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ABSTRACT

Introduction: Hypertension (HTN) is a common disease. A close relationship between HTN and high salt diet (HS) is recorded.
Reduction of dietary HS in hypertensive patients causes improvements in blood pressure (BP) and cardiac architecture.
Sodium—glucose cotransporter-2 inhibitors (SGLT2i) are oral anti diabetic drugs. Empagliflozin (EMPA) is one of these
inhibitors. EMPA is an anti-hyperglycemic agent and reduces BP in patients with and without diabetes mellitus.

Aim of the Work: The aim was to assess the EMPA therapy effects on the hypertensive Wister adult male albino rat’s
myocardium and the regenerative role of telocytes.

Materials and Methods: Fifty adult male albino rats were utilized and divided into 2 main groups: group I (Control): included
20 rats and subdivided into subgroups IA (Standard diet & placebo) and IB (Standard diet& EMPA) and group II (HTN
induced): involved 30 rats which took HS diet for eight weeks then subdivided into subgroup IIA (HS diet ), IIB (HS diet
& EMPA) and IIC (Low salt diet) for another 8 weeks. Systolic BP was measured at the start, 8 and 16 weeks following the
experiment's start. Specimens from the myocardium left ventricle were prepared for Picrosirius Red, CD34 immunostaining
and electron microscopic examination. SBP, telocytes number and percentage of collagen fibers were analyzed statistically.

Results: Subgroup I1A showed disrupted histological architecture of the myocardium but it was preserved in subgroups 11B
and IIC. Systolic BP and collagen fibers deposition were high in IIA subgroup but showed levels near those of the control
group in IIB and IIC subgroups. Area percentage of telocytes was high in IIB and IIC with marked decrease in ITA subgroups.

Conclusion: Relation between hypertension and HS diet intake is proved. HS diet has deleterious effects on the myocardium

architecture. This study revealed that EMPA and dietary salt restriction preserve rat’s myocardium architecture.
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INTRODUCTION

Hypertension (HTN) is a common disease. In the US, it
affects about 116 million adults and worldwide, it affects
more than 1 billion adults!?. Additionally, it raises the
risk of cardiovascular disease (CVD) such as coronary
heart disease, stroke, heart failure (HF) and death®.
However, it is considered as one of the most common
preventable causes of death. Sodium affects CVD and
blood pressure (BP). High salt diet (HS) intake raises BP
and CVD. However, low sodium intake lowers BP and
the occurrence of hypertension. Furthermore, it lowers
CVD-related morbidity and mortality®™®. Sodium—glucose
cotransporter-2 inhibitors (SGLT2i) are new class of oral
anti-hyperglycemic drugs that have been approved to treat
type 2 diabetes mellitus (T2DM)!". In addition, SGLT2i
cause significant decrease in diastolic blood pressure
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(DBP) and systolic blood pressure (SBP)®.. Food and Drug
Agency (FDA) approved that empagliflozin has a great
selectivity for SGLT2 receptors. EMPA is an effective anti-
hyperglycemic drug in addition to lowering elevated blood
pressure in T2DMP1 EMPA causes reduction in death
from CVD, myocardial infarction and heart failure-related
hospitalizations!'l. It improves left ventricle (LV) mass,
decreases myocardial fibrosis markers which improve
cardiac function. Initial decrease in BP is due to the effects
of diuretic and volume depletion. long-term impacts may
be attributable to suppression of the renin-angiotensin
system and weight reduction!?.

Telocytes (TCs) are distinctive type of the interstitial
cells. Its distribution within heart varies with normal or
pathological states. They promote cardiac growth and
regeneration". Transmission electron microscope (TEM)
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is necessary in identification of the TCs. TCs have cell
body containing nucleus and labyrinthine system made of
telopodes (Tps) (prolongations). Cell body has variable
shapes which may be piriform, spindle, triangular or
stellate depending on the number of Tps which ranges
from 1-5. Telopodes are constituted by an alternation of
dilated segments (podoms ) and thin segments (podomers).
Their bodies with telopodes (Tps) form the network
which guides regeneration of cardiac architecture!'*!s),
TCs are sometimes referred to as CD34+ stromal cells
due to the cell surface glycoprotein CD34 which is one
of the most useful markers for the immuno-histochemical
identification of TCs!'®!,

AIM OF THE WORK

The aim was to assess the EMPA therapy effects on the
hypertensive Wister adult male albino rat’s myocardium
and regenerative role of telocytes.

MATERIALS AND METHODS

Drug and Chemicals
Empagliflozin

Commercially available as Jardiance tablets, a product
of Boehringer Ingelheim company (Germany). It was
approved in 2014 by the American Diabetes Association
(ADA) and FDA (United States Food and Drug
Administration). Each rat received empagliflozin (30mg/
kg/day) orally by oral gavage Park et al.'”! in the form of a
half of 10 mg tablet dissolved in 5 ml tape water per day in
addition to the standard diet for 16 weeks.

Sodium chloride (NaCl) was obtained from Al
Gomhoria Chemical Company, Tanta, Egypt.

Animals and Experimental Design

Fifty Wister adult male albino rats with average weight
(200-250 gm) were included in this study. In the animal
house of faculty of medicine, the animals were kept in a
specific clean, pathogen-free environment. The rats were
maintained in clean properly ventilated cages with steel
wire tops at room temperature with a 12:12 light —dark
cycle and free access to water and food ad libitum. All
the experiment steps were done according to the rules and
regulations laid down by the research ethical committee
on animal's experimentation of Tanta Faculty of Medicine
(approval code 33939/7/20).

The average baseline SBP of the rats was recorded
using the non-invasive rat tail cuff method. Then rats were
classified as follows:

Group I: (Control group) (20 rats): Each rat received
an average 20 gm standard diet per day. Moreover, adult
rats usually drink 20-50 ml/day (10 ml/100 g body weight/
day)!'®!. Rats of this group were subdivided into:

*  Subgroup IA: (Standard diet & placebo) (10 rats):
Rats received standard diet with normal salt (0.3%
NaCD™, It was added to their chow in addition to

77.15mg lactose anhydrous dissolved in 5 ml tape
water!'”! for 16 weeks.

*  Subgroup IB: (Standard diet & EMPA) (10 rats):
Each rat received empagliflozin (30mg/kg/day) by
oral gavage) according to Park et al. (17) in the
form of half a 10 mg tablet dissolved in 5 ml tape
water per day in addition to the standard diet for
16 weeks.

Group II: (Hypertension induced group) (30 rats): Rats
received high salt diet (8% NaCl)?%. It was added to their
chow for 8 weeks for induction of hypertension. Then SBP
measurements using the non-invasive rat tail cuff method
were done for all rats to confirm diagnosis of hypertension.
After that rats were subdivided into:

e Subgroup IIA (High salt diet) (10 rats): Rats
continued to receive high salt diet (8% NaCHP?. It
was added to their chow for another 8 weeks.

*  Subgroup IIB (High salt diet &EMPA) (10 rats):
Each rat received empagliflozin (30mg/kg/day)
according to Park et al.l'” by oral gavage in the
form of half a 10 mg tablet dissolved in 5 ml tape
water per day in addition to high salt diet (8%
NaCl) which was added to their chow for another
8 weeks!?.

e Subgroup IIC (Low salt diet) (10 rats): Each rat
received low salt diet (0.25% NacCl) for another
eight weeks which was added to their chow!",

After 16 weeks from the start of the experiment, final
measurements of SBP were done for all rats of different
groups.

Finally, rats were sacrificed under anesthesia using
thiopental sodium followed by a midline thoraco-
abdominal incision and chest bones were removed to get
the heart away from the body. Samples from the caudal
part of the left border down to the apex of the left ventricle
of the heart were taken and fixed in an appropriate fixator
(10% formol saline and 2.5% glutraldehyde) for light and
electron microscopic histological examination respectively.

At last, according to safety and health precaution
measures, sacrificed rats were carefully collected in a
special package to be burnt later.

Blood pressure measurements*>>!

For each rat, the systolic arterial blood pressure was
measured 3 times; Baseline reading at day 0, at the end of
8t week of the experiment and at the end of 16" week of
the experiment before scarification.

The non-invasive rat tail cuff method was the technique
used for SBP measurements [Rat-tail sphygmomanometer
(Harvard apparatus Ltd, Aden Berge, England) and
pneumatic transducer (Harvard U.K.) connected to Harvard
Universal oscillograph]. All measurements were done at
the physiology department, faculty of medicine (Menuofia
University). To avoid changes in blood pressure as a result
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of day cycle, all measurements were done between 9.00am
and 11.00am.

Rats of SBP (75-129 mmHg) were considered normal
while those of 140 mmHg or more were considered
hypertensive .

Histological study
Light microscopic study

1. Picrosirius Red (PR) Stain: to detect the collagen
fibers of connective tissue in the left ventricle of
rats in all groups!'”.

2. CD34 Immunohistochemistry Stain: to detect
telocytes in the left ventricle of heart of rats in all
groups.

Electron microscopy (E.M) study

It was done to visualize the ultrastructure of the left
ventricle of the rat’s heart and telocytes in all experimental
groups®,

Morphometric study (quantitive assessment)>¢!

i. Area percentage of CD34-positive immuno-
stained TCs: It was counted in the left ventricles of
the heart in 10 non-overlapping different fields at
magnification 400/slide in every group by utilizing
image J software program (National Institute of
health, Bethesda, Maryland, USA). All data were
analyzed statistically.

ii. Area percentage of interstitial collagen fibers: It
was measured from Picrosirius Red stained slides
to quantify the collagen fibers levels in 10 non-
overlapping different fields by magnification 400/
slide in every group utilizing image J software
program (National Institute of health, Bethesda,
Maryland, USA). All data were analyzed
statistically.

Statistical study"*

The collected data including systolic blood pressure,
telocytes quantity in CD34 immune-stained slides and
collagen fibers in Picrosirius Red -stained slides were
analyzed statistically. In our work, mean, standard
deviation (S.D) and the (P) values were calculated by
Statistical Package for the Social Sciences (SPSS) 16.0
software (IBM SPSS, Armonk, NY, USA). All data were
expressed in histograms

Non-significant P value > 0.05 * Significant p value <
0.05 ** Highly significant p value < 0.001.

RESULTS

Histological and immunohistochemical results

Examination of the left ventricle of the heart by Light
microscope

Picrosirius Red (PR) stained sections

Picrosirius Red stained sections of the rats’ left ventricle
revealed: In subgroups IA, restriction of reddish coloration
of connective tissue collagen around the blood vessel and
between the yellowish cardiac muscle fibers (Figure 1A).
Subgroup IB had similar histological findings as subgroup
IA. In subgroup IIA, extensive reddish coloration of
connective tissue collagen infiltration between the
yellowish cardiac muscle cells and increase of the reddish
coloration of the connective tissue around thickened
wall of the blood vessel was seen (Figure 1B). However,
restriction of reddish coloration of connective tissue
collagen around the blood vessel and between yellowish
cardiac muscle cells in subgroup 1IB was present (Figure
1C). In addition, slight increase of reddish coloration of
connective tissue collagen fibers around the blood vessel
and between yellowish cardiac muscle cells (Figure 1D) in
subgroup IIC was seen.

CD34 immune-stained sections

Left ventricle sections of subgroup IA with CD34
immune-stain showed multiple, brown CD34-positive
telocytes between cardiac muscle cells (Figure 2A).
Subgroup IB had similar histological findings as subgroup
IA. Sections of subgroup IIA revealed in some area’s
negative reaction of CD34 immunostaining between cardiac
muscle cells. However, in other areas severe decrease in
brown CD34-positive telocytes compared to control group
was seen (Figure 2B). Sections of subgroup IIB showed
multiple, brown CD34-positive telocytes between cardiac
muscle cells apparently close to the control group (Figure
2C). CD34 immune-stained sections of subgroup IIC
revealed multiple, brown CD34-positive telocytes between
cardiac muscle cells apparently less than the control group
(Figure 2D).

Electron microscopy (E.M) results

In subgroup IA, an ultra-thin section from left ventricle
of adult male albino rat showed regular arrangement
of cardiac muscle fibers with dark (A) band containing
(M) line and light (I) band containing (Z) line. Regular
nuclear membrane was obvious. Moreover, Abundant
mitochondria with clear cristae in juxtanuclear regions
were seen. Furthermore, regular scalloped sarcolemma with
narrow subsarcolemmal space filled with mitochondria
were clear (Figure 3A). Also, telocyte with triangular cell
body and long telopode extending from cell body was
obvious. Long, beaded string appearance of telopode due
to alterations of podomere and podom segments were seen
(Figure 4A). In addition, ladder step intercalated disk with
transverse portions where desmosomes were abundant and
longitudinal parts where a lot of gap junctions were clear
(Figure 5A).Subgroup IB had similar histological findings
as subgroup [A.

In subgroup IIA ,an ultra-thin section from left ventricle
of adult male albino rat showed fragmented myofibrils,
irregular and wavy sarcolemma with wide subsarcolemmal
space filled with closely packed, variable sizes and
shapes of distorted mitochondria with dense matrix.
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However, rarefaction areas in subsarcolemmal space and
in juxtanuclear region were seen (Figure 3B). Moreover,
nucleus with indented and irregular nuclear membrane
was seen. The central effacement of mitochondria was
clear (Figure 3C). In addition, spindle shaped cell body of
telocyte with large nucleus was present. Short and thick
telopode were clear (Figure 4B). Furthermore, convoluted,
distorted intercalated disk with ill-defined transverse and
longitudinal portions were obvious (Figure 5B).

In subgroup IIB, an ultra-thin section from left
ventricle of adult male albino rat showed regular and
parallel myofibrils with rows of mitochondria in-between.
Moreover, the Z and M lines were clear. The lace-like
appearance of sarcoplasmic reticulum and corrugated
nuclear membrane were present (Figure 3D). In addition,
telocyte with spindle shaped cell body and large nucleus
encircled by scanty cytoplasm ,podom , podomere and
telopode were seen (Figure 4C). Also, the ladder step
intercalated disks were clear. They had transverse portions
where desmosomes were abundant as well as longitudinal
portions with a lot of gap junctions (Figure 5C).

In subgroup IIC, an ultra-thin section from left ventricle
of adult male albino rat showed regular arrangement of
myofibrils with numerous mitochondria which had clear
cristae in juxtanuclear zone. Regular nuclear membrane
apparently close to the control group was seen (Figure
3E). Furthermore, regular and scalloped sarcolemma with
narrow subsarcolemmal space were obvious. Irregular
nuclear membrane was present (Figure 3F). Moreover,
piriform cell body of telocyte containing large nucleus
surrounded by scanty cytoplasm with short and thick
telopode was seen. In addition, the large vacuole was clear
(Figure 4D). Furthermore, ladder step intercalated disks
with desmosomes and gap junction were clear (Figure 5D).

Statistical results
Systolic blood pressure measurements

The calculated mean baseline systolic blood pressure +
SD was 81.97+ 2.23. Then, the rats were divided randomly
into control group (20 rats) and experimental (Hypertension

induced) group (30 rats). After 8 weeks, in subgroup A
(Control) the mean + SD of SBP was 95.80 + 5.34 while
in the experimental (Hypertension induced) group which
received high salt diet was 203.58 + 15.23. The difference
of SBP between experimental (Hypertension induced) and
control group was highly significant.

Finally, after 16 weeks, in subgroup IA, mean + SD
of SBP was 116.76 +2.45. IB subgroup had similar results
to IA subgroup. In the experimental group, mean + SD of
SBP differed according to the different subgroups. Thus,
in high salt diet (subgroup IIA), mean + SD of SBP was
253.49 + 7.81 with highly significant P value compared
to the control, in EMPA treated (subgroup IIB) mean
+ SD of SBP was 118.35 £ 2.20 with non-significant P
value compared with the control group while in low salt
diet (subgroup IIC) mean + SD of SBP was 121.80 + 2.69
with significant P value compared to the control group
(Histogram 1).

The mean percentage area of collagen fibers
deposition in all groups

After 16 weeks, the mean percentage of collagen area
(mm) was calculated in different experimental groups.
Subgroup IB had similar results to subgroup IA whose
mean + SD was 0.645 + 0.19 which was high significant
to subgroup IIA whose mean = SD was 7.57+ 0.75, non-
significant to subgroup IIB whose mean +SD was 0.738+
0.16 and significant to subgroup IIC whose mean = SD
was1.06+ 0.19 (Histogram 2).

The mean percentage of CD34 expression in all
groups

After 16 weeks, the mean percentage of CD34
expression was calculated in different experimental groups.
Subgroup IB had similar results to subgroup IA whose
mean = SD was 6.82 + 0.79 which was high significant
to subgroup IIA whose mean = SD was 1.14+ 0.13, non-
significant to subgroup IIB whose mean + SD was 6.69+
0.83 and significant to subgroup IIC whose mean = SD was
6.10 £ 0.32 (Histogram 3).
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Fig. 1 : Left ventricle P.R x 400 A section in an adult male albino rat left ventricle showing: In subgroup IA , restriction of reddish coloration of connective
tissue collagen fibers (arrowhead) around the blood vessel (B.V) and (arrow) between the yellowish cardiac muscle fibers (C) (Fig. 1A). Subgroup IB presents
similar histological findings as IA subgroup. In subgroup IIA, extensive reddish coloration of connective tissue collagen fibers (arrow) infiltration between the
yellowish cardiac muscle cells (C) and increase of the reddish coloration of the connective tissue (arrowhead) around thickened wall of the blood vessel (B.V)
is seen (Fig.1B). However, in subgroup IIB (EMPA) restriction of reddish coloration of connective tissue collagen (arrowhead) around the blood vessel (B.V)
and (arrow) between yellowish cardiac muscle cells (C) is present (Fig.1C). In addition, in subgroup IIC (low salt diet) slight increase of reddish coloration of
connective tissue collagen (arrowhead) around the blood vessel (B.V) and (arrow) between yellowish cardiac muscle cells (C) (Fig.1D) is seen.

-

Fig. 2: CD34 immune-stain X 400 A section in an adult male albino rat left ventricle showing: In subgroup IA, positive reaction of CD34 immunostaining
of telocytes which appear dark brownish in color (arrows) between cardiac muscle cells (C) (Fig. 2A). Subgroup IB has similar histological findings as 1A
subgroup. In subgroup IIA , different reaction of to CD34 immunostain , some sections show severe decrease in positive reaction of telocytes which appear
dark brownish in color (arrow) between cardiac muscle cells (C) while others show negative reaction (double arrows) (Fig. 2B) In subgroup 1IB, multiple,
brown CD34-positive telocytes (arrows) between cardiac muscle cells (C) apparently close to the control group (Fig. 2C). In subgroup IIC, multiple, brown
CD34-positive telocytes between cardiac muscle cells apparently less than the control group (Fig. 2D).
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Fig. 3: Cardiac muscle (TEM) X 3000 An ultra-thin section from left ventricle of adult male albino rat showing: In subgroup IA, regular nuclear membrane
(E). Abundant mitochondria with clear cristac (H) in juxtanuclear region are seen. Moreover, regular arrangement of cardiac muscle fibers (black arrow)
with dark (A) band containing (M) line and light (I) band containing (Z) line are clear. Furthermore, regular scalloped sarcolemma (red arrow) with narrow
subsarcolemmal space (yellow arrow) filled with mitochondria (H) are obvious (Fig. 3A). Subgroup IB presents similar histological findings as IA subgroup.
In subgroup IIA, irregular and wavy sarcolemma (red arrow) with wide subsarcolemmal space (yellow arrow) filled with closely packed, variable sizes and
shapes of distorted mitochondria (H) with dense matrix. However, rarefaction areas (X) in subsarcolemmal space and in juxtanuclear region are seen indicating
depletion of mitochondria. Notice the fragmented (F) myofibrils (Fig. 3B). Moreover, nucleus (N) with indented and irregular nuclear membrane (E) is obvious
. Central effacement of mitochondria (T) is clear (Fig. 3C). In subgroup 1IB, regular and parallel myofibrils (black arrow) with rows of mitochondria (H) in-
between. Moreover, Z and M lines are clear. Lace-like appearance of sarcoplasmic reticulum (R) and corrugated nuclear membrane (E) are seen (Fig. 3D).
In subgroup IIC, regular arrangement of myofibrils (black arrow). Numerous mitochondria (H) with clear cristae in juxtanuclear zone and regular nuclear
membrane (E) (Fig. 3E). Furthermore, regular and scalloped sarcolemma (red arrow) with narrow subsarcolemmal space (yellow arrow) are obvious. Irregular
nuclear membrane (E) is seen (Fig.3F).

1162



Al-Mwatfy et. al.,

Fig. 4: Telocytes (TEM) X 3000 An ultra-thin section from left ventricle of adult male albino rat showing: In subgroup IA, telocyte (TC) with triangular cell
body (CB) and long telopode (TP) extending from cell body. Long, beaded string appearance of telopode (TP) due to alterations of podomere (PE) and podom
(PO) segments (Fig. 4A). Subgroup IB has similar histological results as IA subgroup. Subgroup IIA showing spindle shaped cell body (CB) of telocyte (TC)
with large nucleus (star). Short and thick telopode (TP) is clear (Fig. 4B). Subgroup IIB showing telocyte (TC) with spindle shaped cell body (CB) and large
nucleus (star) encircled by scanty cytoplasm (CM). Notice podom (PO), podomere (PE) and telopode (TP) (Fig. 4C). Subgroup IIC showing the piriform cell
body (CB) of telocyte (TC) containing large nucleus (star) surrounded by scanty cytoplasm (CM). Short and thick telopode (TP) is seen. In addition, large
vacuole (V) is clear. Notice the sarcolemma (red arrow) and the subsarcolemmal space (yellow arrow) (Fig. 4D).

Fig. 5: Intercalated disk (TEM) X 5000 An ultra-thin section from left ventricle of adult male albino rat showing: A ladder step intercalated disc (D) in
subgroup IA. It has transverse portions where desmosomes (O) are abundant as well as longitudinal portions rich in gap junctions (U) (Fig. 5A). Subgroup
IB has similar histological results as IA subgroup. In subgroup IIA, convoluted and distorted intercalated disk (D) with ill-defined transverse and longitudinal
portions (Fig. 5B).In subgroup IIB, ladder step intercalated disk (D) . It has transverse portions where desmosomes (O) are abundant as well as longitudinal
portions rich in gap junctions (U) (Fig. 5C).In subgroup IIC, ladder step intercalated disk (D) with desmosomes (O) and gap junction (U) (Fig. 5D).
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P value were calculated and interrupted as follows:

Non-significant P value > 0.05

* Significant P value < 0.05

** Highly significant P value <0.001

DISCUSSION

Hypertension (HTN) is a common disorder that affects
~25% of the adult population. HTN has negative effects on
blood dynamics and target organs such as the heart, brain
and kidney™”!. A high salt intake raises blood pressure and
causes left ventricular hypertrophy and HF. Reduction
in salt intake decreases blood pressure, cardiovascular
morbidity and mortality®®,

SGLT2i are new oral anti-hyperglycemic drugs!'?. It
was noticed that usage of SGLT2i was related to reduction

in the elevated blood pressure and body weight in type 2
diabetic patients®®!. Moreover, they reduce cardiovascular
complications and HF hospitalizations as SGLT2i can
restore cardiac mitochondrial dysfunction®*3!, EMPA is a
highly selective SGLT2i which reduces hyperglycemia and
has a potential cardiovascular protective effect as reported
by Santos-Gallego et a/.B!. EMPA in hypertensive patients
causes a decrease in both SBP and DBPF?. In contrast,
Kojima et al.®¥ noticed that in type 2 diabetic rat model,
chronic treatment with luseogliflozin which is an SGLT2i
member normalized blood glucose levels and produced a
sustained increase in glucose excretion. However, it hadn't
affect blood pressure.

In the current work, after 8 weeks, statistical results
of SBP of the rats of group (II) which received high salt
diet showed a highly significant increase in comparison to
rats of group (I) which received standard diet. In addition,
after another 8 weeks, SBP in subgroup IIA (High salt)
had a highly significant increase in comparison with the
control group (I). These results previously revealed by
Namai-Takahashi et al.’¥ who demonstrated direct and
progressive correlation between sodium intake and BP
values. There was a consistent dose-response relation
between salt intake and BP. Excessive sodium consumption
produces an elevation in BP and has been related to onset
of hypertension and cardiovascular complications. Hogas
et al.B¥ reported that high sodium intake for a long-term
causes reduction the number of skin capillaries which
would be the first step to develop hypertension.

Several mediators are involved in inducing hypertension
with high sodium intake as angiotensin II which causes
electrolyte balance regulation. Angiotensin II leads to
vasoconstriction and blood pressure elevation through
angiotensin typel (AT1) receptors?®l.

The current study showed statistical improvements of
SBP measurements in subgroup IIB with no significant
difference when compared to those of the control group
(I). The current results are consistent with Chung et a/.*”
and Fouqueh et al.B¥ who demonstrated EMPA role in
lowering blood pressure (SBP and DBP). The lowering
effect of EMPA on BP even in diabetic and non-diabetic
humans were similar between the 10 mg and 25 mg doses.
The mechanisms of BP modulation observed with EMPA
involve several pathways such as weight loss, natriuresis,
urinary glucose excretion, osmotic diuresis and decreased
arterial stiffness.

In this work, statistical improvement of SBP values
in subgroup IIC with significant increase to those of the
control group (I) were recorded. Current results are similar
to Marketou et al.*®! who proved that the decrease in
sodium intake for 4 or more weeks results in a significant
reduction in BP, hypertension incidence and cardiovascular
morbidity and mortality.

On the other hand, Patel and Joseph? reported that
sodium-restricted diet has been related to activation of
antidiuretic and anti-natriuretic systems in HF patients.

1164



Al-Mwaty et. al.,

Moreover, there was higher level of plasma renin,
aldosterone, adrenaline, noradrenaline, triglyceride and
cholesterol in groups with low sodium intake. This increase
in hormones cause activation of the pro-inflammatory and
pro-oxidant genes within endothelial cells that further
develop congestive symptoms and cardiorenal dysfunction.

In this study, sections stained with Picrosirius Red of the
rats of subgroup ITA showed extensive reddish coloration
of connective tissue collagen fibers infiltration between the
yellowish cardiac muscle cells and the surrounding blood
vessels. This was confirmed statistically by a significant
increase in the percentage area of fibrosis (reddish color
of collagen) in this subgroup in comparison with group I
(control). Previous results were consistent with Hayakawa
et al.®™ who demonstrated that diet with HS significantly
increased the development of perivascular fibrosis and
myocardial interstitial fibrosis.

The study of Khalil et al.*!! was agreed with current
results which stated that pro-inflammatory cytokines like
TGF-1 and its downstream effector Smad3 are involved
in the combined and multistep mechanism of extracellular
protein deposition, which is the cornerstone of fibrosis.

Picrosirius Red stained sections of subgroup IIB
revealed restriction of reddish coloration of connective
tissue collagen around the blood vessels and between
cardiac muscle cells very close to the control group. These
findings were proved statistically by a non-significant
difference in the percentage portion of fibrosis in this
subgroup when compared with group I (control). These
results agree with Habibi et al*? who reported that
significant reduction in myocardial interstitial fibrosis with
EMPA treatment detected by picrosirius red staining which
is an indication of collagen I and III deposition in the
interstitium. Kang et al.*! showed that EMPA improves
ventricular remodelling by attenuating collagen deposition
and fibrosis by lowering TGF-1 levels and the protein
Smad3.

Sections stained with Picrosirius Red of subgroup IIC
revealed a slight increase of the reddish coloration of the
connective tissue collagen around the blood vessels and
between the surrounding cardiac muscle cells compared
to the control group. The current results were proved
statistically by a significant difference in the percentage
portion of fibrosis (reddish color of collagen) in this
subgroup in comparison with control group. These results
are in parallel with Berger et al.* who reported that low-
sodium diets show a reduction in hypertension. The heart
shows an increased contractility which may partially
compensate for a larger exertion to sustain cardiac output.
Rhee & Jeong.™! proved that dietary salt restriction
attenuates myocardial fibrosis. Hogas et al.’¥ reported
that restricting salt intake lowers BP, levels of B-type
natriuretic peptide, aldosterone, plasma renin activity and
oxidative stress.

In this work, CD34 immune-stained sections of
subgroup I1A revealed negative reaction of CD34 immune-

stain in some areas between cardiac muscle cells. However,
in other areas decrease in brown CD34-positive telocytes
were obvious. In addition, statistical results showed a
highly significant difference in CD34 expression in this
subgroup as compared to control one. The previous results
are consistent with Galrinho et al/." who demonstrated
that decreased number of TCs in the heart was noticed
in different cardiac pathologies as HF due to dilated
cardiomyopathy.

Bei et al.*®! and Ibba-Manneschi et al.*" noted that
fibrosis which is consequence of many pathological states
in human heart is closely related with the number of TCs
and their Tps . An increase in fibrillary collagen because of
replacement fibrosis is correlated with the reduction of TCs
and Tps quantity or even their absence. It is supposed that
TCs may have an impact on fibrosis due to direct contacts
and paracrine signalization between them and fibroblasts
or myofibroblasts.

In the present study, ultrathin sections of telocytes, in
subgroup IIA (High salt diet) showed spindle shaped cell
bodies of telocyte containing large nucleus and surrounded
by scanty cytoplasm. Short and thick telopodes were seen.
These findings agree with Galrinho et al."¥ and Kucybala
et al™ who proved that cardiac TCs of HF patients
showed critical ultrastructural changes, as cytoplasmic
vacuolization, absence of the labyrinthine components with
inflammatory or ischaemic micro-environment rich in COX-
2, lipid peroxide and shrinkage and shortening of telopodes.

In this study, multiple and brown CD34-positive
telocytes between cardiac muscle cells apparently close to
the control group were found in subgroup IIB. Moreover,
statistically a non-significant difference in CD34
expression in this subgroup as compared to control group
was recorded. In subgroup IIC, CD34 immunostained
sections revealed multiple and brown CD34-positive
telocytes between cardiac muscle cells apparently less than
the control group. Furthermore, statistically, there was a
significant difference in CD34 expression in subgroup IIC
as compared to the control group. In addition, in subgroup
IIB, ultrathin sections of telocytes revealed spindle
shaped cell body of telocyte with podom and podomere
segments that cause string beaded appearance of telopode.
Moreover, in subgroup IIC, piriform shaped cell bodies
of TC with large nucleus surrounded by scanty cytoplasm
were clear. Short and thick telopodes and large vacuole
were demonstrated. These findings are in parallel with
Zhao et al." and Galrinho et al.'" who revealed that in
the first days after induced myocardial infarction in rats,
TCs were reduced in ischemic and infarcted zone, but after
thirty days their number significant increase. After two
weeks, the cell density increased in the non-ischemic areas.
TCs play a role in neo-angiogenesis process following
myocardial infarction either directly through physical
nano-contacts with capillaries, or indirectly through
microcrine production of pro-angiogenic microRNAs and
by paracrine production of nitric oxide synthase 2 (NOS2)
and vascular endothelial growth factor (VEGF).
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In the present work, ultrathin sections of left ventricle
of subgroup IIA showed irregular pattern and fragmented
myofibril. Loss of uniform thickness of myofibrils was
present. Nuclei with indented and irregular nuclear
membrane, distorted and depleted mitochondria leaving
rarefaction areas were noticed. Clusters of abnormal
shape and size of mitochondria with dense matrix between
myofibrils, central mitochondrial effacement indicating
degeneration were found. Wavy and irregular sarcolemma
with widened sub-sarcolemma space was found. Distorted
intercalated disks with ill-defined parts were seen.
Previous findings are consistent with Frisoli et al.*® and
Abas&Sabry*! who reported altered organization of the
myofibrils with abnormal and convoluted intercalated
discs, hypertrophied cells with highly convoluted nuclear
membranes due to increased transcription in parallel with
the increased protein synthesis in hypertrophied cells,
swollen mitochondria with fragmented cristae. In addition,
salt intake causes hypertrophic affects the left ventricle as it
sensitizes the heart to the hypertrophic stimulus of pressure
load. Mechanisms for salt-dependent hypertension include
volume expansion, renal disorders, impaired reaction of the
renin-angiotensin-aldosterone-system, central excitation
of the sympathetic nervous system and also inflammatory
processestOs1,

Ultrathin sections ofthe left ventricle muscle of subgroup
IIB (High salt diet & EMPA) showed regular and parallel
myofibrils with rows of mitochondria in between close to
control group surrounding large and oval nuclei. Moreover,
numerous mitochondria with clear cristae in juxtanuclear
zone and between cardiac muscle fibers were seen. Lace-
like appearance of sarcoplasmic reticulum scalloped
and regular sarcolemma with abundant mitochondria in
subsarcolemmal space, ladder step intercalated disk close
to the control group were noticed. It had transverse parts
where desmosomes were abundant and longitudinal parts
with a lot of gap junctions. These observations agreed with
Habibi er al.*¥ who reported improvements in cardiac
structure, appearance of sarcomeres, cardiomyocyte
hypertrophy and ultrastructure of inter myofibrillar
mitochondria by EMPA treatment. Yurista et a/.*! revealed
that EMPA normalizes the mitochondria size and number,
increases myocardial ATP in diabetic and non-diabetic
failing hearts. Natriuresis gained by EMPA reduces sodium
overload in cardiomyocytes through the suppression of
the sarcolemmal sodium—hydrogen exchanger. Increased
levels of intracellular sodium are believed to compromise
mitochondrial calcium handling and contribute to
mitochondrial dysfunction in HF thus partially reflect the
decrease in intracellular sodium. Ultrathin sections of left
ventricle muscle of subgroup IIC revealed regular arranged
cardiac myofibril containing a central nucleus close to
control group in some areas but thin and fragmented
myofibril in other areas were seen. However, regular
nuclear membranes and numerous mitochondria with
clear cristae and ladder step intercalated disks were seen.
These results are in parallel with Cashman et /.’ and Xue
et alB who proved that one of the best strategies for

lowering the burden of CVD has been shown to be salt
reduction and improving the structure and functions of the
heart. Many mechanisms involved in lowering BP, such
as moderate salt restriction reduces volume load, inhibits
the production of reactive oxygen species, reduces the
activity of nitric oxide and improves peripheral vascular
resistance which have cardiovascular benefits. Other
possible mechanisms are that salt restriction inhibits
inflammatory cell infiltration and decreases the production
of inflammatory factors.

CONCLUSION

There is an important correlation between hypertension
and high salt intake. In addition, high salt doses in diet
alter the histological structure of the left ventricle of the
heart. This study also revealed that EMPA treatment and
salt restriction have beneficial effects on blood pressure
and the histological architecture of the left ventricle of the
heart with the highest improvement with EMPA drug. The
important role of telocytes in regenerating tissues of the
left ventricle of the heart is declared.
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