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Background: Monosodium glutamate (MSG) is a flavoring agent added to various foods. This experimen-
tal study investigated MSG effects on chicken embryos morphology and the possible ameliorative effects
of pomegranate peel extracts (PPE) at different incubation periods.
Methods: Seven hundred and twenty fertilized chicken eggs were used and divided into six groups: con-
trol, PPE, MSG, PPE + MSG, preventive (PPE–MSG) and therapeutic (MSG–PPE) groups. Fertile chicken
eggs were injected with MSG (0.1 ml) and/or PPE (0.3 ml) twice before incubation at days 0, 1.
Embryos were extracted at days 7, 10, 12, 14 and 16. Effects of MSG and/ or PPE on embryo development
during different incubation periods were studied.
Results: MSG injected into embryos led to congenital anomalies that appeared mainly in MSG and MSG
+ PPE groups. These anomalies included growth retardation, absent eye, abdominal swelling and hernia.
Mortality rate was the highest in MSG, then in MSG + PPE and MSG–PPE groups. PPE treatment reduced
MSG toxic effects and these results were better in MSG–PPE and PPE–MSG groups than MSG + PPE group.
Conclusions: MSG injection affected chicken embryonic development causing growth retardation and
decline in total body length, break length, and total body weight in all the treated groups. These harmful
actions can be ameliorated with PPE treatment depending on embryo age.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Monosodium glutamate (MSG), a sodium salt of naturally
occurring (non–essential) L- form glutamic acid, is utilized as a fla-
vor enhancer for variety of foods prepared at home and restaurants
(Vandenbeuch and Kinnamon, 2016). Glutamate is a main excita-
tory neurotransmitter in the central nervous system. It stimulates
glutamate receptors and has important effects in both physiologi-
cal and pathological conditions (Sedlak et al., 2019). As a flavor
enhancer, MSG increases the food sapidity, a taste that cannot be
provided by other foods (Masre et al., 2019). MSG causes many dis-
eases. It triggers symptoms, which were referred to as ‘‘Chinese
Restaurant Syndrome’’ including numbness at neck back and arms,
palpitations and weakness (Geha et al., 2000). Excessive glutamate
activation leads to varies neurological insults in mouse infants
(Goldsmith, 2000) and depression in rats (Calabresi et al., 1999).
It also causes Parkinson’s disease, neurodegenerative destruction,
and epilepsy (Narayanan et al., 2010). Datta et al., (2019) reported
that MSG acts as an ‘‘excitotoxin’’ which means that it can over-
stimulate nerve cells causing their damage or even death. MSG
has neurotoxic effects including retinal degeneration and brain cell
damage leading to epilepsy. It also causes hepatic inflammation
and oligozoospermia (Thuy et al., 2020). MSG might influence the
reproductive system and induce infertility in males as it causes tes-
ticular degeneration (Igwebuike et al., 2011), testicular bleeding
(Nayanatara et al., 2008), decreased testosterone level (Iamsaard
et al., 2014), oligozoospermia, and change of sperm cell population
and morphology in male rats. This may be caused by increased
levels of lipid peroxidation’s and decreased levels of antioxidant
enzymes (catalyze, superoxide dismutase and glutathione peroxi-
dase) in testicular tissue (Hamza et al., 2020).

MSG leads to generation of free radicals, activation of proteases,
phospholipases and endonucleases. It also causes transcriptional
activation of apoptotic programs and genotoxicity in mice and rats
(Kayode et al., 2020). This occurs through increasing intracellular
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calcium, that enhances enzymatic activity and induces cell death
(Onaolapo et al., 2016).

A major advantage of using chicken embryo as a model in
experimental biology is that one can window the egg, examine
embryo, and precisely target exposure to its specific developmen-
tal stages (Drake et al., 2006). Administration of MSG during the
embryonic stage to chicken eggs caused fetal malformations (Al-
Qudsi and Al-Jahdali, 2012).

Natural plants antioxidants are widely used for therapeutic pur-
poses and they are preferred by consumers than synthesized
antioxidants. Pomegranate (Punica granatum L.) is a fruit of tropical
and subtropical regions. It originated in India and the Middle East
and has been used for centuries for medicinal purposes. Pomegra-
nate is consumed fresh and in processed forms as juice, flavors, or
extracts (Kandylis and Kokkinomagoulos, 2020). Aksu et al., (2012)
reported the antioxidant activity of pomegranate juice. It provides
effective protection of the hematological system against oxidative
damage caused by lead. Pomegranate has antivirus, antioxidant,
anticancer, and antiproliferative activities (Morvaridzadeh et al.,
2020).

This experimental study aimed to investigate MSG effects on
morphology of chicken embryos and possible ameliorative effects
of pomegranate peel extracts (PPE) during different incubation
periods.
2. Martial and methods

2.1. Chemicals

MSG solution was made by dissolving 30 mg of MSG powder
into 0.1 ml of distal water. It was injected in a dose of 0.1 ml before
incubation according to Al-Qudsi and Al-Jahdali, 2012. The thera-
peutic PPE dose was used in equivalent to the dose used in mouse
according to El-Awdan et al., (2013), which was 0.5 ml/100 g of
mouse weight. The average egg weight = 60 g, so PPE dose/
egg = 0.3 ml. PPE was freshly prepared in distilled water and its
concentration was adjusted so that each egg received 0.3 ml con-
taining the required dose. Pomegranate peel extract was prepared
according to Hasan et al., (2016) method.
2.2. Experimental design

Seven hundred and twenty fresh fertilized chicken eggs were
used (weight range was 60–62 g). These eggs were divided into
six main groups (120 eggs each) as following: control group
injected with 0.1 ml of distilled water during the first week of incu-
bation at days 0, 1 and was opened at days 7, 10, 12, 14 and 16 of
incubation, each age consisted of 24 eggs. Pomegranate peel
extracts treated group (PPE) was injected with PPE at days 0, 1 at
a dose of 0.3 ml/egg (El-Awdan et al., 2013). Mono sodium gluta-
mate treated group (MSG) was injected with MSG twice at days
(0, 1) at a dose of 0.1 ml (Allam et al., 1976). Group treated with
MSG and PPE together MSG + PPE that injected with PPE at a dose
of 0.3 ml/egg and with MSG at a dose of 0.1 ml/egg. Group treated
with PPE and then MSG (protective, PPE–MSG) that injected with
PPE at days 0, 1 and then injected with MSG at days 3, 4 to study
PPE protective role. Group treated with MSG and then PPE (thera-
peutic, MSG–PPE) that injected with MSG at days 0, 1 and then
injected with PPE at days 3, 4 to study PPE therapeutic role. All
groups were incubated in a special rotating incubator (Cosmo Auto
Analog, Italy). The days of injection and opening of embryos in dif-
ferent treated groups were the same days as in control sample.

The focus had been on determining the injection period in three
stages, which were pre–incubation (before internal organs forma-
tion, day 0), at beginning of internal organs formation (day 1)
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and during completion of internal organs formation (days 3 and
4), because these periods are considered sensitive to any external
effects that affects embryonic formation process. Selection of open-
ing times was based on the end of the sensitive period at day 7 of
the first week that is considered the end of embryonic formation,
and was identified at days 10, 12, 14 of the second week of embryo
formation to monitor the continued organs growth. Monitoring the
occurrence of possible effects level was determined at day 16 of
third week of incubation after completion of embryonic organ
development to study the effects of experiment materials on
organs maturity.
2.3. Morphological studies

At days 7, 10, 12, 14 and 16, the eggs were opened at blunt end
and the embryos were extracted, cleaned by washing with saline
solution. Mortality rate was determined. Embryos were then dried
and weighed. The external shape of embryos was observed,
reported and photographed.

2.4. Photographing

All embryos were photographed by digital camera (Canon Eso
600 D); a ruler was put near the embryo which was used as a scale
when conducting morphometric using the photos. The distance
between specimen and camera was the same for all the body
photos.

2.5. Morphometric studies

Measurements of all specimens were taken from the pho-
tographs. The measurements taken were total body length, beak
length, eye diameter, and neck length, utilizing UTHSCA IMAGE
TOOL program ‘‘Image tool” (http://compdent.uthscsa.edu/dig/it-
desc.html) (Fig. 1). Total body weight was taken also. The readings
were saved in Excel 2003 and then transferred to SPSS version 19
where data was statistically tested.
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Fig. 1. Method of measurement of total body length (A), neck length (B), beak
length (C) and eye diameter (D).
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2.6. Statistical analysis

Data was analyzed using SPSS version 19. Differences of the
measured parameters in different studied groups versus control
group were tested using One Way ANOVA test followed by least
significant difference (LSD) test for multiple comparison, Signifi-
cance was considered at P < 0.05.
Fig. 2. Effects of MSG on morphogenesis of chicken embryos.
3. Results

3.1. Morphological studies

Virtual examination of embryos revealed the presence of visible
birth defects in a number of embryos of the studied groups at days
7, 10, 12, 14 and 16. In MSG group, morphological changes were
found at day 7 such as small sized embryo, abdominal edema,
abdominal hernia, exit of abdominal contents, small sized eye, con-
gestion of brain region and increase in transverse region of brain in
head. At day 10, malformations included small sized embryo,
abdominal hernia, exit of abdominal contents, absent eye and
increase in transverse region of brain. At day 12, malformations
were small sized embryo, anomalies of extremities, abdominal dis-
tension, exit of abdominal contents, abdominal hernia and increase
in transverse region of brain in head region. At day 16, there were
abdominal edema, hernia and exit of abdominal contents (Fig. 2).
In MSG + PPE group, observed morphological changes were found
at day 7 including small sized embryo, small sized eye, abdominal
edema, abdominal hernia, exit of abdominal contents. At day 10,
there were abdominal hernia, exit of abdominal contents and short
neck. At days 12 and 14, there were abdominal hernia and increase
in transverse brain region in head region. At day 16, there were
abdominal edema, hernia and atrophy of head region (Fig. 3). In
MSG–PPE group, observed morphological changes were found at
day 7 including small sized embryo, abdominal hernia, exit of
abdominal contents, and increase in transverse brain region at
head. At days 12, 14 and 16, there were abdominal hernia (Fig. 4).
3.2. Mortality in chicken embryos

There were no deaths in the control, PPE and PPE–MSG groups.
However, deaths were observed in MSG, MSG + PPE and MSG–PPE
groups. The mortality rate was the highest among MSG group
(n = 64, 53.3%), then MSG + PPE (n = 58, 48.3%), and lastly MSG–
PPE (n = 44, 36.6%) (Table 1).
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3.3. Effects on the total body length of chicken embryos

A significant decrease in embryo body length was observed in
different studied groups at different periods (at days 7, 10, 12, 14
and 16 of incubation) versus control, with the least decrease was
in PPE (mean difference = 0.517, P < 0.0001) and highest decrease
was in MSG (mean difference = 0.842, P < 0.0001). Total length
decease in PPE–MSG group was (mean difference = 0.550,
P < 0.0001) and in MSG–PPE group was (mean difference = 0.667,
P < 0.0001). A significant decrease in embryo body length was
observed in MSG + PPE group versus control at day 7 (mean differ-
ence = 0.825, P < 0.0001) and at days 10, 12, 14 and 16 (mean dif-
ference = 0.742, P < 0.0001) (Table 2 and Fig. 5).
3.4. Effects on the total body weight of chicken embryos

The results showed in Table 3 and Fig. 5 indicated insignificant
differences in embryo total body weight in all treatment groups at
days 7 incubation versus control (P > 0.05). Significant decrease
was observed in embryo total body weight at day 10 of incubation
in PPE (mean difference = 0.533, P = 0.010), MSG (mean differ-
ence = 0.950, P < 0.0001), MSG + PPE (mean difference = 0.808,
P < 0.0001), PPE–MSG (mean difference = 0.542, P = 0.009) and
MSG–PPE (mean difference = 0.767, P < 0.0001); at day 12 of incu-
bation in PPE (mean difference = 0.533, P = 0.010), MSG (mean dif-
ference = 0.950, P < 0.0001), MSG + PPE (mean difference = 0.808,
P < 0.0001), PPE–MSG (mean difference = 0.642, P = 0.002) and
MSG–PPE (mean difference = 0.767, P < 0.0001); at day 14 of incu-
bation in PPE (mean difference = 0.533, P = 0.010), MSG (mean dif-
ference = 0.950, P < 0.0001), MSG + PPE (mean difference = 0.808,
P < 0.0001), PPE–MSG (mean difference = 0.542, P = 0.009) and
MSG–PPE (mean difference = 0.767, P < 0.0001) and at day 16 of



Fig. 3. Effects of MSG + PPE on morphogenesis of chicken embryos. Fig. 4. Effects of MSG-PPE on morphogenesis of chicken embryos.
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incubation in PPE (mean difference = 0.542, P = 0.009), MSG (mean
difference = 0.958, P < 0.0001), MSG + PPE (mean differ-
ence = 0.817, P < 0.0001), PPE–MSG (mean difference = 0.550,
P = 0.008) and MSG–PPE (mean difference = 0.775, P < 0.0001).
3.5. Effects on neck length in chicken embryos

Significant decrease was observed in embryo neck length versus
control at day 10 of incubation in PPE (mean difference = 0.175,
P = 0.033), MSG (mean difference = 0.300, P < 0.0001), MSG + PPE
(mean difference = 0.217, P = 0.008), PPE–MSG (mean differ-
ence = 0.233, P = 0.009) and MSG–PPE (mean difference = 0.200,
P = 0.015); at day 12 of incubation in PPE (mean difference = 0.192,
P = 0.020), MSG (mean difference = 0.308, P < 0.0001), MSG + PPE
(mean difference = 0.275, P = 0.001), PPE–MSG (mean differ-
ence = 0.242, P = 0.003) and MSG–PPE (mean difference = 0.250,
P = 0.002); at day 14 of incubation in PPE (mean difference = 0.300,
P < 0.0001), MSG (mean difference = 0.408, P < 0.0001), MSG + PPE
(mean difference = 0.367, P < 0.0001), PPE–MSG (mean differ-
ence = 0.317, P < 0.0001) and MSG–PPE (mean difference = 0.342,
P < 0.0001); at day 16 of incubation in PPE (mean differ-
ence = 0.167, P = 0.042), MSG (mean difference = 0.318,
P < 0.0001), MSG + PPE (mean difference = 0.300, P < 0.006), PPE–
MSG (mean difference = 0.225, P = 0.006) and MSG–PPE (mean dif-
ference = 0.242, P = 0.003). Meanwhile, at day 10 of incubation sig-
nificant decrease was observed in embryo neck length versus
control in MSG (mean difference = 0.200, P = 0.015) and MSG
+ PPE (mean difference = 0.167, P = 0.042) (Table 4).
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3.6. Effects on beak length in chicken embryos

Significant decrease in embryo beak length was observed versus
control in MSG and MSG + PPE groups at day 7 (mean differ-
ence = 0.117, P < 0.0001; mean difference = 0.095, P < 0.0001,
respectively); at day 10 (mean difference = 0.121, P < 0.0001; mean
difference = 0.078, P < 0.0001, respectively); at day 12, 14 and 16
(mean difference = 0.145, P < 0.0001; mean difference = 0.095,
P < 0.0001, respectively) (Table 5).

3.7. Effects on eye diameter of chicken embryos

Significant increase in embryo eye diameter was observed ver-
sus control in MSG and MSG + PPE groups at days 7, 12 (mean dif-
ference = �0.050, P = 0.002; mean difference = �0.060, P < 0.0001,
respectively). Meanwhile, significant decrease was observed in
embryo eye diameter versus control at day 12 of incubation in
MSG (mean difference = 0.098, P < 0.0001), MSG + PPE (mean dif-
ference = 0.052, P = 0.001), PPE–MSG (mean difference = 0.038,
P = 0.016) and MSG–PPE (mean difference = 0.051, P = 0.001); and
at day 14 of incubation in MSG (mean difference = 0.090,
P < 0.0001), MSG + PPE (mean difference = 0.088, P < 0.0001),
PPE–MSG (mean difference = 0.069, P < 0.0001) and MSG–PPE
(mean difference = 0.078, P < 0.0001) (Table 6).
4. Discussion

The results of the present study showed congenital malforma-
tions in the examined embryos mostly in MSG group followed by
MSG + PPE and MSG–PPE groups. These malformations included



Table 1
Comparing the difference of the mortality rate between the control(C) and treated groups (PPE), (MSG), (MSG+PPE), (PPE-MSG), (MSG-PPE) at (7-10-12-14-16) days old age of
chick embryos.

Groups Days Life numbers Dead numbers Life rate% Dead rate%

C 7 24 0 100% 0%*
10 24 0
12 24 0
14 24 0
16 24 0

Total 120
PPE 7 24 0 100% 0%*

10 24 0
12 24 0
14 24 0
16 24 0

Total 120
MSG 7 8 16 46.6% 53.3%*

10 8 16
12 9 15
14 8 16
16 23 1

Total 120 56 64
MSG+PPE 7 6 18 51.6% 48.3%*

10 12 12
12 12 12
14 14 10
16 18 6

Total 120 62 58
PPE-MSG 7 24 0 100% 0%*

10 24 0
12 24 0
14 24 0
16 24 0

Total 120
MSG-PPE 7 10 14 63.3% 36.6%*

10 16 8
12 14 10
14 16 8
16 20 4

Total 120 76 44

Table 2
Comparing the difference of average total body length (cm) between the control (C) and treated groups (PPE), (MSG), (MSG + PPE), (PPE-MSG), (MSG-PPE) at (7–10-12–14-16)
days old age of chick embryos.

DAYs Groups (A) Groups (B) Mean Difference (A-B) Std. Error Sig. 95% Confidence Interval for Difference

7D C PPE 0.517* 0.140 0.000 (0.241–0.792)
MSG 0.842* 0.140 0.000 (0.566–1.117)
MSG + PPE 0.825* 0.140 0.000 (0.550–1.100)
PPE-MSG 0.550* 0.140 0.000 (0.275–0.825)
MSG-PPE 0.667* 0.140 0.000 (0.391–0.942)

10D PPE 0.517* 0.140 0.000 (0.241–0.792)
MSG 0.842* 0.140 0.000 (0.566–1.117)
MSG + PPE 0.742* 0.140 0.000 (0.550–1.017)
PPE-MSG 0.550* 0.140 0.000 (0.275–0.825)
MSG-PPE 0.667* 0.140 0.000 (0.391–0.942)

12D PPE 0.517* 0.140 0.000 (0.241–0.792)
MSG 0.842* 0.140 0.000 (0.566–1.117)
MSG + PPE 0.742* 0.140 0.000 (0.550–1.017)
PPE-MSG 0.550* 0.140 0.000 (0.275–0.825)
MSG-PPE 0.667* 0.140 0.000 (0.391–0.942)

14D PPE 0.517* 0.140 0.000 (0.241–0.792)
MSG 0.842* 0.140 0.000 (0.566–1.117)
MSG + PPE 0.742* 0.140 0.000 (0.550–1.017)
PPE-MSG 0.550* 0.140 0.000 (0.275–0.825)
MSG-PPE 0.667* 0.140 0.000 (0.391–0.942)

16D PPE 0.517* 0.140 0.000 (0.241–0.792)
MSG 0.842* 0.140 0.000 (0.566–1.117)
MSG + PPE 0.742* 0.140 0.000 (0.550–1.017)
PPE-MSG 0.550* 0.140 0.000 (0.275–0.825)
MSG-PPE 0.667* 0.140 0.000 (0.391–0.942)
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retarded growth, body congestion and small eye size. With
increased embryo age, loss of eyes and more malformations were
reported as brain hemorrhage, widening in brain spaces. However,
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abdominal hernia and exit of abdominal contents were found in all
age groups. No malformations were observed in PPE–MSG and PPE
groups. MSG side effects vary from delay in cell division to mor-



Fig. 5. A-E): Showing the pictures of (7, 10, 12, 14, 16) days old chicken embryos of
the control group (C) and treated groups [PPE, MSG, MSG + PPE, PPE = MSG, MSG-
PPE] to compare the differences of the average length (cm) and weight.
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phological abnormalities. In consistence with our results, others
(Al-Qudsi and Al-Jahdali, 2012, Gudiño-Cabrera et al., 2014)
reported that MSG caused retarded growth of embryos due to
hemorrhage and so embryonic cells were unable to obtain neces-
sary nutrients that support their growth, development and division
efficiently. MSG can cross the placenta and mammary duct barrier
(George et al., 2013), so oral MSG administration to pregnant
Table 3
Comparing the difference of average total body weight between the control(C) and treated g
age of chick embryos.

DAYs Groups (A) Groups (B) Mean Difference (A-B)

7D C PPE 0.014
MSG 0.051
MSG + PPE 0.049
PPE-MSG 0.037
MSG-PPE 0.044

10D PPE 0.533*
MSG 0.950*
MSG + PPE 0.808*
PPE-MSG 0.542*
MSG-PPE 0.767*

12D PPE 0.533*
MSG 0.950*
MSG + PPE 0.808*
PPE-MSG 0.642*
MSG-PPE 0.767*

14D PPE 0.533*
MSG 0.950*
MSG + PPE 0.808*
PPE-MSG 0.542*
MSG-PPE 0.767*

16D PPE 0.542*
MSG 0.958*
MSG + PPE 0.817*
PPE-MSG 0.550*
MSG-PPE 0.775*
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female rats causes destruction of hypothalamus region of offspring
and decrease in different hormones levels especially growth hor-
mone that led to decrease in body height and body weight and
retard growth. Other MSG toxic effects are caused by decreased
brain growth. MSG causes increase in glutamate concentration,
with subsequent increase in ammonia ion concentration, which
contributes to brain cell injury and death. It also increases calcium
ions influx inside nerve cells causing an imbalance in ionic concen-
trations, oxygen lack and mitochondrial functions disorders, lead-
ing to an increase in ROS generation and decrease in energy
production (Al-Qudsi and Al-Jahdali, 2012). Koyuncuoǧlu et al.,
(1992) reported that offspring of rats treated with MSG showed
destruction of neurons, generation of glutamate and aspartate neu-
rotransmitters, and brain atrophy, thus slowing brain function.

In consistence with Biondo-Simões et al.(2010), the current
study showed that MSG treated groups had swelling and tighten-
ing of the skin, abdominal hernia and protrusion of fetal organs.
This swelling is due to release of inflammatory mediators that
increase permeability of cell walls and blood vessels, causing
plasma leak into the surrounding tissues, cell vacuoles with inter-
cellular edema resulting in weakness and softness of abdominal
wall of embryos.

MSG + PPE and MSG–PPE groups were less affected by MSG,
while PPE and PPE–MSG groups showed no malformations. This
is due to due to antioxidant substances, vitamins, organic and inor-
ganic amino acids present in PPE that led to balance in embryos
growth and inhibition of malformation. Antioxidant substances
present in PPE remove free oxygen radicals that result from MSG
administration. Vit A present in PPE has an important role in
embryos growth, helps epithelial cell differentiation, enhances
hematopoiesis and brain growth and prevents lipid peroxidation
and DNA destruction. Vitamin C increases immunity and enhances
proteins formation (Manal Said and Nawal, 2012; Hashem et al.,
2012). So, PPE administration is safe for embryos during organo-
genesis, fetal growth and maturation. These results were con-
firmed by (Akpinar-Bayizit et al., 2012) who reported no toxic
effects on rats treated with different pomegranate parts as it con-
tains hydroxyl phenol groups with antioxidant effect. The peels of
pomegranate stimulate protein synthesis, and so increase DNA and
roups (PPE), (MSG), (MSG + PPE), (PPE-MSG), (MSG-PPE) at (7–10-12–14-16) days old

Std. Error Sig. 95% Confidence Interval for Difference

0.205 0.945 (�0.390 to 0.418)
0.205 0.805 (�0.353 to 0.455)
0.205 0.811 (�0.355 to 0.453)
0.205 0.858 (�0.367 to 0.440)
0.205 0.830 (�0.360 to 0.448)
0.205 0.010 (0.130–0.937)
0.205 0.000 (0.546–1.354)
0.205 0.000 (0.405–1.212)
0.205 0.009 (0.138–0.945)
0.205 0.000 (0.363–1.170)
0.205 0.010 (0.130–0.937)
0.205 0.000 (0.546–1.354)
0.205 0.000 (0.405–1.212)
0.205 0.002 (0.238–1.045)
0.205 0.000 (0.363–1.170)
0.205 0.010 (0.130–0.937)
0.205 0.000 (0.546–1.354)
0.205 0.000 (0.405–1.212)
0.205 0.009 (0.138–0.945)
0.205 0.000 (0.363–1.170)
0.205 0.009 (0.138–0.945)
0.205 0.000 (0.555–1.362)
0.205 0.000 (0.413–1.220)
0.205 0.008 (0.146–0.954)
0.205 0.000 (0.371–1.179)



Table 4
Comparing the difference of average neck length (mm) between the control(C) and treated groups (PPE), (MSG), (MSG + PPE), (PPE-MSG), (MSG-PPE) at (7–10-12–14-16) days old
age of chick embryos.

DAY Groups (A) Groups (B) Mean Difference (A-B) Std. Error Sig. 95% Confidence Interval for Difference

7D C PPE 0.175* 0.082 0.033 (0.014–0.336)
MSG 0.300* 0.082 0.000 (0.139–0.461)
MSG + PPE 0.217* 0.082 0.008 (0.056–0.377)
PPE-MSG 0.233* 0.082 0.005 (0.073–0.394)
MSG-PPE 0.200* 0.082 0.015 (0.039–0.361)

10D PPE 0.100 0.082 0.222 (�0.061 to 0.261)
MSG 0.200* 0.082 0.015 (0.039–0.361)
MSG + PPE 0.167* 0.082 0.042 (0.006–0.327)
PPE-MSG 0.108 0.082 0.186 (�0.052 to 0.269)
MSG-PPE 0.117 0.082 0.154 (�0.044 to 0.277)

12D PPE 0.192* 0.082 0.020 (0.031–0.352)
MSG 0.308* 0.082 0.000 (0.148–0.469)
MSG + PPE 0.275* 0.082 0.001 (0.114–0.436)
PPE-MSG 0.242* 0.082 0.003 (0.081–0.402)
MSG-PPE 0.250* 0.082 0.002 (0.089–0.411)

14D PPE 0.300* 0.082 0.000 (0.139–0.461)
MSG 0.408* 0.082 0.000 (0.248–0.569)
MSG + PPE 0.367* 0.082 0.000 (0.206–0.527)
PPE-MSG 0.317* 0.082 0.000 (0.156–0.477)
MSG-PPE 0.342* 0.082 0.000 (0.181–0.502)

16D PPE 0.167* 0.082 0.042 (0.006–0.327)
MSG 0.318* 0.082 0.000 (0.158–0.479)
MSG + PPE 0.300* 0.082 0.000 (0.139–0.461)
PPE-MSG 0.225* 0.082 0.006 (0.064–0.386)
MSG-PPE 0.242* 0.082 0.003 (0.081–0.402)

Table 5
Comparing the difference of average beak length (mm) between the control(C) and treated groups (PPE), (MSG), (MSG + PPE), (PPE-MSG), (MSG-PPE) at (7–10-12–14-16) days old
age of chick embryos.

DAY Groups (A) Groups (B) Mean Difference (A-B) Std. Error Sig. 95% Confidence Interval for Difference

7D C PPE 0.007 0.021 0.755 (�0.035 to 0.049)
MSG 0.117* 0.021 0.000 (0.075–0.159)
MSG + PPE 0.095* 0.021 0.000 (0.053–0.137)
PPE-MSG 0.010 0.021 0.639 (�0.032 to 0.052)
MSG-PPE 0.015 0.021 0.482 (�0.027 to 0.057)

10D PPE 0.007 0.021 0.755 (�0.035 to 0.049)
MSG 0.121* 0.021 0.000 (0.079–0.163)
MSG + PPE 0.078* 0.021 0.000 (0.036–0.120)
PPE-MSG 0.008 0.021 0.696 (�0.034 to 0.050)
MSG-PPE 0.010 0.021 0.639 (�0.032 to 0.052)

12D PPE 0.007 0.021 0.755 (�0.035 to 0.049)
MSG 0.145* 0.021 0.000 (0.103–0.187)
MSG + PPE 0.095* 0.021 0.000 (0.053–0.137)
PPE-MSG 0.008 0.021 0.696 (�0.034 to 0.050)
MSG-PPE 0.013 0.021 0.558 (�0.029 to 0.054)

14D PPE 0.010 0.021 0.639 (�0.032 to 0.052)
MSG 0.145* 0.021 0.000 (0.103–0.187)
MSG + PPE 0.095* 0.021 0.000 (0.053–0.137)
PPE-MSG 0.013 0.021 0.558 (�0.029 to 0.054)
MSG-PPE 0.015 0.021 0.482 (�0.027 to 0.057)

16D PPE 0.010 0.021 0.639 (�0.032 to 0.052)
MSG 0.145* 0.021 0.000 (0.103–0.187)
MSG + PPE 0.095* 0.021 0.000 (0.053–0.137)
PPE-MSG 0.013 0.021 0.558 (�0.029 to 0.054)
MSG-PPE 0.015 0.021 0.482 (�0.027 to 0.057)
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RNA contents in cells and reduce calcium ions influx, thus protect-
ing cell’s DNA from breaking down and protecting against cell
death. Kishore et al., (2009) evaluated pomegranate peel extract
role in protecting chicken embryos from oxidative stress resulting
from Adriamycin used to treat cancer. Adriamycin causes car-
diomyopathy and toxicity of some organs as liver when used for
long periods and at different doses. Chicken embryos treated with
a dose of 200 mg/ egg of PPE showed decrease in the distortions
caused by decreased of antioxidants induced by the drug. PPE
resists infections and allergies, as many of its components inhibit
nitric oxide and prostaglandin 2 secretions, and reduce cytokines
secretion (Harzallah et al., 2016).
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The results of the present study indicated that the mortality
rate was the highest in MSG group, followed by MSG + PPE group,
then MSG–PPE. Death resulted from direct MSG effect on cell meta-
bolism in embryos (Lima et al., 2013). Increased free radicals and
MSG metabolites in cells caused RNA breakdown and cell death.
PPE had a prominent role in reducing death number due to its
antioxidant property, thus preserving integrity of cells and body
tissues.

In this study, significant decrease in embryo body length, neck
length and total body weight was observed in all studied groups
at different periods versus control group with the least significant
decrease was observed in PPE then PPE–MSG group. However, the



Table 6
Comparing the difference of average eye diameter (mm) between the control(C) and treated groups (PPE), (MSG), (MSG + PPE), (PPE-MSG), (MSG-PPE) at (7–10-12–14-16) days
old age of chick embryos.

DAY Groups (A) Groups (B) Mean Difference (A-B) Std. Error Sig. 95% Confidence Interval for Difference

7D C PPE �0.018– 0.016 0.247 �0.049 to 0.013
MSG �0.050–* 0.016 0.002 �0.081– to �0.019–
MSG + PPE �0.060–* 0.016 0.000 �0.091– to �0.029–
PPE-MSG �0.017– 0.016 0.292 �0.048 to 0.014
MSG-PPE �0.015– 0.016 0.343 �0.046 to 0.016

10D PPE �0.018– 0.016 0.247 �0.049 to 0.013
MSG �0.050–* 0.016 0.002 �0.081– to �0.019�
MSG + PPE �0.060–* 0.016 0.000 �0.091– to �0.029–
PPE-MSG �0.017– 0.016 0.292 �0.048 to 0.014
MSG-PPE �0.015– 0.016 0.343 �0.046 to 0.016

12D PPE 0.011 0.016 0.493 �0.020 to 0.042
MSG 0.098* 0.016 0.000 0.067–0.129
MSG + PPE 0.052* 0.016 0.001 0.021–0.083
PPE-MSG 0.038* 0.016 0.016 0.007–0.069
MSG-PPE 0.051* 0.016 0.001 0.020–0.082

14D PPE 0.011 0.016 0.493 -0.020- 0.042
MSG 0.090* 0.016 0.000 0.059–0.121
MSG + PPE 0.088* 0.016 0.000 0.057–0.119
PPE-MSG 0.069* 0.016 0.000 0.038–0.100
MSG-PPE 0.078* 0.016 0.000 0.047–0.109

16D PPE 0.017 0.016 0.292 �0.014 to �0.048
MSG 0.031 0.016 0.052 0.000–0.062
MSG + PPE 0.029 0.016 0.066 �0.002 to 0.060
PPE-MSG 0.018 0.016 0.269 �0.014 to 0.049
MSG-PPE 0.028 0.016 0.083 �0.004 to 0.059
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highest significant decrease was observed in MSG followed by
MSG + PPE and lastly MSG–PPE group. Significant decrease in
embryo beak length was observed only in MSG and MSG + PPE
groups at different studied periods versus control. This agrees with
George et al., (2013) who reported decrease in total body weight
and size of offspring when pregnant female rats administered
MSG orally (0.4 g/kg and 4 g/ kg) for 15 days of gestation because
of fetal resorption.

In this respect, Miskowiak and Partyka, (2000) indicated that
injectingnewborn ratswithMSG leads to decrease in pituitary gland
weight by30–40%anddecease in its functions and its relationship to
hypothalamus and so decreased growth hormone secretion.

In contrast, MSG may induce increase in total body weight and
body fat accompanied by insulin resistance as MSG molecules
block leptin hormone receptors in hypothalamus, preventing its
action and so increase palatability of food rich in taste enhance-
ments, resulting in obesity (Hermanussen et al., 2006; Roman-
Ramos et al., 2011; Bahadoran et al., 2019). Also, Bhattacharya
et al. (2011) showed that injection of newborn mice with low
and repeated doses of MSG (2 mg/ g) at days 3, 5, 7, 9, and 11
showed increase in newborns weight and damage to liver cells
compared to control.

The results of this study showed that the eye diameters in MSG
and MSG + PPE groups at age of (7–10) days were greater than con-
trol. This increase is caused by an increase in retinal and eye outer
membrane thickness as a result of brain swelling in MSG treated
embryos. On the other hand, eye diameter in MSG and MSG
+ PPE groups at days 12 and 14 were smaller versus control and
this was consistent with Cohen (1967) who reported that eyes of
animals treated with MSG were smaller than control group. The
small eye or its disappearance in some embryos occur due to
excess glutamate that causes complete cellular destruction, optic
nerve inflammation, and blockage in eye central artery, and conse-
quently absence of eye (Husarova and Ostatnikova, 2013). Reif-
Lehrer et al., (1975) reported that MSG injections in low concentra-
tion in chicken embryos led to significant retinal damage within
hours. Retinal damage can be explained by damage of the blood
barrier organizing the entry of substances into retina, thus pre-
venting material depolarization and stimulating cell death
(Swelim, 2004).
982
On the other hand, many scientific researches mentioned the
important role of pomegranate peel in weight loss, and found pos-
itive results not only on obesity but also on other health aspects.
Pomegranate decreases weight by inhibition of pancreatic lipase
enzyme activity that digests fats, and reduce amount of calories
consumed, in addition to its role as an antioxidant and anti–in-
flammatory (Al-Muammar and Khan, 2012). Sayed-Ahmed (2014)
reported that rats consumed bread fortified with pomegranate peel
ate less, and lost body weight and fat than other groups. Replacing
part of wheat flour with pomegranate peel powder in bread
resulted in positive benefits in weight control, and this effect
attributed to that bread fortified with pomegranate powder needs
to be chewed and thus more energy is consumed. Also it has high
dietary fiber contents and so less food is consumed. Pomegranate
peels also had positive effects on adult mice injected intra-
peritoneally at a dose of 200 mg/ kg, resulting in decreased lipid
oxidation processes and increased antioxidant enzymes as super-
oxide dismutase and catalase enzyme activity (Moneim et al.,
2011).
5. Conclusions

MSG had different side effects on embryos, especially in early
ages, and these effects include decrease in total body weights
and lengths of embryos, decreased growth, slow maturity, and
defect in the formation of two or more body organs as a result of
the failure to develop and complete the body’s defense systems.
It was observed that some embryos showed resistance to damage
resulting from MSG treatment when treated with PPE. Meanwhile,
in some groups, PPE did not improve MSG side effects especially in
MSG + PPE and MSG–PPE groups. The variation in the rates of
weights and lengths of embryos in experimental groups was due
to different incubation period and time of PPE administration. As
a result, MSG and PPE resulted in different effects.
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57.

Al-Muammar, M.N., Khan, F., 2012. Obesity: the preventive role of the pomegranate
(Punica granatum). Nutrition 28 (6), 595–604. https://doi.org/10.1016/j.
nut.2011.11.013.

Al-qudsi, F., Al-jahdali, A., 2012. Effect of Monosodium Glutamate on chick embryo
development. J. Am. Sci. 8, 499–509.

Allam, H., Noor-el-din, M., Radwan, A., El-naggar, M., 1976. A new method and
repeated injection of drugs in ova in chick embryo. Al–Azhar Med. J. 5, 311–317.

Bahadoran, Z., Mirmiran, P., Ghasemi, A., 2019. Monosodium Glutamate (MSG)-
Induced Animal Model of Type 2 Diabetes. In: Pre-Clinical Models. Humana
Press, New York, NY, pp. 49–65.

Bhattacharya, T., Bhakta, A., Ghosh, S., 2011. Long term effect of monosodium
glutamate in liver of albino mice after neo-natal exposure. Nepal Med. Coll. J.
13, 11–16.

Biondo-simões, M.D.L.P., Zammar, G.R., Fernandes, R.D.S., Biondo-simões, R., Mello,
F.S.R.D., Noronha, L.D., 2010. Obesity and abdominal wound healing in rats. Acta
Cir. Bras. 25, 86–92. https://doi.org/10.1590/S0102-86502010000100018.

Calabresi, P., Centonze, D., Gubellini, P., Marfia, G.A., Bernardi, G., 1999. Glutamate-
triggered events inducing corticostriatal long-term depression. J. Neurosci. 19
(14), 6102–6110. https://doi.org/10.1523/JNEUROSCI.19-14-06102.1999.

Cohen, A.I., 1967. An electron microscopic study of the modification by
monosodium glutamate of the retinas of normal and ‘‘rodless” mice. Am. J.
Anat. 120 (2), 319–355. https://doi.org/10.1002/(ISSN)1553-079510.1002/aja.
v120:210.1002/aja.1001200206.

Datta, A., Hossain, A., Roy, S., 2019. An overview on monosodium glutamate: its
direct and indirect effects. Res. J. Pharm. Technol. 12, 6187–6192. https://doi.
org/10.5958/0974-360X.2019.01074.6.

Drake, V.J., Koprowski, S.L., Lough, J.W., Smith, S.M., 2006. Gastrulating chick
embryo as a model for evaluating teratogenicity: a comparison of three
approaches. Birth Defects Res. A: Clin. Mol. Teratol. 76 (1), 66–71. https://doi.
org/10.1002/(ISSN)1542-076010.1002/bdra.v76:110.1002/bdra.20202.

El-Awdan, S.A., Abdel Jaleel, G.A., Saleh, D.O., 2013. Grape seed extract attenuates
hyperglycaemia-induced in rats by streptozotocin. Bull. Fac. Pharm. Cairo Univ.
51 (2), 203–209. https://doi.org/10.1016/j.bfopcu.2013.05.003.

Geha, R.S., Beiser, A., Ren, C., Patterson, R., Greenberger, P.A., Grammer, L.C., Ditto, A.
M., Harris, K.E., Shaughnessy, M.A., Yarnold, P.R., 2000. Review of alleged
reaction to monosodium glutamate and outcome of a multicenter double-blind
placebo-controlled study. J. Nutr. 130, 1058S–1062S. https://doi.org/10.1093/
jn/130.4.1058S.

George, K., Shibija, N., Malini, N., 2013. Monosodium glutamate (MSG) induced
developmental dysfunction in female albino rats (Rattus norvegicus). The
Bioscan 8, 73–76.

Goldsmith, P.C., 2000. Neuroglial responses to elevated glutamate in the medial
basal hypothalamus of the infant mouse. J. Nutr. 130, 1032S–1038S. https://doi.
org/10.1093/jn/130.4.1032S.

Gudiño-Cabrera, G., Ureña-Guerrero, M.E., Rivera-Cervantes, M.C., Feria-Velasco, A.
I., Beas-Zárate, C., 2014. Excitotoxicity triggered by neonatal monosodium
glutamate treatment and blood–brain barrier function. Arch. Med. Res. 45 (8),
653–659. https://doi.org/10.1016/j.arcmed.2014.11.014.

Hamza, R.Z., Al-salmi, F.A., Laban, H., El-shenawy, N.S., 2020. Ameliorative role of
green tea and zinc oxide nanoparticles complex against monosodium
glutamate-induced testicular toxicity in male rats. Curr. Pharm. Biotechnol.
21, 488–501.
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