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ABSTRACT

This study investigated the effect of Juglans regia leaves ethanolic extract of maternal diabetes
on fetal brain structure, especially in cerebrum. A total of 24 Sprague-Dawley female rats became
diabetic by intraperitoneal injection of streptozotocin (50 mg/kg). The animals were divided randomly
into four groups. Rats in all groups became pregnant by natural mating. At day 1, 14 and 28 days after
birth, the cerebrum was collected from offspring of all rats and neonatal weight was measured. Various
histological parameters were determined using histological techniques.
Results revealed a significant decrease in number of cells in gray matter and white matter at 1, 14
and 28 days after birth and a significant decrease in thickness of gray matter and molecular layer
at day 14 post neonatal in cerebrum in offspring of diabetic mothers as compared with other
groups. Maternal diabetes has significant deleterious effects on cerebrum and leads to decrease
in the number of neurons and change in the shape of brain. Walnut leaf extract prevents harmful
effects of diabetes on the brain structure in offspring of diabetic mothers.
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INTRODUCTION

Diabetes mellitus is a group of metabolic
alterations characterized by hyperglycemia
resulting from defects in insulin secretion, action,
or both. It has already been established that chronic
hyperglycemia resulting from diabetes is associated
with long term damage, dysfunction, and eventually
the failure of organs, especially the eyes, kidneys,
nerves, heart and blood vessels (Huang et al.,
2005). In diabetic mothers during pregnancy,
placental transport of glucose and other nutrients
will be increased due to an increased availability
at the maternal site, resulting in their increase in
fetal and neonatal Macrosomia (Persson and
Hanson, 1998). The risk for diabetes is significantly
higher in the offspring of mothers who have non-
insulin-dependent diabetes (Knowler et al., 1985).

In addition, maternal diabetes increases the risk of
hypoglycaemia and other chemical imbalances like
low calcium and magnesium levels (Jones, 2001).
One of the mammalian systems that is clearly
impaired in diabetes is nervous system. Diabetes
leads to decreased sensation at the nerve endings
(Cecil et al. 2003). Atherosclerosis in brain is one of
the prominent changes in diabetes. Studies have
shown that obstruction of feeding vessels of nerves
due to diabetes causes nerve bundles death and
myelin destruction (Harrison et al., 2000). An
increased number of malformations occur in infants
born from mothers with maternal diabetes involving
the central nervous system (CNS), the spinal
column, the ribs and the urinary tract (Aberg, 2002).

Herbal drugs are gaining popularity in the
treatment of diabetic mellitus (Pari and Uma., 1999).
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The Juglans genus (family Juglandaceae)
comprises several species and is widely distributed
throughout the world (Anonimous, 1999). Green
walnuts, shells, kernels and seeds, bark and leaves
have been used in the pharmaceutical and
cosmetic industries (Stampar et al., 2006). Walnut
leaves are considered a source of healthcare
compounds, and have been intensively used in
traditional medicine for treatment of venous
insufficiency and haemorrhoidal symptomatology,
and for its antidiarrheic, antihelmintic, depurative
and astringent properties (Van Hellemont, 1986;
Bruneton, 1993; Wichtl and Anton, 1999).
Keratolytic, antifungal, hypoglycaemic, hypotensive,
anti-scrofulous and sedative activities have also
been described (Valnet, 1992; Gýˆrzu et al., 1998).
Walnut (Juglans regia) has been widely used as
an herbal medicine in the treatment for diabetes
(Asgary et al., 2008).

In walnut leaves, naphtoquinones and
flavonoids are considered as major phenolic
compounds (Wichtl and Anton, 1999). Juglone (5-
hydroxy-1,4-naphthoquinone) is known as being
the characteristic compound of Juglans spp. and is
reported to occur in fresh walnut leaves (Bruneton,
1993; Wichtl and Anton, 1999; Gýˆrzu et al., 1998;
Solar et al., 2006). Nevertheless, because of
polymerization phenomena, juglone only occurs
in dry leaves in vestigial amounts (Wichtl and Anton,
1999).

The purpose of this investigation is the
effect of Walnut (Juglans regia) leaf extract to
evaluate possibility of congenital cerebral
malformation in offspring of diabetic rats at day 14
and 28 after birth.

MATERIALS AND METHODS

Ethanolic Extract of Juglans regia Leaves
(JRLEE)

Leaves of Juglans regia L.
(Juglandaceae) were collected from Fars province.
The leaves were cleaned, shed dried at 25°C and
ground with a blender. The powdered leaves of J.
regia (1000g) were then allowed to soak for about
24 h in 70% ethanol and re-extracted three times
with fresh 96% ethanol at room temperature for 24

h. The ethanolic phases were pooled and the
residue was removed by filtration. The ethanolic
extract was concentrated at 40°C by rotary
evaporator and then lyophilized to obtain a powder
(JRLME). The powder was stored in the dark at 4°C
for subsequent experiments.

Animals
Twenty four adult female Sprague-Dawley

rats (200-250g weight and 3-4 months old) were
acclimatized in an environmentally controlled room
(temperature, 22±2oC, and 12h light/12h dark). Food
and water were given ad libitum. In this study all
experiments conducted on animals were in
accordance with the guidance of the Ethical
Committee for Research on Laboratory Animals of
Shiraz University. Animals were divided into four
equal groups.

Induction of diabetes mellitus
Adult rats were rendered hyperglycemic

by a single intraperitoneal (I.P.) injection of B.W. of
stereptozocin (Sigma Chemical Co., USA) (50 mg/
kg body weight) (Szkudelski, 2001). Diabetes was
identified by polydipsia, polyuria and by measuring
non–fasting serum glucose concentration 48h after
the injection of STZ,  rats with a blood glucose level
over 250 mg/dl were considered to be diabetic.

Experimental design
Animals were divided into four identical

groups as follows:
(1) Normoglycemic control group (NC): normal

rats which received distilled water
(2) Normoglycemic treated group (NJRLE):

normal rats which received the Walnut leaf
extract (JRLE, 250 mg/kg B.W)

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

(4) Diabetic treated group (DJRLE): diabetic rats
receiving the Walnut leaf extract (JRLE, 250
mg/kg B.W)

Female animals of four groups in oestrus
stage were caged with male rat for mating. Mating
was confirmed by vaginal plug observation (Turner
and Bagnara 1971). Each group included 6 rats
and animals were given the extract orally by an
intragastric tube once daily for 21 days. The stock
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solution was prepared for multiple groups, such
that 1 mL of extraction was administered per day
for each animal.

After 1, 14 and 28 days of birth, 8 infants
were selected randomly from each groups and the
body weight were measured.Then the animals were
euthanized and their cerebrum removed. The
cerebrum samples were immersed in 5% buffered
formalin to be prepared for optical microscope.

Histomorphometric study
All tissue samples were fixed in 5%

buffered formalin fixative for histolopathological
investigations and subsequently embedded in
paraffin. Sections (5 microns thickness) were
stained with H&E and Green Masson’s trichrome
techniques. Sections were observed with Olympus
BX51 microscope for evaluation of
histomorphometrical parameters such as:

1) Thickness of gray matter (ìm), 2)
Thickness of white matter (ìm), 3) Thickness of
molecular layer, 4) The number of cells in the gray
matter per unit mm2, 5) The number of cells in white
matter per unit, mm2 6) The ratio of gray matter to
white matter.

Thicknesses of gray matter, white matter
and molecular layer were measured by ocular
micrometer and Olympus BX51 light microscope
using Olysia software. The number of cells per unit
mm2 in both white and gray matters and the ratio of
gray matter to white matter were counted by ocular
graticule and Olympus BX51 light microscope
using Olysia software.

Statistical analysis
All values were expressed as mean ±

standard deviation (SD). Significant differences
among the groups were determined by one way

Table1: Comparison of means and standard error of the body weight in
offsprings of diabetic rats at 1, 14 and 28 days after birth.

Group NC DC NJRLE DJRLE

1 5.15±0.33 6.55±0.38* 5.22±0.31 5.55±0.31
14 18.64±1.94 27.42±1.38* 18.88±1.22 20.28±1.64
28 61.31±4.91 74.71±4.43* 61.12±3.17 61.35±4.21

Table 1, Values are demonstrated with mean± SD. Significant difference between
DC and other groups demonstrated with*sign (P<0.05).

Table 2: Comparison of means and standard error of the cells
number and dimension Cerebrum at 1 day after birth

Days                                               1                                          1
Group NC DC NJRLE DJRLE

TGM(ì) 503.12±35.83 415.68±32.04* 491.71±33.88 478.28±26.94
TWM(ì) 322.34±18.39 334.18±25.25 319.51±20.29 321.39±17.86
NGM(n/mm2) 26742.62±781.61 23138.52±654.12* 26514.86±702.45 25413.32±658.32
NWM(n/mm2) 11221.88±401.32 9986.71±387.83* 11125.14±368.76 10985.72±391.54
GWR 1.66±0.09 1.32±0.03* 1.71±0.11 1.57±0.08

Table2: TGM (Thickness of gray matter), TWM (Thickness of white matter), NGM (Number of cells in gray
matter), NWM (Number of cells in white matter), GWR (Ratio of gray matter to white matter), Values are
demonstrated with mean± SD. Significant difference between DC and other groups demonstrated with*sign
(P<0.05).
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Table 3: Comparison of the means and standard error of the cells
Number and dimension Cerebrum at 14 day after birth

Days                                               14                                          14
Group NC DC NJRLE DJRLE

TGM(?) 686..21±51.51 561.36±38.78* 682.92±48.55 611.46±49.91
TWM(?) 521.42±32.17 467.99±31.79 516.33±36.58 486.94±37.98
TML(?) 148.15±13.09 118.02±11.78* 146.13±12.47 138.12±12.97
NGM(n/mm2) 4152.53±251.01 3271.14±194.15* 4121.33±237.48 3941.15±116.61
NWM(n/mm2) 2714.44±169.39 2111.81±194.15* 2721.13±124.11 2681.11±146.29
GWR 1.21±0.09 1.11±0.09 1.19±0.05 1.14±0.06

Table 3: TGM (Thickness of gray matter), TWM (Thickness of white matter), TML(Thickness of molecular
layer), NGM (Number of cells in gray matter), NWM (Number of cells in white matter), GWR (Ratio of gray
matter to white matter), Values are demonstrated with mean± SD. significant difference between DC and
other groups demonstrated with*sign ( P<0.05).

Table 4: Comparison of the means and standard error of the cells
Number and dimension Cerebrum at 28 day after birth

Days                                               28                                          28
Group NC DC NJRLE DJRLE

TGM(?) 555.86±47.91 524.87±41.03 553.47±46.75 538.12±43.63
TWM(?) 569.34±13.05 544.18±23.14 563.87±29.65 558.99±27.95
TML(?) 198.19±17.19 148.02±15.78 193.26±16.37 162.75±13.94
NGM(n/mm2) 3241.12±255.62 2524.61±271.97* 3236.41±281.04 3111.54±252.49
NWM(n/mm2) 2051.81±186.71 1612.81±153.77* 2032.61±173.15 1963.12±174.26
GWR 0.92±0.1 0.91±0.07 0.93±0.06 0.92±0.08

Table 4: TGM (Thickness of gray matter), TWM(Thickness of white matter), TML(Thickness of molecular
layer), NGM (Number of cells in gray matter), NWM (Number of cells in white matter), GWR (Ratio of gray
matter to white matter), Values are demonstrated with mean± SD. significant difference between DC and
other groups demonstrated with*sign ( P<0.05).

analysis of variance (ANOVA) followed by Duncan’s
test to analyze the difference using the Statistical
Package for Social Sciences (SPSS) 16.0 software
package programs. Values of P d” 0.05 were taken
as statistically significant.

RESULTS

The body weight changes in offspring of
diabetic rats after 1, 14 and 28 days of birth in the
four groups is shown in Table 1. Mean body weight
in the neonatal of diabetic mothers was significantly
(P<0.05) more than that of the other groups.

Table 2 shows different parameters of
offspring’s cerebrum of four groups, at 1 day after
the bir th. The thickness of gray matter was
decreased significantly (P<0.05) in 1-day old
newborns of diabetic rats compared to that of the
other groups. The number of cells in gray matter
and white matter was significantly (P<0.05)
decreased in offsprings of diabetic rats compared
to that of the other groups. The thickness of white
matter was decreased in diabetic rat fetuses
compared to the other groups and this reduction
was not significant, while ratio of gray matter to white
matter in offsprings of diabetic rats was significantly
(P<0.05) decreased compared to the other groups.
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Fig. 1: Photo Micrograph part of the outer grainy layer of cerebral cortex in neonatal rat 14 days
after birth in normal control (NC)(A) DC(B) NJRLE(C) and DJRLE(D) groups. Picture shows a

reduction of the number of neurons in group B than in group A, C and D (Staining: Hematoxilin-
Eosin).

 

 

Fig. 2: Photo Micrograph part of the inner pyramidal layer of cerebral cortex in neonatal rat 14
days after birth in normal control (NC)(A) DC(B) NJRLE(C) and DJRLE(D) groups. Picture shows a

reduction of the number of neurons in group B than in group A, C and D (Staining: Hematoxilin-
Eosin).

Table 3 shows various cerebrum
parameters of 14 days old -offsprings of four groups.

Table 4 shows various cerebrum
parameters of 28 days old-offsprings of four groups.

The thickness of gray matter and molecular layer in
offsprings of diabetic mother at 14 and 28 days of
post-neonatal period was decreased significantly
(P<0.05) compared to that of the other groups.
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The thickness of white matter in offsprings
of diabetic mother was decreased compared to that
of the other groups and this reduction was not
significant. The ratio of gray matter to white matter
in 14 and 28 days old-offsprings of diabetic mother
was decreased compared to that of the other
groups, and the reduction was not significant.

DISCUSSION

In the present study, it is shown that
Juglans regia Leaves Ethanolic Extract (JRLME)
decreases the blood glucose levels. Streptozotocin
(STZ) is widely used to induce experimental
diabetes in animals (Szkudelski, 2001). STZ action
in â cells is accompanied by characteristic
alterations in blood insulin and glucose
concentrations. STZ impairs glucose oxidation
(Bedoya et al., 1996) and decreases insulin
biosynthesis and secretion (Bolaffi et al., 1987;
Nukatsuka et al., 1990b). It was observed that STZ
at first abolished the B cell response to glucose.
Temporary return of responsiveness then appears,
which is followed by its permanent loss and cells
are damaged (West et al., 1996).

The body weight in offspring of diabetic
mothers was significantly more than that of other
groups (Macrosomia), which is due to increase in
placental transport of glucose and other nutrients
(Jones, 2001). In a previous study, the body weight
of offspring of diabetic rats was increased
significantly (Khaksar et al., 2010).

The thickness of gray matter in cerebrum
was significantly decreased in offspring of diabetic
mother as compared to that of other groups at day
14 postneonatal, whereas the thickness of white
matter in this region was insignificantly decreased
in offspring of diabetic mother as compared to that
of other groups. Therefore, maternal diabetes
results in malformation of this region. Neuropathy
of numerous nerves like sciatic nerve has been
reported in offspring of diabetic mother (Artico et
al., 2002; Guyton and Hall, 2006). Malformations in
this region of brain may occur due to neuropathy.
Diabetes mellitus is associated with moderate
cognitive deficits and neurophysiological and
structural changes in the brain, a condition that may
be referred to as diabetic encephalopathy. The

emerging view is that the diabetic brain features
many symptoms that are best described as
“accelerated brain ageing” (Biessels et al., 2002).
Maternal diabetes leads to white matter
hyperintensities and gray matter density changes
in fetus (Musen et al. 2006). Maternal diabetes leads
to fetal hyperbilirubinemia (Cuningham et al., 2005),
that could result in an encephalopathy which is
named Kernicterus (Murry et al., 2003).

Table 3 and 4 demonstrate a decrease in
the number of cells in gray matter and white matter
in offspring of diabetic mother as compared to that
of other groups. In diabetic pregnancy, maternal
glucose transport to fetal blood via the placenta
(Jones, 2001) and increase in fetal blood glucose
may result in diabetic neuropathy in fetus, as
diabetes leads to neuropathy in adult (Guyton and
Hall, 2006). Hyperglycemic condition disturbs the
proliferation and cell death of neural progenitors in
mouse embryonic spinal cord (Gao and Gao, 2007).
Hyperglycemia effectively makes more substrate
available for aerobic glycolysis in the brain, leading
to acidosis (Biessels et al., 1994) and enhanced
oxygen free radical formation by reduction in levels
of protective endogenous antioxidants (Baydas et
al., 2002). These radicals contribute to increased
neuronal death by oxidizing proteins, damaging
DNA, and inducing the lipoperoxidation of cellular
membranes (Hawkins and Davies, 2001). Diabetes
may enhance the development of stroke via
increased cortical apoptotic activity, but this was
not additive in the hippocampus following ischemic
injury (Li et al., 2004). Maternal diabetes induces
some changes in hippocampus neuronal structure
and density. Statistical analysis show significant
decrease in neuronal density (ND) in neonates from
diabetic mothers compared to control (Tehranipoor
and Khakzad, 2008). In a previous study, the mean
number of cells in gray matter and white matter
increased in diabetic rats fetus that were fed walnut
leaf extract compared to diabetic rats fetus,
indicating the extract has a beneficial effect in the
treatment of maternal diabetes(Hashemi et al.,
2015).

The hypoglycemic activity of walnut
leaves was reported in previous studies (Fukuda
et al., 2004) Walnut leaves constitute a good source
of antioxidant compounds, namely phenolics,
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suggesting that it could be useful in prevention of
diseases in which free radicals are implicated.
Phenolic acid and flavonoid are two major groups
of phenolic compounds in walnut leaves. The most
important phenolic acid in walnut leaf is
caffeoylquinic acid and the main flavonoid is
quercetin (Fukuda, 2003; Pereira et al., 2007; Solar
et al., 2006). Some studies have shown that
flavonoids are able to decrease plasma glucose
level (Li et al., 2004). Quercetin inhibits glucose
transporter (GLUT2), and so diminishes glucose
intestinal absorption (Kwon, 2007). Caffeoylquinic
acid (chlorogenic acid) is a specific inhibitor of
glucose-6-phosphate translocase and reduces
hepatic glucose production (Hemmerle, 1997), thus
decreasing blood glucose level and HbA1C
(Dhandapani, 2002). Plant antioxidants are able to
restore and regenerate pancreatic B cells. The
results from the studies on garlic, onion and
fenugreek show that in diabetic rats treated with
antioxidants, the number of Langerhans islets has
increased significantly (El–demerdash, 2005).
Walnuts also contain several phytosterols, as it
appears that they can inhibit intestinal absorption
of cholesterol (Fukuda et al. 2004) demonstrated a
strong inhibitory activity of walnut polyphenols and
the polyphenolic components like Casuarictin,
tellimagradin II and Tellimagradin I on different
enzymes like glycosidase, sucrose, maltase and

amylase. In addition to the above findings,
researchers also noticed that walnut polyphenol-
rich fraction has triglyceride lowering effect and urine
peroxide lowering effect in genetically inherited
Type II diabetes mellitus (db/db) mice at the dose of
200mg/kg/day. The consumption of walnut leaf
pellets in alloxan induced diabetic rats at the dose
of 185 mg/kg, reduced fasting blood sugar
significantly and the histomorphometric study of
pancreas showed a sign of regeneration of â-cells
in the treated group (Jelodar et al., 2007). J. regia
leaves methanolic extract at dose of 250 mg/kg
decreases the postprandinal plasma blood glucose
levels in both short and long term models. The plant
extract significantly inhibited á-glucosidase activity
in vitro for both maltase and sucrase enzymes and
showed no changes in the insulin and glut-4 genes
expression. The author attributed the inhibitory
action of the plant extract to gallic acid and
caffeoylquinic acid in the leaves (Teimori et al.,
2010).

In conclusion, maternal diabetes has
significant deleterious effects on cerebrum and
leads to decrease in the number of neurons and
change in the shape of brain. Walnut leaf extract
prevents harmful effects of diabetes on the brain
structure in offspring of diabetic mothers.
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