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Abstract

Background: Maternal diabetes is a metabolic disorder among pregnant mothers that increases the risk of developing growth
disorders in the fetus and the placenta. Placental deformity and dysfunction were reported in some studies. These changes have
been related to oxidative stress. Quercetin is a component of the flavonoids group that can be found in vegetables, fruits, tea, and
herbal supplements and has anti-inflammatory, anti-bacterial, anti-oxidant, and anti-diabetic properties.
Objectives: In this experimental study, prophylactic effect of quercetin was evaluated for structural changes of the placenta in
diabetic rats.
Methods: Twenty-four pregnant Wistar rats were divided equally into four groups, including control, quercetin, diabetic, and
quercetin-treated diabetic groups. Diabetes was induced by streptozotocin injection (50 mg/kg/IV), then male rats for mating were
put together with female rats. Quercetin was administered (75 mg/kg/gavage), on 0, 7, 14, and 20 days of gestation. On 20th gestation
day, the rats from all groups were anesthetized and laparotomized, then the placenta tissue was harvested. In the following, tissue
section was stained by H&E and were analyzed histologically.
Results: The weight, thickness and diameter of placenta in the diabetic group were increased but there was no significant difference
compared to the quercetin treatment. The mean of the labyrinth zone, the number of trophoblastic giant cells and glycogen cells
increased in the diabetic group and quercetin significantly reduced these parameters in diabetic rats (P < 0.05). In addition, the
mean of junctional zone decreased in the diabetic group, while quercetin increased it (P < 0.05).
Conclusions: The results suggest that quercetin has a protective effect on cell proliferation and preservation of placental morphol-
ogy in pregnant diabetic rats.
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1. Background

Gestational diabetes mellitus (GDM) is a syndrome
characterized by defects associated with fetal growth, pla-
cental dissonance, and increased dignity of reproductive
problems such as steroidogenesis, anovulation, and invol-
untary abortions (1). The presence of diabetes during preg-
nancy has been related to some problems for the placenta,
including the enhancement of weight and size (2). Di-
abetes mellitus is one of the ordinary metabolic distur-
bance in pregnant women and enhance the risk of after
labor deficiency and childhood sickness (3). The placenta
plays a major role in the growth of the fetus, including
metabolism and transmission of several types of food and
excretory products, the transfer of electrolytes and the

swapping of respiratory gases, the production of diverse
hormones, antibodies and the attachment of the fetus to
the wall of the uterus (4, 5). Placenta in mammals is di-
vided into two types of choriovitelline and chorioallantoic
according to the fetal membrane and is a complex organ in
the embryonic course that plays a different function dur-
ing the development of the fetus (5, 6). There are three
main parts of the rat placenta, which are called the Basal
part, the Labyrinth part, and the decidual part. Multiple
types of cells are involved in the formation of the base part,
including trophoblast stem cells, trophoblast giant cells,
and glycogen cells (7, 8). In diabetic mothers, increasing
the blood glucose levels throughout the lifetime of the em-
bryo can cause placental obstacles and endanger their in-
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trauterine evolution (9). Diabetes mellitus increases the
size of the placenta. Enlargement of the placenta in a dia-
betic mother, known as placentomegalia, has been related
to a change placental histology and cellularity. Placen-
tomegalia has been reported in humans and rats (10). Di-
abetes mellitus during pregnancy increases the junctional
and labyrinth zone thickness and the number of giant tro-
phoblast cells (11). The induction of diabetes in rodents
with Streptozotocin (STZ) is the best and vast pattern of
pilot diabetes with the method determined through en-
dogenous chronic oxidative stress, which results from hy-
perglycemia. In diabetic rats, hyperglycemia due to experi-
mental situation at the end of pregnancy results in weight
loss (12). Streptozotocin-treated diabetic rats have a pla-
centa size and embryo weight higher than normal rats.
These mice often produce macrosomal embryos (12, 13). An-
tioxidant compounds such as vitamins C and E reduce in-
dices of oxidative stress in women and barricade oxidative
stress caused by hypoxia in mouse placenta (14, 15).

Flavonoids are a group of natural compounds vastly
used as secondary metabolites by the plant kingdom. They
have been known for having worthwhile clinical advan-
tages, such as anti-inflammatory, anti-allergic, antiviral,
antibacterial, and antitumor functions (16). Quercetin is
a member of the flavonoids family with antioxidant prop-
erties, which is found in vegetables, fruits, tea, and food
supplements. It barricades oxidant damage and cell death
through several mechanisms, such as cleaning oxygen rad-
icals (17, 18). Quercetin prevents oxidative damage and cell
death by several specific mechanisms, including the re-
moval of oxygen radicals (18, 19) and defense against lipid
peroxidation (19). Quercetin is qualified for preventing
biomolecular oxidation and it can change antioxidant de-
fense pathways in vivo and in vitro (20).

2. Objectives

The aim of the present study was to investigate the pos-
sible protective effect of quercetin on histomorphometric
changes on diabetic rats’ placenta.

3. Methods

3.1. Animals and Drug

Forty adult female healthy Wistar rats, 3 to 4 months
of age, weighting 200 to 220 g were purchased (Jundi-
Shapour Laboratory Animal Center, Ahvaz, Iran). They
were kept under standard laboratory conditions with 12 h
light/dark cycle at a temperature of 23± 2ºC with a relative
humidity of 45.00% to 55.00% and free access to food pel-
lets (Pars Animal Feed Co, Tehran, Iran) and tap water ad
libitum.

3.2. Induction of Diabetes

The diabetic state was induced in female rats, by STZ
(Sigma-Aldrich, St. Louis, USA.). Streptozotocin was dis-
solved in normal saline and administered by intravenous
(i.v.) injection at a dose of 50 mg/ kg (21, 22). Subsequently,
the blood glucose was measured after a week using a glu-
cometer and via tail vein blood samples. The Wistar rats
with blood glucose levels higher than 250 mg/dl were con-
sidered to be diabetic.

The study was approved by the Ethical Review
Committee, Faculty of Veterinary Medicine, Shahid
Chamran University of Ahvaz, Iran (approval ref No.
EE/97.24.3/49902/scu.ac.ir). The experimental procedures
were performed according to the guiding principles of the
Institute for Laboratory Animal Research in Guide for the
Care and Use of Laboratory Animals.

Three female and one male adult Wistar rats were kept
for mating overnight in one cage. When a vaginal plug was
found in the morning of the following day; this concerned
the copulation day as zero day gestation (1).

Twenty-four pregnant Wistar rats were randomly as-
signed to four groups as follows:

1- The control group received normal saline on days 0,
7, 14, and 20 of the gestation.

2- Normal saline was orally administered to pregnant
diabetic rats of the third group on days 0, 7, 14, and 20 of
the gestation (diabetic control group)

3- Quercetin (Sigma-Aldrich)-treated groups were
given quercetin (75 mg/kg/gavage) on days 0, 7, 14, and 20
of the gestation.

4- Quercetin + diabetic group: quercetin was adminis-
tered by gavage (75 mg/kg) to pregnant diabetic rats in the
fourth group on days 0, 7, 14, and 20 of the gestation.

The rats of all groups were anesthetized and laparo-
tomized on 20th gestation day (a few hours after the last in-
jection), then the uterus horn was torn and placentas were
removed to be weighed.

3.3. Histological Assessment

The placenta’s tissue weight, diameter, and thickness
were measured on 20 days of gestation (a few hours af-
ter the last injection), then the placentas were fixed in
phosphate-buffered 10% formalin and the samples were
washed and dehydrated in ascending grades of alcohol,
cleared in xylene and embedded in paraffin wax. Sections
(5 µ thick) were stained by hematoxylin and eosin (H&E)
prepared from placenta by a microtome (Did sabz, 4055,
Urmia, Iran). Microscopic Digital research (Nikon, Photo-
lab 20 ENG. CO., Japan) was used to evaluate the tissue sec-
tions and capture tissue images.
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3.4. Statistical Analysis

Comparisons between groups were analyzed with one-
way ANOVA using SPSS 16.0 statistical analysis software.
Data were presented as Mean ± SEM. In all tests, P <
0.05 was considered statistically significant between the
groups for placental decidua, weight, thickness, diameter,
length of the junctional zone (JZ) and labyrinth zone (LZ),
number of trophoblast giant cells (TGC), and glycogen cells
(GC). All statistical analyses were done by the software SPSS,
version 16 (SPSS; Chicago, IL, USA). P < 0.05 was considered
statistically significant. The results have been represented
as the mean ± standard error of the mean (SEM).

4. Results

4.1. Gross Observation

There were no aborted fetuses in none of the groups
but the percentage of resorbed fetuses were 4.16, 25.80,
4.25, and 11.42% in the groups that received normal saline,
diabetic, quercetin, and quercetin-treated diabetic group,
respectively; therefore, quercetin decreased resorption
rate. No maternal deaths were observed throughout the
course of this study. Gross findings are summarized in Ta-
ble 1. The placentas weight, thickness, and diameter in the
diabetic group was increased and the difference was signif-
icant in comparison to the control and the quercetin recip-
ient groups (P < 0.05), but the diabetic group showed no
significant difference with the quercetin-treated group.

Table 1. Placental Weights, Thickness and Diameter Indexa , b

Groups Thickness, mm Weight, g Diameter, mm

Control 2.96 ± 0.11 C 0.10 ± 0.04 B 12.07 ± 0.17 B

Quercetin 2.84 ± 0.11 BC 0.09 ± 0.05 B 12.49 ± 0.16 AB

Diabetic 4.33 ± 0.51 A 0.15 ± 0.04 A 13.71 ± 0.53 A

Diabetic +
Quercetin

3.65 ± 0.09 AB 0.13 ± 0.09 A 12.77 ± 0.17 A

aValues are expressed as mean ± SEM.
bMeans followed by different letters indicate significant differences between
the groups at each column using One-way ANOVA and HSD post-hoc tests (P <
0.05).

4.2. Light Microscopy

From the viewpoint of histology, the rat placenta com-
posed of the labyrinth zone, the junctional zone, and the
decidua. In the junctional zone, three types of cells are
comprised of spongiotrophoblast (STC), trophoblast gi-
ant cells (TGC), and glycogen cells (GC). The spongiotro-
phoblasts are immediately located above the trophoblas-
tic giant cell layer located at the maternal-fetal placen-
tal interface. The glycogen cells form multiple small cell

masses and develop into glycogen cell islands and are lo-
cated among the spongiotrophoblast cells. The decidua
is comprised of the mesometrial decidual cells ultimately
(Figures 1 and 2).

The histological analysis revealed that the mean of de-
cidua and labyrinth zone length in the diabetic group was
significantly increased in severe maternal diabetes (P <
0.05) compared with the other groups, while the mean of
junctional zone length in the diabetic group was signifi-
cantly reduced (P < 0.05). The mean number of TGCs and
GCs in the diabetic group was significantly higher than the
other groups (P < 0.05), while the mean number of TGCs
and GCs in the quercetin-treated diabetic group decreased
significantly (Table 2 and Figure 2).

5. Discussion

The purpose of this study was to identify some mor-
phological and histometrical changes in the placenta
of streptozotocin-induced diabetic rats treated with
quercetin. In the present study, morphological analysis
of the diabetic rats showed a significant increase in pla-
cental weight, thickness, and diameter. The gross analysis
showed weight, thickness, and diameter in the diabetic
group was increased and significantly differed from the
control and quercetin groups but there was no significant
difference with the quercetin-treated diabetic group.
There are reports that there is an increase in the amount of
GC and large trophoblast cells in a placenta of diabetic rats
(10, 23). The rodents mostly used as experimental models
(Wistar rats) because animal models in diabetes and preg-
nancy are beneficial for research (24). Numerous studies
have used different doses of alloxan and streptozotocin in
rats to induce diabetes during pregnancy (25, 26).

Many studies show morphological changes in the
spongiotrophoblast and GC size and structure in human
and rat models of diabetes (10, 26). As well as a study of hu-
man placentas from diabetic pregnancies indicated that
placental weight and cell proliferation were increased (27).
In the current study, the histological analysis showed an
increased amount of GC and TGC in the diabetic rats’ pla-
centa that similar findings were reported in previous stud-
ies (28, 29).

Diabetes elevates the retain of cell proliferation rate in
labyrinth area, the number of STC and TGC in the late terms
of pregnancy, which may illustrate the placentomegalia
apperceive in some diabetic animals at the end of preg-
nancy. Further, diabetes is defined as an increased amount
of GC and TGC (26). In the present study, we observe an
alteration in Labyrinth zone (LZ) that shows this area is
highly influenced by the hyperglycemic status and drawn.
This result is consistent with previous reports (1, 30). In
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Figure 1. Histological structure of fetal placenta (20th day) in the studied groups (H&E, 4X). A, control; B, diabetic; C, quercetin-treated diabetic; and D, quercetin. Three
compartments of mature placenta: decidua (D), junctional zone (JZ), and labyrinth zone (LZ). The JZ in the placenta of diabetic rats was reduced in terms of thickness (black
straight line), while decidua was increased (yellow straight line), but in the quercetin-treated diabetic, the thickness of the decidua has decreased and there was no significant
difference compared with the control group (D).

Table 2. Placental Histology Parameters on Decidua, Junctional Zone, and Labyrinth Zonea , b

Groups Decidua, um JZ, um LZ, um TGC, numb GC, numb

Control 72.37 ± 1.51 B 564.45 ± 10.09 B 2547.20 ± 39.77 C 1.20 ± 0.08 C 12.00 ± 0.20 C

Quercetin 78.07 ± 1.80 B 563.87 ± 7.02 B 2546.56 ± 26.44 C 1.12 ± 0.06 C 11.40 ± 0.22 C

Diabetic 151.88 ± 1.64 A 421.46 ± 7.60 C 2959.99 ± 35.08 A 2.08 ± 0.12 A 30.76 ± 0.39 A

Diabetic + Quercetin 76.01 ± 1.70 B 598.60 ± 6.25 A 2786.85 ± 22.04 B 1.60 ± 0.10 B 20.20 ± 0.29 B

aValues are expressed as mean ± SEM.
bMeans followed by different letters indicate significant differences between the groups at each column using One-way ANOVA and HSD post-hoc tests (P < 0.05).

diabetic rats, the size of the placenta has been before dis-
played by the description of dry and wet placental weight
(10). Also, other studies with the model of diabetic rats
have shown alteration in the size of Labyrinth zone and the
number of the STC and GC (10, 31).

Studies on the effects of maternal diabetes on placen-
tal expansion have shown an increase in the labyrinth layer

in the placenta of diabetic rats (6, 32). Despite the fact that
number of the GC, TGC, and length of LZ have increased but
we demonstrated significant reduction of the JZ; however,
it has been reported a reduction in the length of junctional
zone for diabetic rats’ placenta which can (It may be asso-
ciated with an increase in the thickness of the decidua and
its matrix) be linked to the STC differentiation (33).
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Figure 2. Comparison of changes in the cells of fetal placenta (20th day) in the studied groups (H&E, 10X). A, control; B, diabetic; C, quercetin-treated diabetic; and D, quercetin.
Giant cells (yellow arrow), glycogen cells (black arrow), SpongIotrophoblast cells (red arrow) and as lakes of cells (black star). Increasing the number of giant cells (TGC) and
glycogen cells (GC) is shown in diabetic group, which causes the accumulation of GCs (B), while a decrease was shown in the number of TGCs and GCs in the quercetin-treated
diabetic group (D).

The findings of the current study demonstrated sup-
portive effects of quercetin during gestational diabetes
on some of placenta structures. There are a lot of re-
ports about the importance and value of flavonoids, espe-
cially quercetin. The daily western diet possesses average
flavonoids, of which quercetin comprises the main compo-
nent (34). Studies of the chemical structures of flavonoids
indicate that antioxidant activity may be related to the de-
gree of hydroxylation as hydrogen giving free radical scav-
engers (35, 36). The use of quercetin can protect placen-
tal morphology and decrease oxidative stress, and serum
glucose levels (30). This agent removes oxygen radicals
(17, 18) and prevents oxidant damage and cell death (36).
Also, quercetin regulates the thickness of the labyrinth
layer and the placenta vasculature in the mouse placenta
(37). In addition, the quercetin improves the diabetes-
induced changes in activities of superoxide dismutase and
catalase (38). Other studies, which evaluated the effects
of quercetin against oxidative stress, demonstrated that
alanine aminotransferase and aspartate aminotransferase
levels and glutathione (GSH), superoxide dismutase, cata-
lase, and glutathione peroxidase activities were signifi-
cantly decreased, and malondialdehyde levels increased
as a result of oxidative stress, and it was reported that

quercetin administration normalized all values and pre-
served the integrity of pancreatic β-cells (39, 40).

Another study indicated that quercetin might have an
antioxidant effect and prevented the renal tubular dam-
age and decreased oxidative stress arising from induced by
chronic cadmium administration (41). The treatment with
quercetin in diabetic rats causes an increased number of
corpora lutea and maternal weight gain (23). Quercetin is
a potential drug with antidiabetic and anti-hyperglycemic
functions mediated by changes in the levels of glucose,
cholesterol, and triglycerides (41). The findings propose
that quercetin therapy has protective efficacy in diabetes
by regressive oxidative stress and the maintenance of
pancreatic-cell integrity (42).

The use of melatonin in pregnancy with undernutri-
tion may reclaim placental usefulness by upregulating pla-
cental antioxidant enzymes, as well as reduced lipid perox-
idation and uteroplacental antioxidant enzyme activities
(43, 44).

Although we observed the protective effect of
quercetin on thickness, diameter, and weight placenta
in the diabetic group treated with quercetin, this effect
was not significant compared to the diabetic group. In
the present study, treatment with quercetin significantly
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reduced the LZ in diabetic rats, as well as the JZ that de-
creased in the diabetic rats was significantly increased. In
terms of the decidua layer, we observed that the decidua
layer showed an increase in thickness, which could not be
correlated with the decrease in the thickness of the JZ, so a
remarkable result of the present study was an increase in
the thickness of the decidua layer.

5.1. Conclusions

In this study, we showed that STZ-induced diabetes dur-
ing gestation caused abnormal placental development by
disturbing the proliferation capacity of GC, TGC, as well as
increased length of LZ and decidua layers but decreased
the length of JZ. Quercetin therapy leads to the improve-
ment of placental morphology and balancing the number
of cells and their surroundings.
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