Med. J. Cairo Univ., Vol. 86, No. 7, December: 3685-3697, 2018

www.medicaljournalofcairouniversity.net

Serum Apelin Level in Normal and Gestational Diabetic Rats:
Effect of Treatment with Vitamin D

MAHA A. FATHY, M.D. and REHAM H. IBRAHIM, M.D.

The Department of Medical Physiology, Faculty of Medicine, Zagazig University, Egypt

Abstract

Background: Apelin peptide was identified in a wide
variety of tissues including adipose tissue and it was linked
to glucose homeostasis in obesity and diabetes. Apelin and
its receptors were also identified in the placenta, and play a
role in fluid and glucose transport. Vitamin D affects glucose
metabolism and its deficiency was linked to gestational
diabetes.

Aim of the Study: To estimate serum apelin level in normal
and gestational diabetic rats and to study the effect of Vitamin
D administration on serum apelin level in relation to some
metabolic parameters in gestational diabetes.

Material and Methods: Healthy adult female albino rats
were divided into the following groups, Group I (n=8): Virgin
control rats; Group II (n=16): Normal pregnant control group
(NP) subdivided into Group Ila (n=8) sacrificed on day 11
and Group IIb (n=8) sacrificed on day 19 of gestation; Group
III (n=22): Gestational Diabetic group (GDM), rats were
subdivided into Group IIla (n=11) sacrificed on day 11 and
Group IIIb (n=11) sacrificed on day 19; Group IV (n=11):
Gestational diabetic Vitamin D3 treated group (GDM + vit
D3), gestational diabetic rats received vitamin D3 (50IU/kg/
day) intra-peritoneal from day 10 till sacrificed on day 19.
The following parameters were measured in all groups: BMI,
blood glucose, serum insulin, lipid profile, C Reactive Protein
(CRP), Tumor Necrosis Factor a (TNFa) and HOMA-IR was
calculated.

Results: A significant increase in serum apelin level was
found on day 11, while a significant decrease was found on
day 19 of normal gestation relative to non-pregnant level. In
GDM groups, apelin level significantly decreased in Group
IIIa compared to Group Ila and in Group IIIb compared to
Group II b. Vitamin D3 induced a significant increase in apelin
level in Group IV compared to Group IIIb. Serum apelin level
correlated negatively with blood glucose, HOMA-IR, TC,
LDL and TNFa in Group III and IV.

Conclusion: Gestational diabetes induced significant
decrease in serum apelin level in pregnant rats compared to
normal pregnant gestational age matched control. Vitamin D3
supplementation in gestational diabetic rats induced significant
increase in apelin level in association with a decrease in
insulin resistance.
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Introduction

APELIN is a biologically active peptide that exerts
its action through binding to its specific G-protein
coupled receptor APJ. Apelin and its receptors are
expressed in a wide variety of tissue including
brain, heart, blood vessels, lung and adipose tissue
[1]. It was involved in regulation of cardiovascular
function, blood pressure and fluid homeostasis [2].
A metabolic role for apelin was also identified as
it was reported to increase glucose uptake [3],
improve insulin sensitivity [4] and modulate (3 cell
function [5] which led to a great concern to study
the possible link between apelin and different
metabolic disorders especially obesity and diabetes
but the results were variable. Some investigators
found an increase in apelin level in type 2 diabetic
subjects [6], while others reported a decrease in
apelin level in newly diagnosed and untreated type
2 diabetic patients [7].

Pregnancy is associated with several metabolic
changes to secure fetal nutritional needs throughout
pregnancy including hyperinsulinemia, insulin
resistance and altered lipid profile [8]. Apelin and
its receptors were found to be expressed in placental
tissue. It was suggested to play a role in angiogen-
esis during placental growth, glucose and fluid
transport across the placenta [9]. These data indi-
cates a possible role for apelin in pregnancy asso-
ciated disorders as preeclampsia, fetal growth
retardation and gestational diabetes [10]. Gestational
diabetes mellitus is glucose intolerance that is
manifested first during pregnancy and usually
diagnosed in the second or third trimester. Its
incidence shows progressive increase with adverse
maternal and fetal outcomes during and after de-
livery [11]. However, only few studies about apelin


http://www.medicaljournalofcairouniversity.net
mailto:y_maha_m@hotmail.com

3686 Serum Apelin Level in Normal & Gestational Diabetic Rats

level in gestational diabetes are available with
conflicting results. While one study reported an
elevation in apelin level in GDM [12], another study
reported no significant change [13] and even athird
one revealed adecrease in apelin level [14].

Vitamin D markedly increases during pregnancy
up to 2 foldsfrom 1 « to 3rd trimester relative to
non-pregnant levels. It plays severa skeletal and
extra-skeletal roles involving numerous effects on
glucose metabolism [11] . Several studies demon-
strated an association between gestational diabetes
and Vitamin D deficiency [11,15,16] . Some investi-
gators reported a favorable effect of Vitamin D on
insulin resistance and glucose tolerance in gesta-
tional diabetes [17] . Others reported absence of an
associ ation between Vitamin D deficiency and
gestation diabetes [18,19] with no effect of Vitamin
D treatment on insulin resistance in these patients
[20].

From the previously mentioned inconsistent
findings, the present study was designed to study
changes in serum apelin level in normal and ges-
tational diabetic rats and declare the possible effects
of Vitamin D3 administration on serum apelin level
in these rats and find out whether these effects are
linked to some metabolic and inflammatory param-
eters.

Material and Methods

Animals: From July 2017 to March 2018, the
present study was conducted on 68 adult female
albino rats (8-9 weeks, 150-170g) and 6 adult male
albino rats for fertilization (8-10 weeks, 150-200g)
were obtained from Animal House Faculty of Vet-
erinary Medicine, Zagazig University. The animals
were bred in animal house Zagazig University and
kept in steel wire cages measured 90cm X 40cm
X 30cm (6-8/cage). Therats had free access to
water and chow, kept at room temperature on a
natural light/dark cycle. The rats were accommo-
dated to laboratory conditions for 1 week then rats
were randomly divided into the following groups:

Group | (n=8): Virgin rats fed on Standard Diet
(SD) (60% starch, 5% corn oil and 20% casein
protein) [21] and sacrificed at the end of the exper-
iment.

Group Il (n=16): Normal pregnant group, rats
in this group were fed on Standard Diet (SD) for
8 weeks before induction of pregnancy and onward.
Ora Glucose Tolerance Test (OGTT) was done to
pregnant rats on day 10 of gestation as control [22].
It isfurther divided into 2 subgroups. Group lla
(n=8), ratsin this group were sacrificed on day 11;

Group I1b (n=8), ratsin this group were sacrificed
on day 19 of gestation.

Group Il (n= 30): Gestational Diabetic group
(GDM), rats in this group were fed on High Fat-
High Sucrose Diet (HFSD) (25% sucrose, 40%
beef tallow and 20% casein protein) [21] for 8
weeks [23], then OGTT was done and rats with
impaired glucose tolerance were considered pre-
diabetic and were enrolled into the study [22]. The
pre-diabetic female rats (n=25) were mated with
healthy male rats for induction of pregnancy which
failed in 3 rats. The pregnant rats (n=22) continued
on HFSD till the end of the experiment. The Amer-
ican Diabetes Association defined gestational dia-
betes mellitus as diabetes that is not clearly apparent
diabetes, diagnosed in the second or third trimester
of pregnancy [24], so OGTT was repeated on day
10 (mid gestation) to confirm GDM [22] . It is further
divided into 2 subgroups: Group Illa (n=11), rats
in this group were sacrificed on day 11; Group I11b
(n=11), ratsin this group were sacrificed on day
19 of gestation.

Group IV (n=14): GDM + vit D3 group, rats
in this group were assigned to the same protocol
used in Group 111, on day 10 of gestation [24] after
performing OGTT [22], rats diagnosed with gesta-
tional diabetes (n=11) received daily intra-
peritoneal injection of Vitamin D3 (Puritan Co.,
Cairo, Egypt) at a dose of 501U/kg/day [25] till
sacrificed on day 19 of gestation.

OGTT was repeated on day 18 in Group |1b,
I11b and 1V, one day before sacrificing the rats, a
curve was drawn and the Area Under the Curve
(AUC) was calculated to compare results.

Both SD and HFSD were obtained from De-
partment of Nutrition, Faculty of Veterinary Med-
icine, Zagazig University. The procedures used in
this experimental study are matched with the guid-
ing principles for the care and use of research
animals and were approved by the Institutional
Research Board, Faculty of Medicine, Zagazig
University.

Induction of pregnancy: Morning vaginal
smears were examined using light microscope at
40x magnification to identify a4 day estrous cycle:
Proestrous (round nucleated epithelial cells); estrous
(cornified or irregular shape of epithelial cells);
metaestrous (few round cells); and diestrous (most-
ly small and round cells) [26]. When proved in the
estrous phase, female was isolated and allowed to
mate overnight with a mature male in a separate
cage. In the next morning, vaginal smear was
examined and copul ation was confirmed by detec-
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tion of sperms which indicated day 1 of gestation
[27].

Oral Glucose Tolerance Test (OGTT): The non-
pregnant rats were fasted for 5hs at least [28] and
pregnant rats were fasted for 4hs only to avoid
hypoglycaemia during pregnancy [22] then 2g/kg
glucose was given orally by gavage and blood
glucose was measured at 0, 30, 60 and 120min
after glucose intake using one touch glucometer
through tail vein puncture [29]. A curve was drawn
by plotting glucose concentration (c) against time
(t). Rats were defined to have Gestational diabetes
when they have at |east one elevated value of blood
glucose with athreshold of: Fasting blood glucose
>100mg/dl and 2hs > 140mg/dl [13,24].

Then Area Under the Curve (AUC) was esti-
mated as follow: AUC = (C1+C2)/2 X (t2-t1).
(C1+C2)/2 represent the average concentration in
agiventimeinterval, while (12-t1) isthe duration
of time interval. The equation was repeated for
each timeinterval and the sum of all intervals
represents the total AUC [2g].

Body massindex: The weight and length (nose
to anus length) were measured and BM| was cal-
culated at the end of the experiment using the
equation: BMI (g/cm?) = Body weight (g) / Length?
(cm?) [30].

Blood sampling: Animals were anesthetized
using light ether then sacrificed by decapitation
and blood samples (5-8ml/rat) were obtained. Blood
was allowed to clot at room temperature then
centrifuged at 3000rpm for 15min and serum was
stored at —20°C till biochemical assay.

Biochemical assay: Serum apelin level was
estimated by using rat apelin ELISA kit; (Catalog
Number: 201-11-6020, Shanghai Sunred biological
technology, China). Serum glucose level: Glucose
enzymatic (GOD-PAP)-liquizyme Kits (Biotech-
nology, Egypt) was used as stated by Tietz, [31].
Serum insulin level: Rat insulin enzyme-linked
i mmunosorbent assay kit (Product Number:
RAB0904, Sigma-Aldrich Chemie GmbH, U.S.A)
was used according to Temple et al., [32] . Home-
ostasis model assessment of insulin resistance
(HOMA-IR) by using the formula; [HOMA-IR=
insulin ( jU/mal ) X glucose (mg/dL)/405] [33,34].
Serum Tumor Necrosis Factor- o (TNF-a) by rat
ELISA kits according to Engelberts et al ., [35]
(Elabscience Biotechnology, USA. Cat: EEL-
HO0109). C Reactive Proteins (CRP) levels accord-
ing to Ridker et a., [36] using CRP Kits (Monobind
Inc. Lake Forest, Ca 92630, USA). Serum total
cholesterol level by using rat cholesterol enzyme-
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linked immune-sorbent assay kit (Catalog Number:
2011-11-0198, Shanghai sunred biological technol-
ogy, China) [31] . Serum triglycerides level: Rat
triglycerides enzyme-linked immune-sorbent assay
kit: (Catalog Number: 2011-11-0250, Shanghai
sunred biological technology, China) was used
according to Naito, [37] . Serum High Density Li-
poprotein cholesterol level (HDL): Rat HDL -
cholesterol enzyme-linked immune-sorbent assay
kit (Catalog Number: 2011-11-0255, Shanghai
sunred biological technology, China) was used
according to Nauk et al., [38]. Serum Low Density
Lipoprotein cholesterol (LDL) level: LDL was
recorded using the following folmula: LDL=TC-
HDL-TG/5[39].

Satistical analysis:

Data were presented as mean + SD. Difference
between the means was assayed by using analysis
of variance (ANOVA) followed by post hoc test.
p-values less than 0.05 were considered significant.
The correlations between parameters were assayed
by Pearson's correlation coefficient. All statistical
analyses were performed using SPSS Version 18.0
program for Windows (SPSS Inc. Chicago, IL,
USA).

Results

A significant increase in BMI was found in
normal pregnant Groups (Ilaand 11b) compared to
non-pregnant group (Group ) (p<0.01, p<0.001
respectively). In GDM groups, significant increase
in BMI was found in Group Illacompared to Group
[1a (p<0.01) and in Group II1b compared to Group
I1b (p<0.01). In Vitamin D3 treated Group (1V),
no significant difference in BMI was found com-
pared to GDM Group (I11b) (p>0.05) (Table 1).

Fasting blood glucose level significantly de-
creased in normal pregnant groups (Group llaand
[1b) versus non-pregnant group (Group I) (p<0.001)
and it was significantly lower in Group I1b than
in Group lla (p<0.001). In GDM groups (Group
Illaand I11b), blood glucose level significantly
increased compared to normal pregnant groups
(Group llaand I1b respectively) (p<0.001). In
GDM + vit D3 group (Group V), significant de-
crease in blood glucose level was found compared
to GDM Group (l11b) (p<0.01) (Table 1).

Serum insulin level in normal pregnant Groups
(Ilaand I1b) reveaed significant increase compared
to non-pregnant group (p<0.01land p<0.001 respec-
tively). Serum insulin was significantly higher in
Group I1b versus Group lla (p<0.01). In GDM
Groups (I1laand 111b) serum insulin level showed
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significant increase compared to normal pregnant
Groups (Ilaand I1b respectively) (p<0.001). In
GDM + vit D3 Groups (1V), no significant differ-
ence in serum insulin levels was found versus
Group I11b (p>0.05) (Table 1).

No significant increase in HOMA-IR was found
in Group llacompared to Group | (p>0.05). In
Group I1b, significant increase in HOMA-IR was
found compared to Group | (p<0.05) and Group
Ila (p<0.05). Significant increase was found in
Group Illaand I11b versus Group Ilaand Group
I1b respectively (p<0.001). In Group IV, Vitamin
D3 induced significant decrease in HOMA-IR
compared to Group I11b (p<0.01) (Table 1).

In Group lla, lipid profile parameters including
TC, TG, LDL and HDL showed significant increase
compared to Group | (p<0.001, p<0.001, p<0.05
and p<0.001 respectively), and also in Group |1b
compared to Group | (p<0.001) and Group lla (p
<0.001, p<0.001, p<0.05 and p<0.001 respective-
ly). In GDM groups TC, TG and LDL significantly
increased in Group Il1a compared to Group lla
(p<0.001), no significant difference was found in
HDL levelsin this group compared to Group Ila
(p>0.05). In Group I11b, significant increase was
found in TC, TG and LDL compared to Group I1b
(p<0.001), while HDL levels significantly de-
creased compared to Group 11b (p<0.001). In Group
IV, serum level of TC and LDL showed significant
decrease (p<0.001, p<0.01 respectively) but on
significant change was found in TG and HDL level
(p>0.05) compared to Group I11b (Table 1).

Serum apelin level showed significant increase
in Group llaversus Group | (p<0.05), whilein
Group I1b, itslevel significantly decreased versus
Group | (p<0.05). In GDM groups, serum apelin

level significantly decreased in Group lllaversus
Group Ila(p<0.05) and in Group Il1b versus Group
I1b (p<0.001). In GDM + vit D3 Group (1V), sig-
nificant increase in apelin level was found versus
Group I11b (p<0.05) (Table 1).

In Group Ila, no significant differencein CRP
was found versus Group | (p>0.05). TNFa levels
showed significant increase in Group llaversus
Group | (p<0.01). In Group I1b, serum level of
CRP and TNFa significantly increased compared
to Group | (p<0.05 and p<0.001 respectively). In
Group Il1a, CRP and TNF a were significantly
higher compared to Group Ila (p<0.01 and p<0.001
respectively) and in Group I11b compared to Group
I1b (p<0.001 and p<0.001 respectively). In GDM
+ vit D3 Group (IV), no significant differencein
CRP (p>0.05) but asignificant decreasein TNF a
was found compared to Group I11b (p<0.01) (Table
1).

Serum apelin level correlated negatively with
blood glucose level in Group Illa (r=—0.692,
p<0.05), Group I11b (r=—0.703, p<0.05) and Group
IV (r=-0.754, p<0.05). It was also negatively
correlated with HOMA-IR in GDM groups [Group
Illa(r=-0.717, p<0.05) and Group I11b (r=-0.871,
p<0.01)] and in Group IV (r=—0.695, p<0.05).
Serum apelin level correlated negatively with TC
and LDL in Group Il1b (r=-0.845, p<0.01 and r=
—0.776, p<0.05 respectively) and Group IV (r=
—0.736, p<0.05 and r=—0.709, p<0.05 respectively)
Apelin levels correlated negatively with TNFa in
GDM groups [Group Il1a(r=0.691, p<0.05) and
Group I11b (r=-0.702, p<0.05)] and in Group IV
(r=-0.721, p<0.05). Apelin levels didn't correlate
with BMI, serum insulin or CRP in all groups
(Table 2).

Table (1): Serum level of measured biological parametersin all studied groups.

Groups
P Gl Glla Glib

Parameters

Gllla Glllb GIV

BMI (g/cm’) 052:t01 06740122  0.79+0.11%ab
Apelin(ng/ml)  4.62+063 529+042 @  3.97+052 ab
Glucose (mg/dl) ~ 100.8+6.3  85.8+45"a 74.6+9.86 ab
Insulin (gllml) 175366 25.7+4.8a 37.4+47 &b

0.84+0.18 @b 09604 abcd  087+0.09 ab
476x051*bc  29+074 abcd  345+051*abcde
143.9+116 @b'c 1735+153 abcd 1648+96 abcde
36.745.2 @b 51.6+3.7 @bcd  487+45 abcd

HOMA-IR 436+03  544+06 , 69+04 @b  1303:023"abC 221+17 abwed  198+105 abede
TC (mg/dl) 122.9+10.7 17051116 @ 218+131°ab 254467 abc 298.6+14.1*ab.cd 244+11 8*abce
TG (mg/dl) 120+9.5 184.2+114 @  284.4+86 ab 3326+124 abc 384+195 abcd  3762+156 abred
HDL (mg/dl) 337#21 45326 2 53.5+4.8 ab 44+ 31 ac 36.4+2.4 bcd 34.4+65 bcd
LDL (mg/d) 65.2+7.1 88.4£55 a 107.7+8.6,8b 1515+181*ab.c 1854+124 abcd 161.9+16.8 abce
CRP (mg/ml) 0.43+0.06  0.69+0.11 0.89+0.09 @  13+044 @b 184051 abed  17+036 abcd
TNFa (pg/ml) 13224163 178+89a 212+186 @b  302+18.6 abc  3834+122 abed 342+192*abede
*: Significant (p<0.05). b: Versus(l1a). d: Versus(ll1a).

a: Versus (1). c: Versus(l1b). e: Versus (l11b)
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Table (2): Correlation between apelin and measured biological parameters.

Groups GI G lla G IIb G Illa G b GIV
Parameters
BMI (g/cmz) 0.195 0.070 0.203 0.084 0.097 0.146
Glucose (mg/dL) 0.285 0.179 —0.106 —0.692* -0.703 * —0.754%*
Insulin ( gu/ml) 0.171 0.265 0.210 0.218 0.023 0.324
HOMA-IR -0.120 -0.070 -0.140 -0.717* —0.871** —0.695%
TC (mg/dl) 0.026 0.175 —0.049 —0.133 —0.845%** —0.736%*
TG (mg/dl) 0.187 0.076 0.119 0.064 0.058 0.172
HDL (mg/dI) 0042 0196  —0.088  0.156 0.057 0.140
LDL (mg/dl) 0.025 0.142 0.081 0135 —0.776*  —0.709*
CRP (Ug/dl) 0.071 0.157 0.148 0.098 —0.125 -0.216
TNFoc (pg/ml) 0.098 0.356 0.243 ~0.691*%  —0.702* 0721 *
*=p<0.05. **=p<0.001. *5k =p<0.001.

Estimated Area Under the Curve (AUC) of Oral Discussion

Glucose Tolerance Test (OGTT) revealed signifi-
cant increase in AUC in GDM Group (IlIb) com-
pared to normal pregnant Group (IIb) (»<0.001).
Vitamin D3 supplementation induced significant
decrease in AUC in Group IV compared to Group
IIIb (p<0.05) Figs. (1,2).
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Fig. (1): Oral Glucose Tolerance Test (OGTT) on day 18. NP
(Group IIb); GDM (Group I1Ib) and GDM + VD3

(Group 1V).
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Fig. (2): Estimated Area Under the Curve (AUC) of OGTT.
NP (Group IIb); GDM (Group I1Ib) and GDM + VD3
(Group IV).

**%: Significant versus NP group (p<0.001).
$ : Significant versus GDM group (p<0.05).

The results revealed a significant increase in
serum aplelin in mid gestation (day 11), while in
late pregnancy (day 19), serum apelin levels showed
a significant decrease relative to non-pregnant
levels. This pattern of change in serum apelin level
in pregnancy was previously reported by Mayeur
et al., [40] who found a gradual increase in rat
maternal apelin levels from day 7 to day 17 then
decrease at term. Also Hanssens et al., [29] found
an elevation in mice maternal apelinemia on day
6.5 and day 12.5, while a decrease was found on
day 18.5. Similar to our results, Van Mieghem et
al., [10] reported a 50% drop in rat plasma apelin
levels in late gestation but opposite to our results,
they found that, serum apelin levels at day 7 and
day 14 were within non-pregnant range. In human
pregnancy, the study of Kourtis et al., [41] showed
a reduction in serum apelin level in normal pregnant
females examined between the 24 th to the 28th
week of gestation.

The increase in serum apelin in mid-pregnancy
might be a result of the increase in serum insulin
as shown in our results. Pregnancy is normally
associated with a state of hyper-insulinemia [8]
and apelin expression and release was frequently
linked to insulin both in vivo and in vitro studies.
In mice, apelin expression in adipocytes was pos-
itively correlated with insulin plasma levels both
in fasting and after re-feeding [42,43]. Moreover,
expression of adipocyte apelin mRNA was de-
creased in streptozotocin induced insulin deficient
mice [42,44] , while insulin treatment in cultured
adipocytes increased apelin expression and secre-
tion [5]. However, in late pregnancy groups (day
19), apelin level decreased in spite of the greater
increase in insulin levels relative to mid pregnancy
values this might be attributed to insulin resistance
during pregnancy which increases as pregnancy
advances [8] as indicated in our results by the
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significant increase in HOMA-IR in |ate pregnancy
group relative to both mid pregnancy and non-
pregnant group. Moreover, pregnancy induce
changes in number and/or function of insulin re-
ceptors [45] which can cause achangeininsulin
effect on apelin secretion as it was reported that,
in arat ex-vivo study, at day 10 of gestation, the
sengitivity of muscle and adipose tissue to insulin
action markedly increase due to an elevationin
the amount, gene expression and phosphorylation
of insulin receptor relative to late gestation (days
15-20) [45] which might have arole in the increase
of apelinlevel in day 11 group and its decreasein
day 19 group. Also, absence of significant correla-
tion between apelin and insulin in our results which
was consistent with previous findings [41] indicates
that, factors other than insulin are more involved
in apelin regulation during pregnancy.

The increase in adipose tissue mass during
pregnancy [46] can also be a source of the increased
apelin in mid-gestation as apelin and its receptors
were reported to be produced and secreted by
mouse, human and rat adipose tissue [42,43,47] . In
late pregnancy, maternal adipose tissue mass de-
crease in spite of the overall weight gain [49,50]
which might contribute to the reduction of apelin
level in late gestation. It should be mentioned that,
our results revealed non-significant correlation
between apelin and BMI in all groups. Part of
pregnancy induced weight gain is attributable to
placenta, foetus, amniotic fluid and elevated blood
volume and the remaining weight gain is due to
accumulation of maternal Adipose Tissue (AT)
needed to support foetal growth and subsequent
nutritional demands of lactation [46) making it
difficult to determine the correlation between apelin
and BMI during pregnancy. Moreover, in most
researches, apelin did not correlate with BMI,
leading to the speculation that, obesity is not the
main determinant of increased apelin concentration
[1,13551] . In the same context, Telgjko et al., [13]
found that, apelin mMRNA expression was 10 fold
higher in the placenta than in visceral or subcuta-
neous adipose tissue of pregnant female indicating
greater role for the placentain apelin expression
during pregnancy than in adipose tissue. In fact,
placental apelin MRNA expression and release was
detected in human [13] and rat [40] placental tissues.
In the study of Hanssens et al., [29], significant
amounts of aplein were released from mouse pla-
cental tissue at day 12.5 and day 18.5 of gestation.
Mayeur and his team [40] studied the ex-vivo rat
placental aplein release in 24h and demonstrated
atwo fold increase in aplein secretion at day 17
relative to day 21 which matches with the changes
in serum apelin level found in our study.

Serum Apelin Level in Normal & Gestational Diabetic Rats

However, Van Mieghem et al., [10] found that,
aplein expression was detected in the placenta and
mesometrial tissue during pregnancy and it was
increased at term in mammary glands 200 times
the non-pregnant level. Moreover, they found no
significant change in the expression of apelin
MRNA in non-reproductive tissuesin late gestation
relative to non-pregnant values which indicates
that the drop in apelin level in late gestation is not
due to a decrease in apelin production and they
linked the decrease in apelin level in late gestation
to anincrease in placental clearance of apelin due
to significant increase in the expression of ACE2
MRNA in rat placental tissue in day 22 but not in
day 16 of gestation. ACEZ is the angiotensin-
converting enzyme-related carboxypeptidase-2
which is the main enzyme responsible for degra-
dation of apelin and these results were proved by
the increase in apelin levels after experimental
reduction of fetoplacental unit [10] . In addition,
Joyner et a., [52] found an increaseinrenal levels
of ACEZ2 in Sprague-Dawley rats from middle to
late stages of pregnancy in association with in-
creased renal blood flow in pregnancy which may
participate in increasing renal clearance of apelin
and so decrease its serum level in |ate gestation.

Apelin level in |late gestation was reported to
be six folds higher in foetal than in maternal serum
in mice [29]. This variation might be linked to a
difference in the site of insulin stimulated apelin
secretion. Insulin increased aplein release from
human placental tissue [14] as was previously
described in adipose tissue [42,43,47] . It isinteresting
that, distribution of insulin receptorsin the feto-
placental interface changes from early and mid to
late pregnancy being higher in the maternal side
(placenta) in early pregnancy, which affects mainly
maternal circulation, then shifted to the foetal side
in late gestation (endothelium), which affects main-
ly foetal circulation [53], this can help to explain
the increase in apelin level in maternal blood in
mid-gestation then its decrease in late gestation in
maternal circulation meanwhile it increasesin
foetal circulation which might be attributed to a
gpatiotemporal change in insulin stimulated apelin
secretion [53].

Finally, Apelin binds to the orphan receptors
APJwhich have closest identity to Angiotensin 11
receptor type 1 (AT1R). However, aplein has car-
diovascular and metabolic effects opposite to an-
giotensin 11 (Ang Il). Renin Angiotensin System
(RAS) was reported to inhibit apelin expression
as long-term treatment of cultured 3T3-L1 cells
with Ang Il induced down-regulation of Apelin
expressions. Blocking RASin 3T3-L1 adipocytes
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increased apelin expression and secretion [54] . In
normal pregnancy, up-regulation of different com-
ponents of RAS was detected including angi-
otensinogen, Ang 11, renin and adosterone. How-
ever, thereisadeclinein Ang Il sensitivity as
pregnant women are twice more resistant to the
effect of Ang Il due to increased progesterone and
prostacyclins levels [55] and to some extent due to
inactivation of AT 1 R during pregnancy [56] . Pla-
cental apelin release from human placental tissue
was reported to decrease by Ang 11 [14]. However,
theincreased Ang |1 in pregnancy is unable to
inhibit apelin expression and secretion owing to
Ang Il resistance.

We studied serum apelin level in gestational
diabetic rats. To obtain arat model of gestational
diabetes, numerous studies used streptozotocin to
induce B cell dysfunction. However, this technique
resultsin severe hyperglycemia, decreasein insulin
secretion and low fetal weight [21] in contrast to
the usual criteria of human gestational diabetes
which include mild to moderate hyperglycemia,
hyperinsulinemia and increased birth weight [24].
Others used arat model of high fat high sucrose
diet to induced obesity and obtain arat model of
gestational diabetes closer to human gestational
diabetes [22] and so, this model was chosen for our

study.

In gestational diabetic group, serum apelin
levels were significantly lower than normal preg-
nant levels both at day 11 and day 19. Only limited
studies about apelin level in gestational diabetes
are available with conflicting results. Similar to
our results, Hanssens [14] showed areduction in
maternal apelin level in obese pregnant women
with and without gestational diabetes relative to
their normal pregnant control. Ayden [57] also found
lower concentrations of apelin in the serum and
milk of gestational diabetic women. Moreover,
Akinci et al., [58] found a decrease in circulating
apelin in women with previous gestational diabetes
which was linked to an increase in cardiovascular
risk factors. In contrast, Aslan et al., [12] found an
increase in maternal apelin level in gestational
diabetic women, while Telgjko et al., [13] found no
significant difference in apelin level in gestational
diabetic women relative to normal controls either
inthethird trimester or at term. In Aslan et al's
study [12], apelin was measured in maternal serum
during labour, after delivery of the baby and before
delivery of the placenta. Such time of stress may
affect apelin level as apelin is highly expressed in
the hypothalamus, PVN and SON nuclei and was
reported to be involved in stress responses [1].
These findings are to be considered as a possible
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cause of the non-matching between their results
and ours. Whilein Telgiko et al., [13] study, apelin
level in gestational diabetic women in 3rd trimester
tends to be lower than normal pregnant control as
for our results but it was statistically insignificant.

Gestational diabetesisidentified as mild to
moderate hyperglycaemiathat is first diagnosed
during pregnancy and so it can reflect numerous
pathological changes similar to those involved in
early stages of type 2 diabetes [59] . Ren and his
team [60] found a significant decrease in apelin
level in newly diagnosed type 2 diabetic patients.
Similar results were also reported by Erdem et &,
[71 who found a decrease in apelin level in newly
diagnosed and untreated type 2 diabetic patients.
In contrast other investigators found an increase
in apelin level in type 2 diabetic patients either
with or without severe obesity [42,61,62] , however,
in most of these studies, patients were under treat-
ment and it was reported that, treatment with anti-
diabetic drugs for 14 days improved glycaemic
profile and induced an increasein apelin level [63].
Some authors explained this conflict by suggesting
that, the increase in apelin level in type 2 diabetes
was an attempt of the body to compensate for
insulin resistance found in these chronic cases
when the full picture of disease isfound on the
long term but not in early stages of the disease [64]
which isclinically closer to gestational diabetes.
In support with this hypothesis, previous studies
reported non-significant change in apelin level in
response to acute changes in glucose or insulin
level in human [64] or mouse [42] .

Thisreduction in apelin level in gestational
diabetes might be due to increased insulin resistance
as shown in our results by the significant increase
in HOMA-IR which correlated negatively with
apelin in gestational diabetic rats both at day 11
and day 19 groups relative to gestational age
matched normal pregnant rats which in turn can
decrease insulin stimulated apelin secretion. In
line with this, Chang et al., [65] and Choi et al.,
[66] found a significant decrease in serum apelin
level in patients with poly cystic ovary in whom
insulin resistance is a characteristic finding. In
fact, normal pregnancy is associated with an in-
crease in insulin secretion to compensate for the
increase in insulin resistance and this adaptive
response was attributed to hypertrophy of pancreatic
(3 cell with an increase in insulin secretion rates
(ISR) induced by placental hormones [8]. In gesta-
tional diabetic women, greater insulin resistance
was reported relative to normal pregnant women
but pancrestic (3 cellsfail to compensate for this
increase in insulin resistance especialy in late
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gestation [59] . Insulin secretion rates were found
lower in gestational diabetes relative to normal
pregnancy and also relative to severity of insulin
resistance [67] . After delivery, insulin secretion
rates were found normal in GDM but insulin re-
sistance remain higher than normal which indicated
alarge defect in B cell function that is manifested
during pregnancy and persists after delivery [67].

A decrease in placental release of apelinin
GDM might also be a contributing factor. In high
fat diet mouse placenta ex-vivo study, adrastic
decrease in apelin release was noticed at day 18.5
of gestation in spite of the significant increase in
apelin mRNA expression. The authors suggested
adefect in apelin post-trandlation or release [29].
In another human placenta ex-vivo study, areduc-
tion in apelin release was found in the placentae
of both obese and gestational diabetic women [14].

Apelin expression and secretion was induced
in human adipocytes by overexpression of PPARY
(peroxisome proliferator-activated receptor gamma)
coactivator-1 a (PGC1a) which is amain regulator
of energy homeostasis [68] . PPARy mRNA and
protein concentration were found lower in term
placentas of gestational diabetic women [69] which
may share in the reduced apelin level observed in
gestational diabetic rats.

Renin Angiotensin System (RAS) playsarole
in glycaemic control and the pathogenesis of insulin
resistance in gestational diabetes [70]. In newly
diagnosed diabetes with moderate hyperglycaemia
and no glycosuria as the case in gestational diabetes,
an increase in plasmarenin activity, local and
circulating RAS was reported [71,72] . Thisincrease
can induce areduction in apelin level aswas pre-
viously mentioned.

In Group 1V, Vitamin D3 induced a significant
decrease in blood glucose, HOMA-IR, TC, LDL
and TNFa . An association between Vitamin D
deficiency and GDM was reported by several stud-
ies [11,15,16] . However, the effect of Vitamin D
supplementation on metabolic state and insulin
sensitivity was conflicting. While some investiga-
tors reported significant decrease in insulin resist-
ance [17], others reported no effect [20] but the
studies showed marked variation in dosage, timing
and duration of treatment [11].

Vitamin D3 supplementation in Group 1V in-
duced significant increase in apelin level relative
to GDM group (Group I11b). Theincrease in apelin
level by the effect of Vitamin D3 was previously
referred to in the study of Teng et al., [73] who
found 91.6% increase in apelin MRNA after ad-

ministration of high dose of Vitamin D3 in rats.
Thisincrease might be attributed to an improvement
of insulin sensitivity as proved by the significant
decrease in HOMA-IR which in turn can increase
insulin stimulated apelin secretion. Vitamin D was
reported to counteract free fatty acids induced
insulin resistance [74], increase insulin receptor
expression and improves insulin mediated glucose
transport in vitro [75]. Also Vitamin D can increase
insulin synthesis from pancreatic B cells [756] and
a Vitamin D response element was found on insulin
gene [77].

In late gestation (day 19), asignificant increase
inTC, TG, LDL and significant decrease in HDL
was found in GDM group compared to normal
pregnant group. In Vitamin D3 treated group, a
significant decreasein TC and LDL was found
compared to gestational diabetic group. Moreover,
TC and LDL level correlated negatively with serum
apelin in gestational diabetic group and in vitamin
D3 treated group. Dydlipidaemiais anormal finding
in pregnancy to increase fatty acid utilization for
maternal energy production and increase the avail-
ability of glucose to the foetus. This dydlipidaemia
markedly increase in gestational diabetes and may
play aroleininsulin resistance [8]. Apelin inhibits
lipolysisin 3T3-L1 adipocytes and its deficiency
in apelin knockout mice resulted in an increasein
free fatty acids which was reversed by exogenous
apelininjection [78]. Apelin level was reported to
decrease in dydlipidaemia, while lowering LDL
cholesterol either by therapeutic life style or statin
treatment was accompanied by an increase in apelin
level in association with a decreasein HOMA-IR
[79] which is consistent with our results.

Moreover, in GDM group we found a significant
increase in TNFa relative to normal pregnant
levels. The elevated levels of TNFa play amajor
role in the defect of insulin signalling cascade
which accounts for the increase in insulin resistance
in GDM [g]. Treatment with Vitamin D3 in Group
IV induced significant decrease in TNF o levels
associated with a decrease in HOMA-IR and both
were negatively correlated with apelin levels and
the improved insulin sensitivity can then increase
apelin secretion. In line with thisfinding, Vitamin
D was previously found to cause significant reduc-
tionin TNFa in cultured human monocytes [80].

Theincreasein apelin in Vitamin D treated
group might also be caused by the suppressive
effect of Vitamin D on renin angiotensin (RAS)
system which was reported to decrease apelin
secretion [54] asit was found that treatment of mice
with Vitamin D3 caused reduction in renin expres-
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sion [81,82], whilein Vitamin D receptor null mice,

asignificant increase in renin and angiotensin |1

was reported [81] . Another explanation is the effect
of Vitamin D on peroxisome proliferator activator
receptor-y (PPAR y) [83] . Vitamin D directly in-
creases the transcription of PPAR y which was
reported to increase apelin secretion [68] .

Conclusion:

In normal pregnant rats, serum apelin level
increased in mid-gestation then decrease at term.
Gestational diabetes induced significant decrease
in serum apelin level in pregnant rats compared to
normal pregnant gestational age matched control
indicating that apelin level in pregnancy is atered
by glycaemic state. Whether the decrease in apelin
isacause or aresult of increased insulin resistance
in gestational diabetes, needs further investigation.
Vitamin D3 supplementation in gestational diabetic
rats induced significant improvement of insulin
sensitivity and this was associated with significant
increase in apelin level suggesting arole for apelin
in improvement of insulin sensitivity and highlight
apelin and Vitamin D3 as potential future therapies
for gestational diabetes.
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