
O R I G I N A L  R E S E A R C H

Preclinical Efficacy and Safety Studies of 
Formulation SSV-003, a Potent Anti-Viral Herbal 
Formulation

Yogesh Arun Dound 1 

Rajesh Sehgal 2

1Research and Development, Shreepad 
Shree Vallabh SSV Phytopharmaceuticals, 
Mumbai, Maharashtra, India; 2Research 
and Development, Pharma Instinct Pvt. 
Ltd, Noida, Uttar Pradesh, India 

Background: Recent viral pandemics have challenged the global scientific community to 
immediately develop new therapies. The fastest approach to develop these is to explore 
natural products for their efficacies and repurposing of already approved molecules. Keeping 
global emergency in view, researchers at Shreepad Shree Vallabh SSV Phytopharmaceuticals 
developed the CurvicTM (SSV-003) formulation, comprising of curcumin, vitamin C, vitamin 
K2-7, selenomethionine and Zinc.
Methods: Researchers have systematically studied the SSV-003 formulation for its in vitro 
efficacy against influenza A virus (H1N1) (ATCC® VR-219™) and human beta coronavirus 
(ATCC® VR1558™) using MDCK & HCT-8 cell lines, respectively, in vivo efficacy studies 
of SSV-003 on influenza A virus infected Balb/c mice, and acute toxicity studies as per 
OECD guidelines.
Results: Formulation SSV-003 showed potent antiviral activities against both the selected 
virus strains. Its IC50 was significantly lessthan ribavirin against influenza A-H1N1-VR219, 
with no cytopathic effect. SSV-003 showed IC50 of 2.26 µg/mL against human beta cor-
onavirus, which was near to the IC50 of ribavirin (2.25 µg/mL) and was less than remedisivir 
(6.23 µg/mL) with no cytopathic effect. In-vivo studies in an influenza A virus infected mice 
model showed a significantly higher TCID50 value in the infected control group as compared 
to test groups. Animals treated with SSV-003 showed a dose dependent decrease in TCID50. 
Formulation SSV-003 at the dose of 500, 1,000, and 1,500 mg/kg body weight showed 
85.9%, 94.6%, and 95.1% decreases in infection as compared to the infected control group. 
Dose-dependent significant increases in CD4+, CD8+ counts, IgG and IgM levels were 
observed in SSV-003 treated groups as compared to the infected control group and remedi-
sivir treated group. In the acute oral toxicity study, no mortality or morbidity was observed.
Conclusion: The data from these preclinical studies provide strong evidence of potent and 
safe antiviral and immunomodulatory activity of SSV-003.
Keywords: curcumin, antiviral, coronavirus, vitamin C

Introduction
Coronaviruses are extensively researched Coronaviridae family viruses. They infect 
multiple hosts due to their ability to evolve in epidemiological situations that 
include mutations and crossing species barriers.1,2 The enveloped virions have a 
single-stranded, positive-sense ribonucleic acid (RNA) genome bordered by an 
extracellular membrane containing spike glycoproteins.3,4 Following an infection, 
severity varies from asymptomatic to severe acute respiratory distress syndrome. 
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Matricardi et al5 hypothesized that the balance between the 
cumulative viral exposure and effectiveness of the local 
innate immune response is vital in the progression of 
COVID-19. Researchers have proposed that the first 
stage of COVID-19 is characterized by upper respiratory 
tract infection, fever, muscular pain, and fatigue. The 
second stage is marked by breathing difficulties and pneu-
monia. The third stage involves clinical deterioration 
dominated by a cytokine storm followed with hyper- 
inflammatory state causing arterial and venous vasculopa-
thy in the lungs, leading to acute respiratory distress syn-
drome (ARDS). Sepsis, acute renal and cardiac damage 
add to the complications in this phase.6 The fourth stage is 
marked with death or recovery.5 Currently, no specific 
treatment is available for treating the COVID-19 infection, 
but antiviral, anti inflammatory drugs, low-molecular- 
weight heparins, herbs, and immunoglobulins are being 
used. In the early stages of infections, antiviral agents 
are being used, whilst immunomodulators along with anti-
viral agents are used in patients in the critical stage.7

Herbs and phytochemicals are used to treat various 
diseases. Several polyphenolic compounds have been stu-
died for their varied antiviral mechanisms like inhibiting 
virus host specific interactions, its entry, replication, and 
assembly. In line with such observations, Curcumin is 
widely investigated for its antiviral activity.8 Curcumin, a 
powerful antioxidant, exhibits a range of medicinal proper-
ties such as anti-proliferative, anti-viral, anti-inflammatory, 
neuroprotective, and cardioprotective properties.9 It is also 
reported to exhibit antiviral activities against Influenza 
virus, Hepatitis virus, HSV-2, HPV viruses, Zikavirus, 
and Adenovirus.10 It modulates various cellular and mole-
cular pathways, like COX-2, MMPs, glutathione, protein 
kinase C, ATPase, nuclear NF-kb, AP-1, P-gp, MRP-1, 
MRP-2, ErbB2, a1-acid-glycoprotein, Cyclin D1, and 
others.11 It directly interacts with many proteins such as 
protein kinase (PK), polymerases, thioredoxin reductase, 
tubulin, lipoxygenase, and focal adhesion kinase. It exerts 
post-transcriptional and post-translational changes imped-
ing critical steps of viral replications and viral attachment. 
Various bio-activities of Curcumin are attributed to its 
metabolites, ie, dimethoxycurcumin and tetrahydrocurcu-
min. Recent molecular docking research suggested that 
COVID-19 Mpro was docked with dimethoxycurcumin 
and it can be its inhibitors.11 Vitamin K2-7 has strong 
anti-inflammatory activity and high bioavailability. 
Dound et al11 developed Vitamin K2-7 with more than 
98.5% Trans-isomers and less than 0.2% cis-isomers and 

reported its antiviral activity against HIV and HBV (Patent 
number – IN202021007016). They also studied the in- 
silico activity of vitamin K2-7 against SARS-CoV’s main 
peptide and COVID-19 Mpro (Patent number– 
IN202021013430). Dound et al11 reported that Vitamin 
K2-7 has inhibitory activity against SARS CoV’s main 
peptide and COVID-19 Mpro with binding energy of 
−6.92 and −6.54, respectively, suggesting its beneficial 
role in management of COVID-19 infection. Vitamin C 
and Selenomethionine are also potent anti-oxidants, with 
immune boosting and anti inflammatory activities.12

Based on the outcomes of various experiments, 
scientific rationale, and medicinal potential, researchers 
at Shreepad Shree Vallabh SSV Pharmaceuticals devel-
oped the formulation CurvicTM (SSV-003), containing 
Curcumin, Vitamin C, Vitamin K2-7, Selenomethionine 
and Zinc, for effective management of COVID-19 
patients.13 In the present research work, we evaluate 
the anti-viral activities of SSV-003 against Influenza A 
Virus (ATCC® VR-219™) and Human Beta Coronavirus 
(ATCC® VR1558™) and evaluate its acute toxicity pro-
file in rats.

Materials and Methods
MDCK cells and HCT-8 cells were procured from NCCS, 
Pune, and ATCC, respectively. Influenza-A H1N1 virus 
(Strain: A/NWS/33) and Human Beta Coronavirus 
(Strain: OC43) were procured from ATCC. DMEM 
media, RPMI-1640 media, FBS, Penicillin Streptomycin 
solution, and Trypsin-EDTA were procured from HiMedia 
Laboratories Pvt. Ltd. Influenza-A H1N1 virus was propa-
gated in the MDCK cell line and Human Beta Coronavirus 
was propagated in the HCT-8 cell line under Biosafety 
Level 2 category at TheraIndx Lifesciences Pvt Ltd 
(Karnataka, India). Test Item SSV-003 (batch Number 
CU.CO20-01) was provided by the GMP compliant pro-
duction department of Shreepad Shree Vallabh SSV 
Phytopharmaceuticals (Maharashtra, India).

In vitro Antiviral Activity of SSV-003 
against Influenza A Virus (H1N1) and 
Human Beta Coronavirus
In vitro efficacies of test compounds (SSV-003 and 
Vitamin C) were assessed by the MTT method to deter-
mine IC50 using Influenza-A H1N1 virus and Human Beta 
Coronavirus. The In vitro cytopathic effect (IC50) was 
determined by MTT method using MDCK cells 
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(Influenza-A H1N1 virus Strain: A/NWS/33) and HCT-8 
cells (Human Beta Corona Virus Strain: OC43) for 2–7 
days.

Antiviral Activity Assay against Influenza- 
A H1N1 Virus (100TCID50)
MDCK cells were seeded into a 96-well tissue culture 
plate 1 day prior to the testing so as to get an approx. 
80% monolayer on the next day. Test compounds were 
solubilized in DMSO to make master stock solutions. All 
subsequent working stock solutions were prepared in 
infectious PBS (iPBS). Test compounds and Influenza-A 
H1N1 virus (100TCID50) were mixed and added in 96- 
well plates and incubated at 37°C in 5% CO2 for 1 hour 
for drug–virus interaction as well as for virus adsorption. 
After incubation, the drug virus mixture was discarded and 
plates were washed with PBS followed by the addition of 
infectious DMEM (iDMEM) and the plates were further 
incubated for 3–7 days or till virus control showed a 
Cytopathic effect (CPE).

Antiviral Activity Assay against Human 
Beta Coronavirus (100TCID50)
HCT-8 cells were seeded into a 96-well tissue culture plate 1 
day prior to the testing so as to get an approx. 80% monolayer 
on the next day. Test compounds were solubilized in DMSO 
to make master stock solutions. All subsequent working 
stock solutions were prepared in PBS. Test compounds and 
Human Beta Corona virus (100TCID50) were mixed and 
added in 96-well plates and incubated at 37°C in 5% CO2 

for 1 hour for drug–virus interaction as well as for virus 
adsorption. After incubation, the drug–virus mixture was 
discarded and the platea washed with PBS followed by 
addition of RPMI-1640 medium and the plates were further 
incubated for 3–7 days or till virus control showed CPE. The 
viability of the infected and non-infected cells was evaluated 
by MTT method. The IC50 was determined by plotting per-
cent cytopathy against the concentration. Propagated virus 
titre was determined by TCID50. The percent viability of 
cells in the untreated group was set to 100% and the percent 
viability of cells in the treated groups was estimated relative 
to the untreated control.

Efficacy of SSV-003 on Influenza A Virus 
Infection in Balb/c Mice
Male Balb/c mice having body weight of 25±1 g (aged 7 
weeks, n=50) were anesthetized with intra-peritoneal (i.p.) 

injection of Ketamine 60 mg/kg IP + Xylazine 10 mg/kg. 
Anesthetized mice were infected intranasally by instillation 
of 30 μL of the virus inoculum (1x104) IAV (Plaque Forming 
Units (PFU)/mouse) into the nostrils (15 μL/nostril). The 
animals were divided into five groups containing 10 animals 
each: G1 (Infection Control), G2 (Positive ctrl, Remdisivir, 
25 mg/kg, SC), G3 (SSV-003, 500 mg/kg) G4 (SSV-003, 
1,000 mg/kg), and G5 (SSV-003, 1,500 mg/kg), which were 
treated every 24-hours post-infection for 9 days. SSV-003 
was provided as a tablet, crushed, and resuspended in 0.25% 
CMC (Carboxy Methyl Cellulose) at the doses mentioned 
above. Animals were observed for general clinical signs, 
body temperature, and body weights morbidity and mortality 
twice daily throughout the study by the study veterinarian. 
All animals were sacrificed after 10 days’ post-infection to 
determine the viral load in the lungs. The blood samples were 
collected on Day −1 and Day 10 for assessment of cellular 
and humoral responses. IgG and IgM were estimated from 
serum, using commercially available kits. Flow cytometry 
was used to evaluate the CD4+ and CD8+ cells in blood as a 
measure of the cellular immune response. Lungs were asep-
tically excised and homogenized in a sterile homogenizer in 
1 mL of cold infection media and stored at 4°C. The samples 
were centrifuged and the supernatant was collected in a new 
sterile tube and assayed for viral titer by TCID50 method as 
described above.

Acute Oral Toxicity Study
For acute toxicity studies of SSV-003, a stepwise procedure 
using three female animals per step was used in the study as 
described in the OECD guidelines for testing of chemicals, 
number 423. A starting dose of 300 mg/kg body weight was 
selected for step 1. If no morbidity was observed the next set 
of animals were given an increased dose SSV-003 (2,000 mg/ 
kg body weight). All the animals received a single dose of the 
SSV-003 (P.O.), after fasting for approximately 10 hours, but 
with free access to water. Feed was offered after 3 hours of 
test item administration. Clinical observations were per-
formed to look for signs of ill health or overt toxicity during 
the first 30 minutes and at approximately 1, 2, 3, and 4 hours 
after dose administration on Day 0 and daily during days 1– 
14. Any abnormalities of appearance, behavior, or other signs 
of reaction were recorded for each animal. All the surviving 
animals were necropsied at the end of the 14-day observation 
period and subjected to gross pathology.

The animal room was monitored for temperature and 
relative humidity daily. The temperature range was 22°C 
±3°C and the humidity range was 30–70%. The animals 

Journal of Experimental Pharmacology 2021:13                                                                                   https://doi.org/10.2147/JEP.S310452                                                                                                                                                                                                                       

DovePress                                                                                                                         
915

Dovepress                                                                                                                                                   Dound and Sehgal

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


were provided with 12 hours light and 12 hours darkness, 
and housed in IVC systems. Animal feed and autoclaved 
drinking water were provided ad libitum. The studies were 
performed as per ethical practices laid down in the 
CPCSEA guidelines for animal care.14

Ethics Approval
The research work was approved by the Institutional 
Animals Ethics Committee (IAEC) (Approval number: 
IAEC/14/2020/172) of the test facility, TheraIndx 
Lifesciences Pvt Ltd, Karnataka, India, under biosafety 
level 2 conditions.

Data Analysis
In the case of in-vitro anti-viral activity studies, the per-
cent viability of cells in the untreated group was set to 
100% and the percent viability of cells in the treated 
groups was estimated relative to the untreated control. 
Based on the dose–response relationships, an appropriate 
model was fit to estimate the Imax and IC50 by plotting the 
percent viability against the concentration.

All values of the parameters CD4+, CD8+, IgG, & 
IgM are expressed as the mean±SD. Significant differ-
ences between the treated group and the Virus control 
were analyzed by One-way ANOVA, followed by a 
Dunnett’s multiple comparison test, using GraphPad 
Prism at 95% confidence levels. *P<0.05 vs Virus con-
trol and $P<0.05 vs Remdesivir, nsno significant differ-
ence and n=3, pooled samples of three animals in 
triplicates.

Results
In vitro Antiviral Activity against Influenza 
A-H1N1-VR219
SSV-003 had IC50 values lessthan the concentration tested, 
ie, lessthan 0.39 µg/mL against Influenza A-H1N1-VR219, 
where as IC50 was more than 50 (µg/mL) for vitamin C and, 
for Ribavirin, the observed IC50 was 1.38 (µg/mL). 
Significantly high cytopathic effects (91%) were observed 
in the case of vitamin C, while no cytopathic effect was 
observed in the cases of SSV-003 and Ribavirin. None of 
the tested compounds had cytotoxic effects against MDCK 
cells (Tables 1 and 2).

In vitro Antiviral Activity against Human 
Beta Coronavirus
SSV-003 had an IC50 of 2.26 µg/mL against human beta 
coronavirus. Ribavirin and Remedisivir showed IC50 

values of 2.25 µg/mL and 6.23 µg/mL, respectively. 
Vitamin C showed a 93% cytopathic effect, whereas no 
cytopathic effect was observed in the cases of SSV-003, 
Ribavirin, and Remedisivir. None of the tested compound 
had cytotoxic effects against HCT-8 cells (Tables 3 and 4).

Efficacy of SSV-003 on Influenza A Virus 
Infection in Balb/c Mice
The TCID50 (Median Tissue Culture Infectious Dose) assay 
is indicative of viral titer and viral infection. A significantly 
higher TCID50 was observed in the infected control group as 
compared to test groups. Groups treated with SSV-003 

Table 1 IC50, Percent Cytotoxicity, and Percent CPE of Test Compounds (Influenza A-H1N1-VR219)

S. No Compound IC50 (µg/mL) 
against H1N1

% Cytotoxicity against MDCK 
Cells at 50 µg/mL

% CPE against H1N1) at 
50 µg/mL

1 SSV-003 <0.39* 0 0

2 Vitamin C (Commercial preparation) >50** 0 91.1

3 Ribavirin (Control) 1.38 0 0

Notes: *IC50 is lower than the lowest concentration tested, **IC50 is higher than the highest concentration tested.

Table 2 Percent CPE of Test Compounds at Different Tested Concentrations (Influenza A-H1N1-VR219)

S. No Compound % CPE at Tested Concentrations (µg/mL)

50 25 12.5 6.25 3.125 1.5625 0.7813 0.39

1 SSV-003 0 0 0 0 0 0 0 0
2 Vitamin C (commercial preparation) 91.1 91.3 93 92.9 92.5 91.8 92.8 93.7

3 Ribavirin (Control) 0 0 0 0 14.7 49.3 69.9 95.9
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showed a dose dependent decrease in TCID50. The percent 
decrease in infection also happened in a dose-dependent 
manner. SSV-003 at the doses of 500, 1,000, and 1,500 mg/ 
kg body weight showed 85.9%, 94.6%, and 95.1% decreases 
in infection as compared to the infected control group. The 
positive control group showed a 99.6% drop in infection as 
compared to the infected control group (Table 5). No sig-
nificant change in animal body weight was observed in all the 
groups over the treatment period of 10 days. No mortality 
was observed.

Effect on CD4+ and CD8+ Counts
CD4+ and CD8+ counts were significantly reduced in viral 
control as compared with the Control group before Infection, 
whereas all the treatment groups showed improvement in 
CD4+ and CD8+ counts. SSV-003 showed a dose-dependent 
increase in CD4+ and CD8+ counts. SSV-003 at 500, 1,000, 
and 1,500 mg/Kg exhibited increased CD4+ counts by 
37.6%, 75.75%, and 76.74%, respectively. Remdisivir at a 

concentration of 25 mg/kg showed an increase in CD4+ 
counts by 15%. SSV-003 at the dose of 500, 1,000, and 
1,500 mg/Kg exhibited increased CD8+ counts by 57.77%, 
64.44%, and 66.66%, respectively. Remdisivir showed an 
increase in CD8+ counts by 22.22% (Figures 1 and 2).

Effect on IgG and IgM Levels
IgG and IgM levels were decreased in virus control by 
5.6% and 31.5%, respectively, as compared with the 
Normal control (before infection). SSV-003 at the dose 
of 500, 1,000, and 1,500 mg/kg showed an increase in 
IgG and IgM concentration by 8.6%, 17%, 16%, and 
7.6%, 23%, 23%, respectively. Positive control 
Remdisivir exhibited a mild increase in IgG and IgM 
concentration by 3.3% and 7.6%, respectively (Table 6).

Acute Oral Toxicity of SSV-003
No mortality or morbidity was observed during the study. 
Animals showed an increase in body weight. All animals 

Table 3 IC50, Percent Cytotoxicity, and Percent CPE of Test Compounds (Beta Corona-OC43)

S. No Compound IC50 (µg/mL) against 
Betacorona (OC43)

% Cytotoxicity against 
HCT-8 Cells at 50 µg/mL

% CPE against Betacorona 
(OC43) at 50 µg/mL

1 SSV-003 2.26 0 0

2 Vitamin C (commercial preparation) >50** 0 93

3 Ribavirin (Control) 2.25 0 0
4 Remdisivir (Control) 6.23 0 0

Note: **IC50 is higher than the highest concentration tested.

Table 4 Percent CPE of Test Compounds at Different Tested Concentrations (Beta Corona-OC43)

S. No Compound % CPE at Tested Concentrations (µg/mL)

50 25 12.5 6.25 3.125 1.5625 0.7813 0.39

1 SSV-003 0 0 0 0 53.83 71.56 69.9 83.70

2 Vitamin C (commercial preparation) 93 94 93.34 93.42 94.29 94 93.65 94.56
3 Ribavirin 0 0 0 0 14.7 49.3 69.9 95.9

4 Remdisivir 0 0 31 51 79 86 92 96.0

Table 5 Median Tissue Culture Infectious Dose in Mice Lungs following Treatment with Test Compounds

Group Treatment Dose/Route* TCID50 Titer (Mean±SD) % Drop in Infection Compared to Infection CTRL

G1 Infected control Vehicle (CMC)/Oral 4.61±0.20 0%

G2 Remdisivir 25 mg/kg SC 2.21±0.21* 99.6%
G3 SSV-003 500 mg/kg Oral 3.76±0.50*$ 85.9%

G4 SSV-003 1,000 mg/kg Oral 3.34±0.26*$ 94.6%

G5 SSV-003 1,500 mg/kg Oral 3.30±0.55*$ 95.1%

Notes: All values are expressed as the mean±SD, Significant differences between the treated group and the Virus control were analyzed by One-way ANOVA, followed by a 
Dunnett’s multiple comparison test, using GraphPad Prism at 95% confidence levels. *P<0.05 vs Virus control and $P<0.05 vs Remdesivir.
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were apparently normal condition following test item 
administration. Based on the results obtained, SSV-003 
(test item) falls under “Category 5 (>2,000–5,000)” 
according to the Globally Harmonized System (GHS) for 
the classification of chemicals. The cut-off LD50 value is 
greater than 2,000 mg/kg.

Discussion
The development of novel antiviral drugs is a challenging 
task and persistent threat of viral pandemics and epidemics 
such as COVID-19, Zika virus, and Chikungunya virus has 
prompted fast track drug development to check the spread 
of viruses. To fasten anti-viral drug development, repur-
posing of existing molecules and exploring herbs and 
phytochemicals for their antiviral activities can be an 
efficient strategy. Keeping current global health emergency 
in-view, researchers at SSV phytopharmaceuticals devel-
oped a SSV-003 formulation for better management of 
COVID-19 patients. The SSV-003 formulation was devel-
oped after thorough research. SSV-003 comprises of 
Curcumin, Vitamin C, Vitamin K2-7, Selenomethionine 
and Zinc. In this research paper, we discuss outcomes of 
in-vitro and in-vivo studies and acute toxicity studies.

For In vitro studies, MDCK cell lines for Influenza A- 
H1N1-VR219 and HCT-8 cell lines for Beta Corona-OC43 
were used. Influenza vaccine derived from MDCK culture 
has been approved by the European Medicines Agency 
(EMEA).15,16 HCT-8 are colon adenocarcinoma cells that 
are used for culture HCoV-OC43, a beta corona virus 1 
that most commonly infects humans.17 In the current 
study, SSV-003 had an IC50 lessthan Ribavirin and vitamin 
against Influenza A-H1N1-VR219 with no cytopathic 
effect. SSV-003 had an IC50 of 2.26 µg/mL against 
Human Beta Coronavirus, similar to IC50 of Ribavirin 
(2.25 µg/mL), but much lessthan that of Remedisivir 
(6.23 µg/mL). Richart et al18 reported that curcumin and 
mono-acetylcurcumin inhibited influenza virus infection. 
In vitro studies on MDCK cells showed significant anti-
viral activity of curcuma longa against H5N1 virus (avian 
influenza virus) by interfering with viral hemagglutination 
(HA) activity. It up-regulates the mRNA expression of 
tumor necrosis factor-α and interferon-β in MDCK cells. 
TNFα and interferon-β are potent antiviral agents. Also 
curcumin inhibited the (PI3K)/AKT cellular pathway in 
tumor cells, whereas influenza virus infection activates 
PI3K/AKT.19

SSV-003 was found to be effective against Influenza A 
Virus in Balb/c mice. SSV-003 treated groups showed a 

Figure 1 The effect of SSV-003 on cellular biomarker CD4+ after treatment. All 
values are expressed as the mean±SD (n=3, pooled samples of three animals in 
triplicate). Significant differences between the treated group and Virus control were 
analyzed by One-way ANOVA, followed by a Dunnett’s multiple comparison test, 
using GraphPad Prism at 95% confidence levels. *P<0.05 vs Virus control and 
$P<0.05 versus Remdesivir.

Figure 2 The effect of SSV-003 on cellular biomarker CD8+ after treatment. All values 
are expressed as the mean±SD (n=3, pooled samples of three animals in triplicate). 
Significant differences between the treated group and Virus control were analyzed by 
One-way ANOVA, followed by a Dunnett’s multiple comparison test, using GraphPad 
Prism at 95% confidence levels. *P<0.05 vs Virus control and $P<0.05 versus Remdesivir.
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dose-dependent decrease in TCID50. All the treatment 
groups showed improvement in CD4+ and CD8+ counts. 
Dose-dependent increases in IgG and IgM levels were 
observed in SSV-003 treated groups. Fani et al19 reported 
the anti-viral activity of curcumin against herpes simplex 
virus. The average number of HSV plaque was significantly 
more in the control group and least in the Curcumin extract 
group (2 mg/mL). Curcumin inhibited viral plaque forma-
tion. Ichsyani et al20 studied the anti-viral activity of curcu-
min against dengue virus (DENV), reporting the acquired 
value of IC50 as 17.91 µg/mL, while the CC50 value was 
85.4 µg/mL. They reported a significant reduction in viral 
load on treatment with C. longa within 24 hours.

T-cells are responsible for immune response and provide 
strength to fight against multiple infections. If the count of 
CD4+ and CD8+ cells is high, T-cell activation occurs and 
it represents a strong immune system. The study data 
showed that SSV-003 significantly improved the CD4+ 
and CD8+ counts, thus improving cellular immunity, 
which is beneficial to fight against infections. Chai et al21 

studied the effect of curcumin on acute lung injury/acute 
respiratory distress syndrome (ALI/ARDS) in cecal ligation 
and a puncture (CLP)-induced acute lung injury mouse 
model. They reported that Curcumin suppressed inflamma-
tory mediators, alleviated lung injury, and increased CD4 
+CD25+Foxp3+ Tregs. It up-regulated the differentiation 
from CD4+ naïve T-cells to regulatory T-cells (Tregs) in 
vitro. Avasarala et al22 studied the anti-inflammatory effect 
of curcumin on reovirus 1/L-induced acute viral pneumonia, 
which resembles characteristics of the human ALI/ARDS. 
They concluded the role for curcumin in modulating the 
pathogenesis of viral-induced ALI/ARDS through its anti- 
inflammatory and immune modulating activities. Curcumin 
can inhibit the infiltration of Polymorphonuclear neutrophils 
(PMNs), including GR1+, CD4+, CD19+ B-cells, NK cells, 
and CD8+ T-cells, and promotes the apoptosis of PMN by 
increasing the level of P-p38. Xiao et al23 reported that 
curcumin analog C66 protects lipopolysaccharide (LPS)- 
induced ALI through suppression of the JNK pathway and 

subsequent inhibition of inflammatory cytokine expression. 
IgG and IgM are major immunoglobulins, which play sig-
nificant roles in fights against infections. SSV-003 showed 
improved concentration of IgG and IgM, suggesting its 
immuno-modulatory activity.

Each constituent of SSV-003 has its own biological 
activity and plays a crucial role in boosting immunity 
and reducing disease related damage. Bio-activities of 
Curcumin against dengue virus, human influenza virus, 
herpes simplex virus, and human immune deficiency 
virus are widely reported. Its anti-viral activity is ascribed 
to different mechanisms and pathways. Chen et al24 

reported that Curcumin inhibits dengue virus entry and 
Padilla-S et al25 reported it inhibited particle production. 
Several researchers have reported curcumin inhibit 
Influenza A virus uptake, replication, and particle produc-
tion. It induces post-transcriptional and post-translational 
modifications and impedes key steps of viral replication as 
well as its attachment.26 Dimethoxycurcumin is the bioac-
tive metabolite of curcumin and molecular docking studies 
suggested that it docked Mpro. It is reported to alter viral 
surface proteins, thus blocking its entry to the host cell.11 

Our published molecular docking studies clearly indicated 
that curcumin can bind to the receptors and inhibit ACE2, 
thus blocking the entry of COVID-19 virus.27 Vitamin K2- 
7 is effective in reducing pro inflammatory cytokines. 
Selenomethionine is a natural form of Selenium (Se) 
which plays a critical role in prevention of infection. 
Selenium (Se) is reported to be directly involved in com-
bating against various viruses like influenza virus, HSV-1, 
HCV, and HIV. Sanna et al28 reported anti-viral activity 
essential oils isolated from Hornstedtia bella Škorničk. 
Moderate supplementation of Se could enhance tumor 
necrosis factor-alpha (TNF-α) and interferon-gamma 
(IFN-γ) levels leading to an improved immune response.29 

Wang et al30 reported Se inhibited the cytopathic effect of 
HSV and promoted cell apoptosis. Vitamin C is very 
effective in reducing cell mediators such as interleukin-6 
and endothelin-1 levels which are regarded as pro- 

Table 6 Percent Increase in Immune Parameters as Compared to the Virus Control Group

Remdisivir (% 
Increase)

SSV-003 (500 mg/kg) (% 
Increase)

SSV- 003 (1,000 mg/kg) (% 
Increase)

SSV-003 (1,500 mg/kg) (% 
Increase)

IgG 4.02 8.76 17 16

IgM 5.13 5.13 23.08 20.51

CD4 15.48 37.63 75.76 76.77
CD8 22.19 58.36 64.27 66.11
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inflammatory factors.31 Our recent clinical studies on SSV- 
003 on mild-to-moderate COVID-19 infected patients 
(n=200) clearly established that it reduced inflammatory 
markers, improved patients disease condition to asympto-
matic with relief from symptoms within 48 to 72 hours.13

The limitation of the current study is that biological 
markers establishing a mechanism of action of the SSV- 
003 should have been studied. Keeping these results and 
their good correlation with reported bioactivities of indi-
vidual constituent of SSV-003 in-view, we can conclude 
that SSV-003 possessws potent anti-viral activities and is 
non-toxic to animals.
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