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Abstract:

Background: Diabetes is associated with both micro- and
macrovascular complications. Aim of the study: The aim of the
present study is to evaluate the prophylactic effect of HCQ alone
and in combination with glimepiride and metformin on ISO induced
MI in type 2 diabetic rats. The present study included the parameters
blood glucose, plasma insulin, HOMA-IR index, lipid profile, AKT,
ECG changes and histopathology of the myocardium. Methods:
Rats were classified into: Group I: control normal group. Group II:
was not treated diabetic (diseased group). Group IlI: was treated
with HCQ. Group 1V: was treated with glimepiride. Group V: was
treated with metformin. Group VI. was treated with HCQ +
glimepiride. Group VII: was treated with HCQ + metformin. treated
groups received drugs for 4 weeks. Results: Treated groups showed
significant improvement in all parameters and improvement of the

histopathology of the myocardium. A significant improvement in

the parameters was seen in the treated groups at the end of the 4™ week. Conclusion: Our study

revealed that HCQ with glimepiride or with metformin produced more improvement in blood

glucose level, insulin, HOMA-IR, lipid profile, AKT, ECG changes, histopathology of the

myocardium. So, our drugs, mainly combined drugs may have a prophylactic effect against Ml

in diabetic rats. this may be due to their glycemic control and improvement of dyslipidemia.
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Introduction

Diabetes mellitus (DM) was defined by The
American Diabetes Association (ADA) as a
group of metabolic diseases characterized by
hyperglycemia resulting from defects in
insulin secretion, insulin action or both. The
chronic hyperglycemia of diabetes is
associated  with  long-term  damage,
dysfunction and failure of different organs,
especially the eyes, kidneys, nerves, heart
and blood vessels [1]. People with type 2
diabetes mellitus (T2DM) are at increased
risk of cardiovascular disease, heart failure
and death, as compared with the general
population. In the last two decades, several
studies have demonstrated reductions in the
risk of cardiovascular outcomes and
mortality in patients with T2DM with
improved glucose and cholesterol-lowering
therapies [2]. Nevertheless, macrovascular
disease remains the most common cause of
death in T2DM patients and new diabetes
therapies are highly desired, especially if

they can offer cardiovascular benefits [3].

Hydroxychloroquine (HCQ) has been widely
used as DMARD either alone or in
combination with other DMARDs. HCQ has
been reported to have pleiotropic effects,
including metabolic profile improvement,

anti- oxidant, anti-aggregation and anti-

thrombotic effects [4]. Glimepiride, an
insulin secretagogue lowers hyperglycemia

by stimulating insulin release [5].

Metformin, the most widely used oral
antihyperglycemic  agent, is currently
recommended as first line therapy for all
newly diagnosed diabetes T2DM patients

which acts mainly as an insulin sensitizer

[1].
Materials and method

This study was a clinical trial; it was
conducted during the period from July 2020
to January 2021.

Animals:

Eighty-four adult male albino rats obtained
from (Experimental Animal Breeding Farm,
Helwan-Cairo) weighing between 150- 200 g
were used for in-vivo experiments. They
were acclimatized for one week and were
caged (4 rat/ cage) in fully ventilated room at
room temperature in the pharmacology
department, Benha Faculty of Medicine.
Rats were fed a standard chow with water.

This study was approved from ethical

committee of Benha Faculty of Medicine.


https://en.wikipedia.org/wiki/Secretagogue

Drugs

Hydroxychloroquine sulphate (SANOFI,
Egypt), Glimepiride (SANOFI, Egypt),
Metformin (Cid), Urethane (Ethyl
carbamate): (prolabo, Paris). Isoprenaline
(Sigma CO., USA. The biochemical analysis
was performed using standard kits. The
chemicals used in this study were all of high

analytical grade.

Experimental groups and procedures:

The rats were classified into 7 equal groups
(n=12) as follow;

(GI) Normal Control group.

(GII) Non treated diabetic rats: diabetes was
induced by administration of 20% fructose
solution in drinking water for 2 weeks. Then
intra peritoneal injection of a low dose STZ
(40 mg/kg b.w.) [6,7].

(GI) HCQ treated diabetic group: HCQ
was administered at a dose of 160mg/ kg
/day P.O. [8,9].

GIV glimepiride treated diabetic group:
glimepiride was administered at a dose of 0.5
mg/ kg /day P.O. [10].

(GV) Metformin treated diabetic group;
metformin was administered at a dose of
100mg/ kg /day P.O. [11].

(GVI) HCQ+glimepiride treated diabetic
group.
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(GVII) HCQ+metformin treated diabetic
group. The treated groups received the tested
drugs for 4 weeks then myocardial infarction
was induced in all diabetic groups by
injection of isoprenaline (ISO) (150mg/kg
S.C) [12].

At the end of the experiment, the animals
were anesthetized with Urethane [13], then

ECG was done 2 hours after injection of
ISO.

After ECG recording, the chest was then
rapidly opened and blood sample about
(3ml) was collected from the right ventricle
before removal of the heart from chest.
Blood samples were incubated at 37°C until
clotting, and then centrifuged at 3000
revolution per minute (rpm) for 15 minutes,
for separation of serum and stored at -20° C
for biochemical analysis of blood glucose,
plasma insulin, HOMA-IR index and lipid
profile. A weight of 30 mg of frozen heart
tissue was grinded into liquid nitrogen at -
80°c until use. The heart was kept in
formaldehyde to be stained  with
Hematoxylin and Eosin.

Measurement of blood glucose:

By GOD-PAP enzymatic colorimetric
method [14].
Measurement of insulin:

By rat-specific enzyme immunoassay [15].
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Measurement of HOMA-IR index:

Insulin resistance was measured using the
homeostasis model assessment of insulin
resistance (HOMA IR index) [16].

Fasting blood glucose (mg/dl) X Fasting plasma insulin (uu/ml
HOMA- IR = 9 9 (mg/dl) g P (pu/ml)

Measurement of serum lipid profile:
- Cholesterol (TC) and triglycerides (TG):
This was carried out by "Enzymatic
colorimetric test",[17] Respectively. HDL-
cholesterol: This is carried out by "separation
of high-density lipoproteins (HDL) and
determination of cholesterol bound to these
fractions"[18].  LDL-cholesterol=  Total
Cholesterol-(HDL-cholesterol+ TG/5)
(mg/dl) [19].
Protein kinase B assay (AKT level) by real
time PCR
This assay employs the quantitative
sandwich enzyme immunoassay technique
[20].
Histopathological examination of the

myocardium

Transverse sections (2mm thickness) of the
left ventricle free wall at the papillary muscle
level were stained with hematoxylin and
eosin then cardiac sections were examined
for the presence of myocyte degenerative
changes and infarction like necrosis [21].
Normal architecture of myocardium with

intact cardiomyocytes shown in Figure 1.

Statistical analysis:

The collected data were summarized in
terms of mean + Standard Deviation (SD).
Comparisons between the different study
groups were carried out using the one-way
analysis of variance (ANOVA) followed by
post hoc tests using the LSD method using
the Statistical Package for Social Science
(SPSS) program, version 19(Chicago IL
USA, 2000). P-value < 0.05 was
considered statistically significant.

Results

Induction of DM by HF-STZ (high fructose
+ streptozotocin) resulted in significant
increase in blood glucose, insulin level and
HOMA IR index, total cholesterol, LDL,
triglycerides with significant decrease in
HDL levels. In singly treated groups there
was significant improvement in all
previously mentioned parameters. There
was insignificant difference between
metformin and glimepiride diabetic treated
regarding to FBG while metformin was
more effective in decreasing insulin level
and HOMA IR index than glimepiride and
Hydroxychloroquine respectively.
Combination  groups  showed  more
significant improvement of plasma insulin
level and HOMA IR index compared to
singly treated groups with normalization of

FBG level (tablel). Moreover,
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administration of metformin alone or in (table3), this was accompanied with
combination with  Hydroxychloroquine histopathological cardiac injury in the form

resulted in normalization of lipid profile. of  degeneration and  necrosis  of
infiltration  of
(figure 2).

Administration of the tested drugs singly

Also, Hydroxychloroquine + glimepiride cardiomyocytes  with

treated group showed normalization of inflammatory cells

lipid profile except for HDL level still

significantly lower than normal control resulted in significant improvement of HR,

group (table 2). ST-segment elevation and AKT level with

] ) ) improvement of histopathological
Induction of MI by isoprenaline on top of )
) S ] ) myocardial changes compared to non-treated
diabetes resulted in significant increase in _ ) o
) group (figure 3,4,5) while combination
HR, ST-segment elevation and AKT level ) _
groups were more effective (figure 6,7).

Table (1) Effect of treatment with hydroxychloroquine, Glimepiride, Metformin, (hydroxychloroquine +
glimepiride) and (hydroxychloroguine + metformin) on (FBG, FPI, HOMA-IR) on experimentally induced diabetes

in rats:
blood glucose Serum insulin HOMA IR
(mg/dl) (uIU/ml) Index
Normal control (GI) 83.33+3.51 31.94+4.69 6.58 +1.22
Non - treated diabetes infarcted 307.33 + 25.42° 120.37 + 4.27% 91.16 + 4.36°
group (G 1)
Hydroxychloroquine treated 243.00 + 13.75*° 109.68 + 2.36%° 65.75+ 2.52 @
group (GIII) *120.93% *|8.88% *127.87 %
Glimepiride treated group 130.33 + 11.02%¢ 101.90 + 8.472b¢ 32.64 +1.10%"¢
G IV) *157.59 % *15.34% *164.19 %
Metformin treated group 143.00 + 12.53%¢ 72.34+ 4,51 2Pcd 25.49 + 2.04 2Ped
G V) *53.47% %139.90 % *172.03 %
Hydroxychloroquine + glimepiride treated 79.67 + 4.51°¢4¢ 57.26 + 5.67%0cde 11.29 +1.602Pcde
group (G VI) *174.07% *152.43% *187.61 %
Hydroxychloroquine +metformin treated 88.00 + 3.61 "% 45.33+ 1.5 abedef 9.83+0.29 @bede
group (G VII) *171.36% *162.34% *189.21 %

Data were presented as mean + SD, (P< 0.05)
a: Significant versus control (G1).
b: Significant versus diseased group (G2).

c: Significant versus Hydroxychloroquine group (G3).
d: Significant versus Glimepiride group (G4).
e: Significant versus metformin group (G5).

f: Significant versus hydroxychloroquine + Glimepiride group (G6).

*: 9% change was calculated in relation to non-treated diabetes infarcted group (G 2).
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Table (2): Effect of treatment with hydroxychloroquine, Glimepiride, Metformin, (hydroxychloroquine + glimepiride) and
(hydroxychloroquine + metformin) on (total cholesterol, LDL, triglycerides and HDL) on experimentally induced diabetes in rats:

Total cholesterol  Triglycerides LDL-C HDL-C
mg/dl mg/dl mg/dl mg/dl
Normal control (GI) 116.00 + 4.58 119.67 + 11.59 37.40+ 6.32 54.67+ 2.52
Non - treated diabetes infarcted 238.00+ 19.08% 218.67 £ 19.01°2 156.30 +21.22 2 38.00+ 2.00?
group (G II)
Hydroxychloroquine treated 195.33 + 9.61%° 163.67+ 13.872° 119.30+ 14.10®*  43.33+3.21°°
group (G 111) *117.92% *125.15% *123.67% #114.02%
Glimepiride treated group 131.33+ 13.43°¢ 133.67 +14.57"°  57.30+8.60 *° 47.33 +2.08%P¢
G IV) *144.81% *138.87% *163.33% #124.55%
Metformin treated group 125.00 + 13.45°¢ 125.00+ 9.85"¢ 48.70+ 7.04°°¢ 51.33+ 1.53°¢
G V) *147.47% *142.83% *168.84% #135.07%
Hydroxychloroquine + glimepiride 120.33+ 10.60 ¢ 122.00 + 7.94°¢ 46.6 +5.56 "¢ 49.33+ 1,53%"¢
treated group (G VI) *149.44% *144.20% *170.18% *129.81%
Hydroxychloroquine +metformin treated 121.33+ 8.74 ¢ 112.33 +5.86°¢ 46.2 + 6.35"° 52.67 + 1.15 "¢0f
(G V1) *149.02% *148.63% *170.44% #138.60%

Data were presented as mean £ SD, (P< 0.05)

a: Significant versus control (G1).

b: Significant versus diseased group (G2).

c: Significant versus Hydroxychloroquine group (G3).

d: Significant versus Glimepiride group (G4).

e: Significant versus metformin group (G5).

f: Significant versus hydroxychloroquine + Glimepiride group (G6).

*: % change was calculated in relation to non-treated diabetes infarcted group (G 2).
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Table (3). Effect of treatment with hydroxychloroquine, Glimepiride, Metformin, (hydroxychloroquine +
glimepiride) and (hydroxychloroquine + metformin) on (heart rate, ST segment elevation & AKT) on

experimentally induced myocardial infarction in diabetic rats.

HR ST segment AKT
(b/m) Elevation (mv)
Normal control (GI) 302 £38.71 0 1.00+0.85
Non - treated diabetes infarcted 530 +99.00 2 2.7240.26 2 8.75+0.042
group (G 1)
Hydroxychloroquine treated 441 +67.76 P 1.46+0.27 *° 5.46+ 0.35%°
group (GII) *116.79% *1,46.32% *,37.6%
Glimepiride treated group 37145.90%*" 1.36+0.22 2P 3.82+0.123P¢
G1V) *1.30% *150% *1,56.34%
Metformin treated group 376 +89.72 *° 1.45+0.27 2P 2.91+0.192Pcd
(GV) *1,29.05% *1,46.69% *1.66.74%
Hydroxychloroquine + glimepiride 336 + 44,55 &P¢de 0.9140.10 bcde 1.95+ 0.46 2Pcde
treated group (G V1) *1.36.6% *1,66.54% *L77.71%
Hydroxychloroquine +metformin 331 + 38.44 2Pbcde 0.90+0.14 abcde 1.62+0.152Pcde
treated group (GVII) *1.37.54% *166.91% *181.48%

Data were presented as mean + SD, (P< 0.05)

a: Significant versus control (G1).

b: Significant versus diseased group (G2).

c: Significant versus Hydroxychloroquine group (G3).

d: Significant versus Glimepiride group (G4).

e: Significant versus metformin group (G5).

f: Significant versus hydroxychloroquine + Glimepiride group (G6).

*: % change was calculated in relation to non-treated diabetes infarcted group (G 2).
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Histopathological changes:

Fig. 1: photomicrograph of heart of G1 showing normal
architecture of myocardium with intact cardiomyocytes
(arrows). H&E, bar=50 pum.

" degeneration and necrosis of cardiomyocytes (arrows) with
| infiltration of inflammatory cells (arrow heads). H&E,
bar=50 pm.

Fig. 3: photomicrograph of heart of G3 showing areas of
vacuolar degeneration and necrosis of cardiomyocytes
(arrows) with edema (arrow heads) and loss of
myocardium architecture. H&E, bar=50 pum.
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Fig.4: photomicrograph of heart of G4 showing
small area of degeneration and necrosis of
myocardial cells (arrow) with congestion of
cardiac blood vessels (arrow heads). H&E,
bar=50 pm.

Fig. 5: photomicrograph of heart of G5 showing

moderate degeneration and necrosis of cardiomyocytes

(arrows) with congestion of blood vessels and

¥ infiltration of inflammatory cells (arrow heads). H&E,
bar=50 pum.

Fig.6: photomicrograph of heart of G6 showing mild
degree of degeneration of cardiomyocytes (arrows) with
mild congestion of blood vessels (arrow heads). H&E,
bar=50 pm.

Fig. 7: photomicrograph of heart of G7 showing intact
myocardial cells (arrows) with mild congestion of
some blood vessels and infiltration of inflammatory
cells (arrowheads). H&E, bar=50 pm.
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Discussion

The present study was designed to evaluate
the  effect of  hydroxychloroquine,
glimepiride, metformin and their
combinations on experimentally-induced
myocardial infarction in diabetic rats
regarding to their effect on blood glucose,
insulin, insulin resistance, lipid profile, and
histopathology of the heart .as well as heart
rate, ST segment elevation, protein kinase B

level (AKT).

In the current work T2DM was achieved
by administration of 20% fructose solution in
drinking water for 2 weeks. Then intra
peritoneal injection of a low dose STZ (40
mg/kg b.w.) [6,7].

Induction of diabetes in rats by fructose
and STZ resulted in significant increases in
blood glucose, insulin, insulin resistance, TC,
LDL, triglyceride and significant decrease in
HDL.

These finding were in agreement with
several studies [22,23] which reported that
HFSTZ-induced T2D was associated with
significant increases in blood glucose, urea,
creatinine, TC, LDL, triglyceride and
significant decrease in HDL.

Treatment with HCQ 160 mg/kg/day
orally, Glimepiride 0.5mg/kg/day orally,
Metformin 100mg/kg/day orally, HCQ +

glimepiride and HCQ + metformin in diabetic
rats for 4 weeks resulted in significant
improvement insulin resistance parameters
namely, fasting blood glucose, serum insulin,
HOMA-IR, TC, LDL, triglyceride and HDL
level compared to non-treated HF-STZ
induced type 2 diabetic group. Combined
drugs were superior to single drugs. In
supporting with our findings, another study,
[24] discussed the efficacy of combined HCQ
with glimepiride or with metformin versus
each drug alone, reported that HCQ as an
adjunct to glimepiride or metformin leads to
reducing fasting plasma glucose, insulin, uric
acid and increasing high-density lipoprotein
cholesterol.

Also, another researchers [25] reported
that compared to monotherapy, a
combination of HCQ  with oral
antihyperglycemic drugs (metformin and
sulfonylurea) significantly decreased blood
glucose level and improved lipid profile,
Improved insulin sensitivity and insulin
response.

Lipid profile is a strong determinant of
cardiovascular risk in T2DM. Current
guidelines recommend an accurate control of
hypercholesterolemia in order to reduce

macrovascular complications. The fact that



type 2 diabetic patients are more likely to be
dyslipidemic than the general population is
well known for decades. Lipid abnormalities
associated with T2DM refer to high serum
triglyceride levels, a high proportion of LDL
particles, higher triglyceride-enriched, VLDL
particles, and lower protective HDL levels,
together with glycation of apolipoproteins
and increased LDL oxidation, all of which
contribute to genesis of foam cell in
atherosclerosis.  Atherosclerosis was the
major cause of morbidity and mortality in

patients with T2DM [26].

Regarding to lipid profile, there was no
significant difference between metformin,
HCQ + glimepiride and HCQ + metformin
treated groups in cholesterol, TG and LDL
parameters of lipid profile. Moreover, there
was no significant difference between them
and the control group regarding to their effect
on cholesterol, TG and LDL. Also, their
effect on lipid profile was superior to the
effect of HCQ alone. Regarding HDL, there
was significant increase in treated groups.
There was no significant difference between
glimepiride and glimepiride + HCQ treated
groups. Moreover, there was no significant
difference between HCQ + metformin and the
control group regarding to their effect on
HDL. So, HCQ + metformin effect on HDL
was superior to the effect of other drugs.
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The effect of our drugs on lipid profile were
consistent that marked improvement and
significant reduction in lipid profile with
HCQ [27].

A previous study indicated that the effects of
efficacy of HCQ added to
T2DM with

glimepiride and metformin which resulted in

explained
inadequately  controlled
combination efficacy in lowering lipid profile
[28].

These data were in agreement with Pareek et
al. [29] who Considered that the multifaceted
effects of HCQ can improve the
cardiovascular risk profile in diabetes patients
with its favorable actions on blood glucose,
lipid profile (fall in TC and LDL-C) and anti-
thrombotic properties, making it an attractive
therapeutic choice for the treatment of T2DM
patients when compared to pioglitazone and
was safe and well tolerated.

Previous evidence indicated that

induction of myocardial infarction in
diabetic rats resulted in significant elevation
of PKB/AKT level as
PISBK/AKT pathway works as an upstream
GLUT4

surface in

“expression”
signaling route to stimulate
translocation to the cell
cardiomyocytes, thereby promoting glucose
uptake [30].
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Also, previous study indicated that [31] the
insulin shortage and insulin resistance and
T2DM lead to suppression of PI3K/AKT
signaling which consequently led to cardiac
dysfunction.  However, promoting the
activation of PI3BK/AKT can improve cardiac

function.

The results of AKT agreed with Infante et al.
[32] who mentioned that a rat model of
insulin resistance demonstrated that HCQ can
promote insulin-mediated glucose uptake and
glycogen synthase activity by activating
AKT.

Also, previous studies [33] founded that the
increased insulin/IGF-1 resulted in activation
of downstream AKT/mTOR cellular survival
pathway. These results suggest that HCQ
could be a novel and readily translational
pharmacotherapy for reducing cardiovascular
risk factors and protecting against myocardial
I/R injury in T2DM.

In addition, Hausenloy et al. [34] reported

that  glimepiride  produced  significant

reduction in AKT level expression.

The data of the present work revealed that,
with respect to the control group, induction of
acute myocardial infarction by isoprenaline
in diabetic rats resulted in significant

increases in heart rate, ST segment. These

data were in agreement with, several studies.
[35,36]

ECG monitoring of isoprenaline-injected rats
showed positive T wave and ST segment
elevation that reflect the isoprenaline-induced
myocardial ischemia and infarction. ECG
pattern alterations by isoprenaline were in
agreement with the previous studies. [35,36]
Histopathological examination of cardiac
tissue in the 1SO-injected group revealed
significant increase in histopathological
cardiac injury score when compared to the
control group, with evident dilatation in
coronary blood vessel with thrombus, area of
necrosis, sever hydropic degeneration and
inflammatory  cellular  infiltrate  with
interstitial edema. These data were in
agreement with previous studies which
reported that 1SO-induced MI contributed to
cause inflammatory cellular infiltrate with
interstitial edema led to degeneration of
cardiac myocytes and dilatation of blood
vessels with thrombus formation [37]. These
observations along with biochemical changes
in cardiac enzymes and cytokines confirm the
severity of myocardial injury.

Our research revealed that HCQ 160
mg/kg/day orally, Glimepiride 0.5mg/kg/day
orally, Metformin 100mg/kg/day orally, HCQ
+ glimepiride and HCQ + metformin in

diabetic rats for 4 weeks before induction of



MI restored the near normal ECG pattern

with  significant decrease in cardiac

histopathological ~ injury  score  when
compared to the MI group with improvement
of histopathological finding in the form of
mild hydropic degeneration without necrotic
changes or cellular infiltration. combined
groups produced more improvement in, ECG
changes and decreasing the infarct size.

These findings were in agreement with
several studies [38] which reported that
treatment by Three drugs and their
combinations before induction of Ml
significantly decrease the infarct size and ST
segment height. In supporting to our
findings, a previous study [39] reported that
in patients with T2DM and coronary artery
disease, treatment with HCQ resulted in a
significantly lower rate of progression of
coronary atherosclerosis compared with

conventional treatment.

Conclusion

Our study revealed that combined drugs
HCQ+ glimepiride or metformin produced
more improvement in blood glucose level,
insulin, HOMA-IR, AKT and there was no
significant difference between them and
glimepiride or metformin alone in
improving lipid profile but combined HCQ+

metformin was superior in increasing HDL
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level. So, hydroxychlorogquine produced
good glycemic control and improved
dyslipidemia so, it had a prophylactic effect
on the heart.
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