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Keywords Method:40 female Sprague Dawley rats were subdivided into four groups; G I (NC):
- -CARNITINE normal pregnant rats, G II (DI): in which rats received single i.p injection of 40 mg/kg
- Uterine contractility 4, ¢ ST7 at day 1 of pregnancy, G III (DI+CAR): in which rats received STZ as above,
- Diabetes

and then at day 3 of pregnancy, diabetic pregnant rats received daily i.p L- carnitine
injection at a dose of 100 mg/kg b.wt till end of pregnancy, and G IV (DI+INS): in
which rats received STZ as above, and then at day 3 of pregnancy, diabetic pregnant rats
received daily i.p insulin injection at a dose of 1 IU/100 g b.wt (till end of pregnancy.
Plasma glucose and insulin level, uterine contractility, pathological changes were
assessed at the end of the experiment and scarifying of rats.

Results: STZ induced DM caused significant increase in plasma glucose level, decreased
plasma insulin level, impaired uterine contractility, pathological changes in diabetic
group compared to normal control group. L-Carnitine caused significant improvement in
the studied parameters.

Conclusion: L-Carnitine has beneficial effect against GDM in rats.
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Introduction

Gestational diabetes (GDM) is defined as any
abnormal carbohydrate intolerance resulting in
hyperglycemia of variable severity with onset or
first recognition during pregnancy (1). GDM
accounts for approximately 90% of all diabetes-
complicated pregnancies and has a range of
detrimental effects on pregnancy outcome,
including effects on delivery as well as during the
neonatal period (2).

There is controversy about the effect of diabetes
on uterine contractility during pregnancy as many
studies have revealed that diabetes is associated
with failure of labor induction and prolonged labor
(3), also, Postpartum hemorrhage due to poor
myometrial contractility is reported to be more
common in diabetic women (4). However, some
studies revealed that hyperglycemia during
pregnancy increase the risk of premature delivery
(%)

L-Carnitine is a natural vitamin-like compound, is
a ubiquitous constituent of mammalian plasma and
tissues, mainly distributed among skeletal and
cardiac muscles. L- Carnitine is supplied to the
body through dietary sources (e.g., meat, dairy
products), and by biosynthesis from lysine and
methionine. L- Carnitine functions to transport
long chain fatty acids across the inner
mitochondrial membrane into the matrix for p-
oxidation and has effects on oxidative metabolism
of glucose in tissues (6).

Since there is controversy about the effect of
diabetes on uterine contractility during pregnancy,
we will investigate this effect. We hypothesize that
diabetes may impair uterine contractility through

many mechanisms involving oxidative stress,

apoptosis and causing change in connexin 43
expressions.

Aim of work

To study the changes induced by STZ- induced
diabetes on uterine contractility in pregnant rat and
the possible protective role of L-carnitine.
Material and methods:

Experimental animals

32 adult female Sprague Dawley rats weighting
200-250 grams were enrolled in this study.
Animals were bred and housed in the animal house
of the Medical Experimental Research center
(MERC), Mansoura University, at controlled
environmental conditions (temperature of 24°C
and 12 hrs light/dark cycles) fed a standard
laboratory chow and had a free access to tap water.
All experimental protocols were approved by our
local committee of animal care and ethics.
Experimental design

Rats were divided into four groups; G I (NC):
normal pregnant rats, G II (DI): in which rats
received single i.p injection of 40 mg/kg b.wt STZ
at day 1 of pregnancy(7), G III (DI+CAR): in
which rats received STZ as above, and then at day
3 of pregnancy, diabetic pregnant rats received
daily i.p L- carnitine injection at a dose of 100
mg/kg b.wt (8) till end of pregnancy, and G IV
(DI+INS): in which rats received STZ as above,
and then at day 3 of pregnancy, diabetic pregnant
rats received daily i.p insulin injection at a dose of
1 IU/100 g b.wt (9) till end of pregnancy,
Induction of pregnancy

Vaginal smears, taken daily from the female rats,
were examined by using light microscope to
ensure that they were in in regular estrous cycle.
The female proved to be in estrus phase was paired

with a mature male rat in a separate cage for 24
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hours. In the next morning, a vaginal smear was
taken and copulation was confirmed by the
presence of copulation plug or spermatozoa in the
vagina. The presence of sperms or vaginal plug
was designated gestational day 0 (GO) (10).
Induction of diabetes

Rats received single i.p injection of 40 mg/kg b.wt
STZ at day 1 of pregnancy (7). STZ was dissolved
in 0.1 mol/ L citrate buffer solutions (11). Rats
were allowed to drink 10% glucose solution for
24-hours following STZ injection to avoid STZ
induced initial hypoglycemia (12). 48-hours after
STZ-injection, the blood glucose level were
estimated via rat tail vein blood samples using the
One Touch Blood Glucose Monitoring System.
Rats with blood glucose levels >300 mg/dl were
included in the study (13).

Collection of blood and tissue samples

a. Collection of blood samples:

At the end of the experiment (at the day 20 of
pregnancy), animals were anethesitized with i.p
injection of thiopental in a dose of 120 mg, kg
(14). After anaesethia, blood was collected from
the heart by cardiac puncture in EDTA-containing
tube and the blood was centrifuged for 15 min at
3000 rpm then the plasma was aspirated and kept
frozen at-20 °C until used for analysis of plasma
glucose and insulin level.

b. Collection of uterine tissues

After collection of blood samples the abdomen
was opened, the uterine horns were dissected,
transferred immediately to a dish containing the
physiological salt (De Jalone solution) (PSS)
solution, cleaned of the connective fat, placenta,
fetus, and fetal membrane, and then the
endometrium was scrubbed and rinsed sloughly

with cold saline solution.

Afterwards, the two horns were divided and one
horn was taken for detection of pathological
changes, while the other horn was used for
recording uterine contractility.

Recording of uterine contractility:

Uterine contractility was recorded on a Lap-top
using the PowerLab data acquisition system (Lab
Chart 7, AD Instruments, Medical physiology
department, Mansoura University).A full-thickness
longitudinal myometrial strip (10 mm long and 2
mm wide) was rapidly obtained from the anti-
mesenteric edge of the uterine horn and Muscle
strips were placed vertically in the organ bath and
tied at the bottom end to a fixed metal hook and at
the top end to an isometric transducer using a silk
thread. The isometric transducer was connected to
a bridge amplifier and to the PowerLab data
acquisition system with chart 7 software (AD
Instrument, power lab 4/30, Australia). The organ
bath contained physiological salt (De Jalone)
solution (PSS) with the following composition
(g/L): NaCl 9.00, KCI 0.42, CaCl2 0.06, NaHCO3
0.50 and glucose 0.50, PH 7.4 (15), warmed at 37
° C and bubbled with 95% O, and 5 % CO;
throughout the experimental period.

Each uterine strip was allowed to equilibrate under
optimum resting force of 1 g for 60 minutes to
accommodate the new medium until spontaneous
rhythmic contractions (basal contractility) were
recorded.

After  equilibration,  spontaneous  uterine
contractions were recorded and the base line tone,
amplitude and frequency of contractions were
recorded. Tone was measured as the deviation
from base line, amplitude was measured as the
maximal peaks of contractions over the period

time, then the mean and standard deviation were
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calculated, and frequency of contractions were
measured as number of contraction/relaxation
cycles in the control period time.

After recording basal contractions oxytocin
induced uterine contractility was recorded by its in
vitro addition of oxytocin (107°) (16) to the organ
bath  solution. oxytocin induced uterine
contractions were assessed by changes in the
resting tone, amplitude of rhythmic contractions,

and frequency of rhythmic contraction.

Biochemical analysis

a) Estimation of plasma glucose

Glucose was determined by the method described

by (17) using commercial kit (Human).

b) Estimation of plasma insulin

Plasma insulin level was determined using rat

insulin ELISA kit (18) purchased from Sun Red

biological technology company.

Histopathological study

The uterine tissues collected from all experimental

groups, were washed with saline immediately, and

then fixed in solution of 10% buffered neutral

formalin. After fixation, the uterine tissue was

processed by embedding in paraffin, sectioned,
and stained with hematoxylin and eosin (H&E).

Statistical analysis

Statistical analysis of the data was done by using

statistical package for social science (SPSS)

version 15.0. The data were expressed as Mean+

SD. Comparison for parametric data were carried

out by analysis of variance (ANOVA) followed by

Tukeys post hoc analysis for intergroup multiple

comparisons. All graphic representation of the data

were performed with microsoft® Excel® for

windows® (Microsoft Inc., USA).

Results

Biochemical analysis

a. Plasma glucose level

Table (1) demonstrates the changes in fasting
plasma glucose level. Plasma glucose level was
significantly increased in (DI) when compared to
(NC).Plasma glucose level was significantly
decreased (DI+CAR) when compared to (DI).
Also, significantly decreased in (DI+INS) when
compared to (DI) and (DI+CAR).

b. Plasma insulin level

Table (1) demonstrates the changes in fasting
plasma insulin level. Plasma insulin level was
significantly decreased in DI group when
compared to NC group. Plasma insulin level
showed significant decreased in DI+CAR group
when compared to NC group, while showed non-
significant change when compared to DI group.
Also, there was significant increase in plasma
insulin level in DI+INS group (GIV) when
compared to DI and DI+CAR groups.

Uterine contractility changes

a. Spontaneous uterine contractility:

Table (2) and figure (1) showed significant
decrease in amplitude and frequency of
spontaneous uterine contractility in DI group when
compared to NC group. Basal amplitude and
frequency was significantly increased in DI+CAR
group to DI group. Also, there was significant
increase in basal amplitude and frequency in
DI+INS group when compared to DI and DI+CAR
groups.

Oxytocin induced uterine contractility:

There was an increase in the frequency and tone of
uterine contractility after adding oxytocin to the
solution in all studied groups as presented in table

(2) and figure (1).The percentage increase in the
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frequency in comparison with the basal frequency

of spontaneous uterine contractility = was
(92.5£2.78%), (54.38+3.62%), (70.13+6.73%),
and by (80.25+0.463%) in DI (GII), DI+CAR
(GIII), and DI+INS (GIV) groups respectively.

Tone increased by (0.821+0.056) in comparison
with the basal tone of spontancous uterine
contractility in NC group. In DI group, tone
increased by (0.267+0.01) and significantly
increased in DI+CAR group when compared to DI
group. Also, there was significant increase in tone
in DI+INS group when compared to DI DI+CAR

groups.

Histopathological study

Figure (2,a) represents NC group, where uterus
displays normal endometrium with normal
endometrial glands, normal stroma and normal
lining columnar epithelium. DI group (figure2, b)
showed uterine endometrium with atrophied
glands and inflammatory exudate in the supporting
stroma. DI+CAR group (figure2, c) showed
uterine endometrium with slightly atrophied glands
and edema in the supporting stroma, while DI+INS
group (GIV) (figure2, d) showed normal uterine
endometrium with normal endometrial glands and

edema in the supporting stroma.

Table (1): Plasma glucose and insulin level in different studied groups.

NC DI DI+ CAR DI+ INS DI+Com
Group
G:1 G:1I G:11I G:1v G:V
Glucose
76.25+1.67 | 341.25+8.3* 296.88+9.6%# | 80.75+1.16#¥ | 78.31+0.89#¥
(mgdl)
Insulin
13.89+0.51 | 2.75£0.28%* 2.81+0.33%* 433 £ 0.21*%#¥ | 4.98 £ 0.96%#¥
plU/L
Table (2): Changes in different parameters of uterine contractility
Control DI DI+ CAR DI+ INS DI+Com
Group
G:1 G:11 G:11I G:1v G:V
Basal 1.75+ 0.498+ 0.601+ 0.828+ 1.063+0.051
amplitude(gm) 0.0399 0.001* 0.001*# 0.013*#¥ ¥
Basal frequency 17.99+ 7.25+ 8.125+ 10.25+ 17.35+0.535
0.534 0.463* 0.354%# 0.464*#¥ HET
% change in 92.5+£2.78 | 54.38+£3.62* | 70.13+£6.73 | 80.25+0.463 88
frequency *H *HY HET
Average tone | 0.821+£0.056 | 0.267+0.01* | 0.367+0.01 | 0.521+0.01 0.659+0.03
*# *HY Y

All results are expressed as mean =+ SD,
(significance at p< 0.05), NC(GI) = normal
control, DI (GI)= untreated diabetic group,
DI+CAR (Glll)=diabetic group treated with 1-

carnitine, DI+INS (GIV)=diabetic group treated
with insulin, DI+ Com (GV)= diabetic group
treated with both - carnitine and insulin,
*=gignificant vs. GI, #= significant vs. GII, ¥ =
significant vs. GIII, T = significant vs. GIV.
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Figure (1): uterine contractility in different studied groups (GI): normal control group, (GII) untreated diabetic group,
(GIII): diabetic group treated with L-carnitine, (GIV): diabetic group treated with insulin.
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Figure (2): pathological changes by HX&E. a: (NC group) uterus displays normal endometrium with normal endometrial
glands (arrow), normal stroma and normal lining columnar epithelium (NC group), b: (DI group) uterus displays
endometrium with atrophied glands (arrow) and inflammatory exudate in the supporting stroma, c: (DI+ L- carnitine
group) uterus displays endometrium with slightly atrophied glands (arrow) and edema in the supporting stroma, d:
(DI+INS group) uterus displays normal endometrium with normal endometrial glands (arrow), and edema in the

supporting stroma.

Discussion

In the present study, a documented model of
diabetic pregnant rat was used to study the effect
of insulin and L-Carnitine on different parameters
known to be disturbed in that model. In this study
GDM was induced by a single intraperitoneal
injection of STZ. It is an agent which destroys the
insulin producing pancreatic B— cells, it acts
through breaking DNA strand in pancreatic islets
and stimulation of nuclear poly (ADP ribose)
synthetase and as a result it leads to depletion of
the intracellular NAD and NADP levels. NAD
depletion by STZ leads to inhibition of pro—insulin
synthesis and as a sequence diabetes is induced
(19).

Plasma glucose level was significantly increased in
untreated diabetic group. This result is in
agreement with the previous studies reporting
hyperglycemia after STZ injection (20). That
elevation in plasma glucose level was
accompanied by decline in the plasma insulin level
which may be caused by B—cells destruction by
STZ. In STZ induced diabetes mellitus, there is
failure in insulin production by p—cells, and the

decreased plasma insulin level limits glucose

utilization by insulin sensitive tissues and elevated
blood glucose level (21).

Administration of L- Carnitine resulted in
significant decrease in plasma glucose level. This
effect may be due to an enhancing effect of L-
Carnitine on glucose utilization in diabetes, or by
activating pyruvate dehydrogenase, or by
decreasing intermitochondrial acetyl CoA/ CoA
ratio (22). This results cope with the study
performed by (23) who reported that L- Carnitine
at a dose of 100mgkg for 4 weeks had
significantly reduced blood glucose level in
diabetic rat. However, these findings are in
disagreement with (21) who reported that L-
Carnitine in a dose of 600 mg /kg /day orally for 6
weeks didn't have any lowering effect on elevated
blood glucose level.

L- Carnitine treated group showed non-significant
increase in insulin secretion in comparison with
untreated diabetic group and this copes with (23)
who suggested that L- Carnitine didn't affect
insulin secretion however, these results are in
disagreement with (24), the study illustrated that
these effects were mediated via elevation of serum
adiponectin which in turn elevates PPARy which

promotes insulin sensitivity, improve insulin
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receptor signaling in diabetes, and increases
insulin secretion.

Insulin treated group showed significant decrease
in plasma glucose level and increased level of
plasma insulin level when compared to untreated
diabetic and L- Carnitine treated diabetic groups
and this copes with (25). The decreased blood
glucose level after insulin treatment was explained
by increased glucose utilization in insulin sensitive
peripheral tissues (26). Also insulin treatment has
the ability to improve the glycemic control, insulin
synthesis and secretion by pancreatic p—cells (27).
As regard uterine contractility, there was poorer
contractility in the diabetic samples whether
arising spontaneously or induced by oxytocin.
These results support (28) that demonstrated poor
uterine contractility even in the presence of
oxytocin and increased incidence of cesarean
section in diabetic patients.

A previous study on myometrium from diabetic
rats reported that oxytocin stimulation was similar
to that in control rats (29), while McMurtie et al.
(30) found maximal responses reduced. We found
that diabetic uterus can respond to oxytocin but
lower than the response of normal groups to
oxytocin and this may be related to reduced Ca
channel expression and intracellular calcium
signals and a decrease in muscle mass (28).
Reduced uterine contractility in diabetes is
multifactorial assuming involvement of oxidative
stress, apoptosis, neuronal loss, and accumulation
of glycated products (31). These disorders are
probably due to the neuropathy, the damage of the
pacemaker cells, and the myopathy caused by the
hyperglycemia (32).

The reduced levels and ROS- induced Ca*

desensitization in different smooth muscle organs

(33), obviously affected also uterus. There is a
severe atrophy uterine sample as early as 15 days
post DM by electron microscopic study that
showed reduced myofibril number and destruction
of smooth muscle cells in the diabetic myocardium
compared to control (34)

L- Carnitine treated group showed an
improvement in both spontaneous and oxytocin
induced uterine contractility. Since, impaired
uterine contractility in diabetes can be caused by
several factors as oxidative stress, apoptosis, and
neuropathy, L- Carnitine can improve uterine
contractility by acting as antioxidant either by
direct free radical scavenging, preventing free
radical formation by inhibiting specific enzymes
responsible for free radical production or by
maintaining the integrity of electron transport
chain of mitochondria in stress conditions

(35). Also L- Carnitine has anti-inflammatory
(36), antiapoptotic and neuroprotective (37) effect
which may have an important role in improvement
in uterine contractility.

Also, insulin treated group showed significant
improvement in both spontaneous and oxytocin
induced uterine contractility as insulin has an
important role in glucose homeostasis and
improvement of the glycemic state in DM. DM is a
chronic metabolic disease characterized by
persistent hyperglycemia. Numerous studies have
demonstrated that hyperglycemia can directly
promote inflammatory response and oxidative
stress (38).

It is possible that correction of hyperglycemia with
insulin therapy can recover the activity of insulin
signaling cascade and improve the muscle

contractile function in DM (39).
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In line with uterine contractility changes,
histological examination of uterine tissues from
untreated  diabetic group showed uterine
endometrium  with  atrophied glands and
inflammatory exudate in the supporting stroma
also showed a marked reduction in the thickness of
both endometrium and myometrium. These results
cope with (40).
These changes may be due in part to the
degeneration of the cells of endometrial columnar
epithelium on one hand and that of the myocytes
of the myometrium on the other (34). Also, these
changes are attributed to hyperglycemia induced
oxidative stress together with decline in protein
synthesis and accelerated proteolysis in myofibrils
which lead to inflammatory infiltration (41).
Treatment with L-Carnitine and insulin improved
these structural changes, showing a greater
improvement with combination treatment rather
than individual one. The improvement with L-
Carnitine may be due to its effect on inhibition of
protein degeneration, enhancement of protein
synthesis, inhibition of inflammation and
prevention of oxidative stress (42).
Insulin is an anabolic hormone which stimulate
protein synthesis, also both mitochondrial and
cytoplasmic protein synthesis were seen to be
improved by insulin administration (43). Also,
insulin exerts an anti-inflammatory response (39)
which improves the inflammatory infiltrate.
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