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ABSTRACT
The aim: The goal of this study was to asses if vitamin D3 protect rats against doxorubicin-induced cardiotoxicity.
Materials and methods: Overall twenty-one male rats were divided randomly into three groups (7 rats in each group). Control group in which rats received 0.9% normal saline
for two weeks. Doxorubicin group (induced group): rats received 2.5mg/kg three times a week for two weeks and Vitamin D3 group (treated group): vitamin D3 was given in a
dose 60000 IU/kg IP as single dose on the first day of the procedure.
Results: Doxorubicin caused cardiotoxicity as indicated by a significant elevation (P < 0.01) in TNF-α, IL-6, MDA, cTnI and caspase-3 level, while TAC and Bcl-2 levels significantly
(P < 0.01) reduced in cardiac tissues of rats in the doxorubicin group as compared with control group, also doxorubicin caused histological lesions. Vitamin D3 administration
show cardioprotective effect reported by significant decrease (P >0.01) incTnI, Bcl2 and TAO as compared with DOX group, also show significant improvement (P >0.01) in
cardiomyopathy histological lesions score.
Conclusions: At their applied doses in the present study, vitamin D3 exerted a significant heart protective effect against cardiotoxicity induced by doxorubicin in rats probably
by intrusive with Oxidative-stress, inflammatory response in addition to apoptotic pathway

	KEY WORDS: Vitamin D3, Doxorubicin, cardiotoxicity, inflammatory markers, oxidative stress, apoptosis

Wiad Lek. 2021;74(12):3152-3155

INTRODUCTION

Doxorubicin is highly effective in the management of
different malignancies, but its use is limited due to their
potential cardiotoxicity [1]. Cardiotoxicity is a term used
to describe “toxicity that affects the heart”, as it is a state
when there is destruction to the heart muscle which led
to cardio-toxicity. The heart may not be intelligent to
force the blood throughout the body, also this description
refers to a direct influence of the chemotherapy on the
whole cardiovascular system, however this also due to an
indirect effect of a thrombogenic status or alteration in
hemodynamic flow [2]. Since Anthracyclines discovery
they have become the backbone for the management of
many tumors [3] due to its high antitumor efficacy so
becomes an important antineoplastic agent but it’s used
limited because of cardiotoxicity [2]. Doxorubicin an
important anthracyclines drugs, studies well-known that
the amassed dose received from DOX was the chief risk
factor for cardio-toxicity, DOX is associated with cardiotoxicity in 3–26 % of treated patients [4]. Many theories
have been proposed to explain these mechanisms of DOX
cardiotoxicity. Until now, the best widely recognized hypothesis was the cardio-toxicity caused by anthracyclines
is because the reactive oxygen species (ROS) produced by
the Quinone moiety corporate to all anthracyclines group
[5]. These reactive oxygen species may lead to damage of
mitochondrial functional, energy imbalances and apopto3152

sis of cardiomyocyte [6]. Also inflammation consider as a
mechanism of DOX induced cardio-toxicity as it produced
chronic and much disparaging inflammation process that
generally involves; the activation the signaling pathway
of TNF, massive ROS generation in addition to insistent
expression of multiple pro-inflammatory cytokines like
TNF, IL-1β and IL-6 which elevated significantly following
DOX administration [7]. Apoptosis is another mechanism
of cardiotoxicity, as the main apoptotic way of the anticancer medications acts by the damage of the integrity
of mitochondrial membrane. Sudden increase impermeability of mitochondrial membrane, which is named
Mitochondrial Permeability Transition, is a vital coordination episode in the apoptotic progression. Mitochondrial
Permeability Transition causes cytochrome c release from
mitochondria; which then stimulates the effector caspase
to encourage the DNA ladder formation [8-9]. Vitamin
D3 is an endogenous element, which mainly produced
in skin during the revelation to sunlight. Certain dietary
supplements also entertainment as precursors for vitamin
D3 synthesis [10]. Pleiotropic effects of Vit D3 made it
as a prophylactic agents against cardio-toxicity mediated
by DOX . One of these pleiotropic effects is antioxidant
effects as Vit D3 considered as key managers of the mitochondrial respiratory function, oxidative stress and
systemic inflammation. Cellular and molecular actions
of the active form of vitamin D decrease oxidative stress
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Table I. Effect of Cardiac Troponin I (cTnI) in three experiment groups after
2 weeks
Group

cTnI

Control

176.53±1.64 d

DOX

469.52 ± 4.47a

VIT-D3

264.03 ± 11.02 b

Table II. Effect of Vit. D3 on MDA and TAO in three experiment groups after
2 weeks
Group

MDA

TAO

Control

255.5 ± 14.30 d

5.99 ± 0.75 a

DOX

502.3 ± 21.45 a

1.74 ± 0.16 c

Vit.D3

371.4 ± 17.06 b

4.00 ± 0.25 a

Table III. Effect of Vit. D3 on TNF-a and IL-6 in three experiment groups
after 2 weeks
Group

TNF-a

IL-6

Control

56.03 ± 2.47 c

72.27 ± 8.85 c

DOX

82.63 ± 8.81 a

131.70 ± 9.60 a

Vit.D3

63.04 ±2.17 b

84.37 ± 7.37 c

Table IV. Effect of Vit D3 on Caspase-3 and Bcl2 in three experiment groups
after 2 weeks
Group

CASPASE-3

Bcl2

Control

18.28 ± 1.18 c

89.29±1.43 a

DOX

49.21 ± 1.19 a

31.21 ± 1.98 c

Vit.D3

30.00 ± 1.01 b

51.97 ± 1.73 b

Table V. Effect of Vit D3 on cardiomyopathy severity scores (CMY) in three
experiment groups after 2 weeks
Group

cardiomyopathy severity scores (CMY)

Control

0.00 ±0.00 d

DOX

3.83 ± 0.16 a

Vit.D3

0.85 ± 0.14 c

and damage of cell and tissue [11]. Tohari et al. propose
that 1, 25-(OH) 2D3 defends the human retinal pigment
epithelial cell from the damage caused by oxidative stress.
Also vit.D3 has anti-inflammatory effect, as numerous
studies both in vitro and vivo established. Vit. D prevents
the kidney tissue inflammation via reducing the production of pro-inflammatory cytokines like IF N-g γ, TNF-a,
IL-6, IL-8 and IL-12 [12]. Also many studies prove that
vit.D3 has anti-apoptotic effect and it can be used as cardio-protective against anthracyclines toxicity [13].

THE AIM

The goal of this study was to asses if vitamin D3 protects
rats against doxorubicin-induce cardiotoxicity.

MATERIALS AND METHODS

Twenty-one rats (adult males) were equally divided into
three groups (each group included 7 rats); control group
received a daily of 0.9% normal saline for two weeks; DOX
group (induced group) received 2.5mg/kg three time a
week for two weeks by i.p. route (a cumulative dose 15
mg/kg) [14]; Vitamin D3 (Cholecalciferol) plus (DOX)
group (treated group), D3 given in a dose 60000 IU/kg
IP as single dose on the first day of procedure [15], and
DOX given in the same way in group 2 as in DOX group.
At end of the two weeks of experimental period; all rats
were sacrificed. Blood sample was collected unswervingly
from left ventricle of the heart. The serum was prepared
for assessing indices of cardiac toxicity; cardiac troponin
I (cTnI), inflammatory parameters [tumor necrosis factor-alpha, Interleukin-1 beta] as well as apoptotic markers
caspase-3 and Bcl2 by ELISA. Hearts were removed, and
the basal part of heart used to prepare tissue homogenate
to determine the parameters of oxidative stress which
[malondialdehyde (MDA) and total antioxidant capacity
(TAC)], and the apical part was used for histopathological
examinations.

RESULTS AND DISCUSSION

Doxorubicin administration cause cardiotoxicity manifested by significant elevation (P>0.01) in cTnI, caspase-3,
TNF-α, IL-1β and MDA as compared as doxorubicin
group, also there are significant decrement (P >0.01) in
Bcl2 and TAO as compared as Control group, in addition
to that Dox caused histological lesions also. Vitamin D3
administration decrease cardiotoxicity reported by significant decreasing (P >0.01) incTnI, caspase-3, TNF-α,
IL-1β and MDA, significant elevation in (P >0.01) Bcl2
and TAO as compared as DOX group, also significant
improvement (P >0.01) in cardiomyopathy histological
lesions score.
The scores of cardiomyopathy (CMY) severity were
classified from 0 to 4 by the histopathological examination:
0 denotes no Cardiomyopathy, 1 denotes mild Cardiomyopathy, 2 denote moderate Cardiomyopathy and 3 or more
denotes sever Cardiomyopathy (P<0.01)

EFFECT OF VITAMIN D3 ON CARDIOTOXIC
INDICES TROPONIN I (CTNI)

In the current study ,troponin I level was increased significantly in DOX treated rats, comparing to Control group
because of DOX mediated cardiomyocytes damage, While
in vit.D3 treated group, cTnI level decreased significantly
as compared with DOX group so impart the cardio-protective effect of Vit.D3 in DOX treated rats [15], also there
is agreement with study by [16-18] reported that Vit.
D3 significantly conserved the cardiac conductivity and
biochemical cardiac markers and also conserved normal
cardiomyocytes architecture which indicating the hopeful
cardio-protective actions of Vit D3 against DOX-induced
myocardial damage.
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apoptotic, as Vit.D3 has established potent antiapoptotic
action which determined by down-regulating of the markers of apoptosis(caspase-3) and up-regulation of Bcl2.
There is agreement with a recent study by [18-19]. While
in Bcl2 level, there is significant increment in Vit.D3 treated
group, this result agree with a recent study by [18], which
reported that the potent antiapoptotic properties of Vit.D3
as a main contrivance for its cardio-protective capability as
demonstrated by up-regulating the antiapoptotic marker
Bcl-2, while down-regulating of the apoptotic markers Bax
and caspase 3 enzyme, thus maintaining mitochondrial
membrane integrity.

Fig 1. Group score zero damage normal histology H&E × 400

EFFECT OF VITAMIN D3 ON MARKERS OF
INFLAMMATION (TNF-Α AND IL-6)

In current study, TNF-α level in Vit.D3 decrease significantly when compared to DOX group, because Vit D3
could reduce inflammation and oxidative stress , as Vit.D3
plays an important part in the inflection of inflammation
and immune function via inhibit the generation of proinflammatory cytokines like TNF-a, this result agree with
recent study by 13.

EFFECT OF VITAMIN D3 ON OXIDATION
MARKERS (MDA AND TAO)

Fig 2. Vit.D3 score 1 damage mild interstitial edema and cellular swelling
H&E × 400

In the current study Vit.D3 treated group, there is significant inhibition in MDA level, the antioxidant actions of Vit
D may be endorsed to the removal of excess mitochondrial
ROS [19]. This result is agreement with a study by [20].
In Vit.D3 treated group, there is significant increment in
TAO when compared to DOX group, due to significantly
decreased lipid peroxidation ,suppress overproduction of
ROS and preserve the antioxidant status of the heart tissue
as indicated in reduction of MDA level and elevation of
TAC level, this result agree with recent study by [20-21].

EFFECT OF VITAMIN D3 ON
HISTOPATHOLOGICAL CHANGES

Fig 3. DOX group score 4 damage necrotic myocardial cells, cellular swelling,
increased cytoplasmic eosinophilic and karryolysis H&E × 400

EFFECT OF VITAMIN D3 ON APOPTOSIS
MARKERS (CASPASE-3 AND BCL2)

In Vit D3 treated group, caspase-3 level decreased significantly when comparing with DOX group. this improve
the cardio protective effect of Vit D3 against DOX cardiotoxicity that substituted on the mitochondrial-dependent
3154

While the histopathological examination of DOX revealed
sever cardiotoxicity according to CMY scoring due to DOX
mediated apoptosis ,inflammation and oxidative stress,
the histopathological examination of Vit.D3 treated group
revealing an improving in the CMY score, as the degree of
toxicity is mild toxicity as show cellular swelling without
necrosis, disorganization nor vacuolization, there is an
agreement with a recent study by [22] reported an improvement on renal histopathological changes due to Vit.D3 effect.

CONCLUSIONS

At their applied doses in the present study, vitamin D3
exerted a significant heart protective effect against cardiotoxicity induced by doxorubicin in rats probably by
intrusive with Oxidative-stress, inflammatory response in
addition to apoptotic pathway.

POTENTIAL ROLE OF VITAMIN D3 IN AMELIORATING DOXORUBICIN INDUCED CARDIOTOXICITY IN MALE RATS

REFERENCES

1.	Yu J., Wang C., Kong Q. et al. Recent progress in doxorubicininduced cardiotoxicity and protective potential of natural
products. Phytomedicine. Published online 2018. doi:10.1016/j.
phymed.2018.01.009.
2.	Aziz M.M., Abd El Fattah M.A., Ahmed K.A., Sayed H.M. Protective Effects
of Olmesartan and L-Carnitine on Doxorubicin-Induced Cardiotoxicity
in Rats. 2020; 98. doi:10.1139/cjpp-2019-0299.
3.	B astianini S., Silvani A. Clinical implications of basic
research. Clin Transl Neurosci. 2018;2(2):2514183X1878932.
doi:10.1177/2514183x18789327.
4.	Koutsoukis A., Ntalianis A., Repasos E. et al. Cardio-oncology: A focus
on cardiotoxicity. Eur Cardiol Rev . 2018;13(1):64-69. doi:10.15420/
ecr.2017:17:2.
5.	Volkova M., Russell R. Anthracycline Cardiotoxicity: Prevalence,
Pathogenesis and Treatment. Curr Cardiol Rev. 2012;7(4):214-220.
doi:10.2174/157340311799960645.
6.	Tocchetti C.G., Cadeddu C., Lisi D. et al. From Molecular Mechanisms to
Clinical Management of Antineoplastic Drug-Induced Cardiovascular
Toxicity : A Translational Overview. 2017. doi:10.1089/ars.2016.6930.
7.	Manuscript A., Onlinefirst P. Downloaded from cancerres.aacrjournals.
org on May 30, 2021. © 2016 American Association for Cancer Research.
Published online 2016. doi:10.1158/0008-5472.CAN-15-3034.
8.	Roelink H., Bier E. Threshold-Dependent BMP-Mediated Repression : A
Model for a Conserved Mechanism That Patterns the Neuroectoderm.
2006;4(10). doi:10.1371/journal.pbio.0040313.
9.	Mizutani H., Tada-oikawa S., Hiraku Y. Mechanism of apoptosis
induced by doxorubicin through the generation of hydrogen peroxide.
2005;76:1439-1453. doi:10.1016/j.lfs.2004.05.040.
10.	Jeon J., Lee S.Y., Im Y. et al. Comparison of the Pharmacokinetics , Safety,
and Tolerability of Vitamin D 3 in DP-R206 ( 150-mg Ibandronate / 24,
000-IU Vitamin D 3 Tablet ) and as Monotherapy ( 24 , 000 IU ) in
Healthy Male Korean Adults. Clin Ther. 2014;36(1):48-57. doi:10.1016/j.
clinthera.2013.12.001.
11.	Tohari A.M., Alhasani R.H., Biswas L. et al. Vitamin D Attenuates
Oxidative Damage and Inflammation in Retinal Pigment Epithelial Cells.
2019;33:1-14.
12.	B arbosa R., Brito D.O., Rebello J.F. et al. 25-vitamin D reduces
inflammation in uremic environment. Published online 2020.
doi:10.1038/s41598-019-56874-1.
13.	Demir F., Demir M., Aygun H. Evaluation of the protective effect of
paricalcitol and vitamin D3 at doxorubicin nephrotoxicity in rats with
99mTechnetium-dimercaptosuccinic acid renal scintigraphy and
biochemical methods Human. Hum Exp Toxicol. Published online 2020.
doi:10.1177/0960327120950010.
14.	Reem Ali Shaker, Samer Hassan Abboud H.C.A., Samer Hassan Abboud
N.H. Enoxaparin attenuates doxorubicin induced cardiotoxicity in rats
via interfering with oxidative stress, inflammation and apoptosis. BMS
Pharmacol toxicololgy. 2018. doi:10.1186/s40360-017-0184-z.
15.	Gül S.S., Aygün H. Cardioprotective effect of vitamin D and melatonin on
doxorubicin-induced cardiotoxicity in rat model: an electrocardiographic,
scintigraphic and biochemical study. Eur Res J. 2018. doi:10.18621/
eurj.410029.

16.	H ur S.J., Kim D.M., Lim K.H. et al. Vitamin D Levels and Their
Relationship with Cardiac Biomarkers in Chronic Hemodialysis Patients.
2009;24(1):109-114. doi:10.3346/jkms.2009.24.S1.S109.
17.	Diab F.M.A., Nassef M.S.A.N.A., Amin Y.MK. Auckland University of
Technology. 2020;113:226-227.
18.	Awad H.Hb. et al. PC study on beneficial effects of vitamins B and D in
attenuating doxorubicin induced cardiotoxicity in rats : E on calcium
homeostasis. Biomedicine & Pharmacotherapy Comparative study on
beneficial effects of vitamins B and D in attenuating doxorubicin induced
cardiotoxicity in rats : Emphasis on calcium homeostasis. Biomed
Pharmacother. 2021;140:111679. doi:10.1016/j.biopha.2021.111679.
19.	Lee T., Lee M., Chen Y. et al. Vitamin D Attenuates Ischemia / ReperfusionInduced Cardiac Injury by Reducing Mitochondrial Fission and
Mitophagy. 2020;11:1-17. doi:10.3389/fphar.2020.604700.
20.	D iab F.M.A., Nassef M.S.A.N.A., Amin Y.M.K. Effect of Vitamin D
Supplementation on Doxorubicin-Induced Cardiotoxicity in Rats.
2020;113:226-227.
21.	Mohammed N.A., El-malkey N.F., Ibrahim A.A. et al. Vitamin D3
Supplementation Ameliorates Ovariectomy-Induced Cardiac Apoptotic
and Structural Changes in Adult Albino Rats. doi:10.1139/cjpp-20180674.
22.	Wahab M.A., Shalaby S., Awady E.El. et al. Assessment of the Role of
Total Antioxidant Capacity and Troponin I as Possible Predictors for
Phosphides -Induced Cardiotoxicity. Ain Shams J Forensic Med Clin
Toxicol. 2020;82:94.
ORCID and contributorship:
Zahraa Ghaleb: 0000-0002-3362-5504 A-F
Fadhil A. Rizij: 0000-0002-2791-5353 A-F
Najah R. Hadi: 0000-0001-9084-591X A-F
Conflict of interest:
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Najah R. Hadi
University of Kufa
29CG+62H, Kufa, Iraq
e-mail: drnajahhadi@yahoo.com
Received: 06.06.2021
Accepted: 26.11.2021

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis,
D – Writing the article, E – Critical review, F – Final approval of the article

3155

