
Clinical and Experimental 
Health Sciences

Copyright © 2025 Marmara University Press

How to cite this article: Öztatlıcı M, Kançağı D.D, Öztatlıcı H, Turan D.R, Karakuş Sır G, Yurtsever B, Çakırsoy D, Abanuz S, Taştan C, 
Özer S, Tümentemur G, Kasap M, Akpınar G, Halıcıoğlu Şen B, Demir S, Telci D, Şahin F, Tuğlu İ.B, Ovalı E. Post Challenge Effects Of 
Ozg-38.61.3 Gamma Irradıated SARS-CoV-2 Vaccıne On Organ Protectıon In Transgenıc Mouse Model. Clin Exp Health Sci 2025; 15: 
504-516. https://doi.org/10.33808/clinexphealthsci.1512385

 
ABSTRACT

Objective: Coronavirus disease 2019 (COVID-19) is an infectious outbreak caused by the severe acute respiratory syndrome coronavirus 2 
(SARS‑CoV‑2) and virus-related deaths are increasing day by day. For this reason, vaccine studies and their urgent use are of great importance 
to prevent the pandemic. In this study, multi-organ damages caused by SARS-CoV-2 virus in human – angiotensin-converting enzyme type 2 
(ACE2) transgenic mice and the protective effects of OZG-38.61.3 gamma irradiated SARS-CoV-2 vaccine against viral damage were investigated.

Methods: For this purpose, transgenic K18-hACE2 BALB/c mice were randomly allocated into 4 groups, negative control group (NC), positive 
control group (PC, SARS-CoV-2 infected), and 2 different doses of OZG-38.61.3 vaccine (Challenge 1, dose of 1013 and Ch2, 1014 viral particle after 
SARS-CoV-2 infection). After the administrations, lung, heart and kidney tissues were examined by histopathological, immunohistochemical and 
TUNEL analysis.

Results: Our results showed that the vaccine doses decreased the apoptosis, oxidative stress and inflammation parameters caused by virus in 
lung, heart, and kidney tissues. It was also found that the vaccine protected the expressions of tight junction proteins in the kidneys.

Conclusion: According to our findings, it is suggested that the OZG-38.61.3 can be an effective and protective vaccine that can be safely used 
against the SARS-CoV-2 virus.
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Post Challenge Effects of Ozg-38.61.3 Gamma Irradiated SARS-
CoV-2 Vaccine on Organ Protection in Transgenic Mouse Model

1. INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome 2 RNA virus, called the new type 
of Coronavirus (SARS-CoV-2), is an infectious disease (1). 
After the COVID-19 disease was first seen in Wuhan, China, 
it spread rapidly around the world and was declared a global 
pandemic by WHO on March 11, 2020.

Taxonomically, SARS-CoV-2 is classified as a member of the 
SARS-related coronavirus (SARS-CoV) in the betacoronavirus 

(βCoV) genus of the Coronaviridae family (2). There are three 
transmembrane proteins in the lipid bilayer: Spike (S) protein, 
envelope (E) protein and membrane (M) protein (3). Spike 
proteins present on the virus bind to angiotensin converting 
enzyme 2 (ACE2) receptors to enter the host cell, and the 
viral envelope fuses with the cellular membranes. Thus, the 
viral genome enters the host cell (4). Expression of the ACE2 
receptor on the surface of alveolar epithelial type II cells, 
heart, kidney, intestine and endothelial cells make these cells 
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and organs as a target for SARS-CoV-2 (1). The immune system 
perceives the emitted viral particles as foreign and presents them 
to natural killer and cytotoxic T cells. Thus, the immune system is 
activated by the production of high amounts of proinflammatory 
cytokines and chemokines. As a result of the activation of the 
immune system more than normal, cytokine storm develops, and 
multi-organ failure is seen with thrombotic tendency.

Appropriate animal models are needed to elucidate the 
pathogenesis of the disease and to develop effective vaccines or 
therapeutics (5). As stated in our previous study, mice are generally 
preferred in antiviral studies due to their protein similarities and 
simple genetic structures (6). However, while SARS-CoV-2 can 
use human, bat, and civet angiotensin-converting enzyme type 2 
(ACE2) receptors for entry into target cells, classical experimental 
mice do not have these receptors. Therefore, human ACE2 
(hACE2) receptor-encoding transgenic mice were preferred in 
this study. In our previous study, the protection and safety of the 
OZG-38.61.3 vaccine candidate against SARS-CoV-2 infection was 
demonstrated.

In this study, the effects of OZG-38.61.3 vaccine, which is a 
candidate for COVID-19 treatment, on intense inflammation and 
oxidative stress in SARS-CoV-2 infection, as mentioned above, 
were evaluated. In this study, it was tested how protective OZG-
38.61.3 could be in controlling the damage caused by the virus 
after viral challenge.

2. METHODS

2.1. SARS-CoV-2 isolation-propagation and cell culture

Nasopharyngeal and oropharyngeal cavity samples were 
obtained from patients who were diagnosed as COVID-19 by 
Real-Time PCR in Acıbadem Altunizade Hospital, Acıbadem 
Mehmet Ali Aydınlar University Atakent, and Maslak Hospitals. 
The study design was approved by the Ethics Committee of 
Acıbadem Mehmet Ali Aydınlar University (ATADEK-2020/05/41). 
All techniques had been executed according to the applicable 
guidelines. The SARS-CoV-2 isolation-propagation and cell 
culture was reported in our previous report (7)

2.2. Inactivation of SARS-CoV-2

2.2.1. Gamma irradiation and Glutaraldehyde mediated 
inactivation kinetics

In order to perform the gamma irradiation mediated inactivation 
kinetics study, 5 different dose ranges between 3-65 kGy were 
decided (3-7 kGy, 10-25 kGy, 18-35 kGy, 25-45 kGy, 45-65 kGy). 
After gamma irradiation inactivation at different doses were 
completed, colorimetric MTT assay was performed to evaluate 
the viability of Vero cells cocultured with vaccine for 72 hours. For 
glutaraldehyde inactivation, viruses were inactivated and fixed 
with 2.5% glutaraldehyde in PBS (0.1 M, pH 7.2) for 2.5 h.

2.2.2. Quantitative RT‑PCR to determine viral RNA copy number

Total RNA isolations were performed from gamma and 
glutaraldehyde inactivated samples using Direct-zol RNA Miniprep 

Kits (Zymo Research, USA), and concentrations were determined 
using QUBIT fluorometer with the QUBIT RNA HS Assay (Thermo 
Fisher Scientific, USA). Quantitative RT-PCR was performed with 
the QuantiVirus SARS-CoV-2 Test Kit (Diacarta) according to the 
manufacturer’s protocol. The quantitative RT-PCR analysis was 
analyzed in Roche Lightcycler 96.

2.2.3. Single immunodiffusion assay

This method was modified from single radial immunodiffusion 
assay (8). The protocol was described in our previous report (6).

2.2.4. Two-dimensional (2D) gel electrophoresis

SARS-CoV-2 (active virus), gamma and glutaraldehyde 
inactivated samples were concentrated with 3K ultrafiltration 
spin filters (Amicon Ultra Centrifugal Filters 3K Cat no 
UFC500396, Millipore) in the BSL-3 laboratory, and focusing 
buffer containing chaotropic agent (8 M urea, 2% (w/v) CHAPS, 
50 mM DTT, % 0.2 3-10 ampholyte, 0.001% bromphenol blue) 
was added in equal volume (50µL) upon our recommendation. 
The added buffer inactivated all virus particles in the samples 
and made the protein content workable. 20 µg of each sample 
was subjected to 2D gel electrophoresis based on the Bradford 
measurement method. Prepared samples were soaked in 
7 cm pH 3-10 NL IPG strips by passive rehydration method 
overnight. After rehydration, the proteins were focused at an 
increased voltage of 25,000V in total. After focusing, the strips 
were washed with Buffer I (6 M Urea, 0.375 M Tris.HCl pH 8.8, 
2% SDS, 20% Glycerol, 2% (w/v) DTT) and II (6 M Urea, 0.375 
M Tris.HCl pH 8.8, % 2 SDS, 20% Glycerol, 2.5% (w/v) Iodine 
Acetamide) for 15 minutes and separated in 12% keratin-free 
SDS-PAGE gels at 180V current. When the run were completed 
the gels were fixed and then the protein spots were made 
visible by silver staining, a sensitive protein staining technique.

2.2.5. Cytokine Bead Array (CBA) as an Immunogenicity 
Assay

Following the isolation of peripheral mononuclear cells (PBMC) 
by overlaying blood on FicollPaque Plus (GE Healthcare Bio-
Sciences AB, Uppsala, Sweden), 18-35 kGy, 25-45 kGy, 45-65 
kGy gamma irradiated vaccine samples were incubated with 
PBMCs at 37oC for 24 hours. To analyze IFNγ level, MACSPLEX 
Cytokine 12 kit, human (Miltenyi Biotec) was used for the 
Cytokine bead array following the manufacturer’s protocol. 
And then samples were collected into sample tubes, and flow 
analysis was done. Flow analysis was performed with the 
MACSQUANT Analyzer (Miltenyi Biotec).

2.3. Challenge Assay

2.3.1. OZG-38.61.3 inactivated SARS-CoV-2 vaccine 
production and Transgenic animal study

During virus replication, 90% confluent Vero cells in cell 
culture flasks with a larger surface area were gradually 
cultured with virus-containing supernatant. The virus was 
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concentrated by centrifugation in a special tube with a 100 
KDa filter. The concentrated virus was stored at – 80 oC before 
irradiation. All concentrated viruses obtained are pooled and 
washed two times with distilled water for diafiltration in a 
100 KDa concentrator. The concentrated virus mixture was 
decided to be inactivated by irradiation at 25 kGy because 
of kinetic study performed. Transgenic animal study was 
carried out with respect to the protocol reported in our 
previous study (6). Transgenic animal study was made by 
using nonlethal TCID50 dose to observe the protection and 
especially the effect of antibody dependent enhancement in 
viral challenge. TCID50 dose of SARS-CoV-2 were calculated 
and published in our previous study (6,9).

2.3.2. Histopathological Examination, Immunohistochemistry 

and TUNEL Assay

Lung, heart and kidney tissues were taken immediately after 
dissection and fixed in 10% and embedded in paraffin. Sections (5 
μm thick) were stained with H&E and Masson’s trichrome. Ashcroft 
scoring method was used for histopathological evaluations 
of pulmonary fibrosis. Immunohistochemical  analyses were 
performed as described previously. The monoclonal antibodies 
used were Caspase-3, iNOS, IL-6, IL-10, TGF-β1, eNOS, TNF-α, 
Occludin and Claudin-1 (10,11).

To examine in situ cell apoptosis, the 5-μm thick sections 
of the lung, heart and kidney tissues were used for TUNEL 
staining. The TUNEL method was performed according to the 
manufacturer’s (Millipore, 2869035) instructions (12).

2.4. Statistical Analysis

Normally distributed data in bar graphs was tested using 
student’s t-tests for two independent means. The Mann–
Whitney U test was employed for comparison between two 
groups of non-normally distributed data. Each data point 
represents an independent measurement. Bar plots report 
the mean and standard deviation of the mean.

3. RESULTS

3.1. The Effectiveness of Gamma Irradiation Inactivation Results

3.1.1. Gamma Irradiation Inactivation Kinetics

As a result of the analyzes made with the product obtained 
by 5 different dose range between 3-65 kGy of gamma 
irradiation, it was found that the safe inactivation range for 
SARS-CoV-2 started above >25 kGy (Supplementary Figure 
1A), but when it exceeded 45 kGy, it has been observed that 
viruses cause a significant decrease in antigenic expression 
ability, T cell stimulation ability and viral RNA copy number 
(7). Therefore, it has been confirmed that the ideal dose 
range is 25 kGy in terms of inactivity and immunogenicity.

Changes in viral RNA copy number were compared between 
non-inactivated, gamma-inactivated and chemically 
inactivated viruses, and gamma irradiation inactivation was 
shown to preserve RNA copy number more effectively than 
chemical inactivation. It was determined that 7 times higher 
viral RNA copy number could be preserved with gamma 
irradiation (Supplementary Figure 1B).

C
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Figure 1. Coomassie Brillant Blue staining (A), bar graph showing viral spike protein expressions results (B), Two-dimensional gel images 
of samples with active virus, glutaraldehyde and gamma radiation inactivated virus (A: S Protein Domain; B: N Protein Domain; C: M/RBD 
Protein Domain) (C), bar graph showing IFNγ ratio of T cells incubated with OZG-38.61.3 for 24 h (D), Body weight changes during challenge 
experiments (E). * p ≤ .05, ** p ≤ .01.
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3.1.3. The Effect of Gamma Irradiation on the Loss of Viral Proteins

3.1.3.1. Modified Single Immundiffusion Assay Results

After viral spike protein expression, the uptake of SARS-
CoV-2 specific spike antibodies by virus particles was 
followed by the single immundiffusion assay (modified 
SRID) method. While it was observed that viral spike 
protein expressions were preserved in an amount similar 
to the active virus, it was observed that the antigenic 
expression was significantly decreased in glutaraldehyde-
inactivated viral samples. Compared to inactivation with 
glutaraldehyde, gamma irradiation has been shown to 
preserve antigenic structure 6 times higher. Gamma-
irradiated inactivate vaccine preparation is also a cost-
effective approach (Figure 1A, B).

3.1.3.2. 2D Gel Electrophoresis Results

When inactivation by gamma irradiation is compared 
to inactivation with glutaraldehyde, it is observed that 
there is a significant loss of protein in inactivation with 
glutaraldehyde, while proteins are preserved in gamma 
irradiation. In the analyzes performed after lyophilization, 
viral proteins could not be clearly evaluated due to the 
inability to separate from albumin, but a structural change 
related to protein loss was observed (Figure 1C).

3.1.4. The Effect of Gamma Irradiation on the T cell Stimulation

When different dose of gamma irradiation was evaluated, it 
was observed that there were no significant changes observed 
in IFNγ ratios of T cell due to gamma irradiation (Figure 1D).

3.2. Challenge Assay Results

3.2.1. Weight changes

Weight monitoring was carried out at regular intervals. No 
significant difference was found in the parameter (Figure 1E).

3.2.2. Histopathological Examinations Results

3.2.2.1 H&E Staining

Histopathology analysis showed no significant pathological 
findings in the histological sections of the heart in all 
groups. However, few hemorrhagic regions were observed 
in the H&E-stained lung sections of the PC and vaccine 
groups. Also, it was observed that less hemorrhagic 
regions were seen in both vaccine doses compared to PC 
group. These findings suggested that OZG-38.61.3 vaccine 
protect the lung against the SARS-CoV-2 virus (Figure 2A-
D). Histopathological lesions were not observed in the 
heart sections of control group. Cardiomyocytes with 
dense eosinophilic cytoplasm were observed in some areas 
in the Ch1, Ch2. and PC groups. In addition, hypertrophy 
was observed in some myocardial cells in the PC group. 
However, no significant difference was observed in the 
general myocardial architecture in all groups (Figure 2E-
H). Kidney tissue morphology was found normal and intact 
in NC group consisting of the renal tubules and glomeruli. 
The dilated blood vessels and neutrophil infiltrations were 
detected in some regions of the PC group kidneys. However, 
no tubular or glomerular defects were found. Although 
dilated blood vessels were also seen in vaccinated Ch1 and 
Ch2 groups, they were much smaller and sparse compared 
to the NC group and no neutrophils were observed in these 
groups (Figure 2I-L).

Figure 2. H&E staining of lung, heart and kidney tissues. Red arrows: hemorrhage, Black arrows: cardiomyocytes with dense eosinophilic 
cytoplasm, Black arrowheads: hypertrophic cardiomyocytes, yellow arrow: distal tubules, Yellow arrowheads: proximal tubules, White arrow: 
glomeruli, White arrowheads: dilated blood vessel. Scale bar: A-H: 100 µm, I-L: 50 µm.
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3.2.2.2 Masson’s Trichrome Staining

The degree of pulmonary fibrosis was evaluated with 
ashcroft scoring method as described (13). The highest level 
of collagen fibers proliferation were observed in the PC 
group, although vaccine groups had fewer pulmonary fibrosis 
areas. On the other hand, no abnormal alveolar architecture 
was noted and a normal distribution of collagen fibers 
were seen in the NC group. Masson’s trichrome staining 
was demonstrated a moderate thickening of the alveolar 
septa and increased deposition of collagen in lung tissues 
in the PC group. Minimal fibrous thickening of the alveolar 
walls without obvious damage to the lung architecture 
were observed in the Ch1 and Ch2 groups and the scores 
of fibrotic lesions were significantly lower in contrast to PC 
group. Nevertheless, fibrosis scores were similar between 
vaccine groups. 1x1013 and 1x1014 doses of OZG-38.61.3 were 
hindered the histopathological changes associated with the 
SARS-CoV-2 virus (Figure 3A-D, a).

Statistical comparison of collagen fibers area percentages in 
cardiac and renal tissues of mice revealed that no significant 
difference were found between the whole groups (Figure 3E-
H, b for heart and Figure 3I-L, c for kidney, p>.05).

3.2.2.3. Immunohistochemistry and TUNEL Results

SARS-CoV-2 administration significantly increased the 
Caspase 3 and iNOS immunoreactivities compared to NC 
groups in the sections of lung, heart and kidney tissues. 
However, Caspase 3 immunoreactivity dramatically 
decreased in the 1x1013 and 1x1014 doses of OZG-38.61.3 
vaccinated groups compared to PC groups in a dose 
dependent manner in all organs. Although, OZG-38.61.3 
vaccination led to a statistically significant reduction in iNOS 
immunoreactivity in lung tissues, iNOS immunostaining 
intensities were found similar in vaccinated groups in the 

Figure 3. Representative images of Masson’s Trichrome Staining of lung (A-D), heart (E-H) and kidney (I-L) tissues in all groups. Statistical 
analysis graphs of lung fibrosis (a), average percentage of collagen fiber of heart (b) and kidney (c) tissues. ns: p>.05, *** and **** p<.05. 
Scale bar: A-H: 100 µm, I-L: 50 µm
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heart and kidney tissues compared to PC groups. eNOS 
immunoreactivity was highest and statistically significant 
in the PC group of renal tissue however there was no 
significant difference observed in alveolar and cardiac 
tissues among all groups (data not shown). In addition to 
this, vaccine groups had lower eNOS immunoreactivity 
in the renal tissue in comparison with the PC group. IL-6 
immunoreactivity was found highest in the PC groups, and 
it was statistically significant compared to NC groups in 
all organs. In the vaccinated groups, IL-6 immunostaining 
decreased compared to PC groups. Furthermore, OZG-
38.61.3 vaccination reduced IL-6 to a similar level to the 
NC groups. TNF-α immunoreactivity was found similar 
in all groups of lung and heart tissues (data not shown). 
Moreover, TNF-α intensity of renal tissue in PC group was 
significantly higher than NC group. TNF-α intensity reduced 
with the vaccine and it was significant according to the 
NC and PC groups. There was no significance between 
vaccine doses. While IL-10 immunostaining intensity was 
significantly elevated by SARS-CoV-2 administration in all 
organs, OZG-38.61.3 vaccinated groups shown lower IL-10 
intensity compared to PC groups. TGF-β1 immunoreactivity 
was found similar between all groups in cardiac and renal 
tissues. On the other hand, statistically significant increase 
of TGF-β1 immunoreactivity was observed in the PC group 
compared the NC group in the lung tissue. In addition, 

decreased TGF-β1 immunoreactivity was seen in the 
vaccinated groups compared to PC group, and vaccinated 
groups showed similar TGF-β1 intensity but still higher 
than the NC group. The occludin and claudin-1 expressions 
were similar in lung and heart tissues for all groups (data 
not shown). In kidney sections, the occludin and claudin-1 
immunoreactivity decreased in PC and vaccinated groups, 
and it was statistically significant according to NC group. 
High dose OZG-38.61.3 vaccine administration rose 
the occludin expressions in kidney tissues and it was 
statistically significant according to PC group although 
there was no difference between low dose vaccine and 
PC groups. Claudin-1 intensity increased significantly in 
both vaccinated groups according to PC group (Figure 4-7, 
Supplementary Tables 1-3).

The TUNEL assay revealed that extensive amounts of TUNEL 
positive nuclei were observed in alveolar and vascular 
areas in lungs, tubular cells in kidneys and endothelial and 
surrounding cells in cardiac tissues in the SARS-CoV-2 infected 
groups compared to uninfected controls. In contrast to PC 
group, apoptotic indexes were found significantly decreased 
in the OZG-38.61.3 vaccinated groups in a dose dependent 
manner in all organs. However, there was no significant 
difference was observed between Ch1 and Ch2 groups in the 
heart tissue (Figure 9).

Figure 4. Immunohistochemical analysis of Caspase-3, iNOS, IL-6, IL-10 and TGF-β in the lung tissues. Scale bar: 100µm (100X magnification). 
Graphs illustrating the optical density of protein expressions in the lung tissues of all groups. *: Comparison with negative control group * p 
<.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05.
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Figure 5. Immunohistochemical analysis of Caspase-3, iNOS, IL-6, IL-10 and TGF-β in the heart tissues. Scale bar: 100µm (100X magnification). 
Graphs illustrating the optical density of protein expressions in the heart tissues of all groups. *: Comparison with negative control group * p 
<.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05.

Figure 6. Immunohistochemical analysis of Caspase-3, iNOS, IL-6, IL-10 and TGF-β in the kidney. Scale bar: 100µm (100X magnification). 
Graphs illustrating the optical density of protein expressions in the kidney tissues of all groups. *: Comparison with negative control group * p 
<.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05.
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Figure 7. Immunohistochemical analysis of eNOS, TNF-α, Occludin and Claudin-1 in the kidneys. Scale bar: 100µm (100X magnification). 
Graphs illustrating the optical density of protein expressions in the kidneys tissues of all groups. *: Comparison with negative control group * 
p <.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05.

4. DISCUSSION

Several vaccines against SARS-CoV-2 are currently in different 
stages of pre-clinical or clinical evaluation. In this study, in 
vivo safety and efficacy analyzes of OZG-38.61.3 lyophilized 
vaccine candidate, inactivated by gamma-irradiation (25 kGy, 
determined by kinetics study) were performed. According 
to comparative analysis carried out by our group, gamma 
irradiation inactivation was shown to preserve RNA copy 
number more effectively than chemical inactivation, where 7 
times higher viral RNA copy number could be preserved with 
gamma irradiation. It was also observed that the antigenic 
expression was significantly decreased in chemically 
inactivated viral samples, such that gamma irradiation has 
been shown to preserve antigenic structure 6 times higher. 
It was seen that there was a significant loss of protein after 
chemical inactivation, while proteins are preserved in gamma 
irradiation inactivation. As our results, it has been reported 
that gamma irradiation method does not cause damage to 
viral proteins while causing genetic material damage, and 
therefore it is equivalent to 9 times more antigen gain. These 
studies also have shown that while chemical inactivation 
produces only B-cell response, both B-cell and T-cell immunity 
are induced equally by gamma irradiation (14).

In this viral challenge study, non-lethal doses of SAR-CoV-2 
were used for infection. Because, in the past, antibody 
dependent enhancement (ADE) caused a clinical problem, 
especially in dengue fever vaccine studies. This ADE effects 
related to vaccine could not be distinguished in the challenge 
experiments performed with lethal dose of these studies. 

Therefore, this study was designed especially considering 
the ADE effect in addition to observe the ability of infection 
control.

To determine the antiviral activity and protective effects 
of the OZG-38.61.3 against SARS-COV-2 in K18-hACE2 
mice, microscopic examination was performed for 
histopathological changes and also immunohistochemistry 
was conducted to evaluate the expression of inflammatory 
cytokines, apoptosis, oxidative stress and cell junction 
markers in the lung, heart and kidney tissues. Our main 
findings from the SARS-CoV-2-infected lung tissues of hACE2 
mice showed hemorrhagic regions, pulmonary fibrosis and 
moderate thickening of alveolar septa. The OZG-38.61.3 
vaccine prevented these defective effects of the virus but 
still few hemorrhagic regions and rare septal thickening were 
detected in the vaccinated lung tissues. The virus-infected 
heart parenchyma showed cardiomyocytes with dense 
eosinophilic cytoplasm and hypertrophic cell morphology, 
which reduced with the vaccine application. Dilated blood 
vessels and the inflammatory cell infiltration were found in 
kidney tissues of the infected group. The vaccine ameliorated 
the renal parenchyma, there were no infiltrating cells. 
Although a previous study found that COVID-19 increased 
interstitial fibrosis in the postmortem kidney (15), the 
collagen fiber deposit was affected by neither the virus 
infection nor vaccine administration in hearts and kidneys of 
our animal model. Milross et al (16) reported a lot of lung 
damages consisting of exudative diffuse alveolar disease 
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featuring prominent hyaline membranes with mild interstitial 
infiltration by mononuclear cells, alveolar wall congestion, 
and cellular debris, platelet-rich thrombus causing expansion 
of an intra-acinar vessel in post-mortem lung biopsies of 
COVID-19 patients. Shang et al (17) showed necrosis and 
abscission in bronchiolar endothelial cells, granulocyte 
infiltration and thickening alveolar septa in SARS-CoV-2-
infected lung tissues of hACE2 transgenic mice. Diamond 
et al (18) detected focal alveolar hemorrhage and immune 
cell infiltration in SARS-CoV-2-infected Syrian hamsters. 
Hartman et al (19) reported the severe pericellular interstitial 
edema around cardiomyocytes and no inflammatory cells in 
the postmortem heart biopsies of the COVID-19 patients. 
A similar study was carried out by Pessolani et al (20) and 
virus-related damage in different organs was examined. They 
found the necrotic myocytes in myocardium, glomerular 
capillary microthrombus, tubular dilatation and vacuolisation 
in kidney tissues of autopsy cases.

Claudin-1 and occludin are tight junction proteins found 
between epithelial cells. In many studies in the literature, 
it has been reported that tight junction proteins are 
disrupted, and their expression decreased after COVID-19 
infection (21-23). In particular, it has been reported that 
the envelope proteins of SARS-CoV-2 disrupt tight junction 
complexes in cells (21). SARS-CoV-2, by causing tight junction 
proteins to be damaged, disrupts the barrier function of the 
respiratory epithelium, thus increasing the spread of the 
virus rapidly and increasing the severity of the disease (22). 
In this study, decreased claudin-1 and occludin expressions 
in kidney tissue were observed in the PC group. There was 
a significant increase in tight junction protein’s expression 
in the vaccinated groups compared to the PC group. To our 
knowledge, this is the first study to show the damage of 
claudin-1 and occludin proteins in kidney tissue after SARS-
CoV-2 infection. Herrero et al (24) showed that disruption of 
the alveleor epithelial barrier as a result of the deterioration 
of tight junctions causes histopathological findings in the 
alveoli. Claudin-1 and occludin expressions in kidney tissue 
were decreased in PC group however, their expressions were 
increased in the OZG-38.61.3 vaccination groups. These 
results suggest that the vaccine reduces virus damage.

The specific mechanisms of SARS-CoV-2 infection leading to 
cell death in different tissues and organs are not fully known. 
In this study, increased caspase-3 expression and tunnel 
positive cells were observed in the SARS-CoV-2 positive 
groups in kidney, lung and heart tissues compared to the 
control groups. After vaccination with OZG-38.61.3, there 
was a significant reduction in apoptosis in all tissue types. 
Increased apoptosis has been reported in postmortem 
myocardial biopsies of COVID-19 patients. In the study, it 
is reported that there are very high TUNEL positive cells, 
especially in endothelial cells (19). Tavazzi et al (25) reported 
that oxidative stress, hypoxia, intrarenal inflammatory 
response and renal cell apoptosis are the main mechanisms 
of sepsis-associated kidney injury. Li et al (26) reported that 
by providing caspase-8 activation in lung epithelial cells of 
transgenic HFH4-hACE2 mice infected with SARS-CoV-2, it 

triggered the inflammatory cytokine storm with intrinsic 
and extrinsic apoptosis pathways. Initially, virus-induced 
apoptosis is thought to be beneficial for the host cell in 
restricting viral replication. However, hyperactivation of 
these pathways causes serious tissue and organ damage as 
seen in our study and in the literature.

After SARS-CoV-2 enters the body and replicates rapidly, a 
rapid cytokine release triggers inflammation. Thus, it has been 
reported that the main cause of tissue damage is increased 
inflammation (27,28). Lindner et al (29) reported that severe 
damage to the myocardium was associated with high TNF-α, 
IFN, IL-1B, IL-6 levels in the autopsy performed on patients 
who died as a result of SARS-CoV-2 infection. It is reported 
that one of the most important triggers of these inflammatory 
cytokines is NF-κB (27). NF-κB inhibition has been reported to 
decrease proinflammatory cytokine expressions and increase 
survival rate in SARS-CoV infected mice (30). In our study, 
increased TNF-α expression was observed in the PC group. 
However, a significant decrease in TNF-α levels was observed 
after the administered OZG-38.61.3 vaccine. This shows that 
the vaccine candidate is highly effective in eliminating SARS-
CoV-2 virus-induced inflammation.

Several studies have suggested that SARS-CoV-2 has an 
important function in the pathogenesis of the disease by 
increasing the excessive production of ROS in the cells (31). 
In our study, iNOS and eNOS, which are oxidative stress 
markers, showed a significant increase in the PC group 
compared to the control group. However, although there 
was a certain decrease in the vaccine group, it was not 
statistically significant. The role of oxidative stress triggered 
by COVID-19 infection in the pathogenesis of the disease 
is still not fully known. On the other hand, oxidative stress 
induces overactivation of the immune response of infected 
cells affected by SARS-CoV-2 replication (32). In particular, 
proinflammatory cytokines IL-1β, IL-6, TNF-α, IL-8 secreted 
from monocytes and macrophages rapidly trigger an increase 
in oxidative stress in other cells (33). As shown in our study, 
it is thought that the increased oxidative stress in the lung, 
kidney and heart tissues may be caused by the increase in 
IL-6, TNF-α, IL-10. It has been reported that in addition to 
immune cells, mast cell activation is also increased after viral 
infections, and TNF-α released from mast cells plays a role in 
increasing local inflammation (18).

The Arg-Gly-Asp (RGD)-binding sites required for SARS-CoV-2 
to bind to the host cell surface trigger TGF-β activation in the 
cells and this provides a severe course of the disease (34). 
TGF-β provides the organization of the extracellular matrix 
by controlling the fibroblast-myofibroblast transformation. 
There is evidence that TGF-β is closely related to the fibrogenic 
process (35). In our study, increased TGF-β expression and 
increased fibrosis in the lung tissues in the PC group support 
this situation. At the same time, the increase in TGF-β 
provides a rapid increase in proinflammatory cytokines, as in 
our study. The decrease in TGF-β expressions of the vaccine 
candidate in our study caused a decrease in morphologically 
fibrotic areas in the lung tissue. Several animal models have 



513Clin Exp Health Sci 2025; 15: 504-516 https://doi.org/10.33808/clinexphealthsci.1512385

Post Challenge Effects Of Ozg-38.61.3 Vaccine Original Article

shown that the TGF-β/Smad signaling pathway plays an 
important role in renal fibrosis (36). In our study, increased 
TGF-β expression was observed in the PC group kidney tissue 
compared to the NC group. Although a slight decrease was 
observed in the vaccinated groups, it was not found to be 
statistically significant.

5. CONCLUSION

In this study, it was shown that SARS-CoV-2 infection can 
cause multi-organ involvement other than the lung, and it 
was determined that the OZG-38.61 vaccine candidate could 
clearly control the organ dysfunction caused by SARS-CoV-2 
infection. And it was observed that there was an infection 
control with no ADE effect.
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A B

Supplementary Figure 1. Inactivation kinetics of gamma irradiation (A), bar graph showing quantitative RT-PCR results of SARS-CoV-2 viral 
RNA copy number in log scale (B). ** p <.01.

Supplementary Table 1. Lung tissue optical density of immunostaining (mean ± standard deviation)

Lung Negative Control Positive Control Challenge 1 Challenge 2
Caspase 3 0.055±0.003 0.102±0.002* 0.080±0.002*a 0.062±0.001*a

iNOS 0.068±0.001 0.102±0.001* 0.077±0.002*a 0.070±0.001ab

IL-6 0.056±0.002 0.079±0.002* 0.047±0.001*a 0.052±0.000*ab

IL-10 0.029±0.001 0.057±0.001* 0.039±0.001*a 0.046±0.002*ab

TGF-β1 0.030±0.001 0.065±0.001* 0.040±0.001*a 0.039±0.001*a

*: Comparison with negative control group * p <.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05

Supplementary Table 2. Heart tissue optical density of immunostaining (mean ± standard deviation)

Heart Negative Control Positive Control Challenge 1 Challenge 2
Caspase 3 0.057±0.002 0.124±0.002* 0.078±0.002*a 0.062±0.001ab

iNOS 0.036±0.001 0.053±0.002* 0.049±0.001* 0.051±0.003*
IL-6 0.098±0.001 0.162±0.008* 0.132±0.002*a 0.108±0.015 ab

IL-10 0.073±0.002 0.166±0.002* 0.108±0.001*a 0.123±0.007*ab

TGF-β1 0.043±0.001 0.038±0.001 0.038±0.001 0.041±0.006
*: Comparison with negative control group * p <.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05

Supplementary Table 3. Kidney tissue optical density of immunostaining (mean ± standard deviation)

Kidney Negative Control Positive Control Challenge 1 Challenge 2
Caspase 3 0.063 ± 0.001 0.096 ± 0.002* 0.084 ± 0.003*a 0.076 ± 0.004*ab

iNOS 0.091 ± 0.003 0.105 ± 0.002* 0.104 ± 0.003* 0.103 ± 0.002*
IL-6 0.089 ± 0.002 0.116 ± 0.011* 0.094 ± 0.003a 0.090 ± 0.004a

IL-10 0.089 ± 0.001 0.103 ± 0.001* 0.102 ± 0.002* 0.096 ± 0.003*a

TGF-β1 0.094 ± 0.003 0.101 ± 0.002* 0.096 ± 0.001 0.096 ± 0.002
eNOS 0.087 ± 0.004 0.101 ± 0.002* 0.091 ± 0.003a 0.085 ± 0.002a

TNF-α 0.095 ± 0.003 0.107 ± 0.010* 0.087 ± 0.001*a 0.084 ± 0.003*a

Occludin 0.079 ± 0.002 0.066 ± 0.004* 0.071 ± 0.003* 0.073 ± 0.001*a

Claudin-1 0.093 ± 0.002 0.063 ± 0.011* 0.086 ± 0.003*a 0.088 ± 0.001*a

*: Comparison with negative control group * p <.05. a: Comparison with positive control group, a = p <.05; b: Comparison with Challenge 1 group, b = p <.05
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