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Abstract

Background: Insulin resistance cardiomyopathy refers
to functional and structural changes at the level of myocar-
dium; independent of hypertension, coronary artery disease,
or any other known cardiac diseases, leading to HF, with
LVH asthe main structural hall mark for it. Several factors
have been documented in its pathogenesis; in obese insulin
resistant FGF-23 a bone derived hormone can be involved
.Therole of vitamin D, has gained much attention over the
last years as a potential therapeutic agent for prevention of
insulin resistance and its protective role against ventricular
hypertrophy.

Aimof Study: Was to evaluate the potential effect of
vitamin D as a protective factor against the development of
LVH in experimentally induced insulin resistance in rats using
the level of FGF-23 as a predictor and cardiac tissue hydrox-
yproline as a biomarker for cardiac affection.

Material and Methods: This study was conducted on 60
male abino rats divided randomly into four equal groups as
follow group | (normal control group), group Il (vitamin D
treated control group), group Il (high sucrose subjected
group) and group 1V (vitamin D co-treated high sucrose
subjected group). In order to induce insulin resistance and
cardiomyopathy both third and fourth groups were allowed
to get free access to 35% sucrose as their drinking water for
16 weeks, during induction of insulin resistance cardiomyop-
athy by sucrose in the fourth group rats were co-treated by
giving vitamin D orally in a dose (10001 U/kg) dissolved in
Iml olive ail, given every other day by gavage for 12 weeks.
At the end of the experiment blood samples were collected
by cardiac puncture after ether anesthesia, chest and abdomen
were opened and the heart was extracted. All groups were
subjected to estimation of: Serum measurement of fasting
glucose level using colorimetric assay and fasting insulin
level by rat insulin ELISA kit to asses insulin resistance using
(HOMA-IR index). Also, serum FGF-23 by rat FGF-23 ELISA
kit aswell as left ventricular tissue hydroxyproline content
using colorimetric assay. Histopathological examination of
the left ventricle specimens was done.
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Results: There were statistically significant differences
between group |1l compared to other groups (1, 11, V),
regarding fasting serum glucose, serum insulin, HOMA-IR,
serum FGF-23 hydroxyproline content of the left ventricle.
These parameters were significantly increased in high sucrose
subjected group compared to other groups. Also, histopatho-
logical study confirmed the biochemical findings.

Conclusion: Vitamin D helped to ameliorate metabolic
derangement in IR and the associated left ventricular hyper-
trophy directly and through modifying FGF-23 levels.

Key Words. Insulin resistance — Cardiomyopathy — FGF-23
— Hydroxyproline.

Introduction

INSULIN resistance isaglobal health issue, in
which muscle, liver and white adipose cells can't
respond properly to insulin leading to impairment
of glucose uptake with endogenous hepatic glucose
production increment resulting in both fasting and
postprandial hyperglycemia [1,2].

Prevalence of insulin resistance has been rising
steadily over the last several decades, thisincrease
has occurred across every age, sex and race along
with the increased incidence of obesity [3]. Obesity
is considered to be the most important risk factor
for insulin resistance [4].

Insulin resistance associated with many health
problems, of which its hazards to the cardiovascular
system including stroke, coronary artery disease
and cardiomyopathy [5] .

Insulin-resistant cardiomyopathy is defined as
functional and structural changes at the level of
myocardium; independent of hypertension, coro-
nary artery disease, or any other known cardiac
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diseases, leading to heart failure (HF) [6] . Left
ventricular hypertrophy (LVH) is considered to be
acardinal feature for the diagnosis of hypertrophic
cardiomyopathy [7], the degree of this hypertrophy
can be evaluated by using left ventricular hydrox-
yproline content as an indicator [8§].

Fibroblast growth factor -23 (FGF-23) is one
of the endocrinal class of FGF family; it is produced
in bone osteocytes [9] . It was found to be associated
with markers of insulin resistance and left ventricu-
lar hypertrophy [10] . Leptin (a depot fat derived
hormone) induces the expression of FGF-23 [11].

Vitamin D, one of the fat soluble vitamins
which consist of agroup of fat-soluble molecules
with similarity to steroids, but with “broken” ring
[12] . Vitamin D statusis an excellent marker of
good health, including positive associations with
young age, normal body weight and a healthy
lifestyle [13].

Besideits role in maintaining Ca+2 PO™ home-
ostasis and bone health [14], it islikely to improve
insulin action and sensitivity by stimulating ex-
pression of the insulin receptors and nuclear per-
oxisome proliferative activated receptor (PPAR)
in peripheral tissues [15] . In pancreatic P cells, it
indirectly normalizes extracellular calcium thus
ensuring calcium influx through cell membranes
to increase insulin secretion and directly up regu-
lating insulin gene expression [16]. Vitamin D has
a cardioprotective role especially in response to
injury, asit has anti-hypertrophic effect. Also it
up regulates matrix metalloproteinase (MMP)
proteins through VDR allowing cardiomyocyte
remodeling in response to injury so promoting
heart cell structure and function [17].

Aim of the work:

The aim of the present study was to evaluate
the potential effect of vitamin D as a protective
factor against the development of LV H in experi-
mentally induced insulin resistance in rats using
the level of FGF-23 as a predictor and cardiac
tissue hydroxyproline as a biomarker for cardiac
affection.

Patients and M ethods

A- Material:
Animals:
Experimental design:
This study was conducted on 60 male albino

rats of approximately (120-150)g body weight,
which were obtained from experimental animal

colony of Tanta University. During the whole period
of the study (12 weeks), animals were housed in
wire mesh cages and kept under constant environ-
mental conditions (temperature 23 +2°C and 12/12
hours light/dark cycle).

Care of the animals as well as the experimental
procedures was performed in Medical Biochemistry
Department, Faculty of Medicine, Tanta University,
Egypt during 2018, in accordance to the guidance
of ethical committee of Medical Research (Approv-
al code 31811/10/17).

The animals were allowed free access to water
and standard rat chew, after being acclimatized for
one week; animals were divided randomly into
four equal groups each comprised 15 rats:

Group | (Control group): Rats in this group
were allowed to receive tap (plain) water for drink-
ing for 12 weeks.

Group |1 (vitamin D treated control group):
Ratsin this group were allowed to receive tap
(plain) water for drinking and received vitamin D
in adose (10001U/kg) dissolved in 1ml olive oil,
given every other day by oral gavage for 12 weeks.

Group 1 (high sucrose subjected group): Rats
in this group were allowed to receive free access
to 35% sucrose (3509 of sucrose dissolved in 1L
tap (plain) water in their drinking water for 12
weeks [18].

Group IV (vitamin D co-treated high sucrose
subjected group): Ratsin this group were alowed
to receive free access to 35% sucrose in their
drinking water in addition to vitamin D in adose
(10001U/kg) dissolved in Iml olive ail, given every
other day by oral gavage for 12 weeks [19].

* Ratsin all groups were served a standard rat
chow.

* The weight was assessed weekly. At the end of
the experiment (12 weeks), all rats were weighed
and blood was collected via cardiac puncture
under ether anesthesia, serum was collected in
capped epindorff and stored at 20° C for deter-
mination of the biochemical parameters, the
abdomen and thoracic cavity were opened and
the heart was extracted for histopathological
examination and preparation of tissue acid hy-
drolysate.

Chemicals:

Sucrose, vitamin D and most other chemicals
were purchased from Sigma-Aldrich Chemicals
(St. Louis, MO, USA). All chemicals were of high
analytic grade.
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B- Methods:

i- Induction of insulin resistance and cardiomy-
opathy: Insulin resistance and cardiomyopathy
were induced in both third and fourth groups
by alowing rats to get free access to 35%
sucrose in their drinking water for 12 weeks
[18].

ii- Treatment with vitamin D: During induction of
insulin resistance and cardiomyopathy by su-
crose in the fourth group, rats were co-treated
by giving vitamin D orally in adose (10001 U/
kg/day) dissolved in 1ml olive ail, given every
other day by gavage for 12 weeks [19] . The final
dosage of vitamin D was adjusted to each rat
group according to any changes in body weight
which were assessed weekly, to maintain similar
dosage per kg body weight of rats over the
entire period of study.

Sampling:
The blood was collected by cardiac puncture

after ether anesthesia from all animal groups after
overnight (10-12h) fasting.

Serum separation:

Blood samples were collected in non-coated
tubes and allowed to clot at room temperature for
30 minutes. Then samples were centrifuged at 3354
xg for 10 minutes. Sera were separated and trans-
ferred to polypropylene epindorphs and stored at
—20°C until analysis.

Tissue sampling:

The abdomen and thoracic cavity were opened,
the heart was removed and washed with ice cold
saline. The excess saline was blotted by pieces of
filter paper. The left ventricle was chilled on ice
and divided into pieces, one piece was kept in 10%
formalin solution and stained with hematoxylin
and eosin stain (H. & E. stain), then they were
examined by light microscope for histopathol ogical
study. While, the remaining pieces were stored at
—80°C till used for preparation of left ventricular
tissue acid hydrolysate.

All groups were subjected to the following:

A- Serum measurement of the following parame-
ters:

Fasting glucose level using enzymatic colori-
metric glucose oxidase method according to trinder,
1969 using acommercial kit supplied by BIOMED
diagnostic company, Germany [20].

» Fasting insulin level by rat insulin ELISA kit
using acommercially available kit (Catalogue
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number #: 201-11-0708) obtained from Sun Red
Biotechnology Co., Ltd, Shanghai, China [21,22].

* Insulin resistance was assessed using the home-
ostasis model assessment index for insulin resist-
ance (HOMA-IR) using Matthew's equation as
follow [23].

HOMA-IR =
Fasting instulin (mlu/L) x Fasting glucose (mg/dl)
405

* Fibroblast growth factor-23 by rat FGF-23 ELISA
KIT using acommercially available kit (Cata-
logue number #: 201-11-0171) obtained from
Sun Red Biotechnology Co., Shanghai, China
[24].

B- Left ventricular tissue hydroxyproline content:
Preparation of left ventricular acid hydrolysate:

It was necessary first to liberate the hydroxy-
proline by hydrolyzing the peptides via acid hy-
drolysis, freeze-dried heart samples were weighed,
then added 1 Omg tissue/Iml 6M HCI in thick walled
glass tubes and homogenized then heated for at
120°C in autoclave for 3h [25].

Determination of left ventricular tissue hydrox-
yproline:
Principle:

Oxidation of hydroxyproline to pyrrole followed
by coupling with p-dimethyl aminobenzaldhyde
to give ared color which was then measured by
colorimetry at 555nm wave length [26].

Assay procedure;

To each tube containing 1ml of hydrolyzed
samples and 1ml of the standards the following
were added:

- 1ml of 0.05 M copper sulphate and 1ml of 2.5 N
NaOH then mix gently.

- Water bath at 40°C for 5 minutes.

- Iml of 6% H202 was added and mixed tube by
tube well.

- Tubesleft in water bath for 10 min more with
mixing.

- Tubes cooled with tap water then 4ml of 3N
H2S04 and 2ml of the 5% p.Dimethylam- in-
obenzal dhyde were added then mixed well.

- The tubes were capped and kept in water bath at
70°C for 15min.

- Tubes cooled and measured against blank (con-
taining all reagentsin the test tube with no tissue
hydrolysate or standard) at wave length 555nm
immediately using colorimeter.
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C- Histopathological examination of the left ven-
tricle specimens to confirm the presence of
LVH:

Formalin-fixed heart tissues were processed,
five- gn-tlick paraffin sections were stained
with haematoxylin and eosin (H& E) and phot-
omicrographs were taken at 40x magnification
power.

Satistical analysis:

All results were expressed as means * SD.
Differences between groups were assessed by one-
way analysis of variance (ANOVA), followed by
apost hoc multiple comparison test. The association
between the parameters was determined using the
Pearson's correlation coefficient. A p-value <0.05
was considered statistically significant. Statistical
analysis was performed using the SPSS version

Histopathological report on different studied groups:

Fig. (A): Micrograph of (H. & E. 40x) stained section from
left ventricle. Group | (control group) with normal
heart architecture and thickness of the LV wall.

Fig. (C): Micrograph of (H. & E. 40x) stained section
from left ventricle. Group |11 (high sucrose
subjected group) with showed obvious his-
topathological changes in the form of; markedly
increased thickness of the LV wall with narrowed
lumen.

20.0 statistical software package (SPSS Inc., Chi-
cago, IL).

Results

Table (1) summarized the comparative statistics
of studied parameters between all groups. Using
the multiple comparison test (Tukey's test), there
was a statistically significant difference among the
studied groups. There was a statistically significant
increases of fasting serum glucose, fasting serum
insulin, HOMA-IR, FGF-23 and LV hydroxyproline
content in group 111 (high sucrose subjected group)
compared to other groups, vitamin D administration
resulted in decrease of fasting serum glucose,
fasting serum insulin, HOMA-IR, FGF-23 and LV
hydroxyproline content when compared to high
sucrose subjected group but was still showing a
significant increase in HOMA-IR when compared
to control groups.

Fig. (B): Micrograph of (H. & E. 40x) stained section from
left ventricle. Group Il (vitamin D treated control
group) with normal heart architecture and thickness
of theLV wall.

Fig. (D): Micrograph of (H. & E. 40x) stained section from left

ventricle. Group IV (vitamin D co-treated high sucrose
subjected group) showed minimal histopathol ogical
changesin the form of minimal increase in the thickness
of theLV wall.
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Table (1): Summarized the comparative statistics of studied parameters between all groups.

(Group 1) (Group I1) (Group I11) (Group V) ANOVA
(n=15) (n=15) (n=15) (n=15) Ftest p-vaue
Fasting blood Glucose (mg/dl) 91.62+7.96a  88.60+7.27a 162.99£17.54b 117.83+12.82c 120.418 0.001*
Hydroxyproline ( pg/mg tissue) 87.47+1151  92.33%11.27 182.07+41.64  108.87£11.39 54.431 0.001 *
Fibroblast growth factor-23 (pg/ml)  109.93+9.00a 124.60+37.69a 263.33+82.98b 142.73+38.642 29830  0.001*
Insulin (mIU/L) 0.84+0.16a 0.74+0.12a 10.11+1.20b 2.65x0.67¢c 755517 0.001*
HOMA-IR 0.19+0.05a 0.16+0.04a 4.07+0.97b 1.04+0.12¢ 213.026 0.001*

Table (2): Correlation matrix between FGF-23 and (fasting
serum glucose, HOMA-IR and LV hydroxyproline
content) among all goups members.

r p
Fasting serum glucose 0.864 0.001 *
HOMA-IR 0.887 0.001 *
LV hydroxyproline content 0.939 0.001 *
*Significant p-value (<0.05).
Discussion

Insulin resistance occurs as aresult of inter-
playing between a group of risk factors that may
be modifiable as overweight/obesity, hypovitami-
nosis D, inflammation and smoking or non-
modifiable as age, ethnicity, gender, family history
of T2DM, gestational diabetes and polycystic ovary
syndrome [27].

To find out the precise cause behind the etio-
pathogenesis of this disease and to evaluate the
potential drugs for treatment of insulin resistance
associated complications as cardiomyopathy; var-
ious animal models were used [29] .

In this study, insulin resistance has been induced
in rats by keeping them on high sucrose hydration
for 12 weeks.

These findings were supported by Kang et al.,
[29] and Saikrishnaet al., [30] who provided an
evidence that high-sucrose diet causes hepatic
steatosis and exacerbates obesity with its metabolic
complications, hyperglycemia, dydlipidemia, and
hyperinsulinemiain rats.

Insulin resistance is always claimed when in-
sulin fails to licit anormal physiological response
that is presented by hyperglycemiain face of normal
or even higher insulin levels [31], which is con-
firmed by monitoring elevated (HOMA-IR) value

(3]

In current study, rats kept on high sucrose
hydration (group I11) showed significant higher
levels of fasting serum glucose, fasting serum

insulin and (HOMA-IR) when compared to both
control group (1,11) and vitamin D co-treated high
sucrose subjected group (group 1V).

These finding come in agreement with Pinto et
al., [32] who stated that the exposure to high-sucrose
diet was capabl e to induce insulin resistance and
hyperinsulinemia. Furthermore, El-Hafidi et al.,
[33] showed that sucrose feeding decreases reduced
glutathione (GSH) concentration and causes a
consequent oxidative stress and insulin resistance
inrats.

Insulin resistance represents a serious risk factor
for the development of cardiovascular problems.
Also, severa studies have shown that insulin re-
sistance is an independent predictor of cardiomy-
opathy and other cardiovascular diseases [6].

The pathological hallmarksin LVH are myocyte
hypertrophy and disarray together with expansion
of the interstitial collagen compartment leading to
myocardial fibrosis these pathological changes
were proved to be an important markers and deter-
minant in the pathogenesis of hypertrophic cardi-
omyopathy [34].

Hydroxyproline represents an imino acid in the
triple helix of collagen occupying Y position pre-
dominately [35] . Its concentration was validated
by Ninh et a., [36] and others [26] to be used as an
indicator for collagen content and thus used for
determination of the degree of LV hypertrophy.

In the current study the level of hydroxyproline
in LV acid hydrolysate was significantly higher in
rats kept on high sucrose hydration (group 111)
when compared to both control groups (group |,
I1) and vitamin D co-treated high sucrose subjected

group (group 1V).

These findings coped with the results obtained
by Panchal et al., [37] which revealed that high-
carbohydrate high-fat diet-induced MetS and car-
diovascular remodeling in rats which explained by
cardiac steatosis and pro-inflammatory transcription
factor NF-kB contributing to over expression of
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collagen. Likewise Okatan et al., [38], highlighted
the link between high carbohydrate intake, IR,
MetS and cardiac hypertrophy, in part dueto in-
creased systemic oxidative stress with lipid depo-
sition in the heart tissue.

In this study, there was a positive correlation
between HOMA-IR levels and LV hydroxyproline
in al groups which is considered as evidence to
the role of high sucrose induced insulin resistance
in the development of LVH inrats.

Many factors have been implicated in the patho-
genesis of insulin resistance LVH [39] . But in this
study, we put a spot on the role of FGF-23, abone
derived phosphaturic hormone that may be over
secreted in cases of insulin resistance, even with
normal kidney function [40] . It recently also has
been emerged as important predictor for cardiovas-
cular outcome both in terms of morbidity and
mortality [41].

In the current study, rats kept on high sucrose
hydration (group I11) showed significant higher
serum FGF-23 levels when compared to both con-
trol group (group 1,I1) and vitamin D co-treated
high sucrose subjected group (group 1V) with a
positive significant correlation between serum
FGF-23 and HOMA-IR levels.

The above mentioned findings were documented
by Heet a., [42] who revealed that serum FGF-23
levels were positively correlated with HOMA-IR,
and obesity due to the stimulatory effects of adi-
pokines on FGF-23 expression in bone. In addition,
Hanks et a., [43] found that FGF-23 was signifi-
cantly associated with higher inflammatory biomar-
kers, insulin resistance and LV H with greater risk
of cardiovascular morbidity and mortality in both
chronic renal disease patient and general population.

This may be explained by excess release of
leptin which is an adipocyte-derived hormone,
leptin was proved to markedly increase expression
of bone FGF-23 [11].

Also, serum FGF-23 showed a positive signif-
icant correlation between it and LV hydroxyproline
content.

In agreement Faul C. [44] who studied cardiac
actions of FGF 23, most likely, the cardiac scenario
depends on the nature of the mechanistic studies
showing that FGF-23 can activate FGFR4 in the
heart, FGF-23 appears to be amajor driver of LVH.

Di Marco et al., [45] found that elevated levels
of FGF-23 may exert a Klotho-independent effect
on the heart, liver, and cells of the immune system.

These maladaptive effects may thereby contribute
to cardiovascular disease, kidney disease progres-
sion and mortality.

On contrary to the results of the present study,
Sit et ., [46] did not find any statistically significant
relationship between IR and FGF-23 levelsin MetS
in his study that may be explained by insufficient
number of study samples.

Elevated FGF-23 activates FGFR4 in the myo-
cardium, making FGF-23 to be considered as a
major driver of LVH, FGF-23 activates the PLCy/
calcineurin/NFAT signaling axis in myocytes, pro-
moting cardiac hypertrophy, whereas o -klotho-
expressing cells respond to FGF-23 by activating
the RassMAPK cascade so it was found that the
presence of o -klotho is not a prerequisite for FGF-
23 responsiveness, indicates that the heart might
be capable of directly responding to circulating
FGF-23 [47].

In addition, FGF-23 acts to counter-regul ate
the effects of vitamin D on cardiovascular system
which suggests playing an important role in CV
related signaling pathways as elevated FGF-23
inhibits 1-a hydroxylase that transforms 25-hydr-
oxyvitamin D3 to active 1,25-dihydroxyvitamin
D3, thereby acting as counter-regulatory hormone
for vitamin D [4g].

The aim of the present study was to evaluate
the potential effect of vitamin D as a protective
factor against the development of LVH in experi-
mentally induced insulin resistance in rats using
the levels of FGF-23 as a predictor and cardiac
tissue hydroxyproline as a biomarker for cardiac
affection.

The present study depicted that concomitant
administration of vitamin D resulted in statistically
significant decrease in the level of different bio-
chemical parametersin group IV compared to
group 11, although it was still statistically higher
than that of the control.

In accordance, Clemente-Postigo et al., [49]
showed that low vitamin D levels are associated
with obesity, IR and diabetes as vitamin D influ-
ences pancreatic -cell function directly by binding
to VDR. Also, Swami et al., [50] studies revealed
that the beneficial effects of vitamin D are partic-
ularly effective in improving insulin resistance.

Vitamin D plays aphysiological rolein -cells
thisis supported by the high expression of VDR
[51] . In peripheral tissues, it islikely to improve
insulin action directly by stimulating expression
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of the insulin receptors. In addition, it playsarole
in insulin sensitivity by up regulating, nuclear
Peroxisome proliferative activated receptor [52].
In B-cells, it increases insulin secretion directly
via stimulating the expression of the insulin gene,
indirectly normalizes extracellular calcium thus
ensuring calcium influx through cell membranes
promoting insulin exocytosis [53].

Systemic inflammatory mediators affecting f3-
cells are also tackled by direct effect of vitamin D
on cytokines. The mechanismsinvolved seem to
be related to the inhibition of NF- KB pathway by
VDRs [54].

A seasonal variation of glycemic control has
been observed in healthy and type 2 diabetic indi-
vidual s with worsening during winter and spring,
indicating at least a partial role for vitamin D
signaling in glucose homeostasis and T2DM [55].

Intriguingly, the present study proved that the
concomitant administration of vitamin D results
in statistically significant decrease in the level of
LV hydroxyproline and serum FGF-23 confirmed
by improvement of histopathological examination
of theLV.

Leifheit-Nestler et al., [56] revealed the cardio-
protective effects of calcitriol stem from itsinhib-
itory actions on the cardiac FGF-23/FGFR4 system,
and based on their counter balancing effects on
cardiac myocytes. High FGF-23 and low calcitriol
synergistically contribute to cardiac hypertrophy.
Also, Al-Rasheed et al., [57] concluded that the
administration of cholecalciferol markedly attenu-
ated the development of cardiac hypertrophy likely
through downregulation of TNF- o /NF-kB/p65
signaling pathways.

Vit D may play an important role in improving
IR and LVH. The cardio-protective role of vitamin
D may be explained by up regulating matrix met-
aloproteinase (MMP) proteinsin VDR, which
contribute to cardiomyocyte remodeling in response
to injury, also, it has anti-hypertrophic effect
through down-regulation of hyperotrophy genes,
thus indicating the role of vitamin D in maintaining
heart cell structure and function, also through
improvement of insulin sensitivity and secretion
[17.

On contrast, Santos et al., [58] said that normal
rats supplemented with vitamin D showed concen-
tric cardiac hypertrophy, this controversy may be
explained by using high toxic doses of the vitamin
in his study.
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Conclusion:

From this study we can conclude that vitamin
D supplementation to high sucrose diet fed animals
helped to ameliorate left ventricular hypertrophy,
thisis partialy through reducing the levels of FGF-
23 and through improving the metabolic derange-
ment of insulin resistance, as well asits direct
antihypertrophic, cardioprotective effect.
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