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Abstract
The COVID-19 pandemic has infected millions of people around the world and the resulting disease
burden has challenged the already stressed healthcare systems globally. Amidst the increasing morbidity
rate of SARS-CoV-2, the scienti�c community is vigorously researching possible remedies targeted
against the virus. Natural herbs have a great potency to cure infectious diseases and are vastly
unexplored. The present study aims to investigate Ayurvedic herbs in a unique polyherbal formulation,
NOQ19, against the SARS-CoV-2 virus in an animal model. A total of 19 female Syrian hamsters were
infected with the virus cell culture through intranasal route. 4 out of 19 animals were mock controls, 5
were infection controls, 4 were treated with remdesivir and acted as positive controls and remaining 6
were treated with NOQ19. The hamsters were observed to note body weight reduction and adverse events
followed by sacri�ce on day 4 after inoculation with the virus. The lung pathology and viral load was
studied in each hamster. Results showed a signi�cant reduction of 78.2% in the viral load for the NOQ19
arm, as compared to the infection control. Gross examination of the lung histology of the NOQ19 arm
suggested an improvement in edema and congestion compared to the infection control. Also, no adverse
events were noticed in NOQ19 hamster group. Therefore, the authors propose NOQ19 formulation as a
potential option to be tested further for its e�cacy and e�ciency against COVID-19.

Introduction
Time and again the world has been challenged with many diseases. However, the past decade has
noticed a signi�cant incidence of multiple zoonotic viral infections crossing over into
humans[1] Coronavirus, an infectious viral disease was declared a pandemic on 11th march, 2020 by the
World Health Organization.[2] The outbreak of this virus in Wuhan led to a global pandemic, infecting and
killing millions due to its high transmission rate, short life-cycle and harmful immuno-pathology .[3] The
experience of previous SARS-CoV outbreak propelled the scienti�c community to design better strategies
in curbing the virus. Although, the conventional medicine has been at the forefront of curing and treating
COVID-19, it is essential to look at the bene�ts that the traditional medicine systems have to offer.
[4] Current therapeutic strategies include curative measure with repurposed allopathic drugs and
prophylactic measures with vaccines. However, there is no known targeted cure for SARS-CoV-2.[5]

There exist several research studies on traditional medicines and COVID-19.[6-9]

Despite several traditional medicines being proposed for their curative effect on COVID-19, only a few
have actually undergone the pathway of drug development. In this manuscript we share a novel
polyherbal formulation based on Ayurveda which has been tested in an animal model of COVID-19.

 

Ayurveda is known to be one of the most ancient systems of medicine.  Ayurveda originated from India
and has found a wide acceptance globally.[10] The present study focuses on NOQ19, a novel polyherbal
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formulation  based on Ayurvedic principles.  The formulation consists of potential anti-viral and anti-
in�ammatory herbal extracts such as Ashwagandha, Vasaka, Yashtimadhu and Guduchi.[11-16] In-silico
research studies have evaluated the phyto-chemicals from Ashwagandha (Withania somnifera), Guduci
(Tinospora cordifolia) and Tulasi (Ocimum sanctum) against main target protease Mpro or or 3Clpro of
SARS CoV-2.[17] It was found that Withanolides and Withanoside  from Ashwagandha demonstrate the
highest docking against the Mpro target protein.[18-19] Few of the compounds used in NOQ19 contain
high amount of alkaloids, �avanoids, tannins and phenols, all of which contribute towards its anti-viral
properties.[20] Another herb, well-studied for its anti-viral properties, is Yashtimadhu (Glycyrrhiza glabra).
Molecular docking studies have found glycyrrhizin, chief component of Yashtimadhu, as one of the major
phyto-chemical to inhibit viral replication.[21-22] Another study conducted a phytochemical analysis and
molecular docking of Ashwagandha, Guduchi and Shatavari (Asparagus racemosus) against COVID-19.
The results highlighted that several phytoconstituents present in the 3 herbs possess antiviral activity
against the spike protein, main Protease and RNA dependent RNA polymerase of the virus.[23] All the
previous studies on the Ayurvedic herbs have been in an in-silico model or humans and there is a lack of
evidence in an animal model. Hamsters are one of the best models to study the lung pathologies due to
the similarities in lung pathologies that develop during the COVID-19 progression between hamsters and
humans.  

An earlier in vitro study conducted on NOQ19 in Vero E6 cell lines demonstrated good antiviral e�cacy of
NOQ19 (under publication). The present study aims to evaluate the e�cacy and safety of this Ayurvedic
polyherbal formulation in a Syrian hamster model. The results of the animal study combined with the
human data can support the possibility of adding NOQ19 to the therapeutic options for COVID-19.
 

Objective
To evaluate the in vivo therapeutic e�cacy of a newly formulated ayurvedic drug, NOQ19, in a SARS CoV-
2 infected Syrian golden hamster (Mesocricetus auratus) model.

Methodology

3.1 Formulation for in vivo studies
3.1.1 Test material: NOQ19 preparation is a combination of 19 ingredients from 13 ayurvedic herbs :
 Ashwagandha (Withania somnifera), Bilwa (Aegle marmelos), Yashtimadhu (Glycyrrhiza glabra), Rasna
(Pluchea lanceolata), Vasaka (Adhatoda vasica), Pippali (Piper longum), Haridra (Curcuma longa), Patha
(Cissampelos pareira), Bhumiamla (Phyllanthus fraternus), Bhunimba (Andrographis paniculata),
Saptaparna (Alstonia scholaris), Tulasi (Ocimum sanctum) and Guduci (Tinospora cordifolia). Some of
herbs were used only as a powder while Ashwagandha (Withania somnifera),   Yashtimadhu (Glycyrrhiza
glabra), Vasaka (Adhatoda vasica), Bhumiamla (Phyllanthus fraternus), Bhunimba (Andrographis
paniculata),and Guduci (Tinospora cordifolia) were used as both powder and extract. 
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NOQ 19 was procured from Sriveda Sattva Pvt Ltd, Bangalore (Sri Sri Tattva). The drug was licensed by
Ministry of AYUSH, Govt. of India with the license number- AUS782. It was supplied in the powdered form
and stored at 4oC until further use.  

All the herbs & herbal extracts which constituted NOQ19 were subjected for quality control Analysis and
after the approval process, ingredients were issued for production as �ne powders. All the ingredients
were blended with excipients followed by granulation and drying.

 

The animal study was conducted at Foundation for Neglected Disease Research (FNDR) in the BSL-3
laboratory. All the ethical guidelines with respect to the animal study were met in accordance.  

 

3.2 Animal Model: Syrian Golden Hamsters 

 

6-8 weeks old female Syrian golden hamsters (Tata Memorial Advanced Center for Treatment, Research &
Education in Cancer (ACTREC), (65/PO/ReBiBt/S/99/CPCSEA)) were used in the study. Body weight
determination and other general veterinary examination was performed for the hamsters at the time of
enrollment. Only healthy animals weighing around 80-100 grams were included in the study.  
 

A total of 19 hamsters were enrolled in each of the 4 groups, each group consisting of 4-6 animals.
 

 

3.3 Animal care:

 

All the animals were kept in individually ventilated cases to familiarize them with the environment(Citizen
Industries, CRB-48-SS,V7E). The room conditions were maintained as 18oC-25oC temperature, 30%-70%
humidity, 12-hour light and 12-hour dark. The animals were identi�ed by body markings and therefore
maintained in different groups. Feed and RO water were provided to the animals ad libitum. 

 

3.4 Animal ethics statement
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            The study plan to evaluate the antiviral activity in a COVID -19 infection model in hamsters was
recommended by FNDR’s Institutional Animal Ethics Committee (IAEC), Registration Number
2082/PO/Rc/S/19/CPCSEA, on 21st December 2021 through Form-B proposal number FNDRFB-045. The
same was approved by the Committee for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), India. All the ethical practices as laid down in the CPCSEA guidelines for animal care
were followed during the conduct of the study. Further, procedures used in this study plan were designed
to conform to the accepted practices and to minimize or avoid risk of causing pain, distress or discomfort
to the animals. 

            

3.5 Viral Cell culture for infection: 

            The SARS-CoV-2 viral isolate was obtained by BEI resources managed by ATCC. Isolate USA-
WA1/2020 was isolated from an oropharyngeal swab from a patient with a respiratory illness who had
recently returned from travel to the affected region of China and developed clinical disease (COVID-19) in
January 2020 in Washington, USA.[24]

3.6

3.6.1 Study Design

19 female Syrian golden hamsters, 6-8 weeks of age, were taken for the study. Among the 19 hamsters, 4
hamsters were not infected with the virus and were labeled as mock control, 5 hamsters were infected
with the virus and received placebo intervention and were labeled as disease control, 4 other hamsters
were infected with the virus and received the remdesivir intervention and were labeled as positive control,
while remaining 6 hamsters were infected with the virus and received test intervention NOQ19 and were
labeled as test. Hamsters were anesthetized with ketamine (150mg/kg) and xylazine (10mg/kg) by
intraperitoneal injection and inoculated with the virus intranasally with 100μL of DMEM containing 1×
106 PFU/ml virus. Hence, the total concentration of virus administered per hamster was 1× 105 PFU. The
hamsters received respective intervention (Ayurvedic formulation or remdesivir) 24 hours post infection.
The respective intervention was also given intraperitoneally. For the remdesiver control, a dose of
15mg/kg, for 3 days daily, 1 DPI, 2DPI & 3 DPI was given. For the NOQ19 intervention, 1000mg/kg in
saline was given for 3 days daily, 1 DPI, 2DPI & 3 DPI. After 3 days of intervention, the animals were
euthanized and sacri�ced for viral load estimation and gross pathological examination. 

 

3.7 Viral Load estimation

After sacri�cing the hamsters, the following procedure was carried out for viral load estimation and gross
pathological examination
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3.7.1 Sample Preparation: The whole lung was aseptically removed from the sacri�ced animal. Changes
in the body weight before and after clinical administration were noticed. After gross pathological
examination, the lung was homogenized for about 15- 30 seconds using Pro 200 homogenizer (Pro
Scienti�c Inc. Monroe, CT. USA) in a �nal volume of 2 ml of sterile PBS in Wheaton Te�on-Glass tissue
grinders (catalogue no. W012576). The homogenized tissue was centrifuged at 4000 rpm for 10 minutes
to remove the debris and the supernatant was collected. Volume of the supernatant was measured. 

3.7.2 Vero E6 cells preparation: A 96 well plate was coated with 200ul containing approx. 30,000 Vero E6
cells in DMEM media with 10% FBS. The plate was incubated overnight (12–18 h) at 37° C to achieve a
Vero E6 cell monolayer.

3.7.3 Sample plating: 50 μl of samples (lung tissue) were serially diluted (10-fold) in DMEM and each
dilution was plated in a different well with the pre-formed Vero E6 cell monolayer and incubated for 1 h at
37 °C in a 5% CO2 incubator with shaking at every 15 minutes. 

3.7.4 Overlay: After 1 hour incubation, the samples were removed from the well. The cell monolayer was
then again overlaid with 200 μL of DMEM: CMC and incubated for 3 days at 37 °C in 5% CO2. DMEM:
CMC was prepared by mixing equal volume of DMEM (2x) and 2% carboxymethylcellulose. 

3.7.5 Fixing: After the 3-day incubation, the DMEM-CMC overlay was gently removed with a pipette, the
cells were washed twice with PBS and then �xed by adding 200 μL of 4% formaldehyde to each well. The
plate was incubated at room temperature for 30 minutes after which formaldehyde was removed from
the wells and dispensed in an appropriate hazardous waste container. 

3.7.6 Staining: 100 μL of 0.05% (w/v) crystal violet in 20 % methanol was added to each well and the
plate was incubated for 30 minutes. Crystal violet was removed with a pipette and cells were washed
twice with distilled water or until the excess crystal violet had been removed, and the plaques were easily
visualized. 

3.7.7 Counting: The plaques (PFU) were counted for the dilution at which clear readable counts were
noticed and were determined as PFU per ml. The PFU per lung was calculated using the dilution factor
and PFU per ml. Cell only control was used as a negative control. 

3.7.8 Viral loads in the lung were compared for the test and controls groups by a oneway analysis of
variance (ANOVA) followed by Dunnett’s multiple comparison using GraphPad Prism software (Version
9).

Results
Therapeutic use of intraperitoneal instillation of Ayurvedic formulation prevents SARS-CoV-2 viral load
and associated gross clinical parameters

4.1 Gross pathological examination
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Gross pathological observations demonstrated normal hamster lungs in the non-infected group. The
infected untreated group demonstrated severe edema and in�ammation in all lobes. (Fig 1) The infected
untreated group also had diffused multi-focal hemorrhage and congestion. The infected remdesivir group
showed mild edema and multi-focal congestions in the lungs (Fig 1). While the NOQ19 (NF-2) group
showed improvement in lung edema, hemorrhage and congestion as compared to the untreated group. 

 

Also, the uninfected mock control group hamsters showed an increase in their body weights during the
study period. While the infected treatment groups showed a reduction in the body weights. NOQ19 treated
hamsters showed less body weight reduction when compared to the infection control.(Fig 2)

4.2 Viral load estimation

The test item NF-2 (NOQ19) showed signi�cant antiviral activity at 1000mg/kg BID dosing in comparison
to the untreated control group. Compared to the infected untreated group, the reduction of viral load in
NOQ19 group was 78.2%. 
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Group Dpi Animal
Number 

Number of plaques PFU/ml Log
Reduction

Percentage
Reduction

      1 2 Average      

Mock
Infection

4 1 0 0  0 0 0 0

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

Infection
Control

5 5 19 18 18.5 37*105 NA NA

6 18 14 16 32*105

7 22 25 23.5 47*105

8 16 18 17 34*105

9 21 19 20 40*105

Remdesivir 4 10 5 8 6.5 1.3*105 1.34 99.5

11 12 10 11 2.2*105

12 9 11 10 2*105

13 6 9 7.5 1.5*105

NOQ19 6 14 8 4 6 12*105 0.66 78.2

15 15 18 16.5 3.3*105

16 5 4 4.5 9*105

17 17 19 18 3.6*105

18 6 9 7.5 15*105

19 10 6 8 16*105

Discussion
With the intense vaccination efforts, the COVID-19 cases across the globe have reduced [25] Nevertheless,
emergence of mutant strains, high transmission rates and severity of the SARS-CoV-2 disease pose a
constant threat to the public.[26] Existing solutions include repurposing already existing drugs to curb the
disease symptoms. The solution requires an anti-viral drug targeted against the virus for inhibition of viral
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replication. The present study investigates the e�cacy of a polyherbal formulation, NOQ19 in Syrian
golden hamster model. The study results demonstrated more than 78% reduction in viral load when
treated with NOQ19. A similar study by Jan et al reported that a few chinese traditional medicines
demonstrated signi�cant anti-viral properties against SARS-CoV-2 in a Syrian hamster model. The study
reported that two herbs, Mentha haplocalyx and Perilla frutescens, signi�cantly reduced the viral load.
[27] Ayurveda, an ancient Indian science also cites many herbal formulations that have potential antiviral
bene�ts. Infact several Ayurvedic approaches were recommended in the past for management of COVID-
19.[28] Another study demonstrated that the use of two intra-nasal Ayurvedic oil formulations; Anu tailya
and Til tailya; signi�cantly reduced the SARS-CoV-2 viral load in a hamster model.[29] 

 

The current study evaluated the therapeutic e�cacy of an Ayurvedic polyherbal formulation in a hamster
model against SARS-CoV-2. Hamster models are considered most suitable animal model for SARS-CoV-2
infection and studying the therapeutic role of drugs. This is because, post infection with SARS-CoV-2, the
animal shows rapid breathing, alveolar damage, edema, extensive apoptosis and rapid weight loss.
[30] One important �nding of the study was lesser weight loss in the NOQ19 treated animal group with
respect to other groups. Traditionally Ashwagandha has been used for weight loss management. Among
the multiple health bene�ts of Ashwagandha, it is known for its adaptogenic properties. Therefore, the
herb minimizes the weight loss/weight gain incurred due to environmental stress.[31] Presence of
Ashwagandha in NOQ19 may provide a justi�cation for the present observation. As noted in the infection
mock-control of hamsters, intranasal application of SARS-CoV-2 produces severe haemorrhage,
congestion, edema and lung pathologies. However, it was noticed that among the NOQ19 treated group,
the pathological severity was reduced. This could be secondary to the reduction in viral replication
caused by Glycyrrhizin component of Yashtimadhu (Glycyrrhiza glabra).[32-34] Another possibility for
reduced congestion and haemorrhage could be the anti-thrombotic properties of  Bhunimba
(Andrographis paniculata) which prevents blood clotting.[35] Few other ingredients like Haridra (Curcuma
longa), Bhumiamla (Phyllanthus fraternus) and Vasaka (Adhatoda vasica) are known for their anti-
in�ammatory properties, and can assist in reducing the symptoms of  immune response like edema and
pneumonitis.[36-38] Also, none of the hamsters in NOQ19 treatment group reported any adverse events
after the NOQ19 inoculation. This demonstrated the safety of the NOQ19 among the hamster model. The
current study, is a pre-clinical study and focuses on the e�cacy of the formulation in an animal model.
Further phase 1 and phase 2 clinical trials can evaluate the safety of the NOQ19 in human beings. 

Conclusion
There is a great need for safe and effective options to combat the COVID-19 pandemic. Several
traditional approaches including Ayurveda have been proposed for the symptomatic and therapeutic
management of COVID-19. This study determines the e�cacy of a polyherbal Ayurvedic formulation  
called NOQ19, in a Syrian hamster model. The hamsters treated with NOQ19 reported a 78.2% reduction
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in viral load and improved lung pathology after 3 days of treatment. The in-vivo e�cacy of the drug
provides an incentive to further explore the therapeutic bene�ts of this drug in humans.
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Figure 1

Representative gross images of the lungs from different study groups

Figure 2

Body Weight Reduction in different group of hamsters
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Figure 3

Log of Viral load reduction in the positive control and NOQ19 group from the infection untreated group


