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Abstract
Since the emergence of COVID-19 pandemic in China in late 2019, scientists are striving hard to explore non-toxic, viable 
anti-SARS-CoV-2 compounds or medicines. We determined In vitro anti-SARS-CoV-2 activity of oral formulations (syrup 
and capsule)of an Iodine-complex (Renessans). First, cell cytotoxicity of Renessans on the Vero cells was determined using 
MTT assay. Afterwards, the antiviral activity of Renessans was determined using viral inhibition assays and  TCID50. For 
this, nontoxic concentrations of the Renessans were used. The results showed that Renessans is nontoxic to the cells up 
to 50 µg/mL. At 1.5 µg/mL concentration, SARS-CoV-2 production was significantly reduced to  101.43  TCID50 and  101.58 
 TCID50 for the syrup and capsule, respectively, as compare to virus infected control cells  106.08  TCID50 and we found the 
dose dependent inhibition of virus replication in the presence of Renessans. Renessans inhibited SARS-CoV-2 with an 
EC50 value of 0.425 µg/mL and 0.505 µg/mL for syrup and capsule, respectively. Furthermore, there was no virus detected 
at concentration of 50 µg/mL of Renessans. This study indicates that Renessans, containing iodine, have potential activity 
against SARS-CoV-2 which needs to be further investigated in human clinical trials.
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Introduction

The SARS-CoV-2 is a novel coronavirus that was first 
reported in December 2019 in Wuhan, China. The virus was 
named as 2019-nCoV (2019 novel coronavirus) by World 
Health Organization (WHO) (Chen 2020). The International 
Committee on Taxonomy of Viruses renamed it as Severe 
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
on 11 February 2020 (Alexander 2020). The infection was 
termed as Coronavirus Disease (COVID-19) and its world-
wide spread forced the WHO to declare it a global pan-
demic, i.e., public health emergency of international concern 
(PHEIC) (Zarocostas 2020).

Since SARS-CoV-2 infection is a recent emergence in the 
field of medicine, there is no predefined standard therapeutic 
course to follow. Most of the treatment regimens revolve 
around the previous pathophysiological viruses/diseases 
similar to COVID-19 (Guo 2020; Jin 2020). Due to a rapid 
surge in data regarding COVID-19, new clinical findings 
are paving a way forward for more informed decisions in 
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the selection of appropriate therapeutic regimens. Such regi-
mens are focused upon symptomatic relief (e.g. respiratory), 
amelioration of underlying pathological phenomena (anti-
inflammatory) and antiviral effects. With a hope to devise 
an appropriate but definite cure, re-purposing of already 
available therapeutic options, evidence-based medicine, and 
traditional therapies are being tested (Ng and Bezak 2020) 
with anecdotal outcomes. For instance, viral fusion inhibitor 
(arbidol) and protease inhibitors (lopinavir and ritonavir) 
failed to reduce the negative conversion time of novel coro-
navirus nucleic acid in pharyngeal swab or improving the 
symptoms (Deng, 2020). Danoprevir (an anti-HCV drug), 
on the other hand, has completed the participants recruit-
ment for treating the viral pneumonia in combination with 
ritonavir (Iyer 2020). Another drug boceprevir has shown to 
inhibit viral replication during recent experiments (Ma et al. 
2020). These are a few examples of projects going-on to 
discover possible treatment of coronavirus infection, while 
there are many experiments in clinical trials (Lythgoe and 
Middleton 2020).

Another area is to explore potential micronutrients and 
vitamins in the treatment of SARS-CoV-2. An extraneous 
administration of micronutrients is supposed to overcome 
the nutritional deficiencies and strengthen the immune 
system of the patient (Belsky et al. 2018; Elmadfa and 
Meyer 2019). Currently, in the subject matter, many clini-
cal trials are going on to evaluate the efficacy of vitamin 
D and C in COVID-19 patients (Carr 2020; Grant 2020). 
A recent study revealed antiviral properties of lithium 
in preclinical studies for COVID-19 (Murru 2020). 
Though use of micronutrient is already exemplified by 
the addition of zinc to chloroquine therapy (Shittu and 
Afolami 2020), the direct antiviral potential of micro-
nutrients is still an area wide open for research. Among 

the micronutrients, Iodine has known antimicrobial prop-
erties, therefore, used in topical applications (Norman 
et al. 2016). Besides a role for inactivation of enveloped 
and non-enveloped viruses (Wood and Payne 1998), its 
use in physical inactivation of SARS-CoV-1, MERS has 
already been demonstrated (Kariwa et al. 2006; Eggers 
et al. 2015). However, the use of iodine as a systemic 
intervention is yet debatable for its toxicity (Leung and 
Braverman 2014).

The most common method to increase body iodine 
concentration is iodine intake through the use of iodine 
supplements (Niwattisaiwong et al. 2017). Kelp is a dried 
seaweed rich in vitamins, and minerals especially iodine 
where iodine is complexed with other components. It has 
traditionally been used as a galactagogue and a weight 
loss cure (Vaughn 2012). An iodine complex formula-
tion has been patented (patent no: 141316, IPO, Paki-
stan) and registered by MTI, Pakistan (DRAP registration 
# 505620098). Its clinical trials have successfully been 
conducted where it was found to be highly effective in 
the treatment of oligomenorrhea and polycystic fibro-
sis (Iftikhar 2013; Naqvi 2014). Moreover, its antiviral 
efficacy has also been reported for clinical trial against 
Hepatitis C Virus (HCV). Indeed, in combination with 
traditional therapy, iodine complex has been associated 
with excellent antiviral response in chronic HCV patients 
(Nabi et  al. 2020). Antiviral activity of said complex 
(Renessans) has also been tested for avian influenza virus 
where it showed inhibition of cytopathic effects (Matti 
et al. 2020).

With this background, considering the previous potential 
of study drug, we investigated antiviral potential of Iodine 
complex against SARS-CoV-2 to suggest a readily available 
compound which has a proven antiviral efficacy.

Fig. 1  Cell cytotoxicity for 
Renessans syrup and capsule. a 
Non-toxic concentrations of the 
Renessans syrup was measured 
using MTT assay. b Non-toxic 
concentrations of the Renessans 
capsule was measured using 
MTT assay
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Materials and methods

Drugs

RENESSANS capsule (containing 200 mg iodine) and syrup 
(containing 10 mg/ml iodine) were prepared and provided by 
MTI Medical Pvt. Ltd. for this study. Each capsule contains: 
polyiodides as iodine/iodide equivalent to 200 mg iodine/
iodide; Excipients: polysaccharides 250 mg and ascorbic acid 
5 mg. For suspension: each 10 ml contains: polyiodides as 
iodine/iodide equivalent to 50 mg iodine/iodide; Excipients: 
glycerine 2 ml and ascorbic acid 2 mg, sorbitol 1 ml and water.

Revival and establishment of VERO cell line 
monolayer

Vero cells were obtained from Institute of Microbiology, 
University of Veterinary Animal Sciences (UVAS) Lahore, 
Pakistan. Dulbecco’s Modified Eagle Medium (DMEM) 
cell culture along with 10% fetal bovine serum was used 

to revive vero cells (Ammerman et al. 2008). Monolayer 
of these cells was established and maintained in  25cm2 
roux flasks. The flasks were observed for 48 h for any kind 
of bacterial or fungal contamination. The flasks with 80% 
monolayer were selected for viral replication and antiviral 
activity of drugs.

Virus cultivation and isolation

SARS-CoV-2 (MW031799) was isolated previously from a 
clinical sample in BSL- 3 laboratory located in the Institute 
of Microbiology, UVAS, Lahore, Pakistan. The isolate was 
identified using commercially available real-time PCR kit 
(Sansure BioTech, Changsha, China) as per manufacturer’s 
instruction. Cell culture flasks with 80% monolayer were 
used and infected with SARS-CoV-2 isolate. DMEM cell 
culture media containing 1% fetal bovine serum was used 
for infection. After 72 h of incubation, cytopathic effects 
were observed and virus replication was confirmed by real 
50% tissue culture infective dose  (TCID50) (Araujo 2020).

Preparation of drug concentrations:

Different concentrations of drugs from 0.04 to 100 µg/mL 
were prepared and reconstituted in same media used for Vero 
cell. First, the cytotoxicity profile of drugs was checked and 
non-cytotoxic concentrations were selected for the evalua-
tion of antiviral profile in-vitro cell culture.

Cytotoxicity assay

Different drug concentrations that were selected for antiviral 
activity were mixed into cell culture media and added into 
confluent vero cells. MTT assay kit (Abcam, Cambridge, 
UK) following the manufacturer’s instructions was used to 
perform the cytotoxicity assay.

In‑vitro antiviral activity

The non-cytotoxic concentrations of the drug were selected for 
the evaluation of antiviral profile in vitro cell culture against 
SARS-CoV-2. Vero cells grown in 6-well tissue culture plates 
in the presence of DMEM along with 10% FBS. Confluent 
Vero cells were infected with SARS-CoV-2 at concentration 
of  106.08  TCID50 for 2 h at 37 °C. After internalization of the 
virus, the inoculum was removed and cells were washed for 
three times. After washing, fresh media along with different 
concentrations of Renessans were added and incubated for 
72 h. Mock-infected and infected non-treated controls were 
also run in parallel. After 72 h, the cell lysate were collected 

Table 1  Effect of RENESSANS syrup and capsule on the production 
of SARS-CoV-2 in VERO Cells culture system

All the values that shows virus titers are bold

Formulation Concentration of drug 
(µg/mL)

TCID50

Renessans syrup 50 0
25 0
12.5 0
6.2 0
3.1 0
1.5 1 × 101.43

0.75 1 × 101.47

0.35 1 × 103.83

0.17 1 × 104.81

0.08 1 × 105.79

0.04 1 × 105.82

Renessans capsule 50 0
25 0
12.5 0
6.2 0
3.1 0
1.5 1 × 101.58

0.75 1 × 101.82

0.35 1 × 105.08

0.17 1 × 105.67

0.08 1 × 105.72

0.04 1 × 105.77

SARS CoV-2 control (PC) None 1 × 106.08

Cell control (NC) None 0
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after three cycles of freeze/thaw. Virus titers were measured 
as 50% tissue culture infective dose  (TCID50).

Statistical analysis

All the experiments were performed three times individu-
ally, and the data were presented as means ± standard devia-
tion (SD). The results were analyzed by Graph pad prism 
software (version 6.0). Student’s t-test was applied to the 
results to compare the means of the  TCID50 value of the 
test group with the control. Statistical significance repre-
sented by asterisks is marked correspondingly in the figures 
(*p < 0.05, **p < 0.01, ***p < 0.001).

Results

The cytotoxicity assay confirmed that up to 50 µg concen-
tration of Renessans syrup and Renessans capsule was non-
toxic to the cells (Fig. 1A, B). The VERO cells were exposed 
to SARS-CoV-2 with and without different non-toxic con-
centration of Renessans capsule and syrup. Effect of Renes-
sans capsule and syrup on the growth of virus on vero cells 
monolayer is given in Table 1. At the concentration of 
0.04 µg/mL, the virus titers were reduced to 105.82  TCID50 
and 105.77  TCID50 for Renessans syrup and capsule, respec-
tively, as compare to infected non treated control cells hav-
ing 106.08  TCID50. As the concentration of the drug increases 
the virus titers were reduced upto 101.43  TCID50 and 101.58 
 TCID50 for the Renessans syrup and capsule, respectively, 
at concentration of 1.5  µg/mL as compare to infected 
non-treated control cells with 106.08  TCID50 (Fig. 2A, B). 
The results showed dose dependent antiviral behavior of 

Fig. 2  Antiviral effect of Renessans against SARS-CoV-2. a Effect of 
Renessans syrup on SARS-CoV-2 production on vero cells. b Effect 
of Renessans Capsule on SARS-CoV-2 production on vero cells. c 

Normal Vero cells at 200X. d Cytopathic effects (CPE) produced by 
SARS-CoV-2 at 200X
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Renessans syrup and capsule against SARS-CoV-2 (Fig. 2C, 
D). Interestingly, at a concentration of 3.1–50 µg/mL of 
Renessans syrup and capsule, there was complete inhibition 
in virus production and no virus were detected after 72 h. 
The  EC50 of Renessans syrup was 0.425 µg/mL and Renes-
sans capsule was 0.505 µg/mL (Fig. 3A, B).

Discussion

COVID-19 pandemic is caused by SARS-CoV-2, and is con-
sidered the most significant threat to human lives in the world 
today. It is showing no signs of slowing down. On one hand, 
the world is racing to find the cure against this newly emerged 
virus through developing vaccines and antivirals. Various vac-
cines have been developed on different platforms, are being 
used for mass vaccinations viz. Pfizer-BioNTech & Mod-
erna (mRNA), Oxford-AstraZeneca (Ch AdOx 1), Sinovac 
& Bharat Biotech (inactivated) (Carl Zimmer 2021). Indeed, 
antiviral drug is considered to be the most probable and urgent 
cure for the COVID-19. However, new development of anti-
viral against SARS-CoV-2 may require years that initiates the 
potential repurposing the existing approved antivirals/anti-
microbials against SARS-CoV-2. In this context, ivermectin 
(Caly et al. 2020), Hydroxychloroquin (Cohen 2020), Arbidol 
(Eggers et al. 2015) and many others have been tested against 
SARS-CoV-2. WHO drops hydroxychloroquine (HCQ) from 
clinical trials after available data indicated that the drug has 
no effect against COVID-19 (Kariwa et al. 2006). Ivermectin 
exposure to cells exhibited significant reduction in virus titers 
as compare to control cells. The trials for the clinical use of 
Ivermectin against COVID-19 are in progress.

In this study, we evaluated the anti SARS-CoV-2 activity of 
iodine complex (Renessans) that has already been approved for 
human use. Iodine has a history of use in tropical applications 
and exhibited antiviral activity against SARS-CoV, MERS, 
avian influenza virus and HCV. We have used non-toxic con-
centrations of Renessans. At these concentrations, Renessans 
exhibited strong antiviral activity against SARS-CoV-2 with 
no/few CPE were observed in drug treated cells as compare to 
control cells. In vitro results exhibited that Renessans in the 
form of syrup and tablet lead to complete inhibition of virus 
production at 50 µg/mL. This may predict the use of Renessans 
in the form of syrup as compare to capsule form. In line with 
the cell morphological analysis,  TCID50 data revealed that the 
virus replication was greatly inhibited in the drug treated cells 
as compare to control cells. In a recent study, the antiviral 
activity of CupriDyne, an iodine complex disinfectant solu-
tion was evaluated against SARS-CoV-2. This iodine solution 
was able to inactivate the virus in time dependent manner, 
reducing the virus titers by 99% and reducing the virus titers 
below detection limit after 60 min (Mantlo et al. 2020). Simi-
larly, iodine complex had exhibited a virucidal activity against 
MERS virus, the virus inactivation of ≥ 99.99% within 15 s of 
application. Moreover, iodine product had reduced the SARS-
CoV infectivity to undetectable levels in 2 min of exposure in 
Vero infected Cells (Mullard 2020). Collectively, the previous 
data confirms our finding of iodine complexes, which have 
showed strong antiviral activity against SARS-CoV-2 and 
members of this family. Moreover, iodine has also exhibited 
its antiviral potential against other viruses like in human and 
avian influenza virus, iodine was able to inhibit the influenza 
A viruses infection by up to 97.5% in MDCK-infected cells 
(Singh et al. 2020), adenoviral conjunctivitis (Sriwilaijaroen 

Fig. 3  Half maximal effec-
tive concentration  (EC50) 
of RENESSANS. a  EC50 of 
RENESSANS syrup was calcu-
lated using different concentra-
tions of RENESSANS syrup b 
 EC50 of RENESSANS capsule 
was calculated using different 
concentrations of RENESSANS 
capsule. All the experiments 
were conducted in triplicate 
and mean values are used to 
calculate  EC50
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2009), and Modified vaccinia virus Ankara (Wang 2020). 
Based on the previous literature addressing the mechanism 
involved in the activity of iodine against SARS, it is more 
likely that iodine makes the structural changes on the viral 
coat through attack on histidine and tyrosine residues (Mantlo 
et al. 2020). Thus, it is likely that inhibition of SARS-CoV-2 
infection at the entry level by blocking the viral attachment to 
the cell. Indeed, this seems to be a general mechanism underly-
ing the inhibitory effect of iodine on other viruses, including 
human and avian influenza viruses.

Conclusions

This study indicates that RENESSANS (iodine containing 
oral formulation), have potential activity against SARS-
CoV-2 which needs to be further investigated in human 
clinical trials.
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