxicity was not observed for either 30 µM sauchione or sauchinone (30 µM)/Zn -II (4 mg/mL). Our 
findings may provide important information for the optimization and design of more potent inhibitors 
against the 3CL-protease to be used as potential antiviral agents against COVID-19. 
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Introduction  

Coronavirus-2019 (COVID 19), caused by the severe 
acute respiratory syndrome coronavirus 2, started in 
2019 in Wuhan, China, and after escalation of this 
disease, the World Health Organization declared this 
disease a pandemic. The disease has spread 
worldwide causing more than 171 million infected 
people and more than 3.5 million deaths, in addition 
to causing huge worldwide economic worldwide (1).  

All of the currently available drugs, including 
remdesivir, have low clinical efficacy or must be 
used in the early stages of the disease. Also, the 
concept of relying on herd immunity to cause the 
pandemic to recede may be disappointing and 
fruitless. Although effective vaccines are available, 
the high transformation rate of the COVID-19 
infection is likely to make it necessary to receive 
annual vaccinations, which consumes time and 
money; therefore, the discovery effective 
treatments is necessary (2). SARS-CoV-2 3CL-
protease (3CL-protease) plays a vital role in 
processing the translation of polyproteins from viral 
RNA. The inhibitors of 3CL protease can block virus 
replication and could be potential drug candidates 
for the treatment of coronavirus infections (3–5).  

Sauchinone is an anti-inflammatory and 
antioxidant lignan isolated from Saururus chinensis. 
S. chinensis is an herb used in Oriental folk medicine 
to treat fever, jaundice, edema, and inflammatory 
diseases. Sauchinone inhibits lipopolysaccharide 
(LPS)-induced macrophage expression of inducible 
nitric oxide synthase, tumor necrosis factor alpha, 
and cyclo-oxygenase 2 (iNOS/NOS II, TNF-α, and 
COX-2, respectively) by inhibiting the inhibitor of kB 
(IKBα) phosphorylation. It may be possible to use 
sauchinone to prevent myocardial 
ischemia/reperfusion injury via inhibition of p28 
phosphorylation (6–8). Zinc II has antiviral activity 
because it has the capability to inhibit both 
proteolytic and polymerase enzymes. Recently, the 
combination of punicalagin with zinc II was shown 
to be strongly inhibitory against 3CL-protease 
activity (9).  

Therefore, this study aimed to determine 
the inhibitory effects of sauchinone and the 
combination of sauchinone with Zn II against 3CL-
Protease activity. 

 

Methods 

Materials 
Zinc sulfate monohydrate and sauchinone ≥ 

98% (high-performance liquid chromatography 
grade [HPLC]) were purchased from Sigma Aldrich 
(Saint Louis, MO). 
3CL protease assay protocol  

Improved 3CL Protease Assay Kit (BPS 
Bioscience, #78042, San Diego, USA) was used to 
assess the effect of sauchinone, Zn-II, and 
sauchinone /Zn-II on the activity of the 3CL protease. 
A Tecan microplate fluorimeter (Tecan Biotek, 
Winooski, VT) equipped with excitation and 
emission at 360 and 460 nm, respectively, was used 
to estimate fluorescence (9–11). according to the 
manufacturer’s instructions. 
Cytotoxicity 

Sauchinone-induced cytotoxicity was 
analyzed using the Cell Titer 96 Aqueous Kit 
(Promega, Southampton, UK) as previously 
described (9,12,13). 
Statistical analysis 

The GraphPad Prism 9 and SPSS 19.0 
software for data analyses were used. Differences 
between study groups were determined based on a 
one-way analysis of variance (ANOVA) and Tukey’s 
multiple comparisons as a post-hoc test. P < 0.05 
was considered statistically significant. 

Results 

Inhibitory effect of sauchinone on 3CL protease 
activity  

A decrease in the activity of the 3CL-
protease was observed with an increase in the 
sauchinone concentration as shown in Figure 1. 

 Therefore, the half maximal inhibitory 
concentration (IC50) of sauchinone was calculated 
and was equal to 4.325 µM (Figure 2). From Figures 1 
and 2, the continuation of the decrease in the 
activity of the 3CL-protease can be seen until a 
concentration of 5 µM was reached. After this point, 
the decrease in the activity of the enzyme became 
minimal and barely changed, so a concentration of 5 
µM was selected. 

 
The inhibitory effect of sauchinone/Zn-II on 3CL 
Protease Activity 

When studying the activity of 3CL Protease 
using a combination of 5 µM sauchinone with 
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different concentrations of zinc sulfate 
monohydrate (0, 0.2, 0.5, 1, 1.5, 2, 3, 5, 20, 40, and 50 
mg/mL), a greater decrease in 3CL Protease activity 
was observed with a combination of sauchinone and 
zinc sulfate when compared with sauchinone only. It 
was observed that the concentration that yielded 
the best maximum decrease in the activity of the 
3CL Protease was sauchinone (5 µM) with Zn sulfate 
monohydrate (2 mg/mL) as shown in Figure 3. 

The coefficient of drug interaction (CDI) as 
measured for 3CL protease activity with sauchinone 
(5 µM)/Zn sulfate monohydrate (2 mg/mL) was 1.23, 
indicating that sauchinone/Zn-II has an additive 
rather than synergistic effect (Figure 4). For 
sauchinone/Zn-II compared to sauchinone (5 μM) 
alone 3CL protease activity was reduced by 2.02-
fold, as shown in Figure 5. 
Cytotoxicity 

No cytotoxic effects based on the 
tetrazolium MTS proliferation assay were seen after 
using  sauchinone at 30 µM, Zn sulfate monohydrate 
at 4 mg/mL, and a combination of the two agents at 
these concentrations with no significant differences 
between any combination (p > 0.05) at 0, 24, 48, 
and 72 h between application of formulations. This 
finding indicates that these drugs do not affect the 
percentage of viable cells after they are applied 
(Figure 6). 

 

Discussion 

3CL protease is the main protease of the 
coronavirus (14). This enzyme is used for proteolytic 
processing during virus maturation. The functional 
importance of this proteolytic enzyme in the life 
cycle of the virus points to the 3CL protease as a 
promising target for the development of anti-SARS-
CoV-2 drugs (15). 

Sauchinone is a natural drug with known 
antiviral effects. We found powerful inhibitory 
activity of sauchinone against 3CL protease with 
highly significant inhibition against its proteolytic 
activity (P < 0.001) without any cytotoxicity. The 
IC50 of sauchinone was 4.325 µM. GRL-1720 (indolin 
moiety), 5h (indole moiety), and GC376 also potently 
inhibited 3CL-protease, thus preventing infection 
caused by SARS-CoV-2. These agents also prevented 
cellulopathy and infection at high efficiencies (2). 
Moreover, phenolic and polyphenol compounds, 

such as punicalagin, theaflavin, and 
epigallocathechin (EGCG), generated dose-
dependent inhibitory effects on the 3CL protease. 
The IC50 values were 6.192, 8.44, and 7.58 μg/ml for 
punicalagin, theaflavin, and EGCG, respectively 
(9,16). Also, peptidomimetic α-ketoamides 
represent prototypical inhibitors of 3CL-protease 
(15). 

The most reasonable explanation for these 
result could be that the active site of the 3CL 
protease contains many highly conserved substrate 
binding sites (17). Therefore, this structure allows 
for the presence of many and varied designed or 
natural compounds that inhibit proteases.  

Likewise, late molecular docking studies 
have confirmed that sauchinone may be useful as an 
inhibitor of the 3CL-protease because it shows 
excellent binding affinities in very stable complexes 
with 3CL-protease. Sauchinone interacts with active 
site residues. It forms two conventional hydrogen 
bonds with M49 and G143 and a carbon-hydrogen 
bond with N142. In addition, the 3CL-protease-
sauchinone complex also shows van der Waals 
interactions with R188, D187, P52, C44, H41, T25, 
L141, E166, and Q189, hydrophobic interactions 
between alkyl groups and C145 and M165, 
hydrophobic interaction of Pi-alkyl groups with C145 
and M165 (Molecular Mechanics Poisson-Boltzmann 
surface area [MMPBSA]). The MMPBSA results 
showed that the sauchinone and the 3CL-protease 
formed a very stable complex with a free energy of 
−71.68 kJ mol-1 (18).  

Zinc is capable of inhibiting proteolytic and 
polymerase enzymes since it has antiviral properties 
17,18; however,  we found that zinc inhibited 3CL-
protease but not significantly (P > 0.05).However, 
the Zinc-II produced an additive effect when 
combined with sauchinone, leading to 2.02-fold 
greater decrease in the activity of 3CL-protease 
compare with sauchinone only. Zinc-II may bind to 
the active site of 3CL protease and achieve 
coordination with the active site. Similar studies 
show synergistic effects of Zn-II when combined 
with punicalagin with extremely strong inhibition of 
3CL-protease activity (p < 0.001) (9). Both 
pomegranate peel extract (PRE) and punicalagin 
when co-administered with zinc (II) ions have 
enhanced viricidal activity against herpes simplex 
virus (HSV) (19-21). 

https://en.wikipedia.org/wiki/Phenolic_compound
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In conclusion, Inhibition of the SARS-CoV-2 

3CL-protease is a promising strategy for drug 
discovery. In this study, the natural product, 
sauchinone, combined with Zn-II appears to be a 
potential inhibitor of 3CL-protease in vitro. These 
observations suggest that this combination of 
sauchinone/Zn-II could be used as suitable candidate 
drug for the treatment of COVID-19 without causing 
any cytotoxicity. This mixture makes it difficult for 
the virus to adapt to the host cell, which helps the 
host limit resistance to infection and is also not 
affected by viral mutations. 

Acknowledgments  

The author is grateful to the Middle East University 
(MEU), Amman, Jordan, for the financial support 
granted to cover the publication fee of this research 
article.  

References 

1. WHO. WHO coronavirus disease (COVID-19) 
dashboard. Geneva, Switzerland: WHO. 
https://www.who.int/emergencies/diseases/
novel-coronavirus-2019. 2020. 

2. Hattori S, Higashi-Kuwata N, Hayashi H, et 
al. A small molecule compound with an 
indole moiety inhibits the main protease of 
SARS-CoV-2 and blocks virus replication. Nat 
Commun 2021; 12: 668. 

3. Hsu MF, Kuo CJ, Chang KT, et al. Mechanism 
of the maturation process of SARS-CoV 3CL 
protease. J Biol Chem 2005; 280: 31257-
31266. 

4. Kim Y, Mandadapu SR, Groutas WC, et al. 
Potent inhibition of feline coronaviruses 
with peptidyl compounds targeting 
coronavirus 3C-like protease. Antiviral Res 
2012; 97: 161-168. 

5. Hegyi A, Ziebuhr J. Conservation of 
substrate specificities among coronavirus 
main proteases. J Gen Virol 2002; 83: 595-
599. 

6. Jung YW, Lee BM, Ha MT. et al. Lignans 
from Saururus chinensis exhibit anti-
inflammatory activity by influencing the 
Nrf2/HO-1 activation pathway. Arch Pharm 
Res 2019; 42: 332–343. 

7. Han HJ, Li M, Son JK, et al. Sauchinone, a 
lignan from Saururus chinensis, attenuates 

neutrophil pro-inflammatory activity and 
acute lung injury. Int Immunopharmacol 
2013; 17: 471-477. 

8. Hwang BY, Lee JH, Nam JB, et al. Lignans 
from Saururus chinensis inhibiting the 
transcription factor NF-Κb. Phytochemistry. 
2003; 64: 765-771. 

9. Saadh MJ, Almaaytah AM, Alaraj M, et al. 
Punicalagin and zinc (II) ions inhibit the 
activity of SARS-CoV-2 3CL-protease in vitro. 
Eur Rev Med Pharmacol Sci 2021; 25: 3908-
3913. 

10. Morse JS, Lalonde T, Xu S, et al. Learning 
from the Past: Possible Urgent Prevention 
and Treatment Options for Severe Acute 
Respiratory Infections Caused by 2019‐nCoV. 
ChemBioChem 2020; 21: 730-738. 

11. Ghahremanpour MM, Tirado-Rives J, 
Deshmukh M, et al. Identification of 14 
Known Drugs as Inhibitors of the Main 
Protease of SARS-CoV-2. ACS Med Chem Lett 
2020; 11: 2526-2533. 

12. Saadh MJ, Aggag MM, Alboghdadly A, et al. 
Silver nanoparticles with 
epigallocatechingallate and zinc sulphate 
significantly inhibits avian influenza A virus 
H9N2. Microb Pathog 2021; 158: 105071. 

13. Saadh MJ, Aldalaen SM. Inhibitory effects of 
epigallocatechin gallate (EGCG) combined 
with zinc sulfate and silver nanoparticles on 
avian influenza A virus subtype H5N1. Eur 
Rev Med Pharmacol Sci 2021; 25: 2630-2636. 

14. Krichel B, Falke S, Hilgenfeld R. et al. 
Processing of the SARS-CoV pp1a/ab nsp7-10 
region. Biochem J 2020; 477: 1009-1019. 

15. Zhang L, Lin D, Sun X, et al. Crystal structure 
of SARS-CoV- 2 main protease provides a 
basis for the design of improved alpha-
ketoamide inhibitors. Science 2020; 368: 
409-412. 

16. Suručić R, Tubić B, Stojiljković MP, et al. 
Computational study of pomegranate peel 
extract polyphenols as potential inhibitors 
of SARS-CoV-2 virus internalization. Mol Cell 
Biochem 2020; 476: 1179-1193. 

17. Hilgenfeld R. From SARS to MERS: 
crystallographic studies on coronaviral 
proteases enable antiviral drug design. FEBS 
J 2014; 281: 4085-4096.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.sciencedirect.com/science/article/abs/pii/S0031942203003911?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0031942203003911?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0031942203003911?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00319422


PhOL     Saadh, et al.    246 (pag 242-248) 
 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 
18. Joshi T, Joshi T, Pundir H, et al. Predictive 

modeling by deep learning, virtual screening 
and molecular dynamics study of natural 
compounds against SARS-CoV-2 main 
protease. J Biomol Struct Dyn 2020; 0: 1-17. 

19. Scott AR, Stephanie O, Chantelle A, et al. 
The Role of Zinc in Antiviral Immunity. Adv 
Nutr 2019; 10: 696-710. 

20. Saadh MJ. Hypoglycemic and hypolipidemic 
activity of combined milk thistle and 
fenugreek seeds in alloxan-induced diabetic 
albino rats, Vet World 2020; 13: 1732-1736. 

21. Saadh MJ, Sa'adeh IJ, Dababneh MF, et al. 
Production, immunogenicity, stability, and 
safety of a vaccine against Clostridium 
perfringens beta toxins, Vet World 2020; 13: 
1517-1523. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PhOL     Saadh, et al.    247 (pag 242-248) 
 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 
FIGURE 1. Effect of different concentrations of sauchinone on 3CL-protease activity in vitro. (mean ± standard 
deviation [SD], analyzed in triplicate). *P > 0.05, **P < 0.01, ***P < 0.001. 

 

 
FIGURE 2. The half maximal inhibitory concentration (IC50) of sauchinone. 

 

 
FIGURE 3. The impact of 5 µM sauchinone with different concentrations of zinc sulfate monohydrate on 3CL-
protease activity (mean ± SD, analyzed in triplicate). 
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FIGURE 4. The inhibitory effect of sauchinone, ZnSO4.H2O, and sauchinone/Zn-II. The coefficient of drug 
interaction (CDI) was determined. *P < 0.01, **P < 0.001. 

 

 

 
FIGURE 5. Comparison of the fold-decrease of 3CL-protease activity for sauchinone and sauchinone/ZnII. 

 

FIGURE 6. Cytotoxic effects of (1) sauchinone (30 μM), (2) ZnSO4. H2O (4 mg/mL), (3) combination of sauchinone 
(30 μM) + ZnSO4. H2O (4 mg/mL). No cytotoxic effects were observed at the concentrations used in this study. 

 

 

 


