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Introduction
Oxidative stress is an outcome of over-generation or 
disturbance in the neutralization of reactive oxygen 
species (ROS).1 ROS and oxidative stress have an 
important contribution to the induction and development 
of cardiovascular diseases (CVD).2 The most well-known 
ROS causing cardiovascular disturbances are hydrogen 
peroxidase, nitric oxide, and superoxide anion.3 Over-
release of these free radicals from intracellular different 

sources has been reported to alter the normal function 
of endothelial cells and cardiac myocytes.4 Oxidative 
stress has been also shown to be a causative factor in 
the induction of cardiac hypertrophy and heart fibrosis 
resulting from long-term hypertension.5 

Lipopolysaccharide (LPS) in the cell wall of bacteria 
is one of the most powerful stimuli in the production 
and release of ROS.6 The LPS-linked endothelial 
malfunction has been understood to be a critical factor 
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Abstract
Introduction: Inflammation and oxidative stress are contributed to cardiovascular diseases. 
Vitamin D (Vit D) has antioxidant and anti-inflammatory properties. In the current research, 
the effect of Vit D on cardiac fibrosis and inflammation, and oxidative stress indicators in 
cardiovascular tissues was studied in lipopolysaccharides(LPS) injected rats.
Methods: Rats were distributed into 5 groups and were treated for 2 weeks. Control: received 
vehicle(saline supplemented with tween-80) instead of Vit D and saline instead of LPS, LPS: 
treated by 1 mg/kg of LPS and was given vehicle instead of Vit D, LPS-Vit D groups: received 
3 doses of Vit D (100, 1000, and 10000 IU/kg) of Vit D in addition to LPS. Vit D was dissolved 
in saline supplemented with tween-80 (final concentration 0.1%) and LPS was dissolved in 
saline. The white blood cell (WBC) was counted. Oxidative stress markers were determined in 
serum, aorta, and heart. Cardiac tissue fibrosis was also estimated using Masson’s trichrome 
staining method. 
Results: WBC and malondialdehyde (MDA) were higher in the LPS group than the control group, 
whereas the thiol content, superoxide dismutase (SOD), and catalase (CAT) were lower in the 
LPS group than the control group (P < 0.01 and P < 0.001). Administration of Vit D decreased 
WBC (P < 0.001) and MDA (P < 0.05 and P < 0.001) while enhanced thiol (dose 10000 IU/Kg) 
(P < 0.001), SOD (dose 10000 IU/kg) (P < 0.001), and CAT (P < 0.05 and P < 0.001) compared 
to the LPS group. All doses of Vit D also decreased cardiac fibrosis compared to the LPS group 
(P < 0.001). 
Conclusion: Vit D protected the cardiovascular against the detrimental effect of LPS. This 
cardiovascular protection can be attributed to the antioxidant and anti-inflammatory 
properties of Vit D.
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in the pathogenesis of CVD.7 The binding of LPS to its 
receptor, toll-like receptor 4 (TLR4), triggers a cascade 
of intracellular signaling events causing endothelial 
damage.8 Using in vivo studies it has been shown that LPS 
administration has been also shown to induce oxidative 
stress in the cardiovascular tissues of rats.9-11 Alongside 
the induction of oxidative stress, LPS also stimulates the 
immune cells to release inflammatory mediators.12 One of 
the principal intracellular signaling pathways targeted by 
LPS to induce immune reactions is the nuclear factor κB 
(NFκB) pathway.13 

Vitamin D (Vit D) is a steroid molecule that has several 
physiological effects including enhancement of calcium 
absorption from the intestine and increase of calcium 
deposition in bone tissue.14 The role of this fat-soluble 
vitamin in the modulation of oxidative stress status in 
various tissues has been also demonstrated.15 For example, 
Vit D has been revealed to alleviate retinopathy induced 
by oxidative stress in diabetic rats.16 It has been also 
corroborated that lack of Vit D in rats led to endothelial 
injury accompanied by nitrosative stress.17 In a genomic 
manner, Vit D also inhibits the transcription from the 
gene of NFκB and tumor necrosis factor-α (TNF- α) 
receptor, therefore suppressing inflammatory responses.18 
In the present research, we decided to find additional 
evidence on the effect of Vit D on cardiac tissue fibrosis 
and oxidative stress indicators in cardiovascular tissues in 
LPS-injected rats.

Materials and Methods 
Animals and groups
In this study, the experiments were conducted on 35 
adult male Wistar rats ( weighing 203-250 g and 10-
12 weeks old). G power software was used to calculate 
the sample size. The animals enjoyed from a room with 
standard conditions (cycle of 12 light/dark, appropriate 
temperature 22 ± 2 ◦C, and adequate amount of food and 
water). Rats were randomly assigned to the following 
groups(n = 7 in each group): 1. Control: received vehicle 
(saline supplemented with tween-80, 2 ml/kg) instead of 
Vit D and saline (1ml/kg) instead of LPS, 2. LPS: received 
vehicle (2ml/kg) instead of Vit D and treated with 1 mg/
kg of LPS, 3. LPS-Vit D100: treated with 100 IU/kg of Vit 
D plus 1 mg/kg of LPS, 4. LPS-Vit D1000: received 1000 
IU/kg of Vit D plus 1 mg/kg of LPS, 5. LPS-Vit D10000: 
received 10000 IU/Kg of Vit D plus 1 mg/kg of LPS. Vit 
D was dissolved in saline supplemented with tween-80 
(final concentration 0.1%) and LPS was dissolved in 
saline. Injections including saline, Vit D, and LPS were 
accomplished intraperitoneally (IP) for 2 weeks. The type 
of Vit D used in this study was D3(cholecalciferol) and 
it was purchased from the Darupakhsh Pharmaceutical 
Company, Iran (Catalog NO: 34443). The previous 
studies were considered and the doses of Vit D were 
chosen.19-21 In previous studies, it was shown that these 
doses were safe without mortality.19-21 After 2 weeks, 

the rats were deeply anesthetized using high doses of 
ketamine and xylazine, the chest was opened, and the 
blood samples were collected by cardiac puncture. To do 
this, the heart was pierced with a 4-gauge needle that was 
inserted into the heart and systemic blood was drained 
into the syringe. No serious mechanical damage was done 
to the heart, and the blood sampling method was applied 
in the same way in all groups. The blood samples were 
dispensed into the tubes(Greiner Company, Germany) 
containing EDTA (ethylenediaminetetraacetic acid) 
to be used for determining white blood cells (WBC). 
Also, 2 ml of the blood samples were centrifuged, the 
serum samples were separated and finally were used for 
measurement of oxidative stress indicators. In addition, 
the heart and aorta tissues were separated and kept for 
later use. The level of malondialdehyde (MDA) and 
thiol groups, as well as catalase (CAT) and superoxide 
dismutase (SOD) activity, were evaluated in serum, 
heart, and aorta. The left ventricls were used to be 
stained with Masson’s trichrome and analyzed under 
light microscopy for cardiac fibrosis. All institutional 
and national guidelines for the care and use of laboratory 
animals were followed. The procedures were approved 
by the Ethics Committee of Animal Studies at Mashhad 
University of Medical Sciences (IR.MUMS.MEDICAL.
REC.1399.301 ).

Measurement of WBC 
The WBC was counted using an automated hematologic 
analyzer( Hitachi, Japan) in a medical laboratory( Navid).

Evaluation of oxidative stress criteria
The oxidative stress markers were determined in serum 
and homogenized tissue of the aorta and heart. The 
method was as previously reported.22,23 The level of MDA 
was appraised in the presence of trichloroacetic acid 
(TBA, Sigma Aldrich Company, United States, Catalog 
NO: T5500) as a reagent. After adding TBA, samples 
were heated for 30 min. The red complex resulting from 
the reaction of MDA with TBA has an absorbance peak 
at 532 nm.19

Determination of the level of thiol groups was carried 
out using 2-nitrobenzoic acid (DTNB, Sigma Aldrich 
Company, United States, Catalog NO: 103291). In 
this colorimetric method, a yellow compound with 
an absorbance peak of 412 nm appeared when DTNB 
reacted with thiol groups. The method was as previously 
reported.19,22,23 The activity of SOD was measured based on 
pyrogallol auto-oxidation for the formation of superoxide. 
Superoxide then converts tetrazolium into red formazan 
with absorbance at 560 nm. The method was as previously 
described.20 

In employing Aebi manner to determine the CAT 
activity, hydrogen peroxide was dissociated into water 
and oxygen in the presence of CAT. A high level of CAT 
resulted in a decline in absorbance.20 



Marefati et al

J Cardiovasc Thorac Res, 2023, Volume 15, Issue 2108

Histological method
For histology assay, hearts were removed and the left 
ventricles were harvested and kept in 10% formalin for 48 
hours to be fixed. After paraffin embedding, and cutting 
into 5 μm sections. The sections were deparaffinized in 
xylene, rehydrated in graded alcohol, and transferred 
to 0.01 M phosphate-buffered saline (PBS, pH 7.4). The 
sections were then stained using Masson’s trichrome 
technique according to the guideline of the agent kit. 
A light microscopy technique was used to analyze the 
tissues for fibrosis. In this technique, cardiomyocytes 
and other elements in the background except collagen 
fibers stain red, collagen fibers blue, and nuclei black. 
The area of collagen deposition (blue-stained) and 
extended quantity of connective tissue around the 
vessels was assigned as fibrosis. Briefly, the slides were 
placed in Bouin’s solution for 1 hour in a 55 -56 degree 
oven, and rinsed in distilled water for 3 min. After 
incubation in Weigert’s Iron Hematoxylin solution 
(staining the nuclei in black) for 15 minutes, washed in 
distilled water. Then the slides were submerged in 1% 
Biebrich Scarlet-Acid Fuchsin (staining the background 
in red) for 1 minute, then washed in distilled water 
for 5 min. After differentiation in phosphomolybdic-
phosphotungstic acid solutions for 15 min, sections 
were transferred directly into aniline blue solution 
(staining the collagen fibers in blue) for 15 min. 
Heart samples were then differentiated in 1% acetic 
acid solution for 3 min, dehydrated in 95 and 100% 
ethanol, then cleared in xylene, and mounted with 
a coverslip. Image J software was applied to analyze 
average staining intensity to determine fibrosis in the 
heart. This software is utilized for staining qualitative 
data. After acquiring the staining intensity by this 
software, the average staining intensity was converted 
to an optical density (OD) using the following formula 
for more statistical analysis. In this formula, the max 
intensity is 255 as a fixed value.24 

Max intensityOptical Density = Log ( )
Mean intensity

Statistical analysis 
Findings were analyzed by analysis of variance (one-way 
ANOVA). Tukey post hoc test was used for the comparison 
of the groups. Differences were significant when P < 0.05. 

Results
The results of the WBC count
As shown in Figure 1, LPS elevated the number of WBC in 
the blood samples of the rats of the LPS group compared 
with the control group (P < 0.001). Administration with all 
three doses of Vit D considerably lowered WBC in LPS-
Vit D groups with respect to the LPS group (P < 0.001). 
In addition, the decrease of WBC in the LPS-Vit D1000 
and LPS-Vit D10000 groups was more than in the LPS-Vit 
D100 group (P < 0.01 and P < 0.001)(Figure 1). 

Oxidative stress indicators
It is deduced from Figure 2 that the accumulation of 
MDA happened in heart and aorta tissues and serum 
following LPS injection in the LPS group compared to 
the control group (P < 0.001). The results of Figure 2A 
indicate that there was no noticeable difference in the 
MDA concentration of heart tissue in the LPS-Vit D100 
group with respect to the LPS group. Vit D administration 
with 1000 and 10000 doses could decrease significantly 
the level of MDA in heart tissue of LPS-Vit D1000 and 
LPS-Vit D10000 groups than the LPS group (P < 0.05). 
Data analysis also demonstrated that all three doses of 
Vit D could mitigate remarkably the level of MDA in 
aorta tissue and serum of LPS-Vit D groups compared 
LPS group (P < 0.001). Per the results, the accumulation 
of MDA in heart and aorta tissues and serum of LPS-Vit 
D10000 was lower than LPS-Vit D100 group (P < 0.05 to 
P < 0.001). In addition, MDA concentration in the heart 
of the LPS-Vit D1000 group was lower than the LPS-Vit 
D100 group(P < 0.05). Finally, the MDA level in the aorta 
of the LPS-Vit D10000 group was lower than the LPS-Vit 
D1000 group(P < 0.05). 

The total thiol concentration in all heart, aorta, and 
serum in LPS-treated rats was lower than those of the 
control group (P < 0.001). The content of this antioxidant 
parameter was enhanced in heart tissue and serum of rats 
treated with 10000 IU/kg of Vit D when it was compared 
with the LPS group (P < 0.001). The concentration of total 
thiol groups in heart tissue and serum of LPS-Vit D100 
and LPS-Vit D1000 groups had no significant difference 
with the LPS group. The amount of total thiol in the aorta 
tissue of LPS-Vit D1000 and LPS-Vit D10000 groups 
was higher than LPS groups (P < 0.01). There was not 
any difference in the concentration of total thiol in aorta 
tissue in the LPS-Vit D100 group compared with the LPS 
group. In addition, the total thiol concentration in the 

Figure 1. Comparison of the number of white blood cells (WBC) among 
different groups. Data was expressed as Mean ± SEM. ***P < 0.001 compared 
to the control group, + + + P < 0.001 compared to the LPS group, ##P < 0.01 and 
###P < 0.001 compared to the LPS-Vit D 100 group
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heart and serum of the LPS-Vit D10000 group was higher 
than the LPS-Vit D100 group (P < 0.001 and P < 0.01). 
Finally, the serum thiol content in the LPS-Vit D10000 

group was higher than the LPS-Vit D1000 group (P < 0.01) 
(Figure 3A, 3B, and 3C). 

According to Figure 4, a decreased activity of SOD 
occurred in the cardiovascular system of the animals 
of the LPS group with respect to the control group 
(P < 0.001). Injection of 1000 and 10000 IU/kg of Vit 
D elevated the SOD activity in heart tissue of LPS-Vit 
D1000 and LPS-Vit D10000 groups compared with the 
LPS group (P < 0.001). Based on the findings, we did not 
behold noticeable significance in SOD activity in the heart 
tissue of the LPS-Vit D100 group compared with the LPS 
group. The activity of SOD in the aorta tissue and serum 
of rats treated with 10000 IU/kg of Vit D was higher than 
the LPS group (P < 0.001). Analysis of data demonstrated 
that there was no significant difference in SOD activity 
in aorta tissue and serum of LPS-Vit D100, LPS- Vit1000 
groups than LPS group. The SOD activity in the heart and 
aorta tissue and serum of the LPS-Vit D10000 group and 
also in the heart of the LPS-Vit D1000 group was higher 
than the LPS-Vit D100 group (P < 0.01 to P < 0.001). 
Comparison results indicated that the activity of SOD in 
aorta tissue and serum of LPS-Vit D10000 was more than 
LPS-Vit D1000 (P < 0.01). 

In accordance with Figure 5, LPS administration 
resulted in a significant decrement in CAT activity of the 
heart and aorta tissue and serum LPS group compared 
with the control group (P < 0.001). Injection of 1000 
and 10000 IU/kg of Vit D caused a significant increase 
in CAT activity in aorta tissue in LPS-Vit D1000 and 
LPS-Vit D10000 groups compared with the LPS group 
(P < 0.01 and P < 0.001). Administration with Vit D also 
enhanced CAT activity in heart tissue and serum of the 
LPS-Vit D10000 group with respect to the LPS group 
(P < 0.05 and P < 0.001). The activity of CAT in heart 
tissue and serum in LPS-Vit D100 and LPS-Vit D1000 
had no difference from the LPS group. In addition, we 
did not see any significant difference in the activity of 
this antioxidant enzyme in the aorta tissue of the LPS-Vit 
D100 group with respect to the LPS group. The activity 
of CAT in heart and aorta tissue in LPS-Vit D1000 and 
LPS-VitD10000 was higher than LPS-Vit D100 (P < 0.05 
and P < 0.01). Additionally, CAT activity in the serum 
of the LPS-Vit D10000 group was higher than LPS-Vit 
D100 group (P < 0.05) (Figure 5A, 5B and 5C).

The results of cardiac fibrosis
The results of staining with Masson’s trichrome revealed 
that there was cardiac fibrosis in all LPS injected groups 
compared to the control group (P < 0.001 all)(Figures 6 
and 7). Also, our results showed that treatment by all doses 
of Vit D decreased cardiac fibrosis in all LPS-Vit D100, 
LPS-Vit D1000, and LPS-VitD10000 groups compared to 
the LPS group (P < 0.001 all). The effect of Vit D was dose-
dependent and cardiac fibrosis in the LPS-VitD10000 
group was lower than that in LPS-Vit D100 and LPS-Vit 

Figure 2. Comparison of malondialdehyde (MDA) concentration in heart 
(A), aorta (B) and serum(C) among different groups. Data was expressed 
as Mean ± SEM. ** P < 0.01 and***P < 0.001 compared to the control 
group, + P < 0.05, + + P < 0.01 and + + + P < 0.001 compared to the LPS group, 
#P < 0.05, ##P < 0.01 and ###P < 0.001 compared to other doses of Vit D group
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D1000 groups (P < 0.001). Cardiac fibrosis in the LPS-Vit 
D1000 group was lower than that in the LPS-Vit D100 
group(P < 0.001) (Figures 6 and 7). 

Discussion 
The findings of the present study show that oxidative 
damage followed by LPS injection in the cardiovascular 

system of rats was alleviated by Vit D. The results also 
showed that Vit D attenuated cardiac fibrosis induced by 
LPS injection. 

The previous studies showed that high levels of 
ROS production and oxidative damage are followed 
by an increase in muscle mass of the heart and cardiac 
dysfunction.24 The uncontrolled generation of free 

Figure 3. Comparison of total thiol concentration in heart (A), aorta (B) 
and serum(C) among different groups. Data was expressed as Mean ± SEM. 
** P < 0.01 and ***P < 0.001 compared to the control group, + + P < 0.01 
and + + + P < 0.001 compared to the LPS group, ##P < 0.01 and ###P < 0.001 
compared to other doses of Vit D

Figure 4. Comparison of superoxide dismutase (SOD) activity in heart (A), 
aorta (B) and serum(C) among different groups. Data was expressed as 
Mean ± SEM. * P < 0.05, ** P < 0.01 and ***P < 0.001 compared to the control 
group, + + + P < 0.001 compared to the LPS group, ##P < 0.01 and ###P < 0.001 
compared to other doses of Vit D
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radicals such as nitric oxide plays a pivotal role in cardiac 
hypertrophy, hypertension, and heart disorders.25 In 
addition, oxidative stress is followed by an endothelial 
malfunction that has been visualized to be an important 
cause of the progression of CVD.26 It has also been 
recognized that endothelial dysfunction resulting from 
LPS injection contributes to the pathogenesis and 
development of CVD.7 LPS has been found to disturb the 
normal function of endothelial cells via overexpression 

of adhesion molecules such as vascular cell adhesion 
molecule 1(VCAM-1) and P-selectin.27 

In addition, LPS can enhance the generation of 
inflammatory cytokines and oxidative stress indicators 
in vessels and the heart.6 One of the known key enzymes 
in ROS production is NADPH oxidase. Suppression of 
NADPH oxidase activity has been suggested to improve 
aorta dysfunction in rats.28 It has been also suggested that 
LPS can promote the expression of pro-inflammatory 
mediators and free radicals via activating NADPH 
oxidase.29 In line with these reports, the oxidative injury 
resulting from LPS administration in the cardiovascular 
system of rats was seen in the present work. In confirmation 
of this finding, LPS injection caused a noteworthy 
augmentation in MDA level and considerable depletion 
in total thiol concentration and the activity of CAT and 
SOD in the aorta and heart tissues, and the serum in 
the rats. The results also showed that inflammation and 
oxidative stress induced by LPS injection were followed 
by cardiac fibrosis. The results are similar to the previous 
reports in which LPS administration induces a systemic 
inflammation status in the rats accompanied by oxidative 
stress in the cardiovascular system and cardiac fibrosis. 11,30-

32 Cardiac fibrosis is considered to be a connecting factor 
between inflammation and cardiovascular dysfunction.33 

There are various antioxidant agents which can 
ameliorate CVD.34 Vitamins are organic compounds that 
can exert potent antioxidant effects against cardiovascular 
disturbances.35 Improvement of endothelial dysfunction 
due to hypertension, smoking, hyperlipidemia, and 
high blood glucose has been attributed to vitamins 
with antioxidant effects such as E and C.36 In addition, 
the protective effect of Vit D against oxidative damage 
has been documented.37 Based on previous studies Vit 
D could attenuate microvascular problems induced by 
uncontrolled diabetes. These vascular protective effects 

Figure 5. Comparison of catalase(CAT) activity in heart (A), aorta(B) and 
serum(C) among different groups. Data was expressed as Mean ± SEM. 
*P < 0.05 and ***P < 0.001 compared to the control group, + P < 0.05 
and + + + P < 0.001 compared to the LPS group, #P < 0.05 and ##P < 0.01 
compared to the LPS-Vit D100 group

Figure 6. The results of fibrosis in the heart tissue. The data were described 
as mean ± SEM (n = 7 in each group). ***P < 0.001 compared to the control 
group, + + + P < 0.001 compared to the LPS group, ###P < 0.001 compared to 
other doses of Vit D
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were associated with a reduction in oxidative stress.38 
The hepatoprotective effect of Vit D via the reduction 
of MDA concentration, enhancement of glutathione 
peroxidase activity, and inhibition of the release of 
apoptotic factors in a rat model of ischemic/reperfusion 
has been approved.39 It has been also understood that Vit 
D deficiency led to endothelial malfunction associated 
with oxidative and nitrosative stress in the aorta of rats.17 
These findings support the results of our study that Vit 
D modulated the level of oxidative stress indicators in 
the aorta and heart tissues as well as serum through the 
decline of MDA and rise of total thiol group and SOD 
and CAT activity.

In this study, Vit D lowered the number of WBC in 
LPS-Vit D groups compared to the LPS group. In various 
studies, the high level of WBC has been considered as an 
indicator for severe reactions of the immune system.40 

LPS has been also introduced as a potent stimulator 
affecting immune cells.41 Previously, LPS use has been 
found to elevate the level of WBC and augment the 
inflammatory cytokines.42 On the other hand, apart from 
antioxidant effects, anti-inflammatory properties of Vit D 
have been shown.43 Overexpression of anti-inflammatory 
mediators including interleukin (IL)-10, inhibition of 
release of inflammatory cytokines such as IL-12, and 
suppression of NFκB activity have been attributed to 
Vit D.37 Concerning these findings, it is suggested that 
inhibition of inflammatory responses by Vit D may have a 
role in the results of our study however, it can be checked 
to illuminate in the future. A comparison of the effects 
of used doses of Vit D on cardiovascular parameters and 
oxidative stress indexes indicated that a high dose of this 
fat-soluble vitamin was more effective than the other two 
doses. 

Figure 7. The photos of heart tissue stained with Masson’s Trichrome (400 × magnification). Blue color indicates collagen fibers (yellow arrow). (A) Control, (B) LPS, 
(C) LPS-Vit D100 , (D) LPS-Vit D1000, and (E) LPS-Vit D10000 groups
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Considering the histological results it seems that Vit 
D attenuated oxidative stress and inflammation and 
by which decreased cardiac fibrosis. The effects of Vit 
D on cardiac fibrosis in inflammation status have not 
been reported to compare with the results of current 
research but in a myocardial infarction model, Vit D 
supplementation improved cardiovascular function and 
decreased myocardial fibrosis.44 The results of clinical 
studies also suggested that Vit D deficiency contributes 
to inflammation, remodeling, fibrosis, and atherosclerosis 
in patients with heart failure.45 Vit D deficiency has been 
reported to be a link between oxidative stress cardiac 
fibrosis, and increased levels of collagen synthesis, and all 
these components are considered to be main contributors 
to cardiovascular diseases including heart failure.46 
Considering the results of the present study, it seems 
that Vit D can reduce cardiovascular complications of 
inflammation however, some more clinical experiments is 
suggested to be done. 

Conclusion
Vit D protected the cardiovascular against the detrimental 
effect of LPS. This cardiovascular protection can be 
attributed to the antioxidant and anti-inflammatory 
properties of Vit D. As a limitation of this study, cellular 
and molecular studies using more precise methods need 
to be done to investigate the further mechanism(s).

Acknowledgments
The work is extracted from aMedical (MD) student thesis supported 
by the Research Council of Mashhad University of Medical Sciences 
(No. 990667). 

Authors’ Contribution
Conceptualization: Mahmoud Hosseini.
Data curation: Farimah Behehshti, Narges Marefati. 
Formal analysis: Hosseini Salmani, Mahmoud Hosseini,
Funding acquisition: Mahmoud Hosseini.
Investigation: Narges Marefati, Fatemeh Akbari, Akbar 
Anaeigoudari, Resources: Hosseini Salmani, Mahmoud Hosseini. 
Methodology: Mahmoud Hosseini, Fatemeh Alipour, Maryam 
Mahmoudabady.
Project administration: Mahmoud Hosseini, Narges Marefati.
Supervision: Mahmoud Hosseini. 
Validation: Mahmoud Hosseini, Fatemeh Alipour, Farimah Beheshti.
Visualization: Narges Marefati, Farimah Beheshti, Fatemeh Alipour, 
Reyhaneh Shafieian, Fatemeh Akbari, Maryam Pirasteh, Sara 
Mawdodi.
Writing–original draft: Akbar Anaeigoudari. 
Writing–review & editing: Mahmoud Hosseini, Hossein Salmai. 

Competing Interests
There is no conflict of interest to declare.

Ethical Approval
The methods of the manuscript were approved by the Committee 
on Animal Research of Mashhad University of Medical Sciences 
(Ethical code: IR.MUMS.MEDICAL.REC.1399.301) on 2020-07-29.

Funding
The work was financially supported by the Research Council of 
Mashhad University of Medical Sciences (No. 990667).

References
1.	 Touyz RM, Rios FJ, Alves-Lopes R, Neves KB, Camargo 

LL, Montezano AC. Oxidative stress: a unifying paradigm 
in hypertension. Can J Cardiol. 2020;36(5):659-70. doi: 
10.1016/j.cjca.2020.02.081.

2.	 Lahera V, Goicoechea M, de Vinuesa SG, Miana M, de 
las Heras N, Cachofeiro V, et al. Endothelial dysfunction, 
oxidative stress and inflammation in atherosclerosis: beneficial 
effects of statins. Curr Med Chem. 2007;14(2):243-8. doi: 
10.2174/092986707779313381.

3.	 Prado AF, Batista RIM, Tanus-Santos JE, Gerlach RF. Matrix 
metalloproteinases and arterial hypertension: role of oxidative 
stress and nitric oxide in vascular functional and structural 
alterations. Biomolecules. 2021;11(4):585. doi: 10.3390/
biom11040585.

4.	 Judge S, Judge A, Grune T, Leeuwenburgh C. Short-term 
CR decreases cardiac mitochondrial oxidant production 
but increases carbonyl content. Am J Physiol Regul 
Integr Comp Physiol. 2004;286(2):R254-9. doi: 10.1152/
ajpregu.00502.2003.

5.	 Huo S, Shi W, Ma H, Yan D, Luo P, Guo J, et al. Alleviation 
of inflammation and oxidative stress in pressure overload-
induced cardiac remodeling and heart failure via IL-6/
STAT3 inhibition by raloxifene. Oxid Med Cell Longev. 
2021;2021:6699054. doi: 10.1155/2021/6699054.

6.	 Qiao Y, Wang L, Hu T, Yin D, He H, He M. Capsaicin 
protects cardiomyocytes against lipopolysaccharide-induced 
damage via 14-3-3γ-mediated autophagy augmentation. 
Front Pharmacol. 2021;12:659015. doi: 10.3389/
fphar.2021.659015.

7.	 Gao A, Wang Y, Gao X, Tian W. LCZ696 ameliorates 
lipopolysaccharide-induced endothelial injury. Aging (Albany 
NY). 2021;13(7):9582-91. doi: 10.18632/aging.202692.

8.	 Dauphinee SM, Karsan A. Lipopolysaccharide signaling in 
endothelial cells. Lab Invest. 2006;86(1):9-22. doi: 10.1038/
labinvest.3700366.

9.	 Ahmadabady S, Beheshti F, Shahidpour F, Khordad E, 
Hosseini M. A protective effect of curcumin on cardiovascular 
oxidative stress indicators in systemic inflammation induced 
by lipopolysaccharide in rats. Biochem Biophys Rep. 
2021;25:100908. doi: 10.1016/j.bbrep.2021.100908.

10.	 Beheshti F, Hosseini M, Hashemzehi M, Hadipanah 
MR, Mahmoudabady M. The cardioprotective effects of 
aminoguanidine on lipopolysaccharide induced inflammation 
in rats. Cardiovasc Toxicol. 2020;20(5):474-81. doi: 10.1007/
s12012-020-09570-w.

11.	 Abareshi A, Norouzi F, Asgharzadeh F, Beheshti F, Hosseini M, 
Farzadnia M, et al. Effect of angiotensin-converting enzyme 
inhibitor on cardiac fibrosis and oxidative stress status in 
lipopolysaccharide-induced inflammation model in rats. Int J 
Prev Med. 2017;8:69. doi: 10.4103/ijpvm.IJPVM_322_16.

12.	 Beheshti F, Hosseini M, Arab Z, Asghari A, Anaeigoudari 
A. Ameliorative role of metformin on lipopolysaccharide-
mediated liver malfunction through suppression of 
inflammation and oxidative stress in rats. Toxin Revi. 
2022;41(1):55-63. doi: 10.1080/15569543.2020.1833037.

13.	 Wu X, Qian S, Zhang J, Feng J, Luo K, Sun L, et al. 
Lipopolysaccharide promotes metastasis via acceleration of 
glycolysis by the nuclear factor-κB/snail/hexokinase3 signaling 

https://doi.org/10.1016/j.cjca.2020.02.081
https://doi.org/10.2174/092986707779313381
https://doi.org/10.3390/biom11040585
https://doi.org/10.3390/biom11040585
https://doi.org/10.1152/ajpregu.00502.2003
https://doi.org/10.1152/ajpregu.00502.2003
https://doi.org/10.1155/2021/6699054
https://doi.org/10.3389/fphar.2021.659015
https://doi.org/10.3389/fphar.2021.659015
https://doi.org/10.18632/aging.202692
https://doi.org/10.1038/labinvest.3700366
https://doi.org/10.1038/labinvest.3700366
https://doi.org/10.1016/j.bbrep.2021.100908
https://doi.org/10.1007/s12012-020-09570-w
https://doi.org/10.1007/s12012-020-09570-w
https://doi.org/10.4103/ijpvm.IJPVM_322_16
https://doi.org/10.1080/15569543.2020.1833037


Marefati et al

J Cardiovasc Thorac Res, 2023, Volume 15, Issue 2114

axis in colorectal cancer. Cancer Metab. 2021;9(1):23. doi: 
10.1186/s40170-021-00260-x.

14.	 Lips P. Vitamin D physiology. Prog Biophys Mol Biol. 
2006;92(1):4-8. doi: 10.1016/j.pbiomolbio.2006.02.016.

15.	 Hamden K, Carreau S, Jamoussi K, Miladi S, Lajmi S, Aloulou 
D, et al. 1Alpha,25 dihydroxyvitamin D3: therapeutic and 
preventive effects against oxidative stress, hepatic, pancreatic 
and renal injury in alloxan-induced diabetes in rats. J Nutr 
Sci Vitaminol (Tokyo). 2009;55(3):215-22. doi: 10.3177/
jnsv.55.215.

16.	 Alatawi FS, Faridi UA, Alatawi MS. Effect of treatment with 
vitamin D plus calcium on oxidative stress in streptozotocin-
induced diabetic rats. Saudi Pharm J. 2018;26(8):1208-13. 
doi: 10.1016/j.jsps.2018.07.012.

17.	 Lajtai K, Tarszabó R, Bányai B, Péterffy B, Gerszi D, Ruisanchez 
É, et al. Effect of vitamin D status on vascular function of 
the aorta in a rat model of PCOS. Oxid Med Cell Longev. 
2021;2021:8865979. doi: 10.1155/2021/8865979.

18.	 Kim DH, Meza CA, Clarke H, Kim JS, Hickner RC. Vitamin 
D and endothelial function. Nutrients. 2020;12(2):575. doi: 
10.3390/nu12020575.

19.	 Mansouri F, Ghanbari H, Marefati N, Arab Z, Salmani H, 
Beheshti F, et al. Protective effects of vitamin D on learning 
and memory deficit induced by scopolamine in male rats: the 
roles of brain-derived neurotrophic factor and oxidative stress. 
Naunyn Schmiedebergs Arch Pharmacol. 2021;394(7):1451-
66. doi: 10.1007/s00210-021-02062-w.

20.	 Mokhtari-Zaer A, Hosseini M, Salmani H, Arab Z, Zareian 
P. Vitamin D3 attenuates lipopolysaccharide-induced 
cognitive impairment in rats by inhibiting inflammation and 
oxidative stress. Life Sci. 2020;253:117703. doi: 10.1016/j.
lfs.2020.117703.

21.	 Bakhtiari-Dovvombaygi H, Izadi S, Zare Moghaddam M, 
Hashemzehi M, Hosseini M, Azhdari-Zarmehri H, et al. 
Beneficial effects of vitamin D on anxiety and depression-like 
behaviors induced by unpredictable chronic mild stress by 
suppression of brain oxidative stress and neuroinflammation 
in rats. Naunyn Schmiedebergs Arch Pharmacol. 
2021;394(4):655-67. doi: 10.1007/s00210-020-02002-0.

22.	 Khodabandehloo F, Hosseini M, Rajaei Z, Soukhtanloo M, 
Farrokhi E, Rezaeipour M. Brain tissue oxidative damage 
as a possible mechanism for the deleterious effect of a 
chronic high dose of estradiol on learning and memory in 
ovariectomized rats. Arq Neuropsiquiatr. 2013;71(5):313-9. 
doi: 10.1590/0004-282x20130027.

23.	 Pourganji M, Hosseini M, Soukhtanloo M, Zabihi H, Hadjzadeh 
MA. Protective role of endogenous ovarian hormones against 
learning and memory impairments and brain tissues oxidative 
damage induced by lipopolysaccharide. Iran Red Crescent 
Med J. 2014;16(3):e13954. doi: 10.5812/ircmj.13954.

24.	 Maneesai P, Iampanichakul M, Chaihongsa N, Poasakate 
A, Potue P, Rattanakanokchai S, et al. Butterfly pea flower 
(Clitoria ternatea Linn.) extract ameliorates cardiovascular 
dysfunction and oxidative stress in nitric oxide-deficient 
hypertensive rats. Antioxidants (Basel). 2021;10(4):523. doi: 
10.3390/antiox10040523.

25.	 Kobara M, Naseratun N, Toba H, Nakata T. Preconditioning 
with short-term dietary restriction attenuates cardiac oxidative 
stress and hypertrophy induced by chronic pressure overload. 
Nutrients. 2021;13(3):737. doi: 10.3390/nu13030737.

26.	 Landmesser U, Spiekermann S, Dikalov S, Tatge H, Wilke 
R, Kohler C, et al. Vascular oxidative stress and endothelial 
dysfunction in patients with chronic heart failure: role of 

xanthine-oxidase and extracellular superoxide dismutase. 
Circulation. 2002;106(24):3073-8. doi: 10.1161/01.
cir.0000041431.57222.af.

27.	 Penn MS, Chisolm GM. Relation between lipopolysaccharide-
induced endothelial cell injury and entry of macromolecules 
into the rat aorta in vivo. Circ Res. 1991;68(5):1259-69. doi: 
10.1161/01.res.68.5.1259.

28.	 Wind S, Beuerlein K, Armitage ME, Taye A, Kumar AH, Janowitz 
D, et al. Oxidative stress and endothelial dysfunction in aortas 
of aged spontaneously hypertensive rats by NOX1/2 is reversed 
by NADPH oxidase inhibition. Hypertension. 2010;56(3):490-
7. doi: 10.1161/hypertensionaha.109.149187.

29.	 Qin L, Liu Y, Wang T, Wei SJ, Block ML, Wilson B, et al. 
NADPH oxidase mediates lipopolysaccharide-induced 
neurotoxicity and proinflammatory gene expression in 
activated microglia. J Biol Chem. 2004;279(2):1415-21. doi: 
10.1074/jbc.M307657200.

30.	 Asgharzadeh F, Bargi R, Beheshti F, Hosseini M, Farzadnia 
M, Khazaei M. Thymoquinone prevents myocardial and 
perivascular fibrosis induced by chronic lipopolysaccharide 
exposure in male rats: - thymoquinone and cardiac fibrosis. 
J Pharmacopuncture. 2018;21(4):284-93. doi: 10.3831/
kpi.2018.21.032.

31.	 Asgharzadeh F, Bargi R, Hosseini M, Farzadnia M, Khazaei 
M. Cardiac and renal fibrosis and oxidative stress balance in 
lipopolysaccharide-induced inflammation in male rats. ARYA 
Atheroscler. 2018;14(2):71-7. doi: 10.22122/arya.v14i2.1550.

32.	 Norouzi F, Abareshi A, Asgharzadeh F, Beheshti F, Hosseini M, 
Farzadnia M, et al. The effect of Nigella sativa on inflammation-
induced myocardial fibrosis in male rats. Res Pharm Sci. 
2017;12(1):74-81. doi: 10.4103/1735-5362.199050.

33.	 Lew WY, Bayna E, Molle ED, Dalton ND, Lai NC, Bhargava 
V, et al. Recurrent exposure to subclinical lipopolysaccharide 
increases mortality and induces cardiac fibrosis in mice. PLoS 
One. 2013;8(4):e61057. doi: 10.1371/journal.pone.0061057.

34.	 Núñez-Córdoba JM, Martínez-González MA. Antioxidant 
vitamins and cardiovascular disease. Curr Top Med Chem. 
2011;11(14):1861-9. doi: 10.2174/156802611796235143.

35.	 Balahoroğlu R, Dülger H, Özbek H, Bayram İ, Şekeroğlu MR. 
Protective effects of antioxidants on the experimental liver and 
kidney toxicity in mice. Eur J Gen Med. 2008;5(3):157-64.

36.	 Antoniades C, Tousoulis D, Tentolouris C, Toutouzas P, 
Stefanadis C. Oxidative stress, antioxidant vitamins, and 
atherosclerosis. From basic research to clinical practice. Herz. 
2003;28(7):628-38. doi: 10.1007/s00059-003-2417-8.

37.	 Hernandez M, Recalde S, González-Zamora J, Bilbao-Malavé 
V, Sáenz de Viteri M, Bezunartea J, et al. Anti-inflammatory and 
anti-oxidative synergistic effect of vitamin D and nutritional 
complex on retinal pigment epithelial and endothelial cell 
lines against age-related macular degeneration. Nutrients. 
2021;13(5):1423. doi: 10.3390/nu13051423.

38.	 Fernandez-Robredo P, González-Zamora J, Recalde S, 
Bilbao-Malavé V, Bezunartea J, Hernandez M, et al. Vitamin 
D protects against oxidative stress and inflammation in 
human retinal cells. Antioxidants (Basel). 2020;9(9):838. doi: 
10.3390/antiox9090838.

39.	 Seif AA, Abdelwahed DM. Vitamin D ameliorates hepatic 
ischemic/reperfusion injury in rats. J Physiol Biochem. 
2014;70(3):659-66. doi: 10.1007/s13105-014-0335-2.

40.	 Pedersen K, Rasmussen RK, Dittrich A, Lauridsen H. Cardiac 
regeneration in the axolotl is unaffected by alterations in 
leukocyte numbers induced by lipopolysaccharide and 
prednisolone. BMC Res Notes. 2021;14(1):157. doi: 10.1186/

https://doi.org/10.1186/s40170-021-00260-x
https://doi.org/10.1016/j.pbiomolbio.2006.02.016
https://doi.org/10.3177/jnsv.55.215
https://doi.org/10.3177/jnsv.55.215
https://doi.org/10.1016/j.jsps.2018.07.012
https://doi.org/10.1155/2021/8865979
https://doi.org/10.3390/nu12020575
https://doi.org/10.1007/s00210-021-02062-w
https://doi.org/10.1016/j.lfs.2020.117703
https://doi.org/10.1016/j.lfs.2020.117703
https://doi.org/10.1007/s00210-020-02002-0
https://doi.org/10.1590/0004-282x20130027
https://doi.org/10.5812/ircmj.13954
https://doi.org/10.3390/antiox10040523
https://doi.org/10.3390/nu13030737
https://doi.org/10.1161/01.cir.0000041431.57222.af
https://doi.org/10.1161/01.cir.0000041431.57222.af
https://doi.org/10.1161/01.res.68.5.1259
https://doi.org/10.1161/hypertensionaha.109.149187
https://doi.org/10.1074/jbc.M307657200
https://doi.org/10.3831/kpi.2018.21.032
https://doi.org/10.3831/kpi.2018.21.032
https://doi.org/10.4103/1735-5362.199050
https://doi.org/10.1371/journal.pone.0061057
https://doi.org/10.2174/156802611796235143
https://doi.org/10.1007/s00059-003-2417-8
https://doi.org/10.3390/nu13051423
https://doi.org/10.3390/antiox9090838
https://doi.org/10.1007/s13105-014-0335-2
https://doi.org/10.1186/s13104-021-05574-z


Vitamin D & cardiac fibrosis

J Cardiovasc Thorac Res, 2023, Volume 15, Issue 2 115

s13104-021-05574-z.
41.	 Grahnert A, Weiss R, Schilling E, Stanslowsky N, Sack U, 

Hauschildt S. CD14 counterregulates lipopolysacharide-
induced tumor necrosis factor-α production in a macrophage 
subset. J Innate Immun. 2019;11(4):359-74. doi: 
10.1159/000495528.

42.	 Arab Z, Hosseini M, Mashayekhi F, Anaeigoudari A. Zataria 
multiflora extract reverses lipopolysaccharide-induced anxiety 
and depression behaviors in rats. Avicenna J Phytomed. 
2020;10(1):78-88.

43.	 Gregório PC, Bucharles S, da Cunha RS, Braga T, Almeida 
AC, Henneberg R, et al. In vitro anti-inflammatory effects of 
vitamin D supplementation may be blurred in hemodialysis 
patients. Clinics (Sao Paulo). 2021;76:e1821. doi: 10.6061/
clinics/2021/e1821.

44.	 Mehdipoor M, Damirchi A, Razavi Tousi SMT, Babaei 
P. Concurrent vitamin D supplementation and exercise 
training improve cardiac fibrosis via TGF-β/Smad signaling 
in myocardial infarction model of rats. J Physiol Biochem. 
2021;77(1):75-84. doi: 10.1007/s13105-020-00778-6.

45.	 Roffe-Vazquez DN, Huerta-Delgado AS, Castillo EC, Villarreal-
Calderón JR, Gonzalez-Gil AM, Enriquez C, et al. Correlation 
of vitamin D with inflammatory cytokines, atherosclerotic 
parameters, and lifestyle factors in the setting of heart failure: 
a 12-month follow-up study. Int J Mol Sci. 2019;20(22):5811. 
doi: 10.3390/ijms20225811.

46.	 Rai V, Agrawal DK. Role of vitamin D in cardiovascular 
diseases. Endocrinol Metab Clin North Am. 2017;46(4):1039-
59. doi: 10.1016/j.ecl.2017.07.009.

https://doi.org/10.1186/s13104-021-05574-z
https://doi.org/10.1159/000495528
https://doi.org/10.6061/clinics/2021/e1821
https://doi.org/10.6061/clinics/2021/e1821
https://doi.org/10.1007/s13105-020-00778-6
https://doi.org/10.3390/ijms20225811
https://doi.org/10.1016/j.ecl.2017.07.009

