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ABSTRACT

The aim of this study is to investigate the protective effects of Quercetin (QCT) on
Hydroxychloquine (HCQ)-induced myocardial affection in rats. HCQ has been found to produce toxic
effects including cardiac manifestation. Adding QCT to HCQ ameliorates its effects and prevents
cardiac manifestations. For this purpose, eighty adult male rats were divided into four groups (n = 20).
Group 1 (control) and group 2 (QCT-treated). Group 3 (HCQ treated) received 20 mg/kg of HCQ and
group 4 (QCT + HCQ treated) received quercetin (50 mg/kg; orally) combined with HCQ for 4 weeks.
Cardiac troponin-l and oxidative markers (Malondialdehyde (MDA), and total serum antioxidant) were
estimated in serum. In addition, histopathological and morphometric changes of the rat heart were
assessed. The HCQ treated group showed increased serum levels of cardiac troponin-I, MDA and
decreased serum levels of total antioxidant. Pathological picture of myocardial hypertrophy and
degeneration together with depleted cardiac tissue expression of troponin T were also observed.
The characteristic features were presence of whorled myelin bodies and curvilinear bodies by EM
examination. These parameters improved better in the group receiving combination of QCT together
with HCQ. So, Adding QCT to HCQ could be prophylactic measure against its cardiotoxic effect
compared with HCQ treatment alone.

INTRODUCTION

Chloroquine (CQ) and Hydroxychloroquine (HCQ) are well known as antimalarial
agents. They have similar chemical structure and mechanisms of action with less
toxic effect of HCQ. They have been widely used for treatment of rheumatological
disease and other connective tissue disorders due to its anti-inflammatory
properties [1].

HCQ has anti-viral effects detected in animal models and cell cultures and
has been proposed for the treatment of different viral infections. Currently, the
scientific community is actively exploring treatments that would potentially be
effective in combating COVID-19 which caused a pandemic Severe Acute Respiratory
Syndrome Caused by Coronavirus 2 (Sars-Cov-2) infection that is spreading all
over the world and raised great public health concerns [2,3]. Hydroxychloroquine
as an anti-inflammatory drug has been determined to limit the in vitro replication
of SARS-CoV-2 virus. The results enforce the possibility of the efficient of these
drugs in COVID-19 treatment. CQ and HCQ are now being tested in clinical trials
to assess their effectiveness to combat this global health crisis. Chloroquine and
hydroxychloroquine have antiviral characteristics in vitro [4].

L)

*Corresponding author

Mona G Amer, Professor of Histology & Cell
Biology, College of Medicine, Taif University,
Saudi Arabia & Professor of Histology &
Cell Biology, Faculty of Medicine, Zagazig
University, Egypt

E-mail: mona_amer@rocketmail.com
DOI: 10.37871/jbres1208
Submitted: 07 March 2021
Accepted: 17 March 2021

Published: 18 March 2021

Copyright: © 2021 Amer MG, et al. Distributed
under Creative Commons CC-BY 4.0

OPEN ACCESS

Subject: Medicine Group
Topic & Subtopic(s): Anatomy; Clinical Cardiology
Keywords:

e  Hydroxychloroquine

e  Curvilinear bodies

e Cardioprotection

e Quercetin

VOLUME: 2 ISSUE: 3

How to cite this article: Amer MG, Mohamed NM. Potential Use of Quercetin as Protective Agent against

Hydroxychloroquine Induced Cardiotoxicity. J Biomed Res Environ Sci. 2021 Mar 18; 2(3): 185-192. doi: 10.37871/

Check for

jbres1208, Article ID: JBRES1208
updates



ISSN: 2766-2276

The recognized side effects of CQ/HCQ_ include retinal,
neuromyopathic, and cardiac toxicity that are increased
with cumulative dose. Specifically, both CQ and HCQ_ can
cause direct myocardial toxicity and exacerbate underlying
cardiac dysfunction [5].

Quercetin  (Quer; 3’,3’,4’,5,7-pentahydroxyflavone)
(QCT) is a naturally essential flavonoids of human diet [6]. It
is distributed widely in edible parts of all the plant products
such as- roots, bulbs, tubers, leafy vegetables, fruits, tea
and cocoa [7]. This flavonoid was found to be a potent
antioxidant, anti-inflammatory, anti-blood coagulating,
anti-tumoral, anti-apoptotic and an anti-aging biomolecule
by Boots, et al. [8] and Kumar Mishra, et al. [9]. They have
also claimed the protective effect of QCT on hepatotoxicity
induced by CQ_therapy. Moreover, QCT and its metabolites
exert strong cardioprotective effects in a wide range of
experimental models of cardiac injury, likely via their
antioxidant, anti-inflammatory and molecular pathways-
modulating properties [10].

Although cases with cardiac problems were recorded
with HCQ therapy, little was known on the actual cause
of associated cardiotoxicity and if the effect is related to
HCQ or the underlying disease. So, routine screening of
cardiotoxicity is less accepted by cardiology or rheumatology
society guidelines as it is not recognized with HCQ_therapy.
So, the aim of this work is to investigate the toxic effect of
HCQ on cardiac structure and function of male albino rats
and if QCT has a protective role on HCQ induced toxicity.

MATERIALS AND METHODS

This study was conducted according to the Institute
Review Board Instruction of Care and Use of Laboratory
Animals [11]. All experimental stratrgies were approved and
implemented in agreement with the guidelines adopted by
Faculty of Medicine, Zagazig University, Egypt.

The preliminary studies, animal acclimatization, drug
procurement, actual animal experiment and evaluation of
results, lasted for a period of two months (March and April,
2020).

Animals

Male albino rats (adult Wistar; weighing about 250 gm)
were obtained from animal house of Faculty of Medicine,
Zagazig University, Egypt. They were housed under standard
laboratory conditions (Tm; 24 + 2°C and a 12 h day/night
cycles). The animals were allowed to access freely to a
standard chow diet and water ad libitum. Acclimatization
of all animals for 2 weeks was done before starting the
experiment for observation of their general health and
suitableness for inclusion in the experiment. They were
given free. They were randomly assigned into four groups

(20 rats each), the negative control group, QCT received
group, HCQ treated group and combined HCQ + QCT treated

group.
Drug administration

The hydroxyl chloroquine sulphate tablets 200 mg
used for this experiment were manufactured by Sanofi
Aventis U.S. LLC. Quercetin (3’,3’5’,7-pentoxyflavone) was
purchased from Sigma Chemical Co. (St. Louis, MO, USA).

Rats in the HCQ treated group and combined group
received 20 mg/kg body weight of hydroxyl chloroquine
sulphate dissolved in distilled water weekly for two months
[12]. Distilled water was given to rats of the control group
in equal volume using orogastric tube. Rats of QCT and
combined HCQ + QCT groups received orally 50 mg/kg
dissolved in 2-ml normal saline orally by an orogastric
tube once daily [13] in combination with HCQ, The amount
of QCT calculated was selected on the basis of reported
recommended daily allowances for human beings which are
2000 mg to 5000 mg per day did not show any evidence of
toxicity on human health [14]. However, 20-600 mg/kg BW
of Quercetin was reported by Willhite [15] to be safe dose and
free of any toxicity.

Systolic Blood Pressure (SBP) and Heart Rate (HR)
measurements

Systolic Blood Pressure (SBP) was measured weekly
in conscious and pre-warmed rats using tail-cuff
plethysmography [16]. In every session, seven determinants
were made and the mean of the lowest recorded three values
within 5 mmHg was considered as SBP. Calculation of Heart
Rate (HR) was done from the obtained physiological tracings
during measurements of BP [17].

Collection of blood samples

Before sacrificing, Body Weight (BW) of rats were
recorded and venous blood samples were taken from the
retro-orbital plexus of rats using heparinized capillary tubes
and immediately centrifuged then the sera stored at —80C
until analyzed for measurement of Cardiac Troponin I (cTnlI)
using an enzyme-linked immunosorbent assay kit that was
obtained from BioMerieux (MO 63042, St. Louis, USA), for
quantitative measurement of cT'n-1I in serum.

Estimation of serum MDA was done through the
spectrophotometric measurement of the color generated
because of the reaction of thiobarbituric acid with MDA
in acidic medium. Quantification of the total antioxidant
capacity in serum was done by the reaction of antioxidants
with recognized amount of exogenous hydrogen peroxide
provided in the sample. Kits for detection of both total serum
antioxidants and MDA were received from Biodiagnostic
(Cairo, Egypt).
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Then rats were anesthetized by via administration of 80
mg/kg body weight ketamine IP. Subsequently, perfusion
fixation of the rats was done with a mix of both aldehydes
(2.5% glutaraldehyde, 10% neutral buffered formalin saline
and, 0.1 M sodium cacodylate, pH 7.2) at 80 mmHg perfusion
pressure increased slowly to 130 mmHg to preserve good
perfusion [18,19]. After the end of perfusion, the hearts
were took out and excess adipose tissue were eliminated,
then heart weight was recorded, and the specimens were
processed for histological and immunohistochemical study.

Histological analysis

The paraffin sections of all specimens were prepared
and stained with Hematoxylin and Eosin (H & E) study of
the general morphology and with Van Gieson’s (VG) stain to
study collagen [20].

Immunohistochemical reaction was done for detection
of troponin T. Avidin—biotin-complex immunoperoxidase
system was carried out according to Kiernan [21]. The
primary antibody used was Mouse Anti-Human/Mouse/
Rat Troponin T (Cardiac) Monoclonal Antibody (Catalog
# MAB18742). After that, the slides were hatched with
the Anti-Mouse IgG VisUCyte™ HRP Polymer Antibody
(Catalog # VCoo01). Staining was completed by incubation
with substrate Chromogen Called Diamiobenzidine (DAB)
and Mayer’s hematoxylin was used as a counter stain. The
primary antibody was replaced by phosphate buffer solution
for negative control. The specific brown staining appeared in
cardiomyocytes cytoplasm.

Morphometric analysis

In H & E stained section, Myocyte Surface Area (MSA)
was calculated and appropriate cross sections were outlined
as having almost circular nuclei and capillary profiles
[22]. “Leica Quin” image analyser computer system (Leica
Imaging System Ltd., Cambridge, England) was used to scan
each field. The measuring frame of 7286.78 pm?2 was used
as a standard area. Also, Van Geison stained sections were
used for measurement of area % of red areas of collagen
fibers in a measuring frame area of 118476. 6 in 10 fields
for each specimen. For measurement of MSA and area % of
collagen fibers, average of 20 regions was used in each rat of
all groups.

Statistical analysis

Mean + Standard Deviation (SD) wasused for presentation
of all statistical data. One-way Analysis of Variance (ANOVA)
was used to assess differences between groups followed
by Post Hoc multiple comparison tests (Least Significant
Different Test; LSD) to compare changes among individual
groups. The significance level was established at p < 0.05.

RESULTS

Biochemical results

Non-significant difference of biochemical parameters
was detected between negative group (1) and QCT received
group (2). Serum levels of cTn-I (pg/ml) in HCQ_treated
group significantly increased compared with control group
(16.6 + 11.1vs. 3.9 + 1.0, p < 0.01). Serum levels of cTn-I in
the QCT + HCQ combined group significantly decreased
compared with the HCQ treated group (5.6 + 2.3vs.16.6 + 11.1,
p < 0.01) (Table 1).

Regarding oxidative stress markers, serum levels of MDA
(nmol/ml) in the HCQ treated group significantly increased
compared with the control group (8.13 + 0.14 vs . 1.13 + 0.04,
p < 0.01). Serum levels of MDA in the QCT + HCQ_combined
group significantly decreased compared with the HCQ
treated group (1.54 + 0.02vs. 8.13 + 0.14, p < 0.01) (Table 1).

However, serum levels of total antioxidants (mmol/l)
in the HCQ treated group significantly decreased compared
with the control group (0.81 + 0.06 vs. 2.68 + 0.13, p <
0.01). Serum levels of total antioxidants in the QCT + HCQ_
combined group significantly increased compared with
the HCQ treated group (2.16 + 0.64 vs. 0.81 + 0.06, p < 0.01)
(Table1).

Measurement of SBP, HR and morphometric results
of all studied groups

Calculation of HW/BW ratio and MSA by morphometric
study revealed myocardial hypertrophy. Significant increase
in in HW/BW ratio and in MSA was detected in HCQ treated
group when compared with control group (p < 0.01) table
2. Moreover, significant decrease in both parameters was
detected in HCQ + QCT combined group when compared
with HCQ_treated group (p < 0.01) table 2. Also, HR was
significantly decreased and SBP was significantly increased

Table 1: Showing serum levels of cardiac Troponin | (cTnl), MDA and total antioxidants of studied groups. Data are represented as mean * SD.

Group (1) Group (2) QCT Group (3) Group (4) Combined p value
Negatlve control treated group HCQ treated group HCQ +QCT (ANOVA)

Serum troponin cTnl (pg/mL) +1.7° 16.6 £ 11.1° + 2.3° <0.001
Serum MDA (nmol/ml) 1.13 + 0.04 09 * 2.5 8.13 + 0.14° 1.54 + 0.02° <0.001
Total serum antioxidants (nmol/ml) 2.68 + 0.13 2.76 + 0.142 0.81 + 0.06° 2.16 + 0.64° <0.001

a) Non-significant relative to group (1)

b) Significant relative to group (1)

c) Significant from group (3)
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Table 2: Showing heart weight to body Weight ratio (HW/BW), SBP, heart rate and histomorphometric results of studied groups at time of sacrifice. Data are

represented as mean + SD.

Group (1) Group (2) QCT treated | Group (3) HCQ treated | Group (4) Combined

Negative control group group HCQ+ QCT pvalue
HW/BW (x107) 1.54 + 0.12 1.5 + 0.062 29 + 0.8 1.8+0.6° <0.001
SBP (mmHg) 123 + 3.9 121 + 5.9° 164 + 5.2° 135+3.8° <0.001
HR (beat/minute) 188 + 3 186 + 6° 156 + 9° 177 £ 6° <0.001
MSA (pm?) 198.9 + 14.8 201.1 = 12.52 329 +24.2° 221.6 £5.8° <0.001
Area% of collagen 1.96 =+ 1.02 1.81 + 1.172 8.01+0.05° 2.8+0.6° <0.001
Area % of troponin T immune 7.9 + 0.9 8.1 £ 0.48° 3.81+0.18° 6.8+ .78° <0.001
expression

a) non-significant relative to group (1)
b) significant relative to group (1)
¢) significant from group (3)

in HCQ treated group when compared with control and with
HCQ + QCT combined groups (p < 0.01) (Table 2).

Histological results

Cardiomyocyte of negative control group and QCT
treated group appeared with no variations when examined
by both light and electron microscope examination. So,
figures for negative control group were presented as
control. Cardiomyoctes of control group appeared by light
microscope examination as polyhedral cells with acidophilic
cytoplasm and central nuclei (Figure 1a). On the other hand,
cardiomyocyte of HCQ treated group appeared swollen,
disorganized and some of them had apoptotic nuclei. Blood

capillaries appeared congested and interstitial connective
tissue cells were prominent (Figure 2b). The interstitial
spaces appeared to have extravasated RBCs and increased
connective tissue cells by VG staining. The interstitial
spaces were wide and had perivascular fibrosis (Figure 1e).
Meanwhile, there was an increase in the fibrous tissue in-
between the cardiomyocytes by VG stain (Figure 1b) that was
approved quantitatively in table 2 where significant increase
in area% of collagen fibers in HCQ treated group when
compared to control group was observed (p < 0.01).

Adding QCT to HCQ_ in combined group (4) showed
preservation of cardiac structure in H & E stained section
(Figure 1c) and decreased collagen fibers by VG stained

Figure 1 1a: A photomicrograph of control cardiomyocyte showing cut sections of polygonal cells with acidophilic cytoplasm (m) and rounded nuclei (arrows)

arranged around blood Capillaries (C).

1b: HCQ treated cardiomyocytes showing swollen and disorganized cardiomyocytes (m), and some of them have small and dark nuclei (arrow head). The blood
capillaries appeared wide and engorged (C) with inflammatory cellular infiltrate (waved arrows).

1c: Combined HCQ+ QCT group showing apparently normal myocytes (m) with central nuclei (arrows) arranged around blood Capillaries (C).

Figures 1d, e, f, g: VG stained sections showing red stained interstitial collagen fibers (arrows) around blood Capillaries (C) and in-between Myocytes (m).

1d: control group showing apparent small area of red stained collagen fibers

Te: HCQ treated group showing wide interstitial spaces filled with interstitial collagen fibers (arrows) around blood Capillaries (C) and Extravasated RBCs (E).

1g: Decreased collagen fibers in Combined HCQ+ QCT group.X 400
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section (Figure 1f). Morphometric analysis confirmed the
results and significant decrease in area % of collagen fibers
was recorded when compared with HCQ treated group (Table
2).

Immunohistochemical analysis of T- troponin revealed
apparently decreased cytoplasmic reaction in cardiomycytes
of HCQtreated group (Figure 2b) when compared with control
(Figure 2a) and combined HCQ + QCT group (Figure 2c). The
results were approved quantitatively by measurement of
area% of T- troponin immune expression in table 2.

By electron microscope examination, cardiomyocytes of
the control group appeared to have sarcoplasm that contains
longitudinally arranged myofibrils with mitochondria
arranged in rows in between them. Each myofibril consists
of successive dark (A) and light (I) bands. Each I band is
bisected by dark Z-line and sarcomere is located between
two successive Z lines (Figure 2d).

Cardiomyocytes of HCQ_treated group were in the form
of signs of cellular degeneration. These were disorganized
myofibrils and presence of concentric lamellar or myelin
bodies and curvilinear bodies. The intercellular spaces
appeared to have numerous extravasated RBCs while
mitochondria were aggregated in-groups in-between the
myofibrils (Figure 2e). Adding QCT to HCQ in the combined
group induced prevention of cardiac degeneration.

Ultrastructure features of cardiomyocyte of QCT protected
group were apparently normal (Figure 2f).

DISCUSSION

Cases of cardiotoxicityhavebeenreportedintheliterature
with HCQ therapy, although less than half of these have been
proven on endomyocardial biopsy [23]. Despite increasing
recognition, CQ/HCQ cardiotoxicity remains less recognized,
and its routine screening is currently not recommended by
rheumatology or cardiology society guidelines [24,25]. So,
the aim of this study is to investigate the possible toxic effect
of HCQ on cardiac structure and function and the possible
protective role of QCT when combined with HCQ,

Different structural and functional changes were
detected in HCQ_treated group of the current study. Signs
of myocardial hypertrophy and fibrosis were found in
histological and morphometric analysis of HCQ treated rats.
Hypertension and heart rate affection were significantly
recorded after HCQ_ treatment. These rats had serum levels
of cTnl were significantly higher than the control group.
Immunohistochemical expression of troponin T within
cardiac muscle revealed significant decrease with HCQ
treatment when compared with control.

Similar histological findings were reported in
endomyocrdial biopsy of patients treated with HCQ by

Figure 2 a, b, c: Photomicrographs of troponin immunohistochemical reaction in the cardiac muscle of control group

2a: HCQ treated group.

2b: Combined HCQ + QCT treated group showing brown stained cytoplasmic reaction (arrows) in cardiomyocytes with apparent increase in a 2c.

2c: X400.

Figures 2d, e, f: An electron micrograph of the cardiac muscle fiber of the studied groups.

2d: Control group.

2e: Cardiac muscle fiber of HCQ treated group showing concentric lamellar body (blue arrow), Curvilinear bodies (*), aggregation of Mitochondria (m) and small

nucleus with electron dense periphery (n) within disorganized Myofibrils (F) x 4000.

2f: Combined HCQ + QCT treated group showing sarcoplasm of cardiac muscle fibers packed with longitudinally arranged myofibrils (f) interrupted by rows of
Mitochondria (m). The myofibrils show multiple Sarcomeres (S) that extend between successive Z lines. These sarcomeres have alternating A-l bands.
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Joyce, et al. [26]. They found that HCQ induced enlargement
and vacuolation in cardiomyocytes. In the current study,
presences of myeloid and Curvilinear Bodies (CBs) were
obvious within cardiomycytes on transmission electron
microscopy of HCQ_treated group which was described as
abnormal lysosomes by Joyce, et al. [26]. These secondary
lysosomes contained a dense material with a lamellar
structure, myelin figures, and curvilinear bodies in the
cytoplasm of the cardiomyocytes, with disorganization
of the myofibrils [27]. Presence of CBs was detected on
ultra-structural examination of muscle in patients with
HCQ_therapy by Khoo, et al. [28] and links their presence to
muscle weakness.

Veinot, et al. [29] and Verny, et al. [30] confirmed
that the dosage and administration period have not been
related to the side effects caused by CQ and HCQ. Moreover,
genetic alterations predisposing to cardiac toxicity have not
been reported either. Chronic or acute administration of
Low or intermediate doses is enough to cause myocardial
dysfunction [31].

The available reports on antimalarial drugs explained its
side effects by inhibiting hemozoin biocrystallization, which
gives rise to toxic free heme accumulation that is responsible
for the death of the parasites [32]. Heme is the functional
group of different proteins as cytochromes and nitric oxide
synthase that induce tissue damage [33]. Heme catalyzed
ROS formation, end in oxidative stress and, resulted in cell
injury. Furthermore, heme can impair intracellular lipid
bilayer, DNA, intermediary metabolic enzymes, and the
cytoskeleton lead to tissues’ toxic effects [34,35].

The pathophysiology of cardiomyopathy induced by CQ/
HCQ- is unwell understood. It could result from suppression
of lysosomal enzymes and dysfunction of lysosomes
which end in accumulation of different metabolic products
within the tissue of the heart results in cardiac pathological
manifestations as cardiomyopathy associated with
conduction disturbance, concentric hypertrophy resulted in
heart failure [5,36].

HCQ inhibit lysosomal phospholipase resulting in
formation of indigestible complexes and induce phospholipid
accumulation in the cytoplasm. Accumulation of HCQ_ in
lysosomes resulted in inhibition of its enzyme activity
and increase of internal PH of lysosomes and inactivation
of protein. Depending on their morphology, these are
denoted myeloid bodies (forming concentric layers) or
curvilinear bodes (comma shape). These depositions lead
to vacuolization of the cytoplasm, disorganization of the
myofibrils, cell hypertrophy, and, finally, fibrosis [37].

Roos, et al. [38] considered curvilinear bodies as
the most specific histological indicator of antimalarial-
related cardiotoxicity and these structures are not seen in
differential diagnoses of some of the other pathological
findings, such as other toxic cardiomyopathies. Antimalarial

drugs induce dysfunction of lysosomes resulting in
aggregation of Pathological inclusion bodies than can be
seen in histological section as cytoplasmic pathognomonic
inclusion bodies [39]. Histopathological findings may
persist for years after drug discontinuation [40] or could be
recovered after drug withdrawal [41].

It was reported that the serum cardiac troponin
concentration was an earlier marker of myocardial injury
than was the histologic findings. The increase of serum
troponin and reduction or loss of troponin expression
in tissue is roughly related to disease severity, probably
reflecting the extent of inflammatory and degenerative
changes of the myocardium. Cardiac troponins I (cTnl) and
T (cTnT) have been shown to be highly sensitive and specific
markers of myocardial cell injury [42].

Oral supplementation of QCT in this study didn’t show
any signs of toxicity in group (2) that received QCT alone.
Recently Tripathi, et al. [43] found that the safest route for
administration of Quercetin is the oral supplementation.

Further, the current work showed that QCT, a plant-
based flavonoid, has the potential to prevent the HCQ-
induced toxicity and oxidative stress probably through
scavenging the free radical generation. In the QCT + HCQ
combined group, adding quercetin showed a marked
protection against HCQ induced myocardial damage, in
which QCT significantly decreased serum levels of MDA
and significantly increased total serum antioxidants. These
results are in agreement with Panda, et al. [44] who reported
that quercetin produced a significant decrease in cardiac
MDA and increased GSH content. These beneficial effects of
quercetin could be attributed to its antioxidant properties,
which are mainly owing to its ability to increase GSH,
antioxidant enzyme levels, and scavenge lipid peroxides
[45]. In addition, quercetin significantly decreased serum
levels of ¢Tn-I and increased cardiac troponin expression by
histological analysis in the current work. These findings are
in accordance with Zaafan, et al. [13] and with Liu, et al. [45].

In the present work, blood pressure and heart rate
of the rats’ received QCT in combination with HCQ were
significantly less affected than those received HCQ alone.
Also, cardiomyocytes were significantly less affected
indicating less cardiac damage that was also approved
by light and electron microscope examination of cardiac
muscle of group 4( combined HCQ_+ QCT). Similar results
were recorded by Kumar Mishra, et al. [35]. They found that
QCT revert the toxic effect of CQ. QCT has been reported to be
a potent anti-inflammatory and anti-oxidant biomolecule
with bioprotective and phytonutrient properties [46,47].

Moreover, the potential use of QCT is clearly evidenced
in clinical application by different studies on lung tissue [43]
and cardiovascular system [48-51]. They confirmed that
QCT and certain QCT-containing food have been shown to
exert strong anti-hypertensive effects in both experimental
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animals and humans through numerous mechanisms
such as attenuation of oxidative stress, remodeling of the
blood vessels extracellular matrix and affecting cascades
of intracellular protein kinase. Moreover, QCT exert strong
cardiac protective effect in different heart diseases such
as cardiotoxicity induced by doxorubicin, ischemia-
reperfusion injury, cardiomyopathy induced by diabetes
and others [52-54]. The protective effects of QCT on the
heart are connected with affection of different proteins and
signaling pathways, including reducing oxidative stress,
suppression of apoptosis , as well as having effect on the
heart inflammatory proteins [52-54,56].

CONCLUSION

The present investigation has shown that though
HCQ may be a widely used drug, its administration may
result in cardiac damage. It is therefore suggested that the
drug be prescribed with caution in patients with cardiac
abnormality, and QCT prophylaxis was found to be effective
in minimizing the cardiotoxic effect of HCQ, Further studies
aimed at corroborating this finding should be carried out.
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