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Abstract
Introduction: The SARS-CoV-2 virus is a virus that may cause severe respiratory disorders with an unclear rate of 
death. Natural vinegar may have an immune-boosting quality that effectively fights influenza-like respiratory infections. 
We aimed to evaluate the role of a specially formulated Iranian apple vinegar called Dezhakam sap (D.SAP) in the 
mice model of covid-19 in the treatment of infection and reduction of covid19-associated lung inflammation. 

Methods: We designed covid-19-positive Inbred BALB/c mice by viral exposure. Then all mice were examined for 
active SARS-CoV-2 infection. Mice with positive covid-19 infection were separated into different groups to study the 
effect of treatment by different concentrations of D.SAP smoke for seven days. Expression assessments for viral RNA 
on covid-19 affected mice models for three SARS-CoV-2 genes (RDRP, N, and E) and three inflammation markers (IL6, 
IL1b, and TNF) in lung tissue of all mice were assessed using Real-time PCR. 

Results: Results showed a significant decrease in viral load in the RDRP gene, N gene, and E gene in all infected rats 
who were treated with D.SAP compared with off-treatment mice. In addition, all three inflammation factor genes in 
infected mice that were treated with D.SAP were significantly reduced compared to the off-treatment infected mice. 

Conclusion: Findings showed the effectiveness of specially formulated apple vinegar D.SAP to attack new coronavirus. 
Also, results may suggest the effectiveness of D.SAP to reduce the lethal inflammation in COVID-19 infection with 
low side effects. Anti-inflammatory agents block certain substances in the body that cause inflammation. D.SAP may 
consider a potential natural anti-inflammatory that may increase the survival rate of COVID-19 infection. It seems 
these effects could be related to the antimicrobial and antioxidant effects of D.SAP due to its polyphenolic compounds. 
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Introduction
The SARS-CoV-2 virus is an RNA virus from the Coronavirus 
family, which cause severe and potentially lethal respiratory dis-
order. COVID-19 patients, which required intensive care, show 
higher levels of the pro-inflammatory factors, granulocyte col-
ony-stimulating factor, macrophage inflammatory protein, and 
tumor necrosis [1]. The world community is facing an unexpect-
ed pandemic of novel coronavirus disease 2019 (COVID-19), 
which is caused by a newly mutated virus of the Coronavirus 
family called Severe Acute Respiratory Syndrome coronavirus 
2 (SARS-CoV-2). The lethal rate of COVID-19 is still unclear 
and statistics are extremely controversial. It seems that the de-
velopment of sustainable methods to combat current and poten-
tially future mutated types of Coronaviruses is a grave health 

concern worldwide. Coronaviruses are highly transmittable and 
can infect different persons of different ages, gender, and phys-
iological situations [2]. So the treatment strategy for the Coro-
navirus should be applicable and cost-effective for all types of 
Coronavirus family and with minimum side effects for different 
individuals with different physiology, background diseases, and 
genetic diversities [3].

The Coronavirus family members including SARS-CoV-2 are 
positive-sense RNA viruses, which typically infect the upper 
and lower respiratory tracks and cause disease by severe cyto-
toxic effects and the induction of host cytokines disease. The 
life cycle of SARS-CoV-2 is mostly similar to other members 
of the coronaviruses family such as the virus that causes SARS-
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CoV-1 detected in 2003. In the beginning, the virus enters the 
cell (mostly lung epithelial cells) by attaching to the angioten-
sin-converting enzyme-2 (ACE-2) receptors that act as the gate-
way for the entry of the virus inside the body [4].

Previous studies have shown that apple cider vinegar has antimi-
crobial properties and can kill bacteria, yeast, and fungal infec-
tions. According to the Environmental Protection Agency (EPA) 
of the United States, a disinfectant material should be able to 
kill about 99.9 percent of disease-causing bacteria and viruses 
[5]. Vinegar only works against some germs, like E. coli and 
Salmonella. Apple cider vinegar has also significant antioxidant 
effects and huge amounts of these effects are due to its polyphe-
nolic compounds. Polyphenolics are active chemical compounds 
in plants, including fruits and vegetables. While other types 
of fruit vinegar, like grape vinegar, also contain polyphenolic 
compounds; white vinegar does not contain these compounds. 
Antioxidant effects of polyphenolic compounds act may pre-
vent the formation of free radicals, which can damage tissue. 
Potential treatment effects of polyphenols on some cancers, cor-
onary heart disease, and various inflammatory disorders have 
been reported [6]. Certain types of unfiltered apple cider vinegar 
include the "mother," which is a colony of beneficial probiotic 
bacteria, especially some of the lactobacillus serotypes that have 
a major role in the improvement of the gut and immune system 
functions [7].

Dezhakam sap of apple (D.SAP) is a specially formulated and 
unfiltered Apple vinegar that producing with a traditional meth-
od in Iran. Because of the selection process of apples and espe-
cially the traditional production of D.SAP, it is full of antioxi-
dants, probiotic compounds, micronutrients, and cellulose fiber. 
Taken together the contents of D.SAP may have a potentially 
positive effect on the treatment of acute respiratory disorders 
such as influenza and SARS-CoV-2 virus regarding its anti-in-
flammation effects.

In SARS-COV2 infection, overwhelming inflammation espe-
cially in lung tissue may lead to dangerous side effects or even 
death. Several therapeutic strategies have progressed to mod-
ulate harmful inflammation in COVID-19. Some of these ap-
proaches are not effective and some of them which target the im-
mune system may reduce the ability of the body to fight against 
the virus. Abnormalities in immune cells and dysregulation of 
inflammatory markers have been reported in patients with severe 
respiratory disease including COVID-19 that in turn will lead to 
cytokine storm, hyperinflammation, and multi-organ failure [8].

IL6, IL1b, and TNF are three major inflammatory markers that 
may use to detect inflammation patterns in patients with acute 

respiratory diseases. Proinflammatory cytokines especially IL-1, 
IL-6, and TNF-α can significantly influence the onset of con-
comitant disorders, arterial hypertension, and metabolic disor-
ders [9]. Secretion of Pro-inflammatory cytokines by macro-
phages and lymphocytes in response to infection-induced cell 
damage in lung tissue may increase the severity of the infection 
and even lethal rate in COVID-19 infected persons.

The present study aimed to evaluate the anti-inflammatory and 
antiviral effects of an especially formulated apple vinegar called 
D.SAP on mouse models with COVID-19 infection. The expres-
sion level of the three most expressed genes in the SARS-COV-2 
virus was assessed for analysis of antiviral effects and the ex-
pression level of IL-1, IL-6, and TNF-α genes in lung tissue 
models were assessed for analysis of anti-inflammatory effects.

Material, methods, and methodology
Animal modeling and grouping
Inbred BALB/c mice choose because of their small size, clear 
genetic background, and ease of genetic manipulation to design 
the COVID-19 animal model. Mouse ACE2 (mACE2) has a low 
affinity for the S protein of SARS-CoV-2that reduces the infec-
tion rate of wild-type viruses [10]. Due to the incompatibility of 
mACE2 with SARS-CoV-2 S protein, the use of mouse-adapt-
ed SARS-CoV-2 strains, and the expression of human ACE2 
(hACE2) in mice used for the production of COVID-19 ani-
mal model [11]. Mouse-adapted SARS-CoV-2 strain MASCp6 
(mouse-adapted strain at passage 6), with mutation of the strain, 
at the RBD site of viral S protein which increase the binding 
affinity of the protein to mACE2 and was confirmed to be infec-
tious to mice with inflammatory responses and moderate pneu-
monia in them used in this study. Inbred BALB/c mice were 
housed under specific pathogen-free conditions under controlled 
temperature and humidity in a Biosafety Level-2 laboratory and 
the institutional committee for animal care and use approved all 
procedures following the standards established by the US Ani-
mal Welfare Act [12].

For the production of SARS-CoV-2 infected mice, MAS-
Cp6 mice were intranasally challenged using inocula of 103 
plaque-forming units (PFU) for three days. Intranasal-induced 
COVID-19 lung infection assessed in the upper respiratory tract 
based on detection of viral RNA in nasal secretions using quan-
titative Real-time PCR. Animal modeling was conducted based 
on protocols proposed in previous studies [13, 14]. Mice were 
grouped into nine groups, each group including six male inbred 
BALB/c mice. Details of the groups named from A to I (based 
on English alphabetic order) and also their viability rate during 
the study are presented in table 1.
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Table 1: Group's names and viability rate during the infection and treatment process

Group name Group description Total number of mice Dead number of mice Date of death
A Controls with no infection and no treatment 6 0 -
B Covid19 infected with no treatment 6 2 4th day
C Covid19 infected with treatment by 12.5% D.SAP 6 0 -
D Covid19 infected with treatment by 25% D.SAP 6 0 -
E Covid19 infected with treatment by 50% D.SAP 6 1 7th day
F Covid19 infected with treatment by distilled water 6 1 6th day
G Pretreated with 12.5% D.SAP and then Covid19 

infected with treatment by 12.5% D.SAP
6 0 -

H Pretreated with 25% D.SAP and then Covid19 infect-
ed with treatment by 25% D.SAP

6 0 -

I Pretreated with 50% D.SAP and then Covid19 infect-
ed with treatment by 50% D.SAP

6 0 -

Protocols of treatment with D.SAP
D.SAP is used for treatment in three different concentrations, 50 
percent, 25 percent, and 12.5 percent of concentration by dis-
tilled water as solvent. Intranasal inoculation of 106 PFU per 
mouse with three different dosages at seven days intervals for 
treatment groups, seven days before infection process, and seven 
days after infection for pretreatment groups.

Scarification and Lung tissue sampling
All animals were sacrificed for endpoint analysis on day seven 
post-infection. Lung tissues of sacrificed mice were collected, 
homogenized, and subjected to viral load determination. All vi-
ral challenge experiments and treatments had been operated in a 
Biosafety Level-3 animal facility.

Expression analysis of viral RNA and inflammation genes
RNA was extracted from homogenized samples immediately af-
ter samplings according to standard protocols using by RNA Pu-
rification kit (GeneJET™ RNA Purification Kit#K0732, Thermo 
scientific - Fermentas, Latvia). Genomic DNA contamination 
of extracted RNA was removed using DNase Treatment & Re-
moval Reagents (DNase I, RNase-free (#EN0521) Fermentas, 
Latvia), according to the kit protocol. The quality and quantity 

of RNA were assessed by one percent Agarose gel electrophore-
sis and UV- spectroscopy respectively. Synthesis of cDNA was 
conducted by a Transcription First Strand cDNA Synthesis Kit 
(RevertAid Premium First Strand cDNA Synthesis Kit #K1652, 
Thermo scientific -Fermentas, Latvia) based on the manufactur-
er's protocol and previous studies [15].

Specific primers and probes were designed by "oligo7" soft-
ware and were blasted on the NCBI website. Standard curves for 
each gene had been prepared by serial dilutions (1: 4) of pooled 
cDNA from total RNA extracted from samples of mice from 
the control group. In each experiment, the R2 value of the stan-
dard curve was more than 0.99 and no-template control assays 
showed no detectable signal. In addition, the efficacy of PCR re-
action calculates using Lin-Reg PCR free software (Amsterdam, 
Netherland). Real-time PCR was conducted by The TaqMan® 
PCR Starter Kit, Thermo scientific - Fermentas, Latvia). CFX96 
Touch Real-Time PCR Detection System (BIO-RAD, Califor-
nia, US) used for triplicate method Quantitative Real Time-PCR. 
Gene expression examinations are conducted based on previous 
studies [16]. Livak formula was used to calculate the ratio. Prim-
ers' sequences are presented in table 2.

Table 2: Sequence of Premiers Used For Real-Time PCR

Gene Forward primer Reverse primer
N 5'CCTCTTCTCGTTCCTCATCA3' 5'CCTGGTCCCCAAAATTTCCT3'
E 5'GAAGAGACAGGTACGTTAA3' 5'AAGGTTTTACAAGACTCACG3'
RDRP 5'CATCTCACTTGCTGGTTCCT3' 5'CCTTAATAGTCCTCACTTCTCTC3'
IL-6 5'CAGTTGCCTTCTTGGGACTGA3' 5'GAAGTCTCCTCTCCGGACTTG3'
IL-1b 5'AATCTCGCAGCAGCACATCA3' 5'ACGGGAAAGACACAGGTAGC3'
TNF-α 5'CCAACGGCATGGATCTCAAAG3' 5'TCCCTTGAAGAGAACCTGGGA3'
GAPDH 5'GTCAAGGCCGAGAATGGGAA3' 5'GGCCTCACCCCATTTGATGT3'
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Statistical examinations
Normal distribution for continuous variables was evaluated with 
the Kolmogorov-Smirnov test. Descriptive data are expressed as 
mean ± SD (range) and the level of statistical significance was 
set at P < 0.05. Statistical differences between groups were cal-
culated by one-way ANOVA. Multiple comparison corrections 
were performed by the Bonferroni correction test. Statistical 
analysis was performed using SPSS software version 24.

Results
Analysis of D.SAP antiviral effects
Results showed significant antiviral effects of D.SAP on covid-19 
infection. While group B shows a decrease in cycle threshold in 
all three genes and an increase in viral load after seven days, 
all treated groups with different concentrations became SRARS-
COV-2 negative. Group F which included Covid-19 infected 

mice that were treated with distilled water for seven days and 
used as the sham group showed no significant difference in viral 
load compared with the B group in any gene. The p-values of B 
group versus F group in each gene were N gene (p-value: 0.3), 
E gene (p-value: 0.2), and RDRP gene (p-value: 0.3). It should 
be noticed that the increase of viral load in F group was slight-
ly but not significantly slower in comparison to B group. All 
pretreatment groups showed no positive mouse after the seven 
days of pretreatment before infection time and seven days after 
the infection. While both treatment and pretreatment groups in 
all concentrations became negative after treatments, it should 
be noticed that pretreatment groups had non-significant but in-
teresting lower viral load after infection compared with other 
groups. Results of SARS-COV-2 viral RNA presence and level 
in each group after infection and after the treatment with D.SAP 
were presented in Tables 3 and 4 respectively.

Table 3: Viral load rate in groups based on the expression level of three SARS-CoV-2 main genes (mean cycle threshold value 
of N, E, and RDRP intragroup) before treatment with D.SAP

Group N gene ct value E gene ct value RDRP gene ct value Final result
A not detected not detected not detected not infected
B 31.6 33.3 32.3 infected
C 32.5 33.1 32.5 infected
D 31.2 32.4 33.6 infected
E 32.5 33.2 32.1 infected
F 31.1 33.6 33.2 infected
G 37.3 not detected 38.7 weakly infected
H 37.5 not detected 39.2 weakly infected
I 38.1 not detected 38.3 weakly infected

Ct: cycle threshold, N: Nucleocapsid, E: Envelope, RDRP: RNA-dependent RNA polymerase

Table 4: Viral load rate in groups based on the expression level of three SARS-CoV-2 main genes (mean cycle threshold value 
of N, E, and RDRP intragroup) after seven days of treatment with D.SAP

Group N ct value E ct value RDRP ct value Final result
A not detected not detected not detected not infected
B 27.3 26.1 26.4 infected
C not detected not detected not detected not infected
D not detected not detected not detected not infected
E not detected not detected not detected not infected
F 28.1 28.1 27.7 infected
G not detected not detected not detected not infected
H not detected not detected not detected not infected
I not detected not detected not detected not infected

Ct: cycle threshold, N: Nucleocapsid, E: Envelope, RDRP: RNA-dependent RNA polymerase

Analysis of D.SAP anti-inflammatory effects
Overexpression of IL-1β ،IL-6 and TNF-α genes in lung tissue 
was detected in all infected groups compared to group A. highest 
overall upregulation of three genes was revealed in groups B and 
F and all pretreatment groups, especially group G showed the 
lowest dysregulation and over expression of inflammatory genes 
compared to controls. All treatment and pretreatment groups 

showed significant down-regulation of inflammatory genes in 
comparison with the B group indicating the anti-inflammatory 
effects of D.SAP nasal treatment. Findings of the expression 
level of inflammatory genes in lung tissue of each group after 
scarification are presented in Tables 5 and 6.
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Table 5: Gene expression level of IL-1β ،IL-6 ، TNF-α genes in lung tissue of COVID19 infected mice compared with control 
mice (calculated by comparative method and Livak formula)

Comparisons IL-6 Ratio IL-1β Ratio TNF-α Ratio
B Vs. A 4.42 3.88 4.18
C Vs. A 2.34 2.22 2.03
D Vs. A 1.93 1.62 2.02
E Vs. A 2.05 1.55 1.92
F Vs. A 3.94 3.61 3.86
G Vs. A 1.25 1.3 1.2
H Vs. A 1.22 1.33 1.77
I Vs. A 1.68 1.46 1.74

Table 6: Statistical analysis of IL-1β ،IL-6 ، TNF-α gene expression level in lung tissue of infected mice models in each group 
versus control mice

Comparisons IL-6 p-value IL-1β p-value TNF-α p-value
B Vs. A 0.004* 0.006* 0.008*
B Vs. C 0.03* 0.01* 0.01*
B Vs. D 0.01* 0.004* 0.01*
B Vs. E 0.01* 0.004* 0.01*
B Vs. F 0.12 0.14 0.18
B Vs. G 0.01* 0.01* 0.01*
B Vs. H 0.005* 0.009* 0.01*
B Vs. I 0.01* 0.01* 0.01*

* used for significant corrected p-value

Discussion
The findings of the present study revealed that different doses of 
D.SAP is firstly biocompatible and harmless and do not lead to 
animal mortality as well as able to prevent the continuation of 
the disease in all doses after one week of smoking and the virus 
in mice after treatment. Pretreatment of patients also leads to low 
pathogenicity in mice and makes treatment easier. SARS-COV-2 
is a new respiratory virus that has caused a major pandemic and 
high mortality in the world due to the way its symptoms appear 
and the possibility of its clinical symptoms remaining hidden for 
seven to fourteen days, as well as the ability to transmit quickly 
from person to person. Rapid transmission of this virus and its 
high mutagenicity may cause a constant pandemic with a high 
mortality rate in this disease. Severe inflammation in the lung 
tissue, which leads to the destruction of air sacs, was the main 
cause of death in patients with Covid-19.

Findings showed firstly, inhalation of D.SAP does not lead to 
any inflammation or adverse effects leading to death or disease 
as well as reduction of significant inflammation rate in D.SAP 
recipients. It has been reported that inflammation has a major 
role in the severity of COVID-19 infection and inflammation 
overwhelming could cause death [17]. An effective therapeutic 
strategy to suppress or modulate inflammation in COVID-19 
which target the immune system as well as strength it in combat 
with the virus is a great discovery.

Small pro-inflammatory proteins called cytokines are released 
by immune cells and regulate the immune response to patho-
gens. Chemokines, interleukins, monokines, tumor necrosis 
factors (TNF), and interferons (IFN) act on the cells that secret 

them and neighboring cells or cells that are distant from the site 
of secretion [18]. Massive and dysregulated cytokine release 
may cause a cytokine storm [19]. Cytokine storms are common 
in viral infections and had been reported in MERS-CoV, SARS-
CoV, influenza, and recently in SARS-Cov-2 [20]. The preva-
lence of cytokine storms in COVID-19 is high and it may relate 
to delayed viral clearance, the late response of interferon type 
I, up-regulation of neutrophil extracellular traps, and pyroptosis 
[21]. It has been determined that a negative coronary test in mice 
after one week was associated with a reduction in inflammation 
and thus a reduction in air sac damage. Also, the best results 
were observed in the pretreatment group G, which showed that 
smoking 12.5% concentration of D.SAP for seven days before 
the onset of pneumonia lead to a significant reduction in pneu-
monia viral load. Antiviral effects of D.SAP may lead to faster 
viral clearance that could be one of the mechanisms of cytokine 
storm inhibition which in turn reduce the severity of symptoms 
during and after relief from the disease, as well as an increase in 
resistance to infection.

Other potential protective effects of D.SAP that may explain 
its potential immune-regulator effects could be associated 
with probiotics. It has been indicated that probiotics have an 
immune-boosting quality that effectively fights influenza-like 
respiratory infections and the common cold [22]. Recent stud-
ies provide evidence supporting the antiviral and general im-
mune-strengthening health effects of probiotics. prophylactic 
and immune-boosting probiotics have potential effects on the 
prevention of respiratory viral infections such as COVID-19 
[23]. Several lines of evidence should nutraceuticals such as Zn, 
vitamin D, vitamin C, curcumin, and cinnamaldehyde, have an-
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tioxidant and anti-inflammatory effects. Grouping these nutri-
ents in the right combination may suppress the lethal inflamma-
tion providing both prophylactic and therapeutic support against 
COVID-19 [24]. It may explain the potential immune-boosting 
and immune regulatory role of D.SAP as apple based formula-
tion.

Conclusion
In conclusion, although there is a great lack of information about 
SARS-Cov-2 and its treatments, new strategies such as taking or 
inhaling D.SAP, especially daily and before infection may re-
duce the side effects of infection and help the reduction of the 
lethal rate of the pandemic. Extensive studies on D.SAP and its 
role in improving respiratory infections can help us better under-
stand the mechanisms of function and how they might be used 
for possible treatment.
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