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Background: Long exposure to Hydroxychloroquine (HCQ) has been complicated by some dangerous
though infrequent cardiotoxicity.

Methods: A total of 40 normal adult male albino rats dispersed into 4 groups were used. Group 1 (Control
group), Group Il (HCQ treated group), Group III (zinc [Zn]-treated group), and Group IV (HCQ and Zn trea-
ted group). Once the experimentation ended, rats were sacrificed and cardiac soft tissue sections were
processed twenty-four hours at the end of the experiment for histological study.

Results: Cardiac-stained sections revealed that HCQ induced widespread necrosis, dilatation, and vacuo-
lar degeneration. However, the combination of HCQ with Zn ameliorated these damaging effects. Cardiac
enzyme parameters were also studied in the 4 groups and revealed CK-MB and troponin were consider-
ably elevated in groups II associated to the control group.

Conclusion: It was concluded that Zn revealed a protective role against HCQ cardiomyopathy in adult
male albino rats. This might signify an appreciated means for Zn-based treatment in the upcoming sub-
sequent clinical records to adjust doses and guarantee patient safeguard.

© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

Telocytes

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Chloroquine phosphate (CQP) and HCQ sulfate (HCS), are med-
ications derived from 4-aminoquinolin compounds that are com-
monly prescribed for several diseases (Taherian et al., 2013).
Although originally used as antimalarial drugs there has been
growing interest in their potential use in treating other diseases
such as cancer and viral infections including COVID-19
(Mubagwa, 2020). HCQ is often preferred over CQ due to its better
tolerability at higher doses, and both drugs have similar beneficial
and toxicological effects (Pasadhika & Fishman, 2010). However,
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the use of these medications in the treatment of COVID-19 has
raised concerns about their potential cardiotoxicity, which can
cause ventricular arrhythmia, conduction disorders, and myocar-
dial dysfunction (Kamp et al., 2020). Continued usage of HCQ has
been associated with conduction disorders and myocardial dys-
function. Echocardiographic signs of HCQ cardiomyopathy are aug-
mented thickening of ventricular wall and/or dilation with systolic
or diastolic malfunction. Histopathological criteria in myocarditis
are generic and revealed perivascular mononuclear infiltrates and
myocyte cellular damage, additionally HCQ injuriousness was
complemented by tissue vacuolization (Muthukrishnan et al.,
2011; Hsieh et al., 2019).

Long-term use of CQ/HCQ may also induce myopathy, which
may be due to the drugs’ interference with lysosomal function
and cell membrane stability. Histopathological analysis is crucial
in diagnosing antimalarial cardiotoxicity resulting in congestive
heart failure, myocardial dysfunction in addition to other compli-
cations (Costedoat-Chalumeau et al.,, 2007, Joyce et al., 2013;
Naddaf et al.,, 2021). According to Klein et al., 2021 telocytes
(TCs), a cell population that was first described only 16 years
ago, made a significant contribution to the field of cardiovascular
regeneration research in 2021. All layers of the heart wall contain
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TCs, which are tiny cells with cytoplasmic protrusions known as
telopodes that are incredibly long. TCs also secrete extracellular
vesicles, such as exosomes (Diagram 1). Transmission electron
microscopy (TEM) is a valuable technique for identifying ultra-
structural changes in the heart, including mitochondrial abnormal-
ities, autophagy, and mitophagy. TCs, a type of interstitial cell
found in the heart and other organs, have been shown to possess
c-kit positive cells with TC features in sub-epicardium, sub-
epicardial arteries, sub-epicardial fat, the sub-endocardium, and
between cardiac muscle bundles, as detected by immunohisto-
chemistry and electron microscopy (Rusu et al., 2012; lancu
et al., 2018; Babaei et al., 2020; Collins et al., 2021). Zn has been
suggested as a potential treatment for COVID-19, as oral Zn supple-
mentation has been shown to reduce mortality, ICU admissions,
and symptom duration. However, there is currently insufficient
data to fully understand the effects of Zn on COVID-19 (Abdallah
et al., 2023).

2. Materials and methods
2.1. Drugs

Sanofi Aventis Corporation provided HCQ phosphate tablets
(Plaquenil 200-mg film-coated tablets), while Zn acetate tablets
were obtained from Sigma company.

2.2. Animals and experimental design

This study was conducted with the approval of both AUREC and
the Ethical Committee of Animal Researches of Ajman University
(P-H-F-Jun-16). Forty adult male albino rats weighing between
180 gm. to 220 gm. were randomly divided into four groups, with
10 rats in each group. Both drugs were dissolved in distilled water
and administered orally to the rats, with each rat receiving 1/10th
of the LD50 dose of HCQ and 10 mg Zinc/kg body weight of zinc
acetate per day for six weeks (MSDS, 2011). The dosages were
adjusted weekly based on the rats’ body weight. The rats were kept
in hygienic, well-aerated cages with access to food and water and
under the observation of an expert.

Group I (Control group):

Ten rats were given 1 ml of distilled water orally.

Group II (HCQ treated group):

Ten rats were given 124 mg/kg/b. of HCQ in a watery solution
(equivalent to 1/10th of the oral LD50 in rats). The dosages were
designed based on the rats’ daily weights (Bastway et al., 2008).

Group III (Zn-treated group):

Ten rats were given 10 mg Zinc/kg body weight of zinc acetate
by oral tube every day for the designated period.

Group IV (HCQ and Zn-treated group):

Ten rats were given both HCQ and Zinc according to the previ-
ously recommended doses. Twenty-four hours after the experi-
mental periods, cardiac tissue and blood samples were collected
by decapitating the rats.

2.3. Cardiac enzymes assessment

Serum samples were obtained from blood collected via orbital
puncture, and cardiac biomarkers were assessed by measuring
Creatine Kinase (CK-MB) and Troponin (cTnl) by ELISA kits at Al-
Safwa laboratory center Ezeiruaku.F.C, 2019.

2.4. Histopathological studies

Heart biopsies were taken from all groups for histopathological
assessment. Tissue specimens were fixed in 10% formaldehyde,
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dehydrated in alcohol, and embedded in paraffin. Hematoxylin &
Eosin staining was used to examine pathological alterations under
a light microscope (Bancroft & Gamble, 2008 Wick, 2019;
Elgharabawy et al, 2021). According to (Nour et al.,2017)
immuno-histochemical study was conducted by CD-117 as a mar-
ker for TCs and angiogenesis by the way of Ye et al. (2007).
Paraffin-embedded tissue slices were deparaffinized, and antigen
retrieval was accomplished by warming the tissue slices at 96 °C
in 0.01 mol/liter citrate buffer (pH 6.0) or EDTA solution (pH 8.0)
for 20 min and freezing them to room temperature (Suvarna
et al., 2018). Additionally, the heart was opened from the left ven-
tricle and tiny cardio-myocytes samples were prepared for electron
microscopic examination by the use of dissecting microscope. The
tissues were fixed in 3% glutaraldehyde, followed by embedding in
Araldite resin (Pogodina et al., 2006; Golomb et al., 2012). Ultrathin
sections were examined using a JEOL-Jem.1400 (TEM) at the cen-
tral research park of Al-Qassimi Center in Cairo University.

2.5. Statistical analysis methods

The statistical analysis of the complete records was conducted
using the latest SPSS statistical software package, and the data
were presented as Mean + Standard deviation of Means (S.E.M).
Group comparisons were made using a one-way ANOVA test, and
a p-value of < 0.05 was deemed statistically significant, while a
p-value of > 0.05 was considered insignificant, according to
(Ibrahim et al., 2021).

3. Results
3.1. Light microscopy

3.1.1. Hematoxylin and eosin stained sections

In the light microscopy sections, the Hematoxylin and eosin-
stained (HX& E) sections of rat myocardium were examined. The
control group showed bifurcating and anastomosing longitudinal
muscle fibers with central oval nuclei. Some cells with elongated
nuclei were also present (Fig. 1.A). However, the myocardium from
group II (HCQ-treated group) exhibited myocytes with intensely
eosinophilic cytoplasm and pyknotic nuclei. Areas of hemorrhage,
focal zones of damage, and cytolysis of myocytes were observed.
Additionally, cardiac myocytes displayed variations of wavy
myofibrillar striated branched look, discontinuity by neighboring
myofibrils and oval nuclei. There were also widespread cellular
leukocyte infiltration and edema. Fibroblast-like cells with elon-
gated nuclei were present (Fig. 1.B&C). Moreover, the cardiac myo-
cytes of the same group showed vacuolations and pyknotic nuclei
with widened areas among longitudinal cardiac muscle fibers and
zones of degeneration. Fibroblast-like cells with elongated nuclei
were also evident (Fig. 1.D). On the other hand, the sector of rat
myocardium from group III (Zn treated group) and IV (HCQ and
Zn treated group) showed cardiac myofibrils with normal stria-
tions and oval nuclei. Some cells with elongated nuclei were seen
(Fig. 1.E&F).

3.1.2. CD 117 immuno-stained rat cardio-myocytes
Immunostaining for CD117 was performed on rat cardio-
myocytes, and the results were as follows: The control group (I)
displayed spindle-shaped TCs with CD117 expression, small nucle-
ated bodies, and elongated moniliform telopodes in the intersti-
tium between cardiac muscle fibers (Fig. 2. Panel A). In the HCQ-
treated group (II), there was a dense meshwork of CD117 (+) TCs
with prominent elongated moniliform telopodes adjacent to car-
diac muscle fibers and sarcolemmal vacuolations (Fig. 2. Panel
B&C). CD117 (+) network was observed within the myocardium
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Fig. 1. Displays photomicrographs of sections of rat myocardium from different treatment groups. Panel A shows the control group, where the myocardium exhibits
bifurcating and anastomosing longitudinal muscle fibers (arrows) with central oval nuclei (arrow heads). Cells with elongated nuclei (star) are also visible. Panel B shows
myocardium from the HCQ-treated group (group II), where some myocytes have intensely eosinophilic cytoplasm (arrows) and pyknotic nuclei (arrow heads). The section
also displays zones of hemorrhage and extravasated blood (B), as well as focal zones of damage and cytolysis of myocytes (D). Cells with elongated nuclei (star) are present.
Panel C shows cardiac myocytes from group Il with wavy myofibrils, striations (arrows), a branched look, discontinuity with neighboring myofibrils, and oval nuclei (n).
Cellular leukocyte infiltration (I) and edema (E) are widespread, and fibroblast-like cells with elongated nuclei (star) are visible. Panel D shows cardiac myocytes from group
I, where myofibrillar structures (arrows) exhibit vacuolations (V) and pyknotic nuclei (arrowheads). Widened areas between longitudinal cardiac muscle fibers with
degeneration zones (D) are apparent. Fibroblast-like cells with elongated nuclei (star) are also visible. The photomicrographs were stained with hematoxylin and eosin and
captured at a magnification of (HX. & EX400). Panel E: Section of rat myocardium from group Il (Zn treated group) presenting cardiac myofibrils with normal striations
(arrows) and oval nuclei (n). Cells with elongated nuclei (star) could be seen. Panel F: Section of rat myocardium from group IV (HCQ and Zn treated group) displaying cardiac
myofibrils with typical striations (arrows) and oval nuclei (n). fibroblast like cells with elongated nuclei (star) and blood vessels (bv) could be seen.

A RN

of the Zn-treated group (III), with classic TC morphology and elon-
gated telopodes present in spindle-shaped cardiac muscle fibers
intervening in the interstitium (Fig. 2 Panel D). In the HCQ and
Zn treated group (IV), CD117 (+) mast cells (MCs) were located in
the vicinity of regenerated myocardial bundles with telocyes hav-
ing telopodes giving a starry sky look. CD117 (+) immune reactivity
was also present in blood vascular endothelium and in-between
recovered cardiac muscle fibers (Fig. 2. Panel E&F).

3.1.3. Semi-thin stained sections of rat cardio-myocytes

Semi-thin sections of rat myocardium stained with toluidine
blue revealed different features in the experimental groups. In
the control group (I), normal myofibril striations with oval nuclei
and Z-line connections were observed, along with visible blood
vessels (Fig. 3. panel A&B). HCQ treatment (II) resulted in wavy
myofibrils with fragmented zones, denuded and wavy myofibrils,
as well as the presence of sarcolemmal vacuoles containing
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Fig. 2. Photomicrographs of CD 117 stained of rat cardio-myocytes: In panel A of the control group (I) classic CD117(+) spindle-shaped cells TCs (arrows), small nucleated
bodies, and very elongated and thin moniliform processes (telopodes) (arrow heads) are observed in the intersitium between cardiac muscle fibers with oval nuclei(n). In
panel B of the HCQ treated group (II), there is a compact meshwork of CD117 (+) TCs (arrows) with prominent elongated and moniliform telopodes (arrow heads) that
closely interfaced with cardiac muscle fibers of oval nuclei(n). In panel C of the HCQ treated group (II), a dense meshwork of CD117 (+) TCs (arrows) with long and
moniliform telopodes (arrow heads) are detected within sarcolemmal vacuolations (V). In panel D of the Zn treated group (III), a CD117 (+) network is found within the
myocardium. Classic TC morphology (arrows) with spindle-shaped cells, small nucleated bodies, and very elongated and thin moniliform processes (telopodes) (arrow heads)
are observed in the interstitium between spindle shaped cardiac muscle fibers with oval nuclei (n). (CD 117x400). Panel E: CD 117 (+) mast cell (MC), placed in the
neighborhood of regenerated myocardial bundles (n), telocytes (arrows) with telopodes (arrow heads) giving a starry sky look. Panel F: CD117 (+) immune-reactivity
(arrows) is identified also in blood vascular endothelium (bv) and in-between recovered cardiac muscle fibers(n).

lipofuscin-like granules. Crucial zones of myofibrillar breakdown
and congested, dilated blood vessels were also noted, along with
elongated cells branched extensions (Fig. 3. panel C&D). Cardiac
myofibrils with oval nuclei surrounded by clear spaces, zones of
myofibrillar degeneration with congested blood vessels sur-
rounded by cellular infiltrate and branched TCs with intervening
oval nuclei were also noticed (Fig. 3. panel E&F). In group III
(Zn-treated), semi-thin sections displayed normal myofibril stria-
tions with oval nuclei connected by Z-lines, as well as a linear
arrangement of mitochondria (Fig. 3. panel G). Group IV, treated
with both HCQ and Zn, showed approximately normal myofibrillar
structure with oval nuclei and visible Z-lines, but with the pres-

ence of a congested dilated blood vessel (Fig. 3. panel H). Overall,
the semi-thin sections revealed various differences between the
experimental groups in myofibril structure and blood vessel
appearance.

3.2. Transmission electron microscopy (TEM)

The TEM images of the control rat cardio myocytes (group I) dis-
played typical arrangement of myofibrillar sarcoplasm with a cen-
tral oval nucleus containing a prominent nucleolus. The myofibrils
had even transverse striations bisected by Z lines, and regular rows
of mitochondria were clearly visible. The myofilaments were
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Fig. 3. panel A&B: Photomicrographs of a semi-thin section of control rat myocardium displaying standard striations of myofibrils (arrows) of oval nuclei (n) and their edges
are connected with Z-lines (arrow heads). Blood vessels (bv) are evident. HCQ treated rat myocardium (group II) presenting: panel C: Curly cardiac myofibrils (arrows) with
oval nuclei (n) and fragmented zones (f). Blood vessels (bv) are clearly seen. Sarcolemmal vacuoles (V) containing lipofuscin-like granules (arrow heads) are seen. panel D:
Crucial zones of myofibrillar break down with focal loss of cross striations (F). Other myofibrils appear wavy and denuded (arrows). Notice congested dilated blood vessels
(bv). Sarcolemmal vacuoles are clearly seen (V). elongated cells with branched extensions (arrow heads) are scattered between sarcolemmal vacuolizations. (Toluidine
blue X 1000). panel E: Cardiac myofibrils (arrows) with oval nuclei (n) surrounded by clear spaces (curved arrows). Zones of myofibrillar degeneration (D) with congested
blood vessels (bv) and branched TCs with intervening oval nuclei (arrow head). panel F: Irregularly arranged cardiac myofibrils (arrows) and dilated congested blood vessels
(bv) surrounded by cellular infiltrate (I) are clearly seen. panel G: A photomicrograph of heart biopsy specimen from Zn treated group (IIl) treated rats showing normal
striations of myofibrils (arrows) with Z-lines (arrow head) and oval nuclei (n). Notice linear arrangement of mitochondria (m). panel H: Photomicrograph of cardiac myocytes
from HCQ and Zn treated group (IV) showing more or less normal myo-fibrillar structure (arrows) with oval nuclei (n). Z-lines (arrow head) is evident between myo-fibrillar
edges. A congested dilated blood vessel (bv) could be seen. (Toluidine blue X 1000).
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Fig. 4. Electron micrographs of control cardiac myocytes from rats in group i are presented. the following details can be observed:(A) The sarcoplasm of the myofibrils
exhibits a regular arrangement of myofibrils (M) with transverse striations bisected by Z-lines (arrow heads) and even rows of mitochondria (mt) surrounding the centrally
located nucleus (N) with a prominent nucleolus (arrow). (TEM X6000). (B) The myofilaments are regularly arranged in sarcomeres (m) with transverse striations (M)
consisting of dark (A) and light (I) bands that intersect at Z-discs located near the steps that line up axially edge-to-edge with the intercalated disc (ID) (curved arrow).
Mitochondria (mt) are present in columns parallel to the myofibrils that end at the verge of the ID. The sarcoplasmic reticulum (sr) is present between the mitochondria and
ID membrane. In addition, regular myofilaments (M) connected by desmosomes (curved arrow), the cardio-myocyte nucleus (N) with extended chromatin (ch), and T-tubules
(tt) can be seen. The middle line of the sarcomere (ml) is visible. (TEM X 15000). (C) The regular arrangement of myofilaments (M) bisected by Z-lines (arrowheads), blood
vessel (bv), and even rows of mitochondria (mt) are evident. (TEM X 6000). (D) The myofilaments (M) are arranged in sarcomeres (=) with a gap junction (G]J) associated with
coated pit (curved arrow) and transverse striations consisting of dark and light bands bisected by Z lines (arrowheads). Rows of mitochondria (mt) with their tube-like packed
projecting cristae can also be seen. (TEM X 20000). panel E: An intact intercalated disc (ID) in-between myocytes (M) with a step-like pattern connected by Z lines (arrow
heads). Regular rows of mitochondria (mt) and TC like cell with elongated nucleus (N) and dark peripheral chromatin (arrows), cell membrane (curved arrow) and blood
vessels (bv) are seen. (TEM X6000). panel F: A TC with elongated nucleus (N) and peripherally condensed chromatin (ch) surrounded by a narrow cytoplasmic rim (arrows).
Collagen deposition (C) in the extra-cellular matrix (ecm) with telopodes (double heads arrows) are clear. A nearby row of elongated mitochondria (mt), cardiac myofibrils
(M) connected by Z-lines (arrow heads) are clearly seen. (TEM X15000).
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arranged in sarcomeres with a step-like pattern, intersected by Z-
discs, and lined up axially edge to edge with the intercalated disc
(ID). The mitochondria ran parallel to the myofibrils and ended
at the verge of the ID, while the sarcoplasmic reticulum was
located between the mitochondria and ID membrane. The images
also revealed regular transverse myofilaments arranged in sarcom-
eres with gap junctions associated with coated pit. The even trans-
verse striations of myofibrils were made of dark and light bands
bisected by Z-lines, and regular rows of mitochondria with their

Saudi Journal of Biological Sciences 30 (2023) 103733

tube-shaped packed projecting cristae were evident (Fig. 4. panel
A, B&C). The ID between myocytes had a step-like design con-
nected by Z lines. Furthermore, the images showed regular rows
of mitochondria, a transitional cell-like structure with an elongated
nucleus containing dark peripheral chromatin, cell membrane, and
blood vessels. They also revealed cardio myocytes with myofibril-
lar sarcoplasm with a classic arrangement, a central oval nucleus
with a prominent nucleolus, and even transverse striations of
myofibrils bisected by Z lines. Regular rows of mitochondria and
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Fig. 5. TEM images of cardiac myocytes from the group treated with HCQ (group II) depict: (A) Irregular arrangement of myofibrils (M) in cardiac cells bisected by Z-lines
(arrow heads) with localized areas of fragmentation (f) and irregular-shaped nucleus (N) with extended chromatin, surrounded by swollen mitochondria (mt). Leucocytic
cellular infiltration with irregular nuclei (n) near neighboring blood vessels (bv) are visible. (TEM X6000). (B) Fragmentation (f) and damage to the regular organization of
myofibrils (M) showing a bamboo-like shape with dark Z-lines between adjacent myocytes (arrow heads). The presence of vacuoles (V) and clusters of curvycircular bodies
(arrows) in between the cells is noticeable. Dilated and compact mitochondria (mt) with uneven shapes and arrangement can be seen. (TEM X12000). (C) Disorganized
cardiac myofibrils (M) with dark Z-lines between adjacent cells (arrow heads). Regions of degeneration (D) and unevenly arranged mitochondria (mt) of variable sizes with
prominent cristae inside are visible. (TEM X12000). (D) A Tc nucleus (N) in a division state with two nucleoli (arrows) and condensed chromatin at the periphery (ch).
Telopodes (double arrow) arising from the Tc extremities are visible. Collagen deposition (C) in the extracellular matrix (ecm), separated myofilaments (M) with dark Z-lines
(arrow heads) between sarcomere edges, and few mitochondria (mt) can be seen. (TEM X15000). panel E: Accumulation of interstitial (IS) fluid and loss of regular
arrangement of myofibrils (M) with Z-lines in-between (arrow heads) and degenerated areas (D). Swollen circular mitochondria (mt); some of which are vacuolated (V). (TEM
X20,000). panel F: Fragmentation and loss of regular arrangement of myofibrils (M) with vacuoles (V) and Z-lines in-between (arrow heads). Irregular shrunken nucleus (N)
with prominent nucleolus (arrow head) near a blood vessel (bv). (TEM X20,000).
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myofilaments arranged in sarcomeres with dark and light bands Furthermore, an integral ID between myocytes with a step-like
intersected by Z-discs were clearly visible. The columns of mito- design connected by Z lines, and regular rows of mitochondria
chondria were parallel to the myofibrils and ended at the verge were seen. In addition, there were gap junctions associated with
of the intercalated disc (ID) membrane, while the sarcoplasmic coated pit and even transverse striations of myofibrils made of
reticulum was crammed between mitochondria and ID membrane. dark and light bands bisected by Z lines (Fig. 4. panel D). An intact
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Fig. 6. The TEM micrographs from Zn-treated rat myocardium (group III) display the following: (A) Regularly arranged muscle fibers (M) with normal striations and Z-lines in
between (arrow heads). The mitochondria (mt) are arranged in regularly spaced rows. The interstitium shows an elongated nucleus (N), which is most commonly a TC with
peripherally condensed chromatin (ch) and a long process or telepode (curved arrow). Collagen deposition (C) is visible in the extracellular matrix between TC and cardiac
myofibrils. (TEM X 6000). (B) Cardiac myocytes (M) with an oval nucleus (N) that exhibits extended chromatin. Z-lines (arrowheads) between cardio-myocyte edges and
rows of oval mitochondria (mt) in between are visible. (TEM X 6000). (C) Cardiac myofibrils (M) with a regular arrangement of myofilaments linked by Z-lines (arrowheads),
regular rows of mitochondria (mt) parallel to the myofibrils, and sarcoplasmic reticulum (sr) visible between mitochondria and the external lamina (arrow). (TEM X 20000).
(D) Z-lines (arrowheads) between the edges of cardio myocytes (M) with regular rows of rectangular mitochondria (mt) laid in between, ending at the intercalated disc region
(ID) and t-tubules (tt). (TEM X 20000). panel E: Cardio-myocyte progenitor cell (CMP) with elongated nucleus (N) showing peripherally condensed beaded chromatin (ch)
and small developing Golgi (G) and vesicles (star). Cardio-myocyte fibrils(M) are connected by Z-lines (arrow heads) with rows of elongated mitochondria (mt) in-between.
Basal lamina (L) of cardio-myocytes encloses the CMP cell wall (curved arrow). Poorly differentiated desmosome (D) and reduced electron-dense collagen material (C) in a gap
between contacting membranes of CMP and cardio-myocytes. (TEM X 12,000).panel F: Elongated nucleus (N) of TC present in a loose extracellular matrix (ecm)with
prominent nucleolus (arrow) and peripherally condensed chromatin (ch) with telopode (curved arrow) and smooth endoplasmic reticulum (ser). TC is separated from cardio-
myocytes (M) by cardiac external lamina (L) and loose extracellular matrix (ecm). Cardio-myocytes are connected by Z-lines (arrow heads) with regular rows of mitochondria
(mt) in-between. (TEM X 12,000).
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Fig. 7. The TEM micrographs in Fig. 7 show the effects of combined HCQ and Zn treatment on rat myocardium (group IV) as follows: (A) The image displays intact cardiac
myofibrils (M) with swollen mitochondria (mt), and vacuolated sarcoplasm (V) with intact rows of intercalated discs (ID). Notice the classic Z-band (arrow heads) between
cardio-myocyte edges. An elongated nucleus (N) of a TC with telopode (arrow) is visible. (TEM X 6000). (B) The micrograph exhibits a regular arrangement of myofilaments
(M), some of which are vacuolated (V) connected by Z-lines (arrow heads). Integral intercalated discs of step-like design (ID) are visible. Two elongated nuclei (N) of cardiac
stem cells (CSC) located in a loose extracellular matrix (ECM) with peripherally condensed chromatin (ch). The CSC of typical leptofibrils (If) is closely supported by Tc
processes (curved arrow). Extracellular collagen (C) is laid next to them. (TEM X 6000). (C) The image shows a regular arrangement of myofilaments (M) connected by Z-lines
(arrow heads) and integral intercalated discs (ID) with a step-like design. Two cardiac stem cells located near a blood vessel (bv) with two large and dented nuclei, fewer
dispersed chromatin, and prominent nucleoli (arrow). Endoplasmic reticulum (ER), collections of minor and clear vacuoles (V) creating a multi-locular look, scarce condensed
granules (G), and lysosomes (L) are seen. Extracellular collagen (C) is laid between cell outlines and cardiac myofibrils. (TEM X 6000). (D) This micrograph displays typical TCs
with elongated nuclei (N) which contains heterochromatin in their periphery (ch) and prominent nucleoli (arrow). Their cytoplasm contains small mitochondria (mt) and
vesicles (star) in the podoms (curved arrow). The TCs are located near cardio myocytes (M) that are connected by Z-lines (arrow head) with regular rows of mitochondria (mt)
arranged in between. (TEM X 6000). (E): A magnified photomicrograph of the previous one showing typical TCs with elongated nuclei (N) with peripherally condensed
chromatin (ch) giving a beaded appearance and numerous shed extracellular vesicles (star) from the podoms (curved arrow) in the connective tissue of the extracellular
matrix (ecm) in the vicinity of collagen fibers (C) and few small mitochondria (mt). (TEM X 12,000). (F): Regular pattern of Z-lines in between myocyte edges (arrow heads)
surrounded by myofilaments (M) with regular rows of oval mitochondria (mt) in-between. Collagen fibers (C) is laid in the extracellular matrix (ecm) near a blood vessel (bv).
Two nuclei (N); one of them is seahorse shape with prominent nucleolus (arrow), extended and peripherally condensed chromatin (ch) giving the morphological appearance
of a macrophage. (TEM X 12,000).
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intercalated disc in-between myocytes with a step-like pattern
connected by Z lines, regular rows of mitochondria were revealed.
A TC like cell with elongated nucleus and dark peripheral chro-
matin, cell membrane and blood vessels were evident (Fig. 4. panel
E).TC with elongated nucleus and peripherally condensed chro-
matin surrounded by a narrow cytoplasmic rim was seen. Collagen
deposition in the extra-cellular matrix with telopodes were visible.
A nearby row of elongated mitochondria, cardiac myofibrils con-
nected by Z-lines were clearly seen (Fig. 4. panel F). In group II,
which was treated with HCQ, the TEM images revealed irregularly
arranged cardiac myofibrils bisected by Z lines with focal areas of
fragmentation. The nucleus of cardio myocytes was irregular with
extended chromatin surrounded by swollen mitochondria. More-
over, there was leucocytic cellular infiltration with irregular nuclei
in the vicinity of neighboring blood vessels (Fig. 5. panel A). The
even arrangement of myofibrils showed a bamboo shape with dark
Z-lines between myocytes was damaged, and vacuoles and curvy-
circular bodies aggregates were seen in-between. The mitochon-
dria were dilated and compact, with an uneven shape and organi-
zation. In group II, which received HCQ treatment, irregularly
arranged cardiac myofibrils bisected by Z lines were observed,
along with focal areas of fragmentation and an irregular nucleus
of the cardio-myocyte surrounded by swollen mitochondria. Leu-
cocytic cellular infiltration with irregular nuclei was evident in
the vicinity of neighboring blood vessels. The even arrangement
of myofibrils showing a bamboo shape with dark Z-lines between
myocytes was damaged and vacuoles and curvi-circular body
aggregates were seen in-between. Dilated and compact mitochon-
dria with uneven shape and organization were also observed
(Fig. 5. panel B). Furthermore, disorganized cardiac myofibrils with
dark Z-lines between myocytes and areas of degeneration with
irregular rows of mitochondria of variable sizes and tubular packed
prominent cristae inside were evident in group II (Fig. 5. panel C).
The nucleus of the TC was seen in a division state with two nucleoli
and condensed peripherally situated chromatin. Telopodes were
seen arising from the TC extremities, and collagen deposition in
the extracellular matrix separated myofibrils with dark Z-lines
between sarcomere edges, and few mitochondria were also clear
(Fig. 5. panel D). Accumulation of interstitial fluid, loss of regular
arrangement of myofibrils with Z-lines in-between and degener-
ated areas and swollen circular mitochondria; some of which are
vacuolated were clearly seen (Fig. 5. panel E). Fragmentation and
loss of regular arrangement of myofibrils with vacuoles and Z-
lines in-between were evident. Irregular shrunken nucleus with
prominent nucleolus near a blood vessel was noticed (Fig. 5. panel
F). Group III, which received Zn treatment, showed a regular
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arrangement of muscle fibers with normal striations and Z-lines
in between. Normally arranged rows of oval mitochondria and
elongated nucleus of the interstitium, most commonly TC with
peripherally condensed chromatin and long processes or telopodes
were seen. Extracellular collagen was noticed between TC and car-
diac myofibrils, and cardiac myocytes with oval nuclei, which
exhibited extended chromatin and Z-lines between cardio-
myocyte edges, and rows of oval mitochondria in-between
cardio-myocytes were clearly observed (Fig. 6 panel A&B). Cardiac
myofibrils with a regular arrangement of myofilaments linked by
Z-lines, regular rows of mitochondria parallel to the myofibrils,
and sarcoplasmic reticulum visible between mitochondria and
the external lamina (Fig. 6. panel C). Z-lines between the edges
of cardio myocytes with regular rows of rectangular mitochondria
laid in between, ending at the intercalated disc region and t-
tubules were noticed (Fig. 6. panel D). Cardio-myocyte progenitor
cell (CMP) with elongated nucleus showed peripherally condensed
beaded chromatin and small developing Golgi and vesicles were
noticeable. Cardio-myocyte fibrils were connected by Z-lines with
rows of elongated mitochondria in-between. Basal lamina of
cardio-myocytes enclosed the CMP cell wall. Poorly differentiated
desmosome and reduced electron-dense collagen material in a
gap between contacting membranes of CMP and cardio-myocytes
was shown (Fig. 6. panel E). Elongated nucleus of a TC present in
a loose extracellular matrix with prominent nucleolus and periph-
erally condensed chromatin was seen. Tc also exhibited telopode
and smooth endoplasmic reticulum and was separated from
cardio-myocytes by cardiac external lamina and loose extracellular
matrix. Cardio-myocytes were connected by Z-lines with regular
rows of mitochondria in-between (Fig. 6. panel F). The TEM
images of group IV (Zn and HCQ co-treatment) showed intact car-
diac myofibrils with swollen mitochondria, vacuolated sarcoplasm
with intact rows of intercalated discs. Noticed classic Z-band
between cardio-myocyte edges. An elongated nucleus of a TC with
telopode was visible (Fig. 7. panel A). Other micrograph exhibited
regular arrangement of myofilaments, some of which were vacuo-
lated connected by Z-lines. Integral intercalated discs of step-like
design were visible. Two elongated nuclei of CSC located in a loose
extracellular matrix with peripherally condensed chromatin were
captured. The CSC of typical leptofibrils was closely supported by
Tc processes. Extracellular collagen was laid next to them (Fig. 7.
panel B). Other image revealed regular arrangement of myofila-
ments connected by Z-lines and integral intercalated discs with a
step-like design. Two cardiac stem cells located near a blood vessel
with two large dented nuclei, fewer dispersed chromatin, and
prominent nucleoli were noticed. Endoplasmic reticulum, collec-

Table 1A
Statistical analysis of serum level of CK-MB:
Group 1 Group II Group III Group IV F test P value
CK-MB (U/L) 22.00 + 4.92 2070.9 + 223.49 24.0 +5.19 895.0 £ n 100.14 627.036 0.001*
P1 0.001* 0.998 0.001*
* Significant p value < 0.05.
P 1: Comparison with Group I.
Table 1B
Statistical analysis of serum level of troponin (cTnl):
Group I Group II Group III Group IV F test P value
Troponin (cTnl) (ng/mL) 0.10 + 0.02 0.30 + 0.07 0.10 + 0.03 0.11 £ 0.03 61.339 0.110
P1 0.001* 0.998 0.971

* Significant p value < 0.05.
P 1: Comparison with Group L.
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Table 1C
Percentage area of CD117 immuno-staining.
Group | Group II Group III Group IV F test P value
Area (%) 2.015 £ 0.135 8.312 £+ 1.457 3.356 £ 0.793 3.251 £ 0.774 46.081 0.001*
P1 0.001* 0.034* 0.049*
* Significant p value < 0.05.
P 1: Comparing the last three groups to the control one (Group I).
Standard deviation (SD) is expressed in .
CK-MB A Troponin (cTnl) B
(UIL) (mg/
2500 0.3
2000 0.25
0.2
1500 0.15
1000 0.1
500 0.05
0
0 Group | Group Il Group Il Group IV
Group | Group Il Group Il Group IV
Area (%) of CD117 C
10
8
6
4
2
0
Group | Group Il Group Il Group IV

Fig. 8. Histograms: 8.A. troponin (cTnl) in mg/ml. 8. B. CK-MB in U/L. 8.C. Percentage area of CD117 immuno-staining.

Cardiomyocytes

Stem cell Exosomes

Lymphocyte

Blood vessel

Macrophage

Diagram 1. The typical morphology of a telocyte (TC) with long cytoplasmic
projections, or telopodes, demonstrating alternating podomers and podoms making
contacts with cardiomyocytes and interstitial components (such as immune cells,
blood vessels, etc.). After Klein et al. (2021).
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tions of minor and clear vacuoles creating a multi-locular look,
scarce condensed granules, and lysosomes were seen. Extracellular
collagen was laid between cell outlines and cardiac myofibrils
(Fig. 7. panel C). This micrograph displayed typical TCs with elon-
gated nuclei which contained heterochromatin in their periphery
and prominent nucleoli.Theircytoplasm contained small mitochon-
dria and vesicles in the podoms. The TCs were located near cardio
myocytes that are connected by Z-lines with regular rows of mito-
chondria arranged in between (Fig. 7. panel D). A magnified pho-
tomicrograph of the previous one showed typical TCs with
elongated nuclei with peripherally condensed chromatin giving a
beaded appearance and various outbuilding extracellular vesicles
from the podoms in the connective tissue of the extracellular
matrix in the locality of collagen fibers and few small mitochondria
(Fig. 7. panel E). Regular pattern of Z-lines in between myocyte
edges surrounded by myofilaments with regular rows of oval mito-
chondria in-between were captured. Collagen fibers was laid in the
extracellular matrix near a blood vessel. Two nuclei; one of them is
seahorse shape with prominent nucleolus, extended and peripher-
ally condensed chromatin giving the morphological appearance of
a macrophage were visible (Fig. 7. panel F).
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3.3. Statistical analysis

3.3.1. Cardiac enzymes statistical level in the four studied groups:

The myocardial parameters including CK-MB were significantly
elevated in the HCQ-treated (group II) and HCQ and Zn-treated
(group 1V) groups in comparison to the control one (group I)
(Table 1.A and Fig. 8.A).

While cardiac Troponin (cTnl) was significantly elevated in
HCQ-treated (group II) rats as compared to the control group
(group I) only (Table 1.B and Fig. 8.B).

3.3.2. Percentage area of CD117 immuno-staining in cardio-myocytes
of the four experimental groups:
See Table 1.C and Fig. 8.

4. Discussion

The COVID-19 pandemic initiated by SARS-CoV-2 has been the
most significant health crisis of this century, resulting in a surge
of illness and death worldwide. The virus has been linked to an
increased risk of developing various pathologies, particularly those
affecting the cardiovascular system, which are commonly associ-
ated with oxidative stress and lipid imbalances (Magadum & Raj-
Kishore, 2020). Our study aimed to investigate the protective role
of Zinc against HCQ-induced cardiomyopathy. We measured serum
levels of cardiac enzymes and conducted a widespread histopatho-
logical examination of the heart, which was supported by statisti-
cal analysis. Our findings suggest that treatment modifications
play a crucial role in avoiding such complications. In our study,
we found that the myocardial biochemical parameters profile of
CK-MB was significantly elevated in the HCQ-treated group and
the HCQ and Zinc-treated group, compared to the control group.
Additionally, troponin I (cTnl) ranks were significantly elevated
in the HCQ-treated rats (group II) paralleled to the control group.
Our findings are consistent with El Shishtawy et al.2015 and
Muller (2021), who reported that elevated cardiac markers may
be associated with severe erosion and necrosis of the myocardium.
Bertinchant et al.,2003 also noted that cardiac troponin (cTnl) is a
highly sensitive and specific marker of myocardial cell damage.

The histopathological study confirmed the diagnostic signifi-
cance of troponin (cTnl) in our rat model of HCQ-induced car-
diomyopathy. Tselios et al,2019 suggested that cardiac
biomarkers should be evaluated as a screening assessment for pro-
longed treatment with 4-aminoquinoline (4-AQ). In case of any
abnormality, an endo-myocardial biopsy may be necessary to con-
firm the diagnosis of 4-AQ toxicity. According to Hartupee
et al., 2017, inflammation plays a significant role in the remodeling
process of inflammation-induced remodeling in an experimental
model. In our study, light microscopy of rat myocardium from
the HCQ-treated group revealed myocytes with profoundly eosino-
philic cytoplasm, widened blood capillaries, zones of hemorrhage,
and extravasated blood. We also detected crucial zones of damage
and cytolysis of myocytes, hydrophobic changes of myofibrillar
structure with striations, branched look and discontinuity with
contiguous myofibrils, widespread cellular leukocyte infiltration,
edema, and a wavy organization of some muscle fibers.
Fibroblast-like cells with elongated nuclei were also seen. In addi-
tion, the cardiac myocytes of the HCQ-treated group displayed
myofibrillar structure with vacuolations and pyknotic nuclei. These
histopathological changes are consistent with previous studies that
confirmed the success of the HCQ-treated rat model ((Louch et al.,
2004; Vilahur et al., 2011; Kannan & Quine, 2013). The co-
administration of HCQ and Zn in group IV resulted in the observa-
tion of cardiac myofibrils with normal striations and oval nuclei,
along with the presence of fibroblast-like cells with elongated
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nuclei, which is consistent with the findings of previous studies
by Powell,2000; Karagulova et al.,2007 and Xu et al.,2014, indicat-
ing the importance of Zn in cellular functions and organization.
Imbalances in Zn levels have been linked to the pathogenesis of
several cardiovascular disorders. Research has shown that intracel-
lular Zn levels were reduced in rat hearts exposed to ischemia/
reperfusion, and that Zn supplementation may protect the heart,
suggesting that maintaining Zn homeostasis is crucial for cardiac
survival during reperfusion. The C-kit protein (CD117) is a type
Il tyrosine-protein kinase that recognizes the stem cell factor
(SCF) ligand. Through growth, the C-kit receptor is expressed in
cardiac progenitors of cardio-myogenesis and in others with differ-
ent developmental patterns. This receptor-ligand interface triggers
signaling pathways of cellular proliferation, growth, and differenti-
ation. Previous studies have shown that C-Kkit is significant in epi-
cardial, mesothelial, and sub-epicardial stromal cells, which may
indicate the presence of a stem/progenitor niche and trans-
differentiation procedures (lancu et al.,, 2019). In our study,
CD117 immunohistochemical staining showed a statistically sig-
nificant increase in CD + v reaction in HCQ-treated rat hearts
(group II), Zn-treated group (III) and group IV compared to the con-
trol group. Thus, inhibiting myocyte cell death and promoting the
generation of new ones may represent significant targets in human
heart failure therapy. Recent evidence of myocardial renewal
enhancement has revealed cells called TCs, previously referred to
as interstitial Cajal-like cells, which are thought to stimulate
endogenous and exogenous stem cells (CSC) and support the immi-
gration of progenitor cells to damaged myocardium (Kostin, 2016).
In our study, we utilized CD117 immuno-histochemical staining
and quantified the CD117 (+) areas using an image analyzer in all
groups. This approach is supported by Cretoiu and Popescu
(2014), who suggested that double immune labeling for C-kit/
CD117 could be useful in identifying (TCs) from other stromal cells
by light microscopy. Additionally, Kajstura et al., 2010 highlighted
the importance of C-kit in visualizing TCs and studying their role in
normal and pathological states. In our study, we observed CD117
(+) mast cells in the cardiac myocyte sections of the HCQ and Zn-
treated group, located in the vicinity of regenerated myocardial
bundles, with (TCs) displaying telopodes giving a starry sky look.
Furthermore, we detected CD117 (+) immunoreactivity in blood
vascular endothelium and between recovered cardiac muscle
fibers, which aligns with Legere et al., 2019 who emphasized the
presence of mast cells in heart tissue adjacent to myocardial
remodeling and suggested that they are a valuable target for ther-
apeutic intervention following cardiac injury. Zhou et al.,2010 sug-
gested that a large number of CD117 (+) cells in the human heart
were mast cells and that the recently reported CD117 (+) putative
cardiac progenitor stem cells were actually mast cells. Consistent
with Cove-Smith et al.,2014, we observed wavy vacuolated
myofibrils connected by Z-lines and oval nuclei surrounded by
clear spaces in semi-thin sections of cardio myocytes of HCQ trea-
ted rats, along with congested blood vessels. TCs were observed as
diverged spindle, triangular, or cubical cells with elongated pro-
cesses (telopodes) rising from the cell body, displaying homocellu-
lar connection with another TC's telopodes and heterocellular
connections between (TCs) and cardio myocytes, along with
multi-vesicular bodies. TCs and their telopodes were situated close
to cardio myocytes, blood capillaries, and nerve endings and were
anticipated to function as mechanoreceptors/transducers accord-
ing to Gherghiceanu and Popescu, 2010 and Abdel Gawad et al.,
2020. CSC progenitors and TCs were found to undergo continuous
cardiac regeneration, with TCs being able to form connection pla-
ques with the extracellular matrix due to their elongated telopodes
(Faussone-Pellegrini and Bani, 2010). According to Cucu et al., 2022
TCs were also found in cardiac stem cell (CSC) niches, where it
appears that they help with cardiac renewal and regeneration.
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Because of the cellular prolongations’ ultrastructural characteris-
tics, they were given the name “TCs.” Their extensions, known as
telopodes, are typically found in an alternation of thin segments
(called podomers) and dilated segments (called podoms). The trio
of organelles known as “calcium uptake/releasing units”—mito
chondria, endoplasmic reticulum, and caveolae—are housed in
podosomes.

Regarding ultrastructural findings, the sarcoplasm of HCQ-
treated myocytes exhibited cardiac myofibrils with areas of degen-
eration, irregular shrunken nucleus, swollen vacuolated mitochon-
dria, and phagocytic cellular infiltrate near a blood vessel (Goyal
et al., 2015). Fragmentation and loss of regular organization of
myofibrils with vacuoles were also evident, as well as the accumu-
lation of interstitial fluid and dark Z-lines between myocytes.
These observations align with previous studies suggesting that
chronic HCQ therapy may lead to cardiomyopathy with wall thick-
ening and microscopic organizational alterations. Specifically, car-
diomyopathy exhibits an expansion and vacuolization of cardiac
myocytes with curvilinear body aggregates (Tonnesmann et al.,
2013). Cardiac fibrosis and inflammation were also present in the
HCQ-treated group, which agrees with previous studies of
Beliveau et al., 2015; Huet et al., 2015 and Aboulhoda, 2017 indi-
cating that myocardial fibrosis is accompanied by collagen accu-
mulation and cardiomyopathies. Changes in the ultramicroscopic
structure, such as loss of T-tubules and alterations of the extracel-
lular matrix, have also been observed in myocardial injury. Addi-
tionally, the increase of myo-fibroblasts with the enhancement of
fibrosis has been reported. Electron microscopic examination
revealed that TCs play a vital role in cardiovascular restoration
and cardiac healing, as they are in contact with young cardio-
myoblasts. TCs appeared as forked spindle, triangular, or cubical
cells with long processes (telopodes) that connect with other TCs
and cardio myocytes. Vesicular bodies were also detected in
telopodes. These findings support the hypothesis that TCs and their
telopodes may regulate and host the myocardial originators (CSC
progenitor cells), contributing to cardiovascular renewal and repair
(Petre et al., 2016). According to Gupta et al. 2016, the effect of CQ
on restoration after myocardial infarction may not directly affect
cardio myocytes but rather have a more significant impact on other
cardiac cells such as fibroblasts. Cardiac fibroblasts can transform
into myo fibroblasts, which have increased proliferation and secre-
tion capabilities, and CQ can reduce their migration and contractil-
ity. Navarro-Hortal et al.,2019 and Tarazon et al., 2022 found that
changes in cardiac tissue morphology after myocardial infarction
may be related to alterations in mitochondrial ultrastructure,
which are essential for maintaining cellular homeostasis and
proper function. Zn was shown to play a dynamic role in protecting
cells against oxidative damage, which is consistent with the regu-
lar arrangement of myofilaments and intact intercalated discs
observed in the ultrastructure study of group IV cardio myocytes.
The TEM study also revealed the capacity of putative cardiac stem
cells to self-renew and produce differentiated cardio myocyte pro-
genitors, which was improved by Zn supplementation in groups III
and IV. Popescu et al.,2009 and Ellison et al.,2010 demonstrated
different stages of development of cardiac progenitor cells and sug-
gested that CSC progenitors and interstitial cells sustain a continu-
ous cardiac replenishment process in the adult mammalian heart.
In our study, regular patterns of Z-lines, myofilaments, and mito-
chondria were observed in between cardio myocyte edges, with
collagen fibers in the extracellular matrix near a blood vessel.
The presence of seahorse-shaped nuclei with prominent nucleoli
and peripherally condensed chromatin suggested macrophages,
which are known to assist in phagocytosis, dead cell scavenging,
and cytokine and growth factor release to enhance the restorative
process. Lafuse et al. 2021 reported that monocytes quickly accu-
mulated in the heart after ischemic damage and differentiated into
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engaged macrophages, which reinforced inflammation by secreting
pro-inflammatory cytokines and chemokines, and matrix metallo-
proteinase. Hulsmans et al.,2016 and Frangogiannis (2019) empha-
sized that the heart is a heterogeneous organ that contains various
types of cells, including cardio myocytes, fibroblasts, pericytes,
smooth muscle cells, endothelial cells, and different varieties of
immune cells.

5. Conclusion:

It is advisable to use CQ/HCQ with caution, keeping in mind the
dosage and duration of therapy, and avoiding combination with
other medications known to cause harmful effects on the heart.
Our findings suggest that Zn may have a protective effect against
HCQ-induced cardiotoxicity. Patients receiving long-term HCQ
treatment should undergo regular evaluation of their cardiac
enzyme levels and echocardiogram to monitor any potential car-
diac damage.
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