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ABSTRACT

Introduction: Aluminum is a widespread metal in the environment and linked to several diseases, including cardiovascular
disease. Regenerative cardiac telocytes can potentially alleviate numerous heart diseases.

Aim of the Work: This study investigated the potential protective effect carvedilol on aluminum trichloride (AICI3)-induced
cardiac toxicity by examining its antioxidative, anti-inflammatory, anti-apoptotic and its impact on cardiac telocytes.
Materials and Methods: Thirty adult male Wistar rats were randomly divided into three (10-rats) groups. Control group:
saline. AICI3 group: after two weeks of saline, (70 mg/kg/day) AICI3 for four weeks. The Carvedilol+ AICI3 group: (1 mg/
kg day) carvedilol for two weeks followed by AICI3 for four weeks. All drugs were received as a single dose daily I.P. At the
end of the experiment, blood biochemical antioxidants, inflammatory and aluminum level were assessed. Additionally cardiac
tissue histology, immunohistochemistry (active caspase 3 and CD117 markers) and histomorphometry were performed.
Results: Administration of AICI3 significantly increase in cardiac malonaldehyde, nitric oxide, and tumor necrosis factor-alpha
levels as well as both serum and cardiac aluminum levels. Heart and body weights and cardiac catalase levels were significantly
decreased. Histologically AICI3 induced degenerative and apoptotic changes in cardiac myocytes with a significant increase
in apoptotic cells number and collagen fibers area percentage., However, myocardial telocytes is significantly decreased.
Carvedilol administration ameliorated these abnormal biochemical, histological and immunohistochemical parameters.
Conclusion: Carvedilol prophylactic administration protected against ALCL3 induced cardiotoxicity via downregulating
cardiomyocyte apoptosis and fibrosis due to its antioxidant, anti-inflammatory, and anti-apoptotic effects and increased cardiac
telocytes number and its regenerative capacity.
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INTRODUCTION A stromal interstitial cells called telocytes (TCs)

. . ; : [9] :
Cardiovascular disorders are the 1st cause of death has been described in th.ellast decade.. The preeis
worldwide. The number of deaths increases annually with features of TCs are containing long projections called
high prevalence in low-income countries than in others!!l. telopodes, organelles such as the endoplasmic reticulum,
mitochondria, and intermediate filaments (vimentin) which

distinguish these cells from others!'”. TCs are also shown
to express a variety of markers, including c-kit (CD117),
CD34, PDGFR, PDG, CD29, and vimentin/'"-'?],

Exposure to aluminum chloride has been implicated
as a possible causative factor in many disorders including
the cardiovascular system®’l. The human body can be
exposed to aluminum via numerous products such as food

packaging and storage products' and in some medications, The regeneration potential of TCs was one of the
deodorants, sunscreens cosmetics, and makeup products®™. earliest postulated benefits, particularly in cardiac disorders

Carvedilol is a non-selective third-generation such as myocardial infarction and heart failure!'>'*, The
B-adrenoreceptor  antagonist  that  holds  many previous effect of these cells has been proven by their role
cardioprotective and therapeutic capabilities in many in the organogenesis of the heart scaffold in the developing
disorders. It was used for the prevention of cardiotoxicity human heart, which helps and nurses cardiomyocyte
associated with chemotherapy, myocardial infarction, progenitors during their proliferation and differentiation!®.

and viral myocarditis!®. Carvedilol's antioxidant, anti-
inflammatory, and anti-apoptotic capabilities account
for a large portion of its beneficial effects!”. It produced
its anti-inflammatory effect in different tissue by
reducing the expression of cyclooxygenase enzyme and
proinflammatory cytokines!®.

So, the objective of this study was to explore the role of
carvedilol in the protection against AlC13-induced cardiac
toxicity through its action as an anti-inflammatory, anti-
apoptotic, and antioxidant in addition to its effect on
cardiac TCs.
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MATERIALS AND METHODS

Animals

Adult male Wistar rats (n=30) weighing 200-230 grams
were used. They were got from animal residence, Faculty
of Medicine, Sohag University, with room temperature
kept at 22-28°C. Animals were kept in the normal light/
dark cycle and were fed an ordinary animal diet with
a free supply of water. The experiment was done in the
Pharmacology department, and the protocol was approved
by the Scientific Research Ethical Committee of the
Faculty of Medicine, Sohag University, Egypt (Approval
No. 5/2019), in conformity with the EU Directive 2010/63/
EU on animal research.

Drugs and chemicals

Aluminum chloride (AICI3) was obtained from Alpha
Chemika (Mumbai, India). AK Scientific, Inc, (USA) was
the source of carvedilol. Catalase (CAT), lipid peroxidation;
malondialdehyde (MDA), and nitric oxide (NO) kits were
gained from Bio-diagnostic Co. Egypt. Wuhan EIAab
Science Co. Ltd (China) provided a kit for measuring
tumor necrosis factor-alpha (TNF-a). Kits for measuring
total protein levels were purchased from the Egyptian
Company for Biotechnology, Egypt. Cleaved caspase-3
primary antibody (E-AB-22115) and CD 117 (Cat #MAS-
15894.) were purchased from Thermo scientific company,
Neomarks, Fremont, USA

Experimental design

Rats were randomly classified into three groups (10
animals each). The Control group was daily treated with
normal saline intraperitoneally (i.p.) for the all-time of
the study. AICI3- treated group was daily injected with
normal saline i.p. for two successive weeks followed by
daily administration of AICI3 at a dose of 70 mg/kg/day
i.p. for four successive weeks"l. The carvedilol+ AICI3
treated group received carvedilol 1 mg/kg i.p.1' for two
consecutive weeks followed by carvedilol simultaneously
with AICI3 for a further four successive weeks in the same
previous doses and route.

Sample collection
Blood sample

At the completion of the experimental time, the
studied animals of all groups were weighed and sacrificed
by decapitation after anesthetization by inhaled diethyl
ether. Blood samples were collected in labeled centrifuge
tubes for measuring Al levels. The serum was separated
following centrifugation of blood at 3500 rpm for 10 min
and stored quickly at —20°c until the analysis time.

Tissue samples

The heart of each animal was rapidly dissected, washed
with cold isotonic saline, and weighed. The hearts were
divided into three portions. The first one was minced and
homogenized in ice-cold sodium and potassium phosphate
buffer (50mM, pH 7.4) per gram tissue (v/w) using

(Wise Tis HG-15D- Korea) Homogenizer. The homogenate
was centrifuged at 10,000 rpm for 15 min at 4°C; the
supernatant was separated for biochemical analysis. The
second part was balanced and dehydrated in an oven at
80°C to determine the cardiac Al concentration. The third
one was used for histopathological studies.

Determination of heart weight /body weight ratio

Heart and body weights were estimated then heart
weight /body weight ratio was determined according tol!”!
using the following formula:

(Heart weight (mg))
Heart weight / Bodyweight ratio = ———ee

(Body weight (g))
Biochemical analysis
Determination of catalase (CAT) activity

Cardiac CAT activities were measured by the
colorimetric method. The assay depends on the reaction
of CAT with a known amount of H,O,. In the presence of
peroxidase, the reaction is stopped using CAT inhibitor,
and the remaining H O, interacts with 3,5-Dichloro-2-
hydroxybenzene sulfonic acid and 4- amino-phenazone
to produce a chromophore. The absorbance change was
estimated at 510 nm. The activity of CAT in cardiac tissues
was measured in U/mg tissue protein!'®!,

Estimation of malondialdehyde (MAD)

According to Ohkawa and his coworkers, A
colorimetric approach was used to evaluate MDA levels
in cardiac tissues as a marker of oxidative stress!'”l. At 534
nm, changes in absorbance were recorded. However, the
MDA level was estimated as nmol/ mg of tissue protein.

Determination of nitric oxide (NO) level

The concentrations of NO were measured in heart
tissues by a colorimetric procedure”. Variations in the
absorbance were estimated at 540 nm. The concentration
of Nitrite was demonstrated in pmol/mg tissue protein.

Evaluation of tumor necrosis factor-a (TNF-o) level

The levels of TNF-o were measured using the
monoclonal double-antibody sandwich ELIZA method as
described by the manufacturer's prescriptions. TNF- levels
in the cardiac tissue were measured using a Stat fax 2600
microplate reader (Awareness Technologies, Palm City,
USA). TNF- levels were assessed in pg/mg tissue protein.

Determination of aluminum (Al) concentration

A PerkinElmer Atomic Absorption spectrometer
(Analyst 4000, USA) with a 309.3 nm hollow cathode lamp
was employed to measure Al levels in serum and cardiac
tissues. At 80 degrees °C, 200 pl of serum or 1 g of heart
tissue were dehydrated. For digestion, 2.5 ml of perchloric
acid (HCLO4) and 30% nitric acid HNO3 4:1 were added
to the samples at 100 °C for 5 minutes. The amounts of Al
in the serum and cardiac tissue were expressed in pg/ml
and pg/mg tissue, respectively®l.
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Measurement of total protein

The total protein level in cardiac tissue was measured
by the Biuret technique and was used to demonstrate
the concentration of different cardiac parameters per mg
proteint??l.

Histological andimmunohistochemical examination

Heart specimens were formalin-fixed and processed
for histological and immunohistochemical examination
according to®! as follows:

Histological studies

¢  Hematoxylin and eosin for general histological
examination.

e Masson trichrome  for fibers

demonstration?*],

collagen

*  Toluidine blue for TCs demonstration®¥.
Immunohistochemical studies

e Active caspase 3 for apoptosis>.

e CD 117 for TCs immunostaining!°),
Protocol for the immunohistochemical reaction

Slides were deparaffinized and rehydrated then
retrieval of antigen was done by boiling the sections
in citrate buffer (pH 6.2) in a microwave oven for 10
minutes. Endogenous peroxidase blocking was carried
out by 2% hydrogen peroxide for 5 min. Sections were
incubated overnight in the refrigerator with the primary
CDI117 (1:100) and for active caspase-3 antibody (1:150).
Negative control was carried out by neglecting the primary
antibodies. On the next morning, biotinylated secondary
antibodies in a humid chamber were applied to sections.
Enzyme conjugate streptavidin was added. The slides
were stained with a substrate-chromogen mixture and then
counterstained using a Hematoxylin reagent. The slides
were rinsed in distilled water and dehydrated in ascending
grades of alcohol. Clearing in xylene and mounting with
coverslip were done. Positive cells for active caspase 3
showed brown nuclear coloration. CD 117 positive cells
showed brown cytoplasmic coloration in the cell body and
processes.

Morphometric study

The number of active caspase 3 positive cardiomyocytes
, as well as the CD117 positive TCs were counted in 10
non-overlapping fields at x 400Magnification [25,26]. Area
perectage of collagen fibers stained by masson trichrome
were measured in heart sections tissue, in 18 non-
overlapping fields at x 200Magnification®” using imaje
software. All imajes were captured by Leica Microscope
DFC310 FX 1.4-megapixel digital colour camera (Leica
ICC50) and LAS EZ V 3.4.0 sofware application (Leica
Microsystems), Germany Histology Department, Faculty
of Medicine, Sohag University

Statistical analysis

All statistical examinations were done using the SPSS
software package, version 25. Mean and standard deviation
(S.D) were used to describe the data. The data were
statistically examined using a one-way analysis of variance
(ANOVA). A Tukey post hoc test was also employed to
analyze differences between individual groups. The result
was considered significant when the P-value was < 0.05.

RESULTS

Changes in heart and body weights

The heart weight in the AICI3-treated group significantly
decreased (P< 0.001) compared to the control group,
and administration of carvedilol produced a significant
increase (P < 0.001) in the heart weight compared to the
AICI3 -treated group (Table 1). Moreover, the final body
weight decreased significantly (P < 0.001) in the AICI3-
treated group compared to the control group. However,
the carvedilol-treated group showed a significant increase
(P <0.001) in the final body weight compared to the AICI3
-treated group (Table 1).

Effect on heart weight /body weight ratio

The AICI3-treated group showed an insignificant
change (P = 0.962) in heart weight /body weight ratio
compared to the control group. Moreover, the carvedilol-
treated group produced insignificant changes (P =0.838)
in heart weight /body weight ratio in comparison with the
AICI3-treated group (Table 1).

Change in cardiac tissue catalase (CAT) activity

Cardiac tissue CAT activity significantly (P< 0.001)
decreased in the AICI3-treated group compared to the
control group. Administration of carvedilol produced a
significant (P< 0.001) increase in the cardiac activity of
tissue CAT compared to the AICI3 -treated group. On the
other hand, there was a significant difference (P = 0.0239)
between the Carvedilol+AICI3 and the control group
(Figure 1).

Change in malondialdehyde (MDA) levels

As shown in (Figure 2), administration of AICI3 for
four successive weeks produced a significant (P< 0.001)
increase in cardiac tissue MDA level. Furthermore,
administration of carvedilol for two weeks before and
four weeks associated with AICI3 showed a significant
(P< 0.001) decrease in MDA level in cardiac tissue. On
the contrary, carvedilol administration simultaneously with
AICI3 produced an insignificant change (p=0.0585) in the
MDA level compared to the control group.

Change in nitric oxide (NO) level

The AICI3-treated group showed a significant (P<
0.001) increase in cardiac tissue NO level compared to
the control group. However, the carvedilol-treated group
exhibited a significant (P<0.001) decrease in cardiac tissue
NO level. On the other side, carvedilol administration
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concurrently with AICI3 resulted in a nonsignificant
change (p=0.0624) in NO level compared to the control
group (Figure 3).

Effect on tumor necrosis factor-a (TNF-a) level

The cardiac tissue level of TNF-o was significantly
elevated (P< 0.001) in the AICI3-treated group in
comparison to the control group. Treatment of the rats
with carvedilol significantly (P< 0.001) decreased cardiac
tissue TNF-a. On the other hand, there was a significant
variation (P < 0.05) between the Carvedilol+AICI3 and the
control group (Figure 4)

Change in aluminum (AL) concentration

Serum and cardiac AL concentrations in the AICI3-
treated group were increased significantly (P< 0.001)
compared to the corresponding control group. In the
carvedilol-treated group, both serum and cardiac Al
concentrations were decreased significantly (P< 0.001)
and (P< 0.05) respectively compared to the corresponding
AlCI3-treated group, although, there was still a
significant difference (p<0.001) in serum and cardiac AL
levels compared to the corresponding control group
(Figures 5 A,B)

Histological results
H&E staining

The control group's H&E stained sections showed
regularly arranged muscle fibers that appear branching
and anastomosing. They have central vesicular nuclei
and acidophilic sarcoplasm (Figures 6. A,D). AICI3
treated group examination revealed irregularly arranged
muscle fibers with some fibers having pyknotic nuclei and
vacuolated cytoplasm and focal disruption in some areas.
Other fibers have dense pyknotic nuclei and deeply stained
acidophilic cytoplasm. There was congestion of blood
capillaries with perivascular inflammatory cell infiltration
(Figures 6 B,E). carvedilol and AICI3 treated group
examination revealed that most of the fibers appeared near
the control group distinctly from inflammatory infiltrate
in some areas and some fibers with pyknotic nuclei and
deeply stained cytoplasm (Figures 6 C,F).

Masson trichrome staining

Masson trichrome stained sections examination of the
control group showed few fine collagen fibers surrounding
the cardiac fibers and blood vessels (Figure 7A). In the
AICI3 treated group, there was an apparent increase in the
area percentage of collagen fibers around muscle fibers and
blood vessels compared to the control group (Figure 7B).
carvedilol and AICI3 treated group examination showed
an apparent decrease in area percentage of collagen fibers

compared to the previous group and near to the control
group (Figure 7C).

Toluidine blue-staining

Toluidine blue-stained sections examination of the
control group revealed cardiac TCs as oval cells with
small cell bodies and long thin processes (Figure 8A). In
the AICI3 treated group, there was an obvious reduction
in their number compared to the control group, while both
carvedilol and AICI3 treated group revealed an obvious
increase in their number compared to the previous group
and near to the control group (Figures 8B,C).

Immunohistochemical results
Active caspase-3

Examination of immunostained sections for active
caspase 3 of the control group showed a few positive
myocytes (Figure 9A). In the AICI3 treated group, there
was a significant increase in their number compared to the
control group, while the carvedilol and AICI3 treated group
showed a significant decrease in their number compared to
the previous group (Table 2, Figures 9 B,C).

CD 117 for Telocytes (TCs)

Examination of CD 117 immunostained sections of the
control group showed TCs with brown coloration in the
cytoplasm of their cell bodies and processes (Figure 10 A).
AICI3 treated group examination exhibited a significant
reduction in their number compared to the control group
(P <0.001) while AICI3 and carvedilol treated group
showed a significant increase in their number compared to
AICI3 (P <0.001) (Table 2, Figures 10 B,C).

0.0239
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Cardiac CAT activity (U/ mg protein)
o

1
Control AICI3  Carvedilol+AICI3

Fig. 1: Effect of carvedilol administration on cardiac CAT activity in the
different experimental groups. All results are presented as the mean +
SD (n = 10). Results were evaluated by one-way ANOVA accompanied
by a post hoc Tukey test. P < 0.05 was considered as significant.

CAT=catalase, AlCI3=aluminum chloride.
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Fig. 2: Effect of carvedilol administration on cardiac
MDA level in the different experimental groups All results
are presented as the mean £ SD (n = 10). Results were
evaluated by one-way ANOVA accompanied by a post
hoc Tukey test. P < 0.05 was considered as significant.

AlCI3=aluminum chloride. MDA= malondialdehyde.

0.0624
. I <0.0001 <0.0001 I
5 100 I 1T I
S
S
= 80=
13
‘_E: 60— e
=
2 40—
2
o
= 20-
S
=l
< o
< Control AICI3 Carvedilol+AICI3

Fig. 3: Effect of carvedilol administration on cardiac NO level in the
different experimental groups All results are presented as the mean =+
SD (n = 10). Results were evaluated by one-way ANOVA accompanied
by a post hoc Tukey test. P < 0.05 was considered as significant.
AlClI3=aluminum chloride. NO= nitric oxide.
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Fig. 4: Effect of carvedilol administration on cardiac
TNF-o level in the different experimental groups All
results are presented as the mean + SD (n = 10). Results
were evaluated by one-way ANOVA accompanied by a
post hoc Tukey test. P <0.05 was considered as significant.
AlCI3=aluminum chloride. TNF-a = tumor necrosis factor-
alpha.

(A) (B)
<0.0001 <0.0001
1 [ [PTE—
10 <0.0001  <0.0001 <0.0001 0,035

l—| N I—”—l

Serum AL level (ug/ ml)
Cardiac AL level (ug/ g tissue)

Control

AICI3 Carvedilol+AICI3

AICI3  Carvedilol+AICI3

Control

Fig. 5: Effect of carvedilol administration on serum and cardiac
Aluminium levels in the different experimental groups. All results are
presented as the mean + SD (n = 10). Results were evaluated by one-way
ANOVA accompanied by a post hoc Tukey test. P < 0.05 was considered

as significant. AICI3=aluminum chloride. AL= aluminum.
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Fig. 6: Photomicrographs of H&E-stained Longitudinal sections in the myocardium of: the control group (6A & 6D) 6A: Showing regular striated cardiac
muscle fibers with central oval vesicular nuclei and acidophilic cytoplasm (N). Note, blood vessel (BV), nucleus of connective tissue cells in between cardiac
myocytes (n) (Magnification x200 scale bar 50 pm) 6D: Higher magnification of the previous section of the control rat showing cardiac myocytes with central
vesicular nuclei (N) and acidophilic cytoplasm. Blood capillaries (BC) and connective tissue cell nucleus (n) (Magnification x400, scale bar 20 pm). AICI3
treated group (6B& 6E) 6B: Showing irregular arranged cardiac myocytes with focal disruption (arrow), pyknotic nuclei(N) and deeply stained cytoplasm.
Other myocytes have pyknotic nuclei (thin arrow) and vacuolated cytoplasm (V). Sections show dilated congested blood vessels and capillaries (BV, BC)
respectively. Inflammatory cellular infiltration around the blood vessel and in between cardiac myocytes (*) (Magnification x200, scale bar 50 um). 6E: Higher
magnification of the previous section of AICI3 treated rat showing focal disruption of muscle fibers (arrow), perivascular inflammatory cell infiltration (*) and
cardiac myocytes with deeply stained cytoplasm and dense pyknotic nuclei (N) (Magnification X400, scale bar 20 pm). Carvedilol and AICI3 group (6C &6 F)
6C: Showing regularly arranged cardiac myocytes with central vesicular nuclei and acidophilic cytoplasm. Some myocytes have pyknotic nuclei (arrow) and
vacuolated cytoplasm (V). Some blood capillaries are dilated and congested (BC) (Magnification x 200, scale bar 50 um). 6F: Higher magnification of the
previous section showing myocytes with vesicular nuclei (N), some fibers with pyknotic nuclei and deeply stained cytoplasm (arrow). (Magnification x400,
scale bar 20 um)
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Masson trichrome
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Fig. 7: Photomicrographs of TS sections in the myocardium stained with Masson trichrome: 7A: The control group: showing few fine collagen fibers (green
color) in between myocytes and blood vessels (arrow). 7B: AICI3 treated group showing apparent increase in the area percentage collagen fibers (green color)
around myocytes and blood vessels (arrow). 7C: Carvedilol and AICI3 group showing apparent decrease in the area percentage of collagen fibers (green color)
around myocytes and blood vessels (arrow) (Magnification x400, scale bar,20 pm) 7D: graphical presentation of the mean percentage area of collagen fibers
deposition in the different groups.

Fig. 8: Photomicrographs of longitudinal sections in the myocardium stained by toluidine blue: 8 A: Control group showing small elongated branched telocytes
with small cell body (T) and long thin processes (P) in between the myocytes. Note, nucleus of cardiac myocytes (N). 8B: AICI3 treated group apparently
showing fewer number of telocytes compared to the control group. 8C: Carvedilol and AICI3 group showing apparently increased number of telocytes
compared to Alcl3 treated group (TB magnification X400, scale bar 20 pm).
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Active caspase 3
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Fig 9: Photomicrographs of longitudinal sections in the myocardium stained by anti-active caspase3 immunohistochemistry: 9A: control group, showing
brown positive nuclear immune reaction in some myocytes (arrow). 9B: AICI3 group, showing increased number of active caspase positive cardiac myocytes.
9C: Carvedilol and AICI3 group, showing decreased number of positive myocytes (arrow). (Active Caspase 3 IHC x 400, scale bar 20 pm). 9D-graphical
presentation of the mean number of active caspase 3 positive cardiac myocytes in the different groups.
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Fig. 10: Photomicrographs of longitudinal sections in the myocardium stained by anti CD117 antibody for telocytes: 10A: control group showing brown
positive cytoplasmic immunoreaction reaction of telocytes cell body (black arrow) and their processes (red arrow). 10B: AICI3 treated group apparently
showing fewer number of immunoreactive telocytes compared to the control group.10C: Carvedilol and AICI3 group showing apparently increased number of
telocytes compared to Alcl3 treated group. (CD 117 IHC x400, scale bar 20 pm) 10D; graphical presentation for the mean number of CD117 positive telocytes

in the different groups.

Table 1: Effect of carvedilol administration on body weight, heart
weight, and heart weight /body weight ratio in Alcl3 -induced
cardiac toxicity in rats

Control AlCI, Carvedilol+AlICI,
Bod 3392048.59  250.10£16.58  338.40 +20.31
weidh ty( ) (P=0.000)* (P=0.993)°
entie (P=0.000)°
Heart 1084.30 £140.30  811.30+85.78  1059.40 £139.41
cight (mg) (P=0.000)* (P=0.896)
weight (mg (P=0.000)"
Heart 3.20 +0.46 3.2540.37" 3.14 £0.48"
weight / (P=0.962)" (P=0.951)"
body weight (P=0.838)"
ratio (mg/g)

All results are presented as the mean + SD (n = 10). Results were evalu-
ated by one-way ANOVA accompanied by a post hoc Tukey test. P< 0.05
considered significant. a Significant versus the control group. b Signifi-
cant versus AICl,-treated group. AICL,=aluminum chloride. ns= insignifi-
cant.

Table 2: Morphometric study and statistical analysis of the area
percentage of collagen fibers, active caspase 3, and CD 117
positive cells

Groups
Carvedilol+
Parameters
C(;ﬂgd AlCl3 (:fleated AlCls treated
group group aroup
Area  percentage  of .
1384045 17.31£1.59"  4.92+1.00"
collagen fibers
Active caspase 3 positive | .0 79 41133 3.3021.18%
cells
Se]l)lsm (e ki) positive 5 71089 2574057 4.100.76"

All results were compared as means + SD , analyzed by SPSS one-way
ANOVA test from all groups . Significant difference in AICL, treated
groups in comparison to control.(***P < 0.001). Carvedilol treated
ates group show significant difference in comparison to AICL, group
(##H# P <0.001).
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DISCUSSION

Aluminum has a wide environmental biological
availability and extensive use with a common hazardous
health problem™!. This research study was done to clarify
the underlying biochemical and histological changes in
heart tissue induced by AICI3 and the possible protective
role of carvedilol with special insight on myocardial TCs.
The present study showed that AICI, administration led to
a considerable decrease in the body and heart wights in
comparison to the control group and carvedilol ameliorated
these effects, which agree with the results oft?®?°1. These
effects can be attributed to the effect of AICI3 on the
bioavailability of some nutrients, and also may be due to
dwindling appetite which affects the food intake of rats?*®.

On the other hand, the present results showed that
AICI3 intake induced oxidant/antioxidant imbalance in
the form of a significant decrease in catalase activity and
increased NO and lipid peroxidation levels in the heart
tissue. Our results are in harmony with the result oft3!32,
Catalase is considered one of the main cellular safeguards
against free radical-mediated oxidative stress and that
could be attributed to reduced synthesis due to a decline
in the expression of mRNA of endogenous antioxidants**!,
Lipid peroxidation is the fundamental cause of aluminum-
induced cell damagel®*. The increased NO concentration
in our study may be due to enhancing the expression of
iNOS by AICI35). Carvedilol administration significantly
amended the previous results that are in accordance
withB¢37 which demonstrated the ability of carvedilol to
attenuate daunorubicin or anthracycline-induced oxidative
stress by decreased cardiac and renal MDA levels and
enhanced glutathione peroxidase activities. Furthermore,
Ahmed & Mohammed, 2021 reported carvedilol decreased
MDA and NO levels in serum and testicular tissue and
explained that by induction of Nrf2 which controls the
antioxidant system®!. Carvedilol's antioxidant action is
due to the carbazole moiety in its molecule, which is about
10-fold more powerful than vitamin E as an antioxidant!*®!,

Moreover, the present study revealed that AICI3
administration elevated TNF-o level in cardiac tissue
compared to the control group which is significantly
decreased by carvedilol. TNF-a can activate nuclear
factor-B and raise intracellular ROS levels in endothelial
cells, causing the expression of a wide range of pro-
inflammatory genesP’. Our results agree with the results
oft*#1 who explained the cardioprotective effect of
carvedilol through its anti-inflammatory effect via the
reduction in the expression of TNF-o protein in cardiac
tissue.

In the present study, AICI3 administration to the rats
increased serum and heart tissue aluminum concentration
compared to the control group, and the addition of
carvedilol significantly decreased serum and cardiac tissue
aluminum concentration. These results agree with*>43],
Nevertheless, the present findings are in disagreement
with a study done by Ahmed & Mohammed (2021), who

showed that carvedilol treatment for 20 consecutive days
couldn’t affect aluminum levels where this effect may be
explained by the short duration of carvedilol treatment?..

However, histological and morphological changes
revealed AICI3-induced degeneration and apoptosis of
cardiomyocytesanddiffuseinflammatorycellularinfiltration
in the interstitial tissue between them. These findings are
similar to previous studies on different organst*#l. In
addition, Masson’s trichrome-stained cardiac sections
revealed areas of massive collagen deposition between
intercellular and perivascular interstices in the AICI3-
treated group that decreased in the carvedilol-treated group.
These results came in parallel with thosel*”). These effects
can be explained by aluminum disrupting tissue mineral
homeostasis, inducing excessive oxidative reactions,
DNA damage, and cell death*”). Cardiomyocyte apoptosis
represents the milestone in aluminum-induced cardiac
toxicity and is indicated through caspase-3 activation.
AICI3 administration revealed significant cardiomyocyte
apoptosis which is proved by the immunohistochemical
study of cleaved caspase-3. This effect is explained via the
ability of AICI3 to induce both oxidative stresses**#’ and
Ca2+ overload causing mitochondrial over-swelling and
liberating cytochrome C (proapoptotic) to the cytoplasm.
Cytochrome c activating caspase-proteins cascades initiate
irreversible cardiomyocyte injury and apoptosis®®l.

In the present work, carvedilol ameliorates aluminum-
induced cardiac inflammatory and fibrotic effects which
confirmed our previous biochemical findings. These effects
agree with other studies that were done on cardiomyopathy
hereditary TO-2 hamster®! and heart failure with ischemia/
reperfusion damage rats®?. These results can be explained
via carvedilol's suppressive effect on pro-and anti-apoptotic
proteins®3.

Telocytes (TCs) “telopodic cells”, are peculiar
phenotypic stromal interstitial cells that have diverse
physiological and structural functions®4. TCs gain
increasing importance in regenerative medicine through
their roles in intercellular communication, anti-apoptotic
and pro-proliferative potentialst®>-5¢l,

In this work, we focused on myocardial TCs' number
and its affection along with degenerative and apoptotic
changes by AICI3 induced intoxication. We found a
significant decrease in cardiac TCs (CD117 positive
immunoreactive cells) number in AICI3- supplied group
with increased apoptosis and fibrosis. Similar results were
obtained in cardiomyopathy-associated heart failure which
showed absent TCs in areas of severe collagen deposition
with increased apoptosist®”.

Our results are inconsistent with other studies on
different organst®¥), where cardiac fibrosis could be
attributed to TCs down-regulation. However, carvedilol
treatment increased the TCs number with subsequent
reduction in cardiac apoptotic cells and fibrosis. This is
similar to a significant decrease in the area of fibrosis of the
infarction after TCs transplantation in post-infarcted rats®®!.
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TCs can release different types of extracellular vesicles
(ectosomes, exosomes, and multivesicular cargos) that
are essential for myocardial cells to interplay in normal
cardiac physiology and injury responses!®. Interestingly,
intramyocardial delivery of exosome-derived factors
reduced cardiomyocyte apoptosis and fibrosis and
increased neovascularization in experimental myocardial
infarction7:61-631,

CONCLUSION

In summary, our results have demonstrated that the heart
is a potential target of AICI3-induced toxic accumulation
and histological damage that could be primarily due to
oxidative stress, inflammatory, and apoptotic effects of
AICI3. However, carvedilol treatment produced protection
through its antioxidant, antiapoptotic, and antiinflammatory
combined with its regenerative role on myocardial TCs.
These beneficial effects could be a therapeutic strategy
for heavy metal deposition and intoxication in different
vulnerable organs. One of the limitation of our study is
lack of ultrastructual and invitro studies on telocytes. It
is recommended in future studies to delineate the effect
of heavy metal intoxication upon telocyte secretome and
ultrastructure.
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