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ABSTRACT

In pregnant mothers maternal diabetes happens when pancreas cannot produce enough insulin, so blood glucose
increases in mother and then in fetus, which resultsin several hurtsin neonates.This study investigated the effect of
Cinnamomum zeylanicum extract on Cerebrum Histomorphometry in 18 and 20 days old fetus of diabetic mother. In
this experimental study, a total of 16 Sprague Dawley animals were divided randomly into four groups;
Normoglycemic control group, Normoglycemic treated group, Diabetic control group, Diabetic treated group with
Cinnamomum zeylanicum extract and diabetic treated with Cinnamomum zeylanicum extract. Diabetic groups
became diabetic by intraperitoneal injection of streptozotocin (50 mg/kg). Rats in all Groups became pregnant by
natural mating. After formation of the nervous system, fetuses were obtained after anesthezing animals on 18" and
20" gestational days; this was euthanized, cerebrum simples were taken and fixed. After produce histological slides,
various histological parameters were determined. Data were analyzed using one way ANOVA and Duncan test.
Thickness gray matter, the number of cells in gray matter and the ratio of gray matter to white matter of diabetic
group In 18 and 20 days old fetus and also the number of cellsin white matter in 18 day old fetus was significantly
more than that of other groups tested (p< 0.05). The results of this study suggest that Cinnamomum zeylanicum
extract lowers blood glucose levels in diabetic mothers and their fetuses to prevent damage to the cerebrum.
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INTRODUCTION

The incidence of diabetes in the human populatasreached epidemic proportions worldwide and iitéseasing
at the rapid rate.150 million people in 2000, whigpredicted to rise to 220 million in 2010[1].

In animals, it can be produced by pancreatectomadministration of alloxan, streptozocin, or othexins that in

appropriate doses cause selective destructioredfela cells of the pancreatic islets; by admiaitn of drugs that
inhibit insulin secretion; and by administration arfti-insulin anti-bodies. Strains of mice, ratgyisters, guinea
pigs, miniature swine, and monkeys that have a mgldence of spontaneous diabetes mellitus hase lbéen

described [1].

In diabetic mothers during pregnancy, placentaidpart of glucose and other nutrients will be iased, due to an
increased availability at the maternal site, résglin their increase in fetal and neonatal Macriag2.

Diabetes associated with increasing diseases ssiatearopathy and cardiovascular, but it has theodztive
system problems such as abortions, genetic abnitieaalack of fetal development and decrease aaigial in
spermatogenesis [3-5]. More Chemical drugs redimdedd sugar in diabetic patients such as glibeniclan®].

These drugs have side effects and research istiad$ena new drug with fewer side effects [7]. Btderbal drugs

68



Rafati A.R. et al Der Pharma Chemica, 2016,8 (12):68-73

cause decreased blood sugar, which demands foalhaeriducts Shows as an anti-diabetic drug withefeside
effects [8].

Cinnamon can be used as a food antioxidant and to enhacefalatability Cinnamon and its extract, irrespective
of source, have been associated with a varietyeaftih beneficial effects, including anti-microbianti-viral,
antioxidant, and insulin-like activities. Many ohet corresponding bioactivities are possibly atteébu to
cinnamaldehyde, a major constituent of the esdaitisesponsible for the flavor and aroma of whalenamon [9].

In addition, a number of polymeric polyphenol malles known as proanthocyanidins are present iratjugous
extract that are likely responsible for the majoof the antioxidant properties ofnnamon [9]. While the health-
beneficial effects of bio-flavanoids in general draditionally thought to be due to their antioxitiaactivity,
proanthocyanidins exhibit other properties that rbayimportant for their bioactivities. For exampiiehas been
suggested that related polyphenols can inhibit &ion of amyloid fibrils independent of oxidativeralitions [10,
11].

One particular extract @innamon, methyl hydroxy chalcone polymer [MHCP], showsrpising data in the area of
glucose control. A recent study compared the effédIHCP in 3T3-L1 adipocytes to that of insuliri2]. The
results from that study support the theory that NfHtiggers the insulin cascade and subsequentpwansf
nutrients [13, 14]. The study also demonstrated MBEICP treatment stimulated glucose uptake andagga
synthesis to a similar level as insulin. The stfulgher demonstrated that treatment with endogemmosidin and
MHCP resulted in a synergistic effect. Due to theseclusions, it is suggested that MHCP may provieet a very
valuable tool in the fight against diabetes, whaseilin is present [13].

In addition to benefiting Type Il diabeticsinnamon may benefit individuals with impaired glucose talece [i.e.,
pre-diabetics]. Furtheginnamon has been shown to possess antioxidant activitiesed to lipid peroxidation. [13,
15].

Kim et al, 2006, suggests that compoundsiimamon that increase insulin secretion first as a callesilin-
enhancing factor and then described as the meyybky chalcone polymer [MHCP] [16].

The strong evidence suggests that polyphe@oisamon has insulin-like activity in animal cells and hum@.7].
By taking glucose-lowering effect wittinnamon and sugar with multiple complications and dangsrdiseases in
embryos of diabetic patients is ensured, evaluagswo treat, mitigate and prevent it necessarg dim of this
study was to evaluate changes in the brain tiséuktabetic mothers and healthy fetuses, comparéd eabetic
controls treated witkinnamon and healthy.

MATERIALSAND METHODS

In order to make liquid extract, thegnnamon bark was divided into very small pieces. Then theye grounded
with a blender. 30 grams of the powder was placetedsterilized Erlenmeyer and 40 cc of saline a@ded. This
mixture was kept at a cool temperature for 24 holihgn after a whole day, it was mixed with a sihdke5 min.
At this stage , passing through the Whatmen Papdrcalculating the amount of residual soluble amitr,
cinnamon concentration in the final solution was found &nel desired dose was prepared .

Animals

Sixteen adult female Sprague-Dawley rats (200-28@ight and 3-4 months old) were acclimatized in an
environmentally controlled room (temperature, 22x2and 12h light/12h dark). Food and water wereenyiad
libitum. In this study, all experiments conducted on afsmizere in accordance with the guidance of thedathi
Committee for Research on Laboratory Animals of&hUniversity of medical sciences.

Induction of diabetes mellitus

Adult rats were rendered hyperglycemic by a simglexperitoneal (1.P). Injection of B.W. of sterepbcin (Sigma
Chemical Co., USA) (50 mg/kg body weight) (18). Ibetes were identified by polydipsia, polyuria angd b
measuring non—fasting serum glucose concentraBbnadter the injection of STZ, rats with a bloddapse level
over 250 mg/dl were considered to be diabetic.

Experimental design

Animals were divided into four identical groupsfallows:
(1) Normoglycemic control group (NC): normal rathieh received distilled water
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(2) Normoglycemic treated group (NCZE): normal ratisich received th&innamomum zeylanicum extract (60
mg/kg B.W)

(3) Diabetic control group (DC): Diabetic rats tiedwith distilled water.

(4) Diabetic treated group (DCZE): diabetic ratseiging theCinnamomum zeylanicum extract (60 mg/kg B.W)

Female animals of four groups in oestrus stage waged with male rat for mating. Mating was conédrby
vaginal plug observation (19). Each group includedats and animals were given the extract orallyaly
intragastric tube once daily for 21 days. The steclution was prepared for multiple groups, sucit th mL of
extraction was administered per day for each animal

On day 18 and 20 of pregnancy, two rats of bothugsowere killed. After obtaining the fetuses, thegre
immerged in appropriate fixative (bufferd formalit6% for light microscope). Then the cerebrum waltected
from fetus of all rats and the weight of neonates weasured.

Histomor phometric study

All tissue samples were fixed in 10% buffered folimafixative for histolopathological investigationand
subsequently embedded in paraffin. Sections (5an&ithickness) were stained with H&E and Green Wbiass
trichrome techniques. Sections were observed witlymPus BX51 microscope for evaluation of
histomorphometrical parameters such as:

1) Thickness of gray mattepnrf), 2) Thickness of white mattenrf), 3) Thickness of molecular layer, 4) The
number of cells in the gray matter per {fiim?) , 5) The number of cells in white matter per (nM®), 6) The
ratio of gray matter to white matter.

Thicknesses of gray matter, white matter and mddedayer were measured by ocular micrometer andnpus

BX51 light microscope using Olysia software. Thenter of cells per un(tmn‘? ) in both white and gray matters

and the ratio of gray matter to white matter wagnted by ocular graticule and Olympus BX51 lightroscope
using Olysia software.

Statistical analysis

All values were expressed as mean + standard dmvigED). Significant differences among the growpsre
determined by one way analysis of variance (ANOV@#)owed by Duncan'’s test to analyze the differerdsing
the Statistical Package for Social Sciences (SR69)software package program. Values gf 05 were taken as
statistically significant.

RESULTS

The fetal body weight changes of four groups wém@as in Table 1. The mean of body weight in theiges of
diabetic mothers (FDM) was significantly (P<0.05)nmthan that of the other groups.

Table 2 demonstrates different parameters of cemebirom fetus of four groups at 18 days old. TaBle
demonstrates different parameters of cerebrum fedos of the four groups at 20 days old. The thidsof gray

matter was decreased significantly (p<0.05) in dihrat fetuses as compared to that of other gratiglays 18 and
20 days old. The number of cells in gray matter@hde matter was significantly (p<0.05) decreasediabetic rat

fetuses compared with other groups .

The thickness of white matter was decreased iretiiabat fetuses compared to other groups andéklisction was
not significant, while ratio of gray matter to whitatter was significantly (p<0.05) decreased atéfic rat fetuses
compared with other groups.

DISCUSSION

The prevalence of gestational diabetes is incrgasharply in many developed and developing countaied it
causes various anomalies in the fetus (20). Onetwagduce the incidence of fetal anomalies, isdotrol the
blood sugar of mothers during pregnancy. The ainhisfstudy was to evaluate the effectgiohamon extract on
histomorphometry changes on cerebrum of fetusiasieties. The results of this study indicate thaenmal diabetes
cause changes in the central nervous system dethe of diabetic mothers, and this causes to redidicstudied
factors except the thickness of the cerebral wimigdter in fetuses of 18 and 20 day of mothers désbeontrol.
Water extract otinnamon causes adjustment of aforementioned disordersrasdme cases even the amount of
studied factors in diabetic groups treated withewaixtract of cinnamon was close to normal.
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On 18 and 20 days of Prenatal the thickness of gratger and the number of cells in the cerebray grad white
matter of cerebrum had reduced in fetus of diabmatithers than mothers of other studied groups.

It could be said that gestational diabetes inciedbe glucose in the fetus brain so that with iasieg the
concentration of glucose in mothers blood, the @decgoes through the placenta into the fetus bdmaoldeventually
the brain (21).This can cause neuropathy and rethécaumber of neurons in the fetus and eventw@alhaby (22)
gestational diabetes causes apoptosis of large ewoflthe progenitor cells during the formationtbé affected
organs. Inadequate expression of genes that rediitatn the progenitor cell is the cause of apsj in these cells.
Especially gestational diabetes prevents the egmesof a gene called Pax3 that this gene statesdes of
transcription factor in neural crest cells and pepithelial, lack of expression of this gene isuoed apoptosis in
these cells (23).

Vessels supplying the nerves are also damagedédgftact of diabetes blood. This causes nerve damdtuch
results in nerve cell death (4). Research on dialmice shows that pathological changes such asrdgetion of
dark neurons and neuronal loss in the brain, odoudsfferent areas, especially in the hippocampuis believed
that hyperglycemia causes exacerbate in ischenighelles and ischemic cause oxidative stress bffieet of
disordering of mitochondrial respiratory chain athds cause of excessive production of reactive eryds
considered as the main factor in the pathogendst®lbdeath. This study also found that gestatiatiabetes
causes changes in the structure and neuronal gengiippocampus so that the density of neuronthiim area is
reduced (24).

Kodl and colleagues , by examining the integritywdiite matter by method of frankshnal of that esoitt (FA) in
diabetics , found that this factor has been redunemhany areas, and the results showed that abfitesaof
structure can be seen in the white matter of b2&inpy the effects of Type | diabetes.

In our previous study, investigated effectJa§lans regia leaves ethanol extract of maternal diabetes on fetus and
Offspring's Cerebrum structure and demonstrate mearber of cells in gray matter and white matteréased in
diabetic rats' fetus on 18 and 20 pregnancy (2630, Results revealed a significant decrease mbmar of cells in
gray matter and white matter at 1, 14 and 28 dégs hirth and a significant decrease in thicknesgray matter
and molecular layer at day 14 post neonatal inbeara in offspring of diabetic mothers as comparéth wther
groups (27).

In this study, the comparison between control ardtinent groups (normal and diabetic) represemgtsitive
effect of water extract afinnamon in the prevention of diabetes on the fetal cengbad diabetic mothers that can
be attributed to its antioxidant properties. Stadigicate the existence of antioxidant compoundsninamon (28).
The hypoglycemic activity ofinnamon was reported in previous studies and Rafati edexhonstrated that positive
effect ofCinnamon Extract on Cerebellum in Diabetic Rats’ Fetus (29)

Researchers believe that the effectiohamon antioxidant is more relevant to two combinatiofiogenol and
hydroxy methyl of chalcon (MHCP) and suggest thate are more than 50 different compoundainamon that
hydroxy methyl of chalcon is more effective in glucose metabolism(30). Tdubstance, which is soluble in water,
increases both oxidation of glucose (31) and insaéicretion and this prevents increasing celludaistance to
insulin (32).And it has also been shown ttgatnamon can stimulate the uptake of glucose and glycogethssis
(33).

Hydroxy methyl of chalcon causes the fat cells hove more answers to insulin that this action abt®ugh
activating the kinase of insulin receptor and agstthe phosphatase activity of these receptors @terson and
colleagues' study demonstrated that this substaotieates the fat cells to insulin by activating tenzyme of
insulin receptor and inhibiting the act of insulipphosphatase receptor that blocks the actionsoflim__ results in
phosphorylation of insulin receptor and this consely increases insulin sensitivity (34).

In experimental studies, it has proven tbi@namon extract increases the activity of phosphorylatidrg insulin
receptor but on the other hand, it reduces tyroshwsphatase activity and thereby shows the indilldénproperties
(35). Some studies have also shown that cinnamtyplpenols, like insulin hormones, stimulates gheaptake
and Glycogen biosynthesis stimulated through thivat@on of glycogen synthase and inhibition of gigen
synthase kinase action (36). In mice that were uaddgh-fructose diet to develop insulin resistanttheir body,
cinnamon extract through increasing insulin secretion ameteasing glucose uptake decreases insulin reséstan
(37). Polyphenols iginnamon are made as regulators of insulin receptors oérfatcells (38).
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Brad Hurst and his colleagues confirmed the exestenf this factor ircinnamon and stated that this combination
resulted in a threefold increase of insulin acfivit glucose metabolism in epidermal fat cells a€en(39). The
results of these studies were consistent with samty the effect of hypoglycemi@nnamon extract, to prevent
changes in fetuses’ cerebrum of diabetic mothers.

Tablel: Comparison of meansand standard error of the body weight of fetuses of ratsat 18 and 20 days of pregnancy

Group | NC DC NCZE DCZE
18 2.95+0.16] 3.11+0.95 2.924#0.25 3.07+0.59
20 3.89+0.11] 4.48+0.46 3.72+0.51]| 4.09+0.48

Table 1, Values are demonstrated with meant SDnifignt difference between DC and other groups
demonstrated with*sign (P<0.05).

Table2: Comparison of meansand standard error of the cellsnumber and dimension Cerebrum at 18 days pregnancy

Days 18 18

Group NC DC NCZE DCZE
TGM(W) 402.22+23.31 332.12+22.36 410.61+21.33 384.21+23.1%
TWM(W) 242.11+14.12 261.76+16.04 248.04+18.38 254.32+13.97

NGM(n/mn?) | 25731.66+821.01| 23885.62+835.1% | 25831.31+799.70| 25339.11+792.61
NWM(n/mn?) | 11976.12+498.72| 9976.92+473.81 | 12014.124527.92| 11172.12+402.72
GWR 1.72+0.04 1.65+0.07 1.74+0.06 1.68+0.09

Table 2, TGM (Thickness of gray matter), TWM(Thielss of white matter), NGM (Number of cells in gray
matter), NWM (Number of cells in white matter), GWRatio of gray matter to white matter), Values are
demonstrated with meant SD. Significant differebetween DC and other groups demonstrated digkimilar
sign ( P<0.05).

Table 3: Comparison of meansand standard error of the cells number and dimension Cerebrum at 20 days pregnancy

Days 20 20

Group NC DC NCZE DCZE
TGM(p) 465.12+32.63 389.46+26.12 464.25+23.72 445.21+27.32
TWM(w) 302.41+21.41 322.18+21.84 298.11+74.26 312.11+28.44

NGM(n/mn?) | 25742.61+730.48| 23121.62+628.44| 25741.38+639.98| 24836.32+542.F1
NWM(n/mn?) | 10789.64+376.78| 9541.21+341.1% | 10694.91+421.66] 10421.64+312.92
GWR 1.6940.07 1.55+0.04 1.68+0.05 1.65+0.05

Table 3: TGM (Thickness of gray matter), TWM(Thiglss of white matter), NGM (Number of cells in gray
matter), NWM (Number of cells in white matter), GWRatio of gray matter to white matter), Values are
demonstrated with meanz SD. Significant differebetdween DC and other groups demonstrated withniissi
sign ( P<0.05).

CONCLUSION

As a result, it can be said that hyperglycemia Whiccurs in the fetus of diabetics mothers, hamhareffects on
the cerebrum, so that diabetes can reduce the muwhbells and the thickness of the cerebral gray w&hite matter
of cerebrum. This causes complications and irrévierslamage to the nervous system of the fetus;iwbdntinues
to grow years.

According to the results of biochemical and presiatudies of histology, and the results of thiglgtut can be
concluded thatinnamon extract with antioxidant effects and | the inceea$ insulin secretion in diabetic mothers
causes to reduce blood sugar and prevent the impdabetes on the nervous system of the fetus.
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