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Objective: A previous study revealed a pronounced protective effect of combining querce-
tin (QC) with sitagliptin (STN) in testicular tissue. Accordingly, this study was designed to
evaluate the cardioprotective effects of QC and STN each alone or in combination in
doxorubicin (DOX)-induced cardiotoxicity in the rats.

Methodology: Thirty male adult Wistar rats were divided into five groups: the first group
(control) treated with sodium chloride, the second group treated with DOX (3 mg/kg L.
P. injection), the third group treated with DOX with a combination of QC (80 mg/kg), and
STN (10 mg/kg), the fourth group treated with DOX and QC and the fifth group treated with
DOX and STN. Blood was collected on day 22 and used for assessment of serum troponin,
lactate dehydrogenase (LDH), creatine phosphokinase (CPK), total lipid profile, C-reactive
protein (CRP), and total antioxidant capacity (TAOC). Atherogenic indices were also
calculated. Cardiac tissue was sent for histopathological analysis.

Results: DOX produced a significant increase in the level of troponin, LDH, CKP, CRP,
total cholesterol (TC), low-density lipoprotein (LDL), triglycerides (TG), and atherogenic
index of plasma; and significantly decreased TAOC. The combination of quercetin and
sitagliptin was more effective than each treatment alone in restoring the level of troponin,
LDH, CKP, CRP, Cholesterol, LDL, TG, atherogenic index of plasma and significantly
increased TAOC compared to DOX treated group. The histopathological finding also sup-
ports the biochemical results.

Conclusion: The study revealed the cardioprotective effects of the combination of QC and
STN which could be attributed to the additive effects of this combination through antiox-
idant, anti-inflammatory, lipid lowering and anti-atherogenic activities; suggesting it as
a good therapeutic candidate to be tested in the clinical setting.
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Introduction

Cardiovascular diseases (CVD) are a serious health problem and one of the most
leading causes of morbidity and mortality in the world.! Cardiotoxicity induced by
medications is one of the most important adverse reactions that may halt the use of
many newly discovered medications and lead to the discontinuation from clinical
trials and it could result in withdrawal from the market when it produced serious
side effects.” Most of the drug classes may have cardiotoxic effects but these effects
appear only after prolonged use of these medications; for instance, anticancer
agents may represent a major class of drugs that cause cardiac damages either by
the parent compound or its metabolite.® Doxorubicin is an anthracycline antibiotic,
very effective in the treatment of various types of cancer, but the development of

submit your manuscript

poveres [ W jn O

http:

Cancer Management and Research 2021:13 2349-2357 2349

© 2021 Aziz. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php and

T incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-2742-6127
mailto:tavga.aziz@univsul.edu.iq
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Aziz

Dove

cardiac damage may attenuate its clinical uses. The cardiac
toxicities of doxorubicin include transient cardiac arrhyth-
mia, ECG changes, cardiomyopathy, and acute heart
failure. Two main theories explain the mechanisms of
doxorubicin-induced cardiotoxicity; mitochondrial disrup-
tion and iron-generated free radicals.’ Despite signs of
progress in CVD treatment, it is still the leading cause of
death, thus, the main approach recently is toward the
prevention of CVDs.® Therefore, new treatment options
are greatly recommended for all types of CVDs.
Nutraceuticals have been used for the management of
various diseases, either in the form of plant extracts or as
pure active compounds.” Cardioprotective effects of many
plants have been broadly studied,' like ginkgo biloba
extract,® grape seed proanthocyanidins,” and sour cherry
seed kernel.'® ' Among dietary flavonols, quercetin is pre-
sent in many fruits and vegetables and has gained great
attention because of its anti-inflammatory and anti-oxidant
activities.'> Various studies showed the involvement of
quercetin in decreasing mortality from cardiovascular dis-
eases through its vasodilator, antioxidant, and antiaggre-
gatory 1314 The
dipeptidyl peptidase-4 inhibitors, has been broadly used

effects. antihyperglycemic  agent,
recently;' it acts through restoring the level of glucagon-
like peptide 1(GLP-1) and gastric inhibitory peptide (GIP)
that control the level of glucose.'® This drug has been
verified for its efficacy and safety in many clinical trials.
The safety of sitagliptin on the cardiovascular system also
has been proved.'” Neither the risk of cardiovascular nor
type 2 diabetes mellitus complications were reported upon
the use of sitagliptin.'® The drug was also shown to be
effective in decreasing the incidence of cardiovascular
events in diabetic patients.'” Both quercetin and sitagliptin
showed a cardioprotective effect;'*!” however, their com-
bination did not have been searched yet in the cardiovas-
cular system. Accordingly, the present study was designed
to evaluate the cardioprotective effects of quercetin and/or
sitagliptin alone or in combination with doxorubicin-
induced cardiotoxicity in the rat.

Materials and Methods

Thirty male adult Wistar rats, weighing 200-250 g, were
purchased from the animal house of the University of
Sulaimani and kept well-ventilated plastic cages, at an
ambient temperature 25 + 2°C and humidity of 55 + 5%
under 12 hr dark-light cycle for 1 week before the experi-
ment. Experimental protocols met the Guidelines for
Animal Experimentation and approved by the Ethical

Committee of the University of Sulaimani (Certificate no.
8 on 28th April 2019) following the institutional Animal
Ethics Committee. The study was performed in accordance
with the Canadian Council on Animal Care (CCAC)
guidelines, 1998. The rats were fed standard laboratory
chow with water ad libitum. All animals were randomly
divided into five groups; the doses and the route of admin-
istrations of each treated group have been chosen depend-
ing on the previous study.”® The groups comprise six
animals each as follows:

e Group I: Control group: Treated with 1 mL of 0.9%
sodium chloride orally by gavage tube on days 8, 10,
12, 15, 17, and 19 from the start of the study.

e Group II: Doxorubicin (DOX) treated group:
Received DOX I.P.injection (3 mg/kg) on days 8,
10, 12, 15, 17, 19 from the start of the study. This
treatment protocol was applied for all groups except
for the control group.

e Group III: Treated with quercetin (QC) 80 mg/kg
with sitagliptin (STN) 10 mg/kg both given orally
by gavage tube daily for 21days with the DOX treat-
ment protocol.

e Group IV: Treated with QC 80 mg/kg given orally by
gavage tube daily for 21 days with the DOX treat-
ment protocol.

e Group V: Treated with STN 10 mg/kg given orally
by gavage tube daily for 21 days with the DOX
treatment protocol.

Biochemical Parameters

Blood was collected by cardiac puncture at the end of the
study on day 22; the blood centrifuged and sera were
separated and used for assessment of serum troponin
using ELISA kit (Elabscience, Houston, TX, USA)
according to the manufacturer’s instructions, lactate dehy-
drogenase (LDH) and creatine phosphokinase (CK) were
measured using kits supplied by Sigma Aldrich Co.,
C-reactive protein (CRP) evaluated using an enzyme-
linked immunosorbent assay kit (Elabscience, Houston,
TX, USA) according to the manufacturer’s instructions.
Total antioxidant capacity (TAOC) was measured using
assay kits purchased from Elabscience, USA, according
to the manufacturer’s protocol. Total lipid profile (TC, TG,
LDL, and HDL) was also determined colorimetrically
using ready-made kits (Randox, London, UK) according
to the manufacturer’s instructions.
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Determination of Atherogenic Indices
The atherogenic indices were calculated as follows:*'+**

Atherogenic index in plasma = Log ([Triglycerides]/
[HDL cholesterol])

Cardiac risk ratio = [Total cholesterol]/[HDL cholesterol]

Histotechnique Protocol

Following animal scarification, the whole hearts were
removed and cut into two slices, then cleaned from blood
and epicardial fat tissue. Thereafter, heart slices were
immobilized in plastic tissue cassettes and fixed in 10%
neutral buffered formalin for no less than 48 hr. Heart
tissues were processed into dehydration using four series
changes of ascending concentration of ethanol alcohol
(60%, 70%, 90%, and 100%). Afterward, tissue samples
were cleaned with xylene and embedded in paraffin; the
tissue-wax blocks were trimmed and sectioned to 5 um
using a semi-automated microtome (Leica-Germany).
Furthermore, tissue sections were mounted and fixed on
glass slides using a hot water bath and dried with a hot
plate for 30 minutes. Later on, heart sections were depar-
affinized by dipping into two changes of xylene each for 5
minutes and then rehydrated with four descending concen-
trations of ethanol (100%, 90%, 70%, and 60%) each for 5
minutes as well. Finally, tissue sections were stained with
Harris’s hematoxylin and eosin (H&E) technique, then as
last step sections were cleaned with xylene, dried, and
covered by glassy cover-slips using mounting medium
Distrene-Plasticizer Xylene (DPX).

Semi-Quantitative Histological Assay

As a semi-quantitative morphometric measure, heart
tissues were examined using a light microscope image
analyzer under high power 400X magnifications.
Briefly, histopathological lesions of fatty infiltration
within the myocardial muscle tissue in addition to
vascular congestion were evaluated and measured in
um and statistically assessed as a mean percentage.
Whereas inflammatory cells together with myocardial
degenerative cells were counted in a total of 10 fields
randomly chosen under high power magnification
(1000X), then the mean average was calculated statis-
tically in percentage. Tissue samples were analyzed
under the light microscope (Olympus BXS51, Japan)
using an image analyzer (AmScope 3.7, for a digital
camera, MU300, 2019). Finally, the morphometric
quantitative mean percentage evaluation was estimated

using the following lesion score-grade values (score
0-10% as no lesions; score 10-25% as mild; score
25-75% as score 75-100% as
lesions).

moderate; severe

Statistical Analysis

The statistical analysis was performed using GraphPad
Prism7. The values of the measured parameters were
expressed as mean =+ standard deviation (S.D.). For the
comparisons between different groups, one-way analysis
of variance (ANOVA), followed by Bonferroni multiple
comparison tests were used. The results were considered

statistically significant when the p-value was less than 0.05

Results
Effect of Quercetin and/or Sitagliptin on

Serum Level of Troponin, CPK, and LDH
In the DOX-treated group, DOX produced a significant
increase (P-value < 0.001) in the level of troponin
compared with the control group (47.93+£7.7 vs 5.8
+0.84). The combination of QC with STN resulted in
a significant (P-value = 0.007) decrease compared to
the DOX group (13.65+3.78 vs 47.93+7.7). Each of QC
and STN alone also significantly (P-value = 0.081) and
(P-value = 0.016), decreased the level compared to
DOX group (23+£3.9 vs 47.93+7.7) and (22.3243.9 vs
47.9347.7) respectively (Figure 1A). Regarding CPK
level DOX resulted in a non-significant increase
(P-value= 0.1) compared to the control group, while
the combination of QC and STN
(P-value= 0.01) decreased the level compared to
DOX treated group (13945 vs 388.7+£61.6) (Figure 1B).

Additionally, DOX produced a significant increase
(P-value= 0.008) in the level of LDH compared to the
control group (222.4432.58 vs 103+11.78), and the use of
the QC and STN combination resulted in a significant

significantly

decrease (P-value= 0.0029) compared to the DOX group
(79.84£8 vs 222.4432.58). Meanwhile, STN alone also
produced a significant (P-value = 0.018), decrease in the
levels of LDH almost comparable with that produced by
the control group (103.4+23.84 vs 222.4+32.58) in com-
parison with DOX group. The use of quercetin alone
resulted in a non-significant (P-value = 0.06) decrease
(136.2432.5 vs 222.4+32.58) in LDH level compared to
DOX treated group (Figure 1C).
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Figure | Effect of quercetin and/or sitagliptin on serum level of (A) troponin, (B) CPK and (C) LDH. Values were presented as mean * S.D (n= 6 animals in each group);
values with non-identical letters (a, b, c) are significantly different using ANOVA and post hoc test (p < 0.05).

Effect of Quercetin and/or Sitagliptin on
Serum Level of CRP and TAOC

DOX resulted in a non-significant increase (P-value= 0.1)
in the level of CRP compared to the control group, while the
combination of QC and STN significantly (P-value= 0.005)
decreased the level compared to DOX treated group (0.17+
0.005 vs 0.23+ 0.01) (Figure 2A). Furthermore, significant
(P-value < 0.0001) decrease in TAOC observed in the
DOX-treated group compared to the control (0.022+ 0.002
vs 0.108+ 0.003). Combination of QC and STN signifi-
cantly (P-value= 0.0003) increased the level of TAOC

CRP mg/L

(0.126=+ 0.01 vs 0.022+ 0.002). The use of QC alone also
achieved a significant increase compared to DOX group
(0.11£ 0.004 vs 0.022+ 0.002) (Figure 2B).

Effect of Quercetin and/or Sitagliptin on
Serum Lipid Profile and Atherogenic
Indices

The use of DOX revealed a significant (P-value= 0.004)
increase in the level of total cholesterol compared to the
control group (132+ 4.3 vs 103.3 + 2). Only QC treated
group significantly (P-value= 0.013) decreased the level

0.20

Serum TAOC (U/ml)

Figure 2 Effect of quercetin and/or sitagliptin on serum level of (A) CRP and (B) TAOC. Values were presented as mean + S.D (n= 6 animals in each group); values with
non-identical letters (a, b) are significantly different using ANOVA and post hoc test (p < 0.05).

submit your manuscript

2352

Dove

Cancer Management and Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Aziz

compared to DOX treated group (113.7+ 0.3 vs 132+ 4.3)
(Figure 3A). Moreover, LDL level also increased significantly
(P-value=0.01) by DOX compared to control group (69+ 2 vs
36+ 3.5). The combination of QC and STN and the use of each
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of QC and STN alone resulted in a significant (P-value= 0.03)
decrease of LDL level compared to DOX treated group (47+ 7
vs 69+ 2), (42.5+ 2.5 vs 69+ 2) and (46.6+ 0.65 vs 69+ 2)
respectively (Figure 3B). Serum TG level was significantly
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Figure 3 Effect of quercetin and/or sitagliptin on serum lipid profile and atherogenic indices (A) total cholesterol, (B) LDL, (C) triglycerides, (D) HDL, (E) cardiac risk ratio
and (F) atherogenic index in plasma. Values were presented as mean * S.D (n= 6 animals in each group); values with non-identical letters (a, b, c) are significantly different

using ANOVA and post hoc test (p < 0.05).
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(P-value < 0.001) increased by DOX compared to the control
group (136+2 vs 72.33+4.3). The combination of QC and STN
resulted in a significant (P-value= 0.0004) decrease of TG
level compared to DOX treated group (77.5£ 2.5 vs 136+ 2)
(Figure 3C). Moreover, the HDL level was not affected by any
of the treatments used in the study (Figure 3D). Regarding the
atherogenic indices, DOX increased the cardiac risk ratio,
this
(Figure 3E), while the use of DOX resulted in a significant

however, result was statistically not significant
(P-value = 0.002) increase in the atherogenic index of plasma
compared to the control group (0.33+ 0.01 vs 0.08+ 0.03).
Furthermore, the combination of QC and STN significantly
(P-value = 0.002) decreased the index compared to DOX

treated group (0.09+ 0.07 vs 0.33% 0.01) (Figure 3F).

Histopathology Results

Table 1 demonstrates the morphometric semiquantitative
evaluation of heart sections, which shows a significant
P<0.05 reduction in the percentage of degenerative myocar-
dial cells and inflammatory cells, together with a significant
decrease in the area of fatty infiltration and vascular conges-
tion in group C (DOX+ QC+ STN) in compare to group
B (DOX group), which shows significant augmentation in
the lesion severity. Furthermore, morphometric evaluation of
histopathological lesions in group D and E (DOX+QC)
(DOX+STN), respectively, reveals significant P<0.05 reduc-
tion in lesion severity as well, in comparison with group
B. However, and as shown in Table 1, scoring and grading of
lesion severity is significantly reduced in group C in com-
parison to groups D and E treatment animals. Furthermore,
Figure 4 shows severe and diffuse infiltration of fat cells
together with inflammatory cells within the heart parenchy-
mal tissue in the DOX group (B) in comparison to the
control group (A). On the other hand, the histopathological
results of heart sections in all treatment groups display

a significant reduction in lesion severity, evident by the
decreased number of inflammatory and degenerative cells,
together with the reduction of area of fatty infiltration and
blood vessel congestion, yet it is more significant in group
C (DOX+ QC+ STN) in comparison to other treatment
groups as shown in Figure 4.

Discussion

The mechanism of doxorubicin-induced cardiotoxicity is
still unclear and more likely to be multifactorial.*> One of
the suggested mechanisms is a dysfunction of cardiac
muscle that may end up with heart failure.”* Oxidative
stress is another mechanism of DOX toxicity; damage of
the myocardium by free radicals increases membrane per-
meability enhancing the release of LDH and CPK.? In the
current study, DOX increased the level of troponin, CPK,
and LDH. Usually, during cardiac damage greater amount
of troponin is released into the blood.?® Additionally, lactic
acid dehydrogenase (LDH) is an enzyme that helps in
producing energy; a high level of this enzyme is
a biomarker for various diseases including CVDs. It pre-
sents in most of the tissues in the body and its level
increase during cell injury.?” Another biomarker that
increases during cardiac muscle injury or stress is
CPK.*® Each of QC and STN was effective in restoring
troponin, CPK, and LDH levels to normal but the combi-
nation of both produced much more effects this could be
attributed to the fact that the presence of two antioxidant
agents®”*® may produce better results.'* The current study
also revealed that DOX increased CRP and decreased
TAOC when compared with the control group. It is clear
that among the mechanisms of DOX toxicity are lipid
peroxidation, oxidative damage,>’ and inflammatory
reaction;*” the use of QC and STN in combination pro-
duced more beneficial effects than the use of each alone

Table | Histological Semi-Quantitative Evaluation of Heart Lesions

Experimental Groups Inflammatory Fatty Fatty Vascular Lesion Lesion
N=5 Cells (Mean %)** | Degeneration Infiltration*® Congestion* Scoring Grading
(Mean %) (Mean %) (Mean %) (0— 100%)
(A) CGF 2.8% ** 42% " 53% A 47%* 0-10% No lesion
(B) DOX 83.7% P 86.1% ° 92.6% E 78.3% P 75-100% Severe
(C) DOX+QC+STN 48.6% ® 46.2% ® 43.8% B 49.2% ® 25-50% Moderate
(D) DOX+QC 60.4% © 59.5% © 56.8% © 71.4% © 50-75% Moderate
(E) DOX+STN 55.8% © 57.4% © 53.6% © 68.2% © 50-75% Moderate

Notes: *Area of fatty infiltration and vascular congestion were estimated by (um). **Each value represents mean + SDM (n=6). #Statistical comparison among groups: Mean
values with different capital letters have significant differences at (P < 0.05). ™Control group; ®Doxorubicin group (DOX); “Doxorubicin, Quercetin and Sitagliptin group
(DOX+QC+STN); PDoxorubicin and Quercetin group (DOX+QC); EDoxorubicin and Sitagliptin group (DOX+STN).
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Figure 4 Photomicrograph of heart from groups; (A) control group, display typically arranged myocardial cells (MC), with their oval nuclei and light pinkish cytoplasm, in
addition, the section shows some congested blood capillaries (C). (B) Doxorubicin group (DOX), reveal remarkable fatty infiltration (Fl) within the cardiac muscle, together
with significant fatty degeneration (FD), the section shows severe degenerative changes in myocardial muscle (MC), together with the infiltration of inflammatory cells (IC).
(C) Doxorubicin, quercetin and sitagliptin group (DOX+QC+STN), display slight pre-vascular cuffing of inflammatory cells (IC), together with vascular congestion in some
blood vessels (BV), moreover, some myocardial cells (MC) show acidophilic cytoplasm with condensate nuclei. (D) Doxorubicin and quercetin group (DOX+GC),
demonstrate slight to moderate infiltration of inflammatory cells (IC), the section reveals some blood vessels (BV) with semi-coagulated red blood cells (BC) and
eosinophilic plasma-rich protein. Myocardial muscle (MC) shows oval nuclei with cross-striated appearance. (E) Doxorubicin and sitagliptin group (DOX+STN), reveal slight
infiltration of inflammatory cells (IC), the section shows some eosinophilic myocardial muscle cells (EM) with condensate nuclei, however, some other myocardial cells (MC)

demonstrate typical cross striation together with their oval nuclei. Some blood vessels appear congested (BV). H&E. Scale bars: 0.4 mm.

and this result is in accordance with another study,®* and
could be attributed to the protective effect of STN against
oxidative stress through decreasing lipid peroxidation,*
furthermore, STN has been shown to ameliorate oxidative
diabetic
Additionally, the antioxidant capacity of the natural flavo-

damage in experimental nephropathy.*
nol quercetin is well proved previously by minimizing free
radical generation and enhancing the antioxidant system.
QC alone was also effective in restoring TAOC and this
result is also consistent with other studies.””*> The anti-
inflammatory effect of quercetin has been proved in both
animal and human studies,’® and STN has also been

shown to downregulate some inflammatory pathways.’

Adding these effects together can explain the significant
decrease in the level of CRP produced by the combination
therapy.

Concerning the effect of DOX on lipid profile and
study revealed that DOX
increased TG, LDL, and total cholesterol with no signifi-
cant effect on HDL; this finding is in tune with other
studies.>**3° The combination of QC and STN was effec-

tive in attenuating the levels of LDL and TG. Quercetin

atherogenic indices; the

alone was effective in ameliorating cholesterol levels.
Other studies have shown the effectiveness of QC in
minimizing dyslipidemia.**' Furthermore, DOX treat-
ment increased the atherogenic index and this was
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decreased by the combination therapy. Sitagliptin in pre-
vious studies has proven to have anti-atherosclerotic activ-
ity related to its ability to decrease lipid accumulation, in
addition to the antioxidant and anti-inflammatory activities
that aid in inhibiting the progress of atherosclerosis.***’
Quercetin also has been proven to inhibit LDL oxidation**
and protect against atherosclerosis,* this can explain the
effectiveness of the aforementioned combination in attenu-
ating the atherogenic index and protecting the cardiac
tissue from the deleterious effects of doxorubicin.
Histopathological findings of the present study support
the effectiveness of QC and STN together in reducing
cardiac injury induced by DOX.

Conclusion

The results of the current study revealed the cardioprotec-
tive effects of each of quercetin and sitagliptin alone and
proved that the combination of QC and STN was more
effective in protecting the heart from the injury induced by
DOX which could be attributed to the additive effects of
this combination through antioxidant, anti-inflammatory,
lipid lowering and anti-atherogenic activities; suggesting
it as a good therapeutic candidate to be tested in the
clinical setting.
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