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Abstract
Background: Matricaria Chamomilla (M.C) has various effects, such as anti-inflammatory and anti-hyperglycemic
properties. Our study aimed to investigate the effect of M.C extract on diabetic complications.

Materials and Methods: The animals were assigned to five groups. The first and second groups included healthy
and diabetic rats that received distilled water by oral gavage. The third, fourth, and fifth groups were diabetic animals
that received three doses of 100, 300, and 500 mg/kg of chamomile, respectively, during the first 17 days of pregnancy.
Blood sugar (BS) levels and hemoglobin Alc (HbAlc) were measured during these 17 days of pregnancy. At the end
of the study, we prepared histological sections of the mother rats' kidneys, livers, and uteruses, as well as the fetal
neural tube.

Results: The chamomile extract significantly reduced HbAlc and BS levels at the end of the 17th day (P < 0.01) in
the intervention groups. Additionally, the severity of diabetic damage in the liver and placenta was reduced in treated
diabetic rats with M.C, but there was no reduction in the kidneys. M.C could cause dilation of the central spinal canal
and spinal cord edema, which may indicate a teratogenic effect on the fetus.

Conclusions: Chamomile has beneficial effects on controlling BS and preventing liver and placental tissue damage.
However, it may also have teratogenic effects on the fetus, so it is not recommended for pregnant women.
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Introduction

Diabetes is an endocrine disease characterized by
disruptions in carbohydrate, fat, and protein
metabolism that led to different free-radical
production (1, 2). Oxygen-free radicals lead to
serious complications (3), such as cardiovascular
disease, eye, kidney, liver, and nervous system
damage. Advanced Glycation End products of
diabetes (AGEs) can cause damage to the kidneys
and liver, such as inflammation, necrosis,
fibrosis, cytoplasmic changes, hepatitis, fatty
liver, cirrhosis, hepatocellular carcinoma,
increased glomerular basement membrane
thickening, expanded kidney interstitial tissue,
increased serum creatinine concentration, and
serum urea (4, 5). Additionally, diabetes is a
significant cause of fetal death (6), which
increases the frequency of congenital
malformations and fetal death by 10 and 5 times,
respectively (7). Malformations caused by
maternal diabetes include spinal bifida, structural
brain anomalies, anencephaly, and
hydrocephalus. Maintaining precise blood sugar
control can reduce complications of diabetes
during pregnancy (8, 9). Due to the increasing
prevalence of diabetes worldwide, the use of
traditional medicinal plants for managing
diabetes control has become more common in
recent years. Matricaria Chamomilla (M.C) is an
herb from the Asteraceae family that
indigenously grows all over the world. The major
components of chamomile include terpenoids,
such as alpha bisabolol, azulenes, and
chamazulene. M.C has various effects, including
anti-inflammatory, anti-hyperglycemic,
immunomodulatory, anticancer, wound-healing,
and anti-allergic effects (10). The use of MC in
diabetic patients is possibly accompanied by a
protective effect against tissue damage due to
diabetes and assists in blood sugar control.
Therefore, this study focused on the anti-
inflammatory and antihyperglycemic effects of
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M.C on diabetic embryopathy (failure of neural
fold closure) and diabetes-related complications
in the liver, kidney, and placenta of mother rats

(11).

Material and Methods

The dried M.C part was prepared from the herbal
shop and confirmed at the herbal drugs unit of the
pharmacy school. Streptozotocin (STZ) was
purchased from Sigma-Aldrich, and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical was
prepared in methanol and ethanol from MERCK.

Preparation of Plant Extract

Aerial parts of M.C were powdered and 10 grams
of the powder were soaked in 100 ml of 70%
ethanol for 72 hours. The mixture was then
filtered through double filter paper. The freeze-
dryer device (OPERON) was used to remove the
solvent from the filtered mixture. After that, the
prepared powder was stored at 4-8°C.

Animals

We selected adult female Sprague-Dawley rats
with a body weight of 200-240 g and aged 70 to
90 days from the animal house of the Faculty of
Sciences at Jundishapur University, Ahvaz, Iran.
They were kept under standard conditions (65%
humidity, 20°C temperature, 12h dark-light
cycle). The animals were fed a standard pellet diet
(16% protein, 66% carbohydrate, 8% fat, and
water). All ethical issues were in accordance with
the ethical protocols of Jundishapur University.

The Induction of Diabetes

A single dose of STZ (45 mg/kg body weight in
0.1 M citrate buffer, pH: 4.5, administered
intraperitoneally) was used to induce diabetes in
rats after an overnight fast (16 hours without food
but with free access to water) at 7 am. The
criterion for selecting diabetic animals was a
fasting blood glucose level above 250 mg/dL 36
to 48 hours after STZ injection. The lateral tail
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vein of rats was used for sampling and glucose
levels were evaluated with a glucometer
(BIONIME model) (12).

The Induction of Pregnancy

One male rat was housed with two females in a
cage overnight. Successful mating among rats
was confirmed by the observation of a vaginal
plug (VP) under a microscope. Then, the vaginal
smears from these rats were examined for sperm.
If vaginal plaque and sperm were seen, pregnancy
was considered positive (13).

The Study Method

The animals were allocated to five groups, each
with five members. The groups were: group one
and two, consisting of normal and diabetic
animals that received one ml of water orally,
respectively. Groups three, four, and five:
diabetic animals received three doses of 100, 300,
and 500 mg/kg of chamomile extract in one ml of
water by Gavel Needle, respectively. Vehicle or
extract was administered orally to all groups from
the first day to the 17th day of pregnancy. The
purpose of administering vehicle or extract orally
to all groups is to eliminate the stress-relieving
factor that animals endure during gavage, which
in turn can lead to blood sugar dysregulation or
fetal complications.

Blood sugar was measured one week after
diabetes induction, on the first day and the 17th
day of pregnancy. At the end of the 17th day, rats
were sacrificed under ether anesthesia. The blood
sample was collected from the heart into
heparinized tubes. A fasting blood glucose test
was performed enzymatically for measuring
fasting blood sugar using the RA1000 analyzer,
and HbA1C was measured with NYOCO CARD
KITS NIMA (POUYESH TEB company). After
washing the kidney, liver, and uterus with ice-
cold isotonic saline, we fixed the tissues,
prepared paraffin blocks, and cut them into 3-5
um-thick sections. The neural tube was isolated
from embryos and fixed in 10% neutral buffered
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formalin for 24 hours. The specimens were
washed in tap water, then dehydrated through a
series of alcohol dilutions, cleared in
hydrocarbon (xylene), and infiltrated with
paraffin at 56 degrees Celsius in an oven.
Paraffin beeswax tissue blocks were sectioned at
4 microns onto a slide using a microtome. These
sections were collected on a glass slide,
deparaffinized, and stained with hematoxylin and
eosin stain for histopathological examination.
The preparation of histological samples for Light
Microscopy was studied (14). All samples were
reviewed under an electric light microscope
(LABO AMERICA, Inc., USA) and images were
captured with a digital camera. In the uterus, the
digit of crusted plaques from the fetus displaying
previous implantation sites was recorded and the
crown-rump length was measured with a caliper.

Statistical Analysis

Data are reported as Mean + SD. One-way
ANOVA and Tukey tests were used for data
analysis in SPSS for Windows (version 20, USA).
The 0.05 level was considered statistically
significant.

Results and Discussion

This study confirmed a significant increase (P <
0.049) in BS and HbAlc in the diabetic groups
compared to the non-diabetic group (group one).
Administration of M.C in diabetic rats
significantly decreased blood glucose and HbAlc
on the 17th day of gestation (P <0.01) compared
with day zero in each group (Table 1, Figure 1).
The most effective dose of M.C extract was 500
mg/kg, which significantly reduced BS and
HbA 1c compared with other doses. Fasting blood
glucose was measured at 2, 4, and 6 hours after
administration of the extract to evaluate the time-
course activity of a 500 mg/kg dose. The
significant difference in blood glucose levels of
diabetics two hours after treatment with 500
mg/kg MC extract, compared to fasting blood

59



Forough Namjoyan et al

sugar (FBS) before administration of the extract
showed a p-value < 0.05.
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Fig. 1 A: The effects of M.C extract on blood sugar over different days. B: The effects of M.C extract on the blood sugar at
different times
The significant difference in blood glucose levels in group I on days 0, 1, and 17 compared to the control group (p < 0.05).
T The significant difference in blood glucose levels of group III between the first and 17th day, compared to the zero-day and
the control group, as well as the second group (p < 0.05).
1 The significant difference in blood glucose levels of group IV between the first and 17th day compared to day zero, the control
group, and the second group (p < 0.05).
1 The significant difference between the blood glucose of group five on the first day compared to day zero and other groups (p
<0.05).
¥ The significant difference between the blood glucose of group V on the 17th day compared to the first and zero days and other
groups (p < 0.05).
B: The effect of M.C extracts (500 mg/kg) on the blood glucose level at different times.
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*The significant difference between the two-hour blood glucose after administration of 500 mg/kg of MC extract in the diabetic
group with FBS (p <0.05).

The Fetus Data
In this study, the crown-rump length (CRL) of
embryos was measured and it was shown that this

index declined in the diabetic groups. M.C can
prevent this event by decreasing the present
resorption in the fetuses of diabetic rats (Table 1).

Table 1. Different variables for mother and fetal rats across the groups.

Group 1 Group II Group IIT Group IV Group V
The number of VP + at the zero 5 5 5 5 5
day
The pregnancy rate 60% 100% 20% 100% 40%
The number of pregnant rats 3 5 1 5 2
The total number of embryos 21 47 10 50 25
The average number of fetuses 7.0 9.4 10.0 10.0 12.5
per pregnant rat
The number of resorbed embryos 0 9 0 1 0
Resorbed/total embryos Ratio 0.00 . 19° 0.00 0.02 0.00
Embryo crown-rump length in 1. 933+ 088 1. 54+. 125 1. 5+. 0001 1.96+.050 1.5+.0001
centimeters
The crown-rump length of .27+.030 .23+.080 .15+0.001 .2+.020 125+.025
embryos (cm)/ total number of
embryos Ratio
HbAIC levels on the 17th day 3.58+0.302 9.75 + 7.89+0.002* 7.89 £0.002F 7 £0.570%

across different groups 0.300%%**

*** p <0.001 compared to the control group. *p < 0.001 compared to the diabetic untreated group. T p < 0.001 compared to
the diabetic untreated group. § p < 0.001 compared to group II and III. Comparison of the resorbed/ total embryo ratio in the
different groups: a (p <0.0001) compared to other groups. *A significant difference between the diabetic group and other groups.
Group I: healthy untreated rats, Group II: diabetic control rats, which received vehicle; Group IIL, IV, and V: diabetic rats which
received chamomile extract orally by gavage at 100, 300, and 500 mg/kg, respectively. VP: Vaginal plug forms after mating,

which indicates pregnancy. HgA1C: hemoglobin Alc

Histomorphologic Findings:

Liver: The area surrounding the port,
hepatocytes, sinusoids, interstitial area, space
around sinusoids, and the areas around the central
veins were observed in liver sections. Ten fields
were examined on each slide. The results are
reported in the legend of Figure 2.

In the control group, hepatocytes and endothelial
cells surrounding the central vein appeared
normal and well-organized (Figure 2-A). In the
untreated diabetic group, hepatocyte size
decreased, and multinucleated white blood cells
accumulated around the central vein. The
abnormality was observed in the nucleus of the
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classic labels around the central vein, which their
origins were not clear. The swelling in some parts
of the sinusoids and the dilation of the sinusoidal
spaces could be due to decreased glycogen stores.
Accumulation of fat in the hepatocytes can result
from diabetes (Figure 2-B). Hepatocyte size
decreased in group III and sinusoidal dilation
occurred. Additionally, swelling, inflammation,
and fibrosis were seen in the sinusoids. The
results of group IV were similar to those of group
III. Changed hepatocytes (Creating cavities and
Cells are lysed) of the liver tissue were observed
in group V, which may be due to the adverse
effect of M.C extract (Figure 2-C, D, and E).
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Fig. 2 The liver histomorphological findings: A, B, C, D, and E represent photomicrographs of the liver from the control,
diabetic rat receiving vehicle, and groups III, IV, and V, respectively. (X = 100).

Kidney: Ten fields were examined in each slide.
The results are reported in the legend of Figure 3.
Cortex areas, Bowman's capsule, and collecting
ducts appeared normal and modular (Figure 3-A).
In the diabetic group, cell lysis was observed in
both the distal and proximal tubules. Dilation of
the urinary space was occurring. The Malpighi

body was wrinkled in some areas and glomerular
shrinkage was seen in the affected cortex (Figure
3-B). The results for group III were similar to
those of the diabetic group (Figure 3-C). In group
IV, dilation of the urinary space was less evident
(Figure 3-D). In group V, the glomerular capillary
network was destroyed (Figure 3-E).

Fig. 3 The kidney histomorphological findings: A, B, C, D, and E: Photomicrographs of control, diabetic rat receiving vehicle,
and groups III, IV, and V of the kidney, respectively (X = 100).

Placenta: Ten fields were examined on each
slide. The results are reported in the legend of
Figure 4.

The capillary and cytotrophoblast tissue appeared
normal in the healthy group (Figure 4-A). In the
diabetic group, vascular development was
decreased and not observed in the tissue. Atresia
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was seen in some parts of the placental tissue. In
the slide prepared from the aborted placenta in the
diabetic  group, hyperemia, hemorrhage,
congestion, and fibrinoid were observed
throughout the area (Figure 4-B). In group III,
less congestion, fibrinoid material, and
hemorrhage were observed in the tissue (Figure
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4-C). In group IV, edema, hyperemia,
hemorrhage, and fibrinoid were not observed;
however, large trophoblast cells accompanied by
small blood vessels were observed in the placenta

‘D

(Figure 4-D). In group V, edema, hyperemia,
hemorrhage, and fibrinoid were not observed
(Figure 4-X).

Fig. 4 The placenta histomorphological findings: A, B, C, D, E, and F: Photomicrographs of the placenta from the control,
diabetic rat that received the vehicle, the aborted placenta from diabetic rats that received the vehicle, and groups IIL, IV, and
V, respectively (X = 100).

The Neural Tube Embryos of Rats:

Ten fields were examined on each slide and the
results are reported in the legend of Figure 5.

In the healthy neural tube of rat embryos, the
central spinal canal, along with the white and gray
areas of the spinal cord, and neuroepithelial
cylinder cells with their cilia around the central
canal were observed (Figure 5-A). In the diabetic
group, ependymal cell integration was absent in
some areas. Elongated cylindrical cells appeared
(Figure 5-B). In group III, the gap in the central
canal was longer. On the lateral wall of the central
spinal canal, the cell integrity was abnormal
(Figure 5-C). In group IV, abnormalities and
inflammation were observed in the narrow lumen
(Figure 5-D). In group V, the central canal was
elongated and the lumen was inflated (Figure 5-
X).

The present study indicates that M.C has anti-
hyperglycemic and protective effects on the liver,
kidney, and placenta of STZ-diabetic rats. M.C
significantly decreased blood glucose and HbAlc
in treated diabetic rats compared to diabetic
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controls. The 500 mg/kg dosage showed greater
anti-hyperglycemic activity than other doses
(Table 1, Figure 1). Diabetes increases free
radical levels, which can damage the liver,
kidneys, and placental tissue. The liver plays an
important role in maintaining blood glucose
homeostasis and in drug detoxification (5). In this
study, the main liver cell changes were
inflammation, apoptosis, and sinusoidal space
dilation. Liver damage occurred due to diabetes.
Liver tissue examination showed that chamomile
can prevent injury in doses of 100 and 300 mg/kg.
Still, the 500 mg/kg dose may partially cause liver
tissue damage, including liver cell apoptosis and
the formation of a cavity (Figure 2). Advanced
glycosylation end products can cause kidney
damage, including thickening of the glomerular
basement membrane and increased mesenchymal
tissue (7). The histopathological examination of
the kidney showed that M.C cannot prevent the
damage resulting from diabetes in the kidney
tissue (Figure 3). In some studies, the antidiabetic
effect of M.C was well demonstrated and it was
shown to ameliorate hyperglycemia and diabetic
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complications. Additionally, the M.C can
increase liver glycogen storage without relying
on insulin secretion (14-16). In a randomized
controlled trial that examined the antidiabetic
effect of M.C, the results of previous animal
studies were confirmed (17). Hassan Al-Musa et
al. showed that administering doses up to 500
mg/kg of M.C extract for 28 days significantly
reduced blood glucose levels, with no recovery in
insulin levels. This extract demonstrated a
hepatorenal protective effect. The
histopathological study of the kidney and liver
showed that Chamomile Recutita (500 mg/kg)
prevents histological changes in the glomerulus,
basement membrane, and capillaries. Oral
administration of an ethanolic extract from
Chamomile Recutita prevented such fatty
changes in hepatocytes (18). Diabetes during

B. X100,400

D, X:400

E. X:100

pregnancy doubles perinatal mortality compared
to the general population. (10). Many studies
have shown that antioxidants play an important
role in reducing the neural tube defects in fetuses
caused by diabetes (5). In the current study,
histological examination of the neural tube in
embryos showed that the M.C can cause dilation
of the central spinal canal and swelling in the
lumen of the spinal cord. This subject may be
related to the teratogenic effects of M.C in the
fetus (Figure 5). The placental tissue in the
untreated diabetic group was smaller than in the
other groups. Also, diabetes caused atresia in the
placental tissue due to the adverse effects. M.C.
could prevent diabetes-related damage, including
Edema, hyperemia, hemorrhage, and fibrinoid
(Figure 5).

C X100.400

F, X 400

Fig. 5 Histomorphological findings of the neural tube embryos of rats: A, B: Photomicrographs of neural tube embryos of rats
from Group I (X =100, 400). C, D: Photomicrographs of neural tube embryos from diabetic rats in Group II (X = 100, 400).
E, F: Photomicrographs of neural tube embryos from diabetic rats in Group III (X = 100,400). G: Photomicrograph of neural
tube embryos from diabetic rats in Group IV (X =400). H, I: Photomicrographs of neural tube embryos from diabetic rats in

Group V (X =100, 400).
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Diabetes during pregnancy increases the risk of
fetal absorption. According to the study, M.C can
prevent this event by reducing fetal resorption in
diabetic rats (Table 1). In previous studies, it was
found that fetuses of diabetic mother rats are
smaller. In the diabetic group's embryos, the
crown-rump length decreased. Data Analysis
showed no significant differences among the
diabetic groups. Chamomile extract reduced this
index, but the change was not statistically
significant (11). In a study, the teratogenic effects
of chamomile were examined in mice. There was
a significant decrease in crown-rump length at
higher doses of M.C extract. Our analysis also
yielded similar results. This finding provides
evidence that the effects of chamomile extract on
blood sugar are independent of its effects on the
fetus and its beneficial effects on fetal resorption
(19). Uterine contractions, increased uterine
blood flow, and spontaneous abortion were
adverse events caused by the administration of
M.C extract during pregnancy. Therefore, the use
of M.C extract is not recommended (Update on
Prenatal Care).

Conclusion

Chamomile has beneficial effects in preventing
liver and placental tissue damage without
harming kidney function. However, it also has
teratogenic effects on the fetus. Pregnant women
should exercise caution when using this plant.
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