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Abstract: The monitor changes caused by monosodium glutamate MSG on both the morphological and histological 
structure of the liver of chicken and the preventive and therapeutic roles of Pomegranate peels extract PPE at (10-
12-14) days of incubation. 720 fertilized egg divided equally into6 groups; Control group (C- distilled water (0.1 
ml/egg). PPE G (PPE-(0.3 ml/egg). MSG G (MSG-(0.1 ml/egg). Mixed group (PPE+ MSG): MSG (0.1 ml/egg) and 
PPE (0.3 ml/egg) together in (0-1) days. Preventive G (PPE-MSG: 0.3 ml/eggs per day) at (0-1 days) then with a 
MSG (0.1 ml/eggs per day) at (3-4 days). Therapeutic G (MSG-PPE: MSG (0.1 ml/eggs per day) at (0-1 days) then 
with PPE (0.3 ml/eggs per day) at (3-4 days). External examination revealed more of malformation and discrepancy 
in the weights and heights of the embryos. Morphometric measurements showed delayed or decreased in organs 
growth as height of neck, beak, eye diameters, liver weights, diameters of hepatocytes. Histological study appeared 
differences degeneration in blood sinusoids, hepatic cords and hepatocytes. Results showed that MSG group was 
mostly affected followed by MSG+PPE group then MSG-PPE group, meanwhile PPE-MSG group showed marked 
protection, also PPE group was like control group. We can concluded that MSG substance had oxidized effects that 
act on the cells and tissues of the body that depend on the amount and time of dose administration. We must eat 
foods containing the beneficial compounds especially mentioned in the Quran and Sunnah as the pomegranate fruit 
that has enormous benefits as it acts as antioxidant that protect cells and reduce the risk of various diseases. 
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1. Introduction: 

Fast food consumption was increased and 
became a common phenomenon all over the world 
because of the significant changes in the lifestyles. 
The living style had shifted from intake of natural or 
little treated foods to intake of fast foods that contains 
high energy and low dietary fibers (Bryant and 
Dundes 2008; Dongen et al. 2010). The fast food had 
different effects on health as they contained high 
proportions of saturated fats and sodium that leads to 
increased body weight gain and body mass index 
increased body mass index and weight increase 
(Serrano and Jedda 2009; Block et al., 2004). So the 
usage of the most common and widely used flavor 
enhancer, MSG salt was investigated to assess its side 
effects on the health of pregnant women and their 
fetuses and nursing mothers and their newborns and 
infants because those groups of society are 
morevulnerable to MSG salt due to the rapid evolution 
of their tissues and incomplete maturity of their 
immune system to get rid of toxins. Pomegranate fruit 
(Pomegranate) is one of the oldest fruits known to man 
because of high nutritional value as food, antioxidant 
effects and also its different parts as juice, peels, seeds 

and roots used in folk medicine in different countries 
of the world and for many diseases. 

Although pomegranate is rich in antioxidants, its 
shells, which are usually ignored, are twice as high in 
its content of antioxidants compared to grains, in 
addition to ellagic acid that is used in preparation of 
various drugs, anthocyanins (Noda et al., 2012). 
Therefore, attention has been paid to natural 
antioxidants that prevent the oxidation of plasma lipids 
that led to atherosclerosis (Gill et al., 2000), in 
addition to their interaction with free radicals. 

Glutamate was obtained by digestion of foods 
containing the appropriate amounts of free glutamate 
whether naturally present or added to foods as MSG 
then absorbed from digestive tractby active transport 
with amino acids. Glutamic acid is converted into free 
amino acids or peptides absorbed via mucous cells in 
small intestine, where peptides reacted with water and 
converted them into amino acids and some glutamates 
then metabolized in the liver. In the blood it’s 
converted to sodium and glutamic acid. Previous 
studies mentioned that injection of MSG 
intraperitoneal leads to transport of MSG through the 
epithelial cells actively to the blood to be metabolized 
as excreted outside of the body, meanwhile remaining 
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part converted to glutamine by the liver cells that led 
to destruction of liver cells and their apoptosis (Ortiz 
et al., 2006). 

MSG had many side effects on different body 
systems; studies reported that diets contained food 
additives affected brain neurotransmission, behaviors 
and psychological status (Weiss 1980; Zeisel 1986; 
Lowik 1996), memory (Pollitt et al. 1996) especially 
in children. In addition, eating different food that 
contained additives especially glutamic acid leads to 
severe disturbances in behavior and concentration 
(Lau et at.2006). Food additives can transport blood 
brain barrier and caused neurotoxicity as its lipid 
soluble that led to change in the nature of neural 
membrane (Khanna et al. 1980). Injection of rats 
newborn with dose 4mg/kg on days 2,4,6,8 and 10 led 
to significant decrease in pituitary gland weight by 30-
40% that led to decrease secretion of hormones that 
affected other endocrine glands and its connection 
with hypothalamus ((Miskowiak and Partyka 2000). 
Newborns exposed to monosodium glutamate, 
resulting in damage to nerve cells, disordersin light- 
perception and colloidal cells (Husarova, and D. 
Ostatnikova (2013). 

The administration of repeated doses of MSG for 
long periods on adult and newborn mice in dose of 
2mg/g either oral or subcutaneous injection led to 
destruction of the function and structure of the retina 
as it destroyed the blood barrier that organized entry of 
substances to the retina thus preventing polarization of 
materials and stimulates their death as result of 
elevated glutamate inside cells (Swelim 2004). Study 
showed effect of MSG on chicken embryos 
agricultures network (in vitro) and reported significant 
damage to low concentration within hours and that 
there is a direct correlation between the concentration 
and the damage produced (Reif-Lehrer et al.,1975). 
The effect of oral MSG (4g/kg) to pregnant female rats 
at age of 100 days. The results showed sudden 
decrease in the ovaries weight in rats treated with 
MSG compared to the control group in addition to 
decrease in fetal weights and lengths and decreased 
diameters of placenta, as well as decreased in the level 
of follicle stimulating hormone. It was concluded that 
treatment with MSG during pregnancy has a negative 
effect on the fetuses. (Tawfeeq and AL-Badr, 2012). 

The effect of MSG as a flavor enhancer and 
acrylamide, chemical compound that is naturally 
formed in a large group of foods when cooked and 
also used in water treatment, on mice liver tissue 
treated with a dose (30mg / kg), resulted in changes in 
the structure and toxic to the hepatocytes (AL-
Mosaibih, 2013). Studies showed that mice treated 
with MSG at a dose of 0.6-1.6 mg / kg for 14 days 
resulted in increased body weight, enlarged liver, in 
addition to elevation of blood levels of some liver 

enzymes as oxidative stress results in decrease in the 
liver ability to detoxify toxic substances (Tawfik and 
Al-Badr 2012). The results of the study of the toxic 
effects of MSG on the liver when mice injecting with 
a dose of 5 mg / kg during 28 days showed elevation 
of serum levels of hepatic enzymes, especially alanine 
aminotransferase (9.15%) and aspartate 
aminotransferase (66.86%) due to negative effect of 
excessive body weight gain on the liver (Egbuonu et 
al., 2009). The toxic effect of MSG on the liver when 
repeatedly intraperitoneal injected into the mice at (0-
15-30-45) minutes that led to elevation of serum liver 
enzymes as aspartate aminotransferase and alanine 
aminotransferase at minute (30- 45) due to damage of 
the cell membrane in addition to deterioration of fat 
oxidation in the liver, that resulted in liberation of free 
radicles, and showed degenerative changes of 
hepatocytescase edema- degeneration-necrosis (Ortiz 
et al. 2006). 

Pomegranate contains high amounts of 
antioxidants such as soluble polyphenols that protect 
the body's cells and organs such as heart, brain and 
bones, resist against various diseases and prevent 
break down of free radicles inside the body (Gil et al., 
2000; Rosenblat 2006; Guo et al., 2008). Pomegranate 
has many applications and benefits, including reduce 
the risk of vascular tumor. Also, pomegranate contains 
hydrobenzoic acids Phenylpropanoids that inhibit 
special protein present in the bone marrow responsible 
for the movement of cancer cells to bones Hora 2003; 
Albrecht 2004; Adhami 2011). A study carried on 28 
elderly people suffering from difficulty in memory 
reported that when these patients drinking 250 ml of 
pomegranate juice each day resulted in a marked 
improvement in verbal and visual memories and 
confirmed by studies and studies in mice confirmed 
that pomegranate had anti - Alzheimer 's protection 
role. (Faraj 2011; Chalfoun-Mounayar 2012; Jurenka 
2008; Bookheimer et al. 2000). Experimental study 
showed that the antioxidant substances present in 
pomegranate especially Punicalagin plays an 
important role in the health of sperms through the 
regulation and maturity of spermsas sperms are more 
susceptible to damage caused by oxidation due to 
exposure to high concentrations of polyunsaturated 
fatty acids. (Ghaffari and Ahmadian, 2007; Jurenka, 
2008; Akpinar-Bayizit, 2012). Pomegranate shells 
have positive effects on the liver and kidney tissues. 
Adult rats injected intraperitoneal with pomegranate 
(200 mg/kg) led to decrease lipid oxidation and 
elevated levels of antioxidant enzymes assuperoxide 
dismutase that led to restoration of cell viability, 
decreased cell damage and equalization of free 
radicals and usage of minerals as copper, zinc and 
manganese, in addition to increase activity of the 
enzyme catalase at natural harmless levels (Moneim, 
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2012). Administration of pomegranate indirectly 
inhibits the enzymes caused by arthritis that led to 
joint cartilage protection from infection (Jurenka, 
2008Akpinar-Bayizit, 2012). Also, acidic pomegranate 
compounds help well digestion of fat foods; burn 
accumulated fats and so prevents obesity and has an 
effective role in cleaning the intestines and expelling 
toxins Jurenka, 2008; Akpinar-Bayizit, 2012).; Faraj 
and Koyee, 2011). The mechanism of action of tannins 
and phenolic compounds that are present in 
pomegranate peels is explained by its ability to 
precipitate the proteins present in the cell membrane 
or within the living cells when they are consumed 
from the cell membrane, formation of hydrogen bonds 
between the free and multiple hydroxyl phenols, and 
nitrogen compounds or proteins, thus inhibitthe 
effectiveness of certain enzymes in the organism 
(Reeds et al, 1996; Covington, 1997). Some phenols 
also act as antioxidants by reducing hydrogen 
donation, suppress free radicals formation. Flavonoids 
are important antioxidants because they have various 
mechanisms as: 

1. Inhibition of the enzymes responsible for 
superoxide anion and generation of reactive oxygen 
species production. 

2. Flavonoids bind tiny metals that play an 
important role in oxygen metabolism. Due to low 
oxidation-reduction of flavonoids, thermodynamic 
flavonoids (FL-OH) have a high potential for free 
radical reduction and thus act as hydrogen atom 
donors (Hakkim et al, 2008). 

The liver is one of the most important organs in 
the body as it stores carbohydrates, proteins, fats and 
fat soluble vitamins, regulates blood sugar levels and 
stores glucose as glycogen, secretion of bile that 
contribute to the digestion and absorption of fats, 
conversion of amino acids to urea, synthesis of many 
hormones, red blood cells formation and regeneration 
in the fetus, conservation of hormonal balance and 
removal of microbes and waste products from the 
cells. Eroschenko (2000) and Kierszenbaum (2002) 
reported that the liver is the largest gland in the body 
that composed of multiple lobules surrounded by a 
capsule formed from collagen elastic fibers. From the 
capsule hepatocytes radiated and directed to blood 
sinusoids. In this area connective tissues formed portal 
area that consists of: hepatic artery, portal vein, and 
bile duct. The capillaries and arteries accumulate first 
in the hepatic sinusoids in a sequential way towards 
the central vein. The blood coming from the general 
circulation enters through the hepatic vein. The blood 
sinusoids lining with endothelial cells that had regular 
nucleus beside it kupffer cells appear. which are large 
phagocytic cells that swallow small sized materials to 
prevent sinus obstruction, help in hemoglobin 
digestion, and formation of proteins responsible for 

immune processes (AL-Ghamdi, 2007; Young et al., 
2013). 
 
2. Materials and methods: 
The experimental animals 

720 fertilized chicken eggs were used in this 
study. Their mean weight was 60 ± 62 grams. They 
were obtained immediately at the time of laying the 
chicken and prior to their incubation process at Fakeeh 
Poultry Farms in Al Lis town in West region of Saudi 
Arabia. Chicken embryos used in experimental 
researches as they are highly sensitive to any nutrition 
deficiency provided to them and they give the 
congenital anomalies that produced by different drugs 
on mammalian embryos, as the nutritional needs of 
humans are very close to that of chicken embryos 
compared to mice. Lack of nutritive elements 
accompanied by changes in appearance and poor 
growth and performance of chicken embryo. 
Materials 
Monosodium Glutamate 

MSG is white crystalline powder, fast-soluble in 
water, supplied by the Ayaz Packaging and Food 
Packaging Company in Jeddah. Monosodium 
glutamate is cheap and widely available in local 
markets and can be obtained from a number importers 
and exporters. It is one of the most common used 
flavor enhancers. 
The dose used of monosodium glutamate: 

Each egg was injected with an effective dose of 
0.1 ml of monosodium glutamate solution inside the 
air chamber before incubation (Al-Qudsi and Al-
Jahdali, 2012). 
Pomegranate Peel 

 Pomegranate peel was important in traditional 
and modern medicine as it is used for cure for many 
disorders as they had many active functional 
compounds with beneficial effects proved by previous 
scientific studies. The pomegranate fruit was 
purchased from a private home farm in Wadi Baidah 
in Al Baha in the southern part of the Kingdom. 
The dose used from the pomegranate peel extract: 

The therapeutic dose was adjusted according to 
that used in white mice males with a weight of 180 ± 
200 grams to the dose that can be used in fertilized 
eggs with mean weight of 60 ± 62 grams. 0.5 ml was 
injected to each 100 grams of weight according to Al-
Ghamdi (2007) and El-awdan et al. (2013) as the 
following dose was adopted = 0.3 ml \ egg. The hot 
aqueous extract was approved according to Hasan et 
al. (2016). 
Experimental groups: 

1. Control (C) group. 
2. Treatment with pomegranate peel extract 

(PPE) group: Treated group with two repeated doses 
of PPE. 
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3. Treatment with monosodium glutamate 
(MSG) group: Treated group with acute two repeated 
doses of MSG. 

4. Mixed treated with monosodium glutamate 
and pomegranate peel together (MSG + PPE) group: 
Treated group with acute two repeated doses of MSG 
and PPE. 

5. Protective treated with pomegranate and then 
monosodium glutamate (PPE-MSG) group: Treated 
group with chronic doses of PPE-MSG. 

6. Treatment with monosodium glutamate and 
then pomegranate peel (MSG-PPE) group: Treated 
group with chronic doses of MSG-PPE. 
Morphological and Histological Studies: 
Morphological examination: 

The embryos were examined in the control and 
therapeutic groups at the specified ages where: 
Phonography of embryos for gross deformities via 
camera (Canon Eso 600D) after their extraction from 
the egg, where the embryo was placed on special 
papers to visualized deformities with distance fixation 
for results accuracy. The embryos were filmed 
complete for all ages to measure fetal length, neck 
length, beak length, eye diameter where the head was 
photo from the left side to measure the left eye 
diameter as well as the right side and finally 
measurement of liver thickness. 
Morphometric methods:  

The morphometric quantification was made 
using UTHSCA Image tool included estimating 
changes in measurements of fetal length, neck length, 
beak length, eye diameter at all ages (10-12-14) days 
of incubation by taking (12) readings. Measurements 
taken from the histological sectors were thickness of 
the hepatic cells at age 10 days to determine the extent 
of the change, either by stretch or shrinkage, where 12 
readings were taken for each experimental group. The 
readings were recorded in Excel 2003. 
Histological methods: 

Specimen preparation for histological study 
byoptical microscopy via making work successive 
paraffin transverse segments. The usual steps were 
made starting with fixation till staining with 
hematoxylin and eosin stain. 
Slide Photography: 

The whole liver tissue segments of the embryos 
were imaged using Olympus OP72 camera connected 
to the Olympus BH-2 at King Fahad Medical Research 
Center. 
Statistical Analysis: 

The results were collected on Excel 2003, and 
then data were transferred to SPSS version 19 where 
the normal distribution of the data was examined. The 
data were then statistically analyzed using One Way 
Analysis of Variance (ANOVA) test. The LSD 
multiple comparisons test was used to measure 

differences between groups. A P<0.05 was considered 
significant and then graphically represented. 
 
3. Results: 
Morphological Studies: 

The results of this study showed that form the 
examination of the phenotype of chicken embryos, 
monosodium glutamate and pomegranate peel extract 
had different effects on congenital malformations at 
selected ages (10-12-14 days) of incubation. These 
changes were suitable fordoses and the specific 
injection period. 
Congenital malformations: 
Effect of pomegranate peel extract (PPE) on 
morphogenesis in chicken embryos: 

Examination of the of chicken embryos treated 
with two recurrent doses of PPE (0.3 ml/ egg) at days 
(0-1) during the first week of incubation and at the 
specified ages (10-12-14 days) revealed no 
morphological changes of the embryos compared to 
control group. 
Effect of Monosodium glutamate [MSG] on the 
morphogenesis of chick embryos: 

Examination of the phenotype of chicken 
embryos treated with MSG with two standard 
repetitive doses (0.1 ml MSG/ egg) at days (0-1) 
during the first week of incubation and at the specified 
ages (10-12-14 days) revealed multiple congenital 
malformations especially at 10 days compared to 
control group embryos as follows: 

 Age (10) days: Small size and deformation of 
the fetus. Abdominal distension and hernia Non-fusion 
of the abdominal wall and the appearance of organs, 
disappearance of the eye and widening of the 
peripheral area of the brain in the head. 

 Age (12) days: small size of the fetus and 
deformity of the limbs and swelling of the abdomen 
and the hernia and the appearance of organs from the 
abdomen. 

 Age (14) day: hernia and the appearance of 
abdominal organs and the extent of the peripheral area 
of the brain and its distorted. (Figure 1- A ). 
Effect of Monosodium glutamate and Pomegranate 
Peel Extract [MSG + PPE] on the morphogenesis of 
chick embryos: 

Examination of the phenotype of chicken 
embryos treated with MSG and PPE together at the 
same time with two standard repetitive doses (0.1 ml 
of MSG / egg) and 0.3 ml of PPE/ egg at days (0-1) 
during the first week of incubation and at ages (10-12-
14 days) revealed presence of congenital 
malformations, especially at day 10 compared to 
control group embryos. 

At age (10) days: Abdominal hernia and non-
fusion of the abdominal wall and the emergence of 
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organs outside the abdomen and short neck of the 
embryo. 

At age (12) and (14) days: observed abdominal 
hernia.. (Figure 1- B ). 
Effect of Pomegranate Peel Extract then 
Monosodium glutamate [PPE-MSG] on the 
morphogenesis of chick embryos: 

Examination of the chicken embryo treated with 
two effective standard doses (0.3 mL PPE/ egg) at 
days (0-1) during the first week of incubation and then 
treated with two effective standard doses of MSG (0.1 
ml MSG/ eggs) in the days (3-4) during the first week 
of incubation and at the specified ages (10-12-14 days) 

revealed absence of significant congenital anomalies 
compared to control group embryos. 
Effect of Monosodium glutamate then 
Pomegranate Peel Extract [MSG-PPE] on the 
morphogenesis of chick embryos: 

Examination of chicken embryos treated with 
MSG first with two effective standard doses (0.1 ml of 
MSG/ egg) at days (0-1) during the first week of 
incubation and then PPE with two standard doses (0.3 
ml of PPE/ egg) at (3-4 days) during the first week of 
incubation at the specified age (10-12-14 days) 
revealed limited congenital malformations mostly 
hernia in the bowel except at age at 10 days compared 
to control group embryos.. (Figure 1- C ). 

 

 
 
Statistical Studies: 
The effect on the length: 

Examining of chicken embryos at all ages of the 
study revealed the effects of MSG and PPE on total 
length as following: 

 The lowest significant decrease in mean 
length of chicken embryos was found in group treated 
with PPE at all ages (-10-12-14-) day of incubation 
compared to mean length in control group (C) P = 
0.00 and average of the difference was 0.517. 

 The highest decrease in mean length of 
chicken embryos was the group treated with MSG at 
all ages (-10-12-14-) days of incubation compared to 

the average length in control group (C) P = 0.00, 
average of the difference was 0.842. 

 There was a significant decrease in the 
average length of the chicken embryos of the mixed 
group (MSG + PPE) compared to control group (C) P 
= 0.00, and the average difference 0.742 at the ages of 
10-12-14 days of incubation. 

 There was also a significant decrease in the 
average length of the chicken embryos of the PPE-
MSG group at all ages (10-12-14-) day of incubation 
compared to the control group (C) P = 0.00 and the 
average difference 0.550. 
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 There was a significant decrease in the 
average length of chicken embryos for the treatment 
group (MSG-PPE) at all ages (10-12-14-) days of 
incubation compared to control group (C) P = 0.00, 
and average difference in length was 0.667. This was 
illustrated in Table (1), histogram (1) and Figure (2). 
The effect on the total body weight: 

Examination of chicken embryos at all ages of 
the study revealed effect of MSG and PPE on total 
body weight as followings: 

 The lowest significant decrease in average 
chicken embryo weights was in PPE treated group 
compared to control group (C), P =0.010, with 
difference between average weight 0.533 at ages (10-
12-14) days of incubation. 

 The highest significant decrease in average 
body weights of the embryo was in the group treated 
with MSG compared to control group (C), P =0.000, 

with difference between average weight 0.950 at ages 
(10-12-14) days of incubation. 

 There was significant decrease in average 
body weight of chicken embryos in MSG+PPE group 
compared to control group (C), P =0.000, with 
difference between average weight 0.808 at ages (10-
12-14) days of incubation. 

 There was significant decrease in average 
body weight of chicken embryos in PPE-MSG group 
compared to control group (C), P =0.009, with 
difference between average weight 0.642 at ages (12) 
days of incubation. 

 There was significant decrease in average 
body weight of chicken embryos in MSG-bgb PPE 
group compared to control group (C), P =0.000, with 
difference between average weight 0.767 at ages (10-
12-14) days of incubation. These changes were 
presented at table (2), histogram (2) and figure (2). 
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The effect on the neck length: 
Examination of chicken embryos at all ages of 

the study revealed effect of MSG and PPE on neck 
length as followings: 

 The lowest significant decrease in average 
chicken embryo neck length was in PPE treated group 
compared to control group (C) at ages (12) days of 
incubation P =0.020, with difference between average 
neck length 0.192 and at ages (14) days of incubation 
P =0.000, with difference between average neck 
length 0.300. 

 The significant decrease in average neck 
length of the embryo was in the group treated with 
MSG compared to control group (C) at ages (12) days 
of incubation P =0.000, with difference between 
average neck length 0.308 and at ages (14) days of 
incubation P =0.000, with difference between average 
neck length 0.408. 

 There was significant decrease in average 
neck length of chicken embryos in MSG+PPE group 
compared to control group (C) at ages (12) days of 
incubation P =0.001, with difference between average 
neck length 0.275 and at ages (14) days of incubation 
P =0.000, with difference between average neck 
length 0.367. 

 There was significant decrease in average 
neck length of chicken embryos in PPE-MSG group 
compared to control group (C) at ages (12) days of 
incubation P =0.003, with difference between average 
neck length 0.242 and at ages (14) days of incubation 
P =0.000, with difference between average neck 
length 0.317. 

 There was significant decrease in average 
neck length of chicken embryos in MSG-PPE group 
compared to control group (C) of incubation P =0.002, 
with difference between average neck length 0.250 
and at ages (14) days of incubation P =0.000, with 
difference between average neck length 0.342. 

It was also found that the age of (10) days 
showed significant and insignificant changes in the 
mean neck length in different experimental groups 
compared with the control group as follows: 

 The lowest insignificant decrease in mean 
neck length of chicken embryos was found in PPE 
treated group compared with control group, P = 0.222 
and the difference between the two averages were 
0.100. 

 The highest significance decrease in the mean 
neck length of chicken embryos was found in MSG 
treated group compared with the control group, P 
=.015 and the difference between the two averages 
were 0.200. 

 There was a significant decrease in the mean 
neck length of the chicken embryos in MSG + PPE 
group compared with control group embryos, P = 
0.042 and the difference between the mean was0.167. 

 There was a significant decrease in mean 
neck length of chicken embryo in the PPE-MSG group 
compared with control group, P = 0.860 and the 
difference between the mean was 0.108. 

 There was insignificant decrease in the mean 
neck length of the chicken embryos in MSG-PPE 
compared with control, P = 0.154 and the difference 
between the mean was 0.117 (Table 3 and histogram 
3). 
The effect on beak length: 

Examination of chicken embryos at all ages of 
the study revealed effects of MSG and PPE on beak as 
followings: 

 The lowest significant decrease in the mean 
length of the beak was found in PPE group at all study 
ages compared with control group, P = 0.755 and the 
difference between the mean was 0.007 at the age (10 
-12) days of incubation, while P = 0.639 and the 
difference between the mean was 0.010 at the age of 
(14) days. 

 The highest significant decrease in mean 
beak length was the MSG group at all study ages 
compared with control group where the difference 
between the mean was 0.121 at the age of (10) days, 
while at age (12-14) days P=0.000 and average 
between means was 0.145. 

 There was a significant decrease in mean 
length of beak in MSG + PPE group at all study ages 
compared with control group, where P = 0.00 and the 
difference between mean was 0.95 at age (12-14) days 
of incubation, while at age (10) days P =0.00 and 
difference between mean was 0.078. 

 There was insignificant decrease in the mean 
length of the beak in the protective group embryos 
(PPE-MSG) at all study ages compared with control 
group, where P = 0.696 and the difference between the 
mean was 0.008 at age (10-12) days and at age (14) 
days where P = 0.558 and the difference between the 
mean was 0.013. 

 There were insignificant decrease in the mean 
length of the beak in the therapeutic group embryos 
(MSG-PPE) at all study ages compared with control 
group, where P = 0.482 and the difference between the 
means0.015 at age (14) days; while P = 0.639 and the 
difference between the mean was 0.010 at (10) days 
and P = 0.558 and the difference between the mean 
was 0.013 at the age (12) days, as shown in Table (4) 
and histogram (4). 
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The effect on eye diameter: 

Examination of chicken embryos at all ages of 
the study revealed effects of MSG and PPE on eye 
diameter as followings: 

 There was insignificant increase in mean eye 
diameter in PPE group compared with control group, 
where P = 0.247 and the difference between the mean 
was 0.018 at the age of 10 days. 

 The highest significant increase in mean eye 
diameter was found in MSG group compared with 
control group, where P = 0.002 and the difference 
between the mean was 0.050 at the age of 10 days. 

 There was significant increase in the eye 
diameter in MSG + PPE group compared with control 

group, where P = 0.000 and the difference between the 
averages was 0.060 at age (10) days. 

 There was insignificant increase in the eye 
diameter of PPE-MSG compared with the control 
group, where P =0.292 and the difference between the 
mean 0.017 at the age of 10 days. 

 There was insignificant increase in the eye 
diameter of MSG-PPE group compared with the 
control group, where P = 0.343 and the difference 
between the mean 0.015 at the age of 10 days. 

While in the other ages (12-14) days of 
incubation, there was decrease in mean eye diameter 
as follows: 

• The lowest insignificant decrease in mean 
eye diameter was in PPE group compared with 
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control, where P = 0.493 and the difference between 
the mean was0.011 at age (12-14) days. 

• The highest significant decrease in eye 
diameter was in MSG group compared with control 
group, where P = 0.000 and the difference between 
mean 0.980 at age 12 days; while at age 14 days P 
=0.052 and the difference between means was0.900. 

• There was significant decrease in the average 
eye diameter in MSG + PPE group compared with 
control group, where P = 0.001 and the difference 
between the averages was 0.052 at 12 days of 
incubation; at age 14 days P = 0.00 and the difference 
between the average was 0.880. 

• There was significant decrease in the mean 
eye diameter in PPE-MSG compared with control 
group, where P = 0.016 and the mean difference was 
0.38 at 12 days; at age 14 days P = 0.000 and the 
difference between the average was 0.69. 

• There was significant decrease in the mean 
eye diameter in the therapeutic group embryos (MSG-
PPE) compared with control group, where P = 0.001 
and the difference between the mean was 0.051 at the 

age of (12) days; while at age 14 days P = 0.000 and 
the difference between the averages was 0.078, as 
shown in Table (5) and histogram (5). 
The effect on liver weight: 

After the dissection of chicken embryos and liver 
extraction at all ages of the study, no significant 
differences were found in the experimental groups 
compared to the control group at all ages (10-12-14) 
days of incubation as follows: 

 The mean weight of the liver in the 
experimental group at 10-12 days of incubation was 
constant compared with control group and the 
difference between the mean was 2.497, while the 
decrease was in MSG with difference between the two 
averages 0.010. 

 The mean liver weight in the experimental 
group at 14 days of incubation was constant compared 
to control group and the difference between mean was 
3.728, while the decrease was in MSG group and the 
difference between the two averages was 0.010. This 
was illustrated in Table (6) and histogram (6). 

 

 
 

The effect on hepatic cells thickness: 
The thickness of some hepatic cells was 

measured in the histological sector of chicken embryos 
at 10 days of incubation. This age was selected only to 
represent the extent of hepatic cell thickness. The 
effect of monosodium glutamate and pomegranate 
extract was observed on liver cell thickness. The LSD 
was used to find the differences that reached the 
statistical significance level in the experimental groups 
compared with the control group at age 10 days as 
follows: 

 The least insignificant decrease in mean 
hepatic thickness was the PPE group at 10 days of 
incubation compared with control group, where P = 

0.624 and the difference between the means was 
0.244. 

 The highest significant decrease in mean 
hepatic thickness was the MSG group at 10 days of 
incubation compared with control group, where P = 
0.000 and the difference between the two averages 
2.563. 

 There was a significant decrease in the 
average thickness of hepatic cells of MSG + PPE 
group at 10 days of incubation compared with control 
group, where P = 0.00 and the mean difference was 
2.459. 

 There was a significant decrease in the 
average thickness of PPE-MSG at 10 days of 
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incubation compared with control group, where P = 
0.558 and the difference between the mean was 0.292. 

 There was insignificant decrease in the 
average thickness of hepatic cells of MSG-PPE at 10 

days of incubation compared to control group, where P 
= 0.506 and the difference between the mean 3.32, 
Table (7) and histogram (7). 
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Histological Studies: 
**The normal histological structure of the 

liver of the chick embryos (10) days old of the 
control group: 

When examining the transverse tissue section in 
the liver of the chicken embryos of the control group 
at (10) days of incubation, we notice that the liver is 
surrounded by a thin fibrous tissue of connective 
tissue (C) composed of an integrated group of hepatic 
cells arranged in the form of ropes appeared in 
between them different blood vessels formed from, 
hepatic vein (HV) and central veins (CV). As the age 
progresses, the hepatic tissue becomes more dense 
than in the previous age as some hepatic cords (HC) 
appeared that radiated around the central veins (CV) 
and are close together. We can see some vacuolated 
hepatic cords (LC) that were formed of single raw of 
pyramid shaped hepatic cells that arranged so that the 
tops of these cells are directed toward a small cavity, 
and solid hepatic cords (SC) that are formed of one or 
two rows of the polygonal cells. Vacuolated hepatic 
rows were more than solid rows. Hepatic cells were 
characterized by having a specific cell membrane and 
acidophilic granulated cytoplasm and circular basic 
large two or more nuclei. The blood sinusoids (BS) 
appeared with narrow spaces and irregular edges 
between the hepatocellular ribbons that lining the 
blood vessels from the inside with flattened dark 
stained epithelial cells (EC) and larger, hyper 
pigmented spindle shaped cells called KC cells, as 
well as some red blood cells (RBCs). 
The histological structure of the liver of the chick 
embryo (10) days old of the Pomegranate Peel 
Extract Group: 

Similarity was observed in the shape and 
structure of the general tissue shape compared with 
control group, except for some of the (BS). A few of 
them have a small hemorrhage that is simple and lined 
from (EC) and KC cells, as well as a few phagocytic 
cells and red blood cells (RBCs) (Figure3 ). 
The histological structure of the liver of the chick 
embryos (10) days old of the Monosodium 
Glutamate Group: 

The structure of the tissue appeared to be 
different from control group with lost its normal form. 
Hepatocytes were less dense than the control group. 
The hepatic rows were deformed and undifferentiated 
both (LC) and (SC) rows. Varying degrees of 
degenerative changes were observed, including 
degeneration, pyknosis, and karyolisis. Some cells also 
appeared in the post-nuclear phase of lysis with pale 
and empty cytoplasm and a side nucleus known as 
apoptotic cells. Invagination of (CV) was observed in 
addition to the collapse of epithelial cells lining to it 
and fall into the cavity with hemorrhage, in addition to 
severe blood congestion of the hepatic vein and 

fibrosis and appearance of some of small droplets 
(LD) appeared. (BS) appeared distorted shape with 
enlarged cavity and lined with epithelial cells and 
kupfer cells (KC). Many cells are also separated and 
fall into the blood sinusoids with appearance of red 
blood cells (RBCS) that were mostly affected 
(Figure3 ). 
The histological structure of the liver of the chick 
embryo (10) days old of the Mix Group: 

Revealed that the liver structure was different 
compared with the control group. The hepatic rows 
appeared distorted in their apparent form that led to 
difficulty in distinguish between its two types. In 
addition, there were pyknosis, karyolisis and some 
cells showed apoptotic changes. In the sector, a large 
number of neutrophil cells (NC) are clustered around 
the (CV) and (BS) and some of them erupt inside the 
cavities, increase in number of lymphocytes, as well as 
destruction of endothelial lining of central veins and 
discrepancy in the size of LD and increase in their 
numbers. The blood sinusoids showed widening and 
hemorrhage inside them and separation of their 
endothelial lining and their falling inside (BS). This 
group is the relatively affected group (Figure3 ). 
The histological structure of the liver of the chick 
embryos (10) days old of the Preventive Group. 

Histological structure of the liver of chicken 
embryo treated with PPE-MSG at age of 10 days after 
incubation revealed similarity of liver tissue structure 
to control group (Figure3 ). 
The histological structure of the liver of the chick 
embryos (10) days old of the Therapeutic Group. 

Revealed difference in tissue structure compared 
to control group. As hepatic cords (HC) appeared less 
dense compared to control group and some 
degenerative changes appeared as pyknosis, karyolisis 
and hemorrhage in central veins as well as destruction 
and fibrosis of endothelial cells. Also, small number of 
small sized (LD) appeared. Also, (BS) appeared in 
between hepatic rows with different width that lined 
(EC) and appearance of kupfer cells, RBCs and 
phagocytic cells. In addition to destruction of 
endothelial lining of the blood sinusoids. This group is 
the least affected than MSG and MSG+PPE groups 
(Figure3 ). 
**The normal histological structure of the liver of 
the chick embryos (12) days old of the Control 
Group. 

The hepatic tissue was more specific and denser 
than the previous ages. HC appeared closely related to 
each other and is radically arranged around the central 
veins. It is difficult to distinguish between the two 
types, LC type consisted of a single row of pyramidal 
shape hepatic cells that arranged in such a way that the 
tops of these cells are directed toward a small cavity. 
Solid hepatic cords (SD) consisted of a row or two of 
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the polygonal cells. LC rows are more than SD rows. 
In between them different forms of blood vessels 
appeared as big (HV) and (CV) and (PA). Liver cells 
are characterized by having a well-defined cell 
membrane, acidic granulated cytoplasm, circular basic 
nucleus that contained two or more nucleoli, 
interspersed in them narrow (BS) with irregular edges 
lined with flattened EC lined side by side and in 

between them large spindle shaped (KC), RBCs and in 
the first time in this age portal areas (PA) appeared 
between hepatic cords as false triangular shaped space 
consisted of branch of (PV), (HA) small sized with 
thick fibrous lining and branches of (BD) that 
surrounded by single layer of cuboidal epithelial cells 
or columnar small cells with rounded nucleus (Figure 
4 ). 

 

 
The histological structure of the liver of the chick 
embryos (12) days old of the Pomegranate Peel 
Extract Group. 

Histological structure of liver cells of chicken 
embryo in PPE treated group at age 12 days after 
incubation showed similarity of liver tissue shape and 
structure compared to control group (Figure 4 ). 
The histological structure of the liver of the chick 
embryos (12) days old of the Monosodium 
Glutamate Group. 

The structure of the tissue was different with loss 
of its normal shape compared to the control group. 
Hepatic tissue showed disorder and disintegration and 
less intense than the control group. The hepatic cords 

were destructed and arranged radially around the CV. 
Varying degrees of degenerative changes were 
observed, including pyknosis as well as karyolisis. 
Some hepatic cells showed apoptotic changes, and a 
number of small sized fatty droplets (LD), uneven size 
of the sinuses (BS) as some of them were enlarged and 
others were compressed. The general shape of some of 
sinuses was disrupted and many of its cells are 
submerged and fall into the sinusoids with presence of 
RBCs and the remains of necrotic cells. The PA 
regions had the same structure as control sample but 
their walls were destructed. Fibrosis and damage to the 
surrounding liver cells and the separation of the lining 
cells of the PV were also observed. NC appeared 
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around the PA. Deformity of the hepatic artery (HA), 
bile duct (BD) is addition to presence of LD which 
were the most damaging form (Figure 4). 
The histological structure of the liver of the chick 
embryos (12) days old of the Mix Group. 

Showed affection of the hepatic tissue and its 
difference in shape and structure compared with 
control group. Some hepatocytes appeared healthy 
while others were affected. The presence of nuclear 
atrophy pyknosis and the breakdown of nuclear 
karyolisis and some cells showed apoptotic changes. 
Also we noticed detachment of some hepatic cells 
from the lining of the underlying membrane. Some of 
the (BS) appeared normal while, others were widened 
and congested and lined with EC and KC. Some of the 
cells lining the walls were separated and invaded into 
the sinuses with presence of RBCs and many other 
disintegrating cells as well as hemorrhage in some 
sinuses. The PA region had the same structure as 
control group but increased its wall thickness and 
presence of fibrosis was observed. Thickness and 
congestion of the (HA) was observed. The bile duct 
was distorted and damaged, as well as cellular 
filtration with neutrophils around bile duct and in 

portal area, which is relatively affected group (Figure 
4 ). 
The histological structure of the liver of the chick 
embryos (12) days old of the Preventive Group. 

Revealed similarity in structure of liver cells to 
control group except presence of karyolisis in 
defragmented nucleus and presence of LD in between 
them BS with small narrow spaces and irregular edges 
that were lined with (EC) and (KC) and small RBCs. 
(Figure4 ). 
The histological structure of the liver of the chick 
embryos (12) days old of the Therapeutic Group. 

Showed destruction of the liver cells as nuclei 
showed karyolisis and pyknosis and appearance of 
small sized LD and separation of endothelial lining of 
central vein with invagination of its lining. Also, BS 
appears with different shapes and with small narrow 
spaces with irregular edges that lined with (EC) and 
(KC) and RBCs. Also, invaginations of necrotic cells 
and their remaining inside the sinusoids with 
appearance of hemorrhage in some sinusoids. This is 
least affected group compared with MSG and 
MSG+PPE groups (Figure 4 ).  
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**The normal histological structure of the liver of 
the chick embryo (14) days old of the Control 
Group. 

Histological examination of the liver of chicken 
embryos for the control group at age 14day of 
incubation showed that the hepatic tissue consists of 
many lobules. Each lobule composed of an integrated 
group of hepatic cells in between them blood vessel 

channels appeared that consisting of hepatic veins 
(HV), and central veins (CV) and portal areas (PA). 
The hepatic tissue had become denser than previous 
ages. As the age increases, the cells become denser 
and closer together than the blood vessel density. The 
structure of hepatic cords, hepatic cells and PA regions 
like the previous ages (Figure 5). 

 

 
The histological structure of the liver of the chick 
embryos (14) days old of the Pomegranate Peel 
Extract Group. 

Histological structure of liver of chicken 
embryos treated with PPE at age 14 day from 

incubation showed similarity in structure as control 
group (Figure 5 ). 
The histological structure of the liver of the chick 
embryos (14) days old of the Monosodium 
Glutamate Group. 
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Different liver structure compared with control. 
Some HC appeared less dense compared with control 
and distorted shape with difficult to distinguish them. 
Many degenerative changes appeared as pyknosis, 
karyolisis and some cells showed apoptosis. Some 
hepatic cells separated from basement membrane lined 
them. BS with narrow spaced and showed abnormal 
shape with separation of cells lining their walls and 
rushes them inside with the presence of the remnants 
of decomposed cells. The PA appear the same 
structure but thickness of wall of PV appeared with 
detachment of the cells lining it from the inside and 
fibrosis as well as appearance of focal necrosis around 
the portal vein. The hepatic artery (HA) lost its normal 
shape and the thickness and narrowing of portalcanal 
that were mostly affected (Figure 5 ). 
The histological structure of the liver of the chick 
embryos (14) days old of the Mix Group. 

Showed different liver structure compared with 
control. Liver cords appeared distorted. Different 
types of degenerative changes have been observed, 
including pyknosis, karyolisis, and some cells showed 
apoptosis with highly pigmented apoptotic nucleus 
surrounded by a halo of pure cytoplasm in between 
them deformed wide BS with the presence of RBCs, in 
addition to the separation of some of the cells lining 
and their fall into the sinus. The PA region appeared 
the same general structure with fibrosis to portal vein 
wall (PV) and the detachment of epithelial cells lining 
it from the inside. The hepatic artery (HA) distorted 
and lost its normal shape. The bile duct distorted with 
the nuclei of their cells showed apoptosis. The 
relatively affected group (Figure 5 ). 
The histological structure of the liver of the chick 
embryos (14) days old of the Preventive Group. 

Histological structure of liver of chicken 
embryos treated with PPE-MSG at age 14 day from 
incubation showed similar liver structure compared 
with control (Figure 5 ). 
The histological structure of the liver of the chick 
embryos (14) days old of the Therapeutic Group. 

Showed karyolisis, pyknosis and different sized 
LD in between them BS with different shapes with 
congestion of some of them in addition to separation 
of their lining and rushing of the remaining cells inside 
them. This is the least affected group the MSG and 
MSG+PPE groups (Figure 5 ). 
 
4. Discussion 

Congenital malformations: 
The results of the study showed that there were 

different grades of congenital malformations in a 
number of embryos of the different experimental 
groups at selected ages. The group treated with MSG 
was the most affected group, followed by the mixed 
group (MSG + PPE) then (MSG-PPE). The 

abnormalities were in the form of small fetal sizes and 
congestion of their body. Also, decrease in height and 
total body weight, neck length and beak length and 
eye diameter. Also decrease in liver weight in addition 
to the contraction of liver cells at the age 10 days. 
Distant abnormalities were small eye size and with 
increased age anophthalmia, brain hemorrhage and 
increased in the extent of the peripheral region of the 
brain. The visceral hernias were visible in all ages and 
groups compared to control group embryos. No 
congenital abnormalities were observed in PPE and 
PPE-MSG groups. 

These results were in agreement with that 
obtained by other researches (Oforofuo et al.1997; 
Botey et.al. 1998; Al-Qudsi and Al-Jahdali 2012) as 
they reported that MSG had a prominent role in 
delayed and returned growth of the embryos. That the 
monosodium glutamate had prominent role in the 
delay and slow growth of embryos due to bleeding of 
the vessels and so embryonic cells were unable to 
obtain the necessary quantities of sufficient needs to 
support their growth, development and division 
efficiently, which led to the delay and slow growth of 
embryos and toxicity. 

The results of this study were in agreement with 
others (Tawfeeq and Badr, (2012) in terms of slow and 
delayed growth as they reported that when female 
pregnant rats administrated orally MSG led to 
significant and noticeable changes in the 
hypothalamus region of infants and so decreased in its 
hormones especially growth hormone (GH) and so the 
length, weights and sizes of fetuses were decreased in 
addition to other side effects. Also, previous studies 
reported decreased in weights and heights of fetuses 
and newborns and claimed that to the ability of MSG 
to penetrate and cross the placenta of pregnant 
mothers and also its ability to cross the mammary 
gland barriers. 

Also results obtained by this study supported the 
results of George et al. (2013) study, which observed a 
decrease in the weights of infants when the pregnant 
mothers given oral MSG for 20th day of pregnancy 
due to fetal resorption that led to small size, length and 
weight of the fetus as MSG had the ability to penetrate 
the immature blood-brain barriere specially in the 
fetuses, newborns and infants causing high toxicity. 
Also, MSG is highly soluble in lipids and so change 
the nature of the liquidity of nerve membranes and 
events damage the cells that led to neurotoxicity such 
as cell degradation, destruction of its branches and 
nuclei, and decrease in overall cell size, thus affecting 
the function of the hypothalamus pituitary axis that is 
responsible for the secretion of hormones, including 
growth hormone. As a result there has been a decrease 
in fetal weights and lengths in MSG where as in MSG-
PPE MSG+PPE) were less affected because of 
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antioxidants that were present in pomegranate peels 
that led to restore changes in the level of biochemical 
measurements resulting from oxidative stress of 
glutamate. In PPE and PPE-MSG groups antioxidants, 
organic acids, amino acids, vitamins and others that 
were found in the pomegranate extract play an 
important role in inhibiting the appearance of 
congenital malformations. So, the usage of 
pomegranate peel is safe on embryos during 
organogenesis, fetal growth and maturation period. 

Our results were in agreed with Loren et al. 
(2005); that the antioxidants found in pomegranate 
peel can get ride of free radicals derived from MSG 
administration. Also, our results confirmed that 
obtained by (Tawfeeq and Badr 2012 who used 
vitamins, especially vitamin A, play an important role 
as antioxidant against the harmful effects of MSG 
because of its growth role and antioxidant that play an 
important role in the body as epithelial differentiation, 
vision, hematopoiesis, brain formation, formation 
pattern during embryogenesis, bone development and 
maintenance of immune system functions. 
Antioxidants and vitamin A play a role in preventing 
peroxidation of fat, DNA breakdown and conversion 
of antioxidant enzymes in the body's cells. The high 
ratios of polyphenols and alginic acid found in 
pomegranate peel and extract had important role in 
providing neurological protection of embryos from 
brain inertia as when pregnant mothers administered 
nutritional supplements consisting of special 
pomegranate extracts in the first trimester of 
pregnancy, or even in a period of lactation support and 
prevent the occurrence of any abnormalities of the 
nervous system, as they contribute to the inhibition of 
proteins associated with Alzheimer's disease in adults. 

The results of this study also supported Jurenka 
(2008) and Vidal et al. (2003) that the active 
compounds extracted from pomegranate in all its 
components do not cause any harm at the specified 
doses because they are antioxidants contribute to the 
treatment of oxidative stress and liver disorders. These 
results were confirmed by histological examination of 
the tissues of mice treated with different parts of 
pomegranate, which proved the absence of any 
deformation effects or manifestations of 
developmental delay and toxicity because of the 
pomegranate peels contained phenol hydroxyl groups 
that enable them to eliminate the reactive oxygen 
species that affect the body's biological systems as 
well as their ability to interact with DNA, proteins and 
lipids, causing cell breakdown. Therefore, the phenol 
hydroxyl groups were responsible for antioxidant 
effects that protect the body from many free-radical-
induced health problems. To prove this, 86 overweight 
people were given tablets of the most effective and 
necessary compounds derived from pomegranate 

extracts during 28 days. As a result, these compounds 
contributed to weight loss due to its effect on 
pancreatic lipase enzyme, which works to digest fats 
as well as its ability to reduce the amount of calories 
and there were no reported side effects or negative 
changes in blood or urine. 

The results obtained by this study were 
inconsistence with those obtained by others 
(Hermanussen and Tresguerres 2003; Hermanussen et 
al. 2006; Roman-Ramos et al., 2011). Their results 
showed that in rats ate MSG, there were an increase in 
total body weight and twice increased in body fat. 
Their results were explained by the ability of MSG to 
block leptin receptors in the hypothalamus. It has been 
reported that much of leptin hormone led to reduced 
sensitivity, which in turn leads to hunger and desire to 
eat and obesity. IN ADDITION, increase the 
production of resectin hormone and cytokines and 
stimulate the gene of TNF-α responsible for the 
formation of adipose tissue accompanied by a 
disturbance in levels of sugar and insulin, as well as 
increase in the concentration of liver enzymes 
associated with an increase in body weight. 

The differences in the weight and length of 
embryos in the experimental groups may be due to the 
difference in the amount of doses injected, the time of 
the dose administration and the incubation time. As a 
result, monosodium glutamate and pomegranate peel 
extract resulted in different effects. 

In general, MSG during organogenesis had a 
negative effect on the embryos, especially in early 
ages. This effect caused by a defect in the formation of 
two or more body organs led to apparent and 
functional abnormalities due to the lack of 
development and completeness of the body's defensive 
systems. It was observed that some of the embryos 
varied in resistance to MSG side effects and improved 
by PPE treatment. Some of the PPE peels treated were 
not able to improve side effects of MSG by the 
prescribed dose and duration of the study, especially in 
the MSG + PPE and MSG-PPE groups. 

The current study showed no difference in liver 
weight for experimental groups compared to control 
group. The results were consistent with others (Gil-
Loyzaga et al., 1993; Gill et al., 2008and Vladimila et 
al. 2009) where MSG and vitamin A were given 
together during pregnancy; there was insignificant 
difference in organs weight. Studies showed that 
pomegranate extract had positive effects in liver cells 
protection from any harmful effects caused by 
decreased consumption of free radicals by important 
enzymes, especially superoxide dismutase, which 
reduce the speed of cell destruction and restore vitality 
of the cells.  

While embryos treated with MSG showed 
decrease in liver weight compared to the control 
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group. This is due to the presence of glutamate 
receptors in different areas of the tissues such as 
hypothalamus, lung, heart, liver, endocrine system, 
kidneys, ovaries and uterus. These receptors are also 
affected by a certain mechanic that is believed to alter 
the permeability of cell membranes especially calcium 
and this change inhibit glutamate receptors and their 
effects. In contrary, Park et al. (2000) and Tawfik and 
Al-Badr (2012) reported an increase in organ weight 
when treated with MSG due to increase the 
effectiveness of inflammatory factors that negatively 
affected the tissue and lead to inflammation and thus 
an increase in the organs weight. 

Our results was supported by Del Bigio and 
Vriend (1998) who found swelling at the front of the 
brain in mice as a result of its high contents of amino 
acids that act as nervous receptors as aspartate and 
glutamate and to confirm these effects further 
researches must be done.  

The results of this study also showed that the 
eyes of the embryos treated with MSG at the age of 
(10) days were larger than others experimental groups 
as eye diameter at age 10 days was larger due to 
edema and swelling of brain of the embryos where the 
dorsal area of the frontal brain was larger compared 
with control group. While eye diameter was smaller at 
other ages and this consists with Cohen (1967) who 
reported that the eyes of MSG treated animals were 
smaller than the control group and anophthalmia of the 
eyes in some embryos may be due to elevated 
glutamate that led to inflammation of the optic nerve 
and closure of the central retinal vein and so defect 
formation of the eyes. 

Al-Qudsi and Al-Jahdali (2012) and Olney 
(1980) agreed with our results in the presence of 
hemorrhage in chicken embryos injected with MSG 
and explained that by increased concentration of 
neurotransmitter glutamate affects the flow of large 
amounts of calcium ions within neural cells causing an 
imbalance in the ionic balance and a decrease in 
oxygen and affect the mitochondria inside the cell 
leading to increased generation of ROS and reduce the 
production of energy and appearance of free radicals 
that eliminate the cells. In addition, increase of 
glutamate cause increased concentration of ammonia 
ion, which contributes to the occurrence of cellular 
lesion of brain cells and cells apoptosis. 
- Morphological studies: 

The appearance of congenital anomalies in the 
embryos as decrease size, enlarged abdominal region 
and abdominal hernia, anophalmia and decrease eye 
diameter, widening of the dorsal region of the brain 
and hemorrhagic. These congenital anomalies were 
mostly prominent in MSG treated followed by the 
MSG + PPE treatment group and finally the MSG-
PPE treatment group. While, the PPE treated group 

was similar to the control group and the PPE-MSG 
treated group showed a significant protective role. 
Statistical studies: 

1. The differences in the lengths and weights of 
the embryos of the experimental groups were found. 
Generally, the decrease was dominant in most groups. 
The length and weight of the MSG-treated group 
embryos were lowest in height and weight followed by 
MSG + PPE and finally the MSG-PPE group. The 
length and weight of group embryos treated with PPE 
were the lowest in height and weight reduction, 
followed by PPE-MSG group embryos compared to 
control group embryos. 

2. Morphometric studies confirmed that 
monosodium glutamate caused a delay and decrease in 
fetal and organ growth compared to control group in 
terms of neck length, beak length and eye diameter. 
There was also a decrease in liver weight and liver cell 
thickness. Pomegranate extract had an improved role 
in toxicity as much as possible. 
- Histological studies: 

1. Histological studies of the liver showed 
differences in the thickness of the fibroblast and the 
difference in cellular density from one region to 
another, as well as the difficulty of distinguishing 
between both types of the hepatic cords and disorders 
in the radiographic arrangement of the hepatic rows 
around the congested deformed central veins as well 
as the variation in the area of the blood sinuses and 
their congestion and change the thickness of the walls 
and deformation of portal areas and their dispersion in 
addition to of vaculation in the tissue and fatty 
degeneration and accumulation of fat in the liver of the 
embryos, which appeared in particular in MSG 
treatment group followed by MSG + PPE treated 
group and finally the MSG-PPE treatment group. 

2. Many degenerative changes in the treated 
tissue cells compared with the control group were 
observed as atrophy, dissociation, hypertrophy and 
decomposition of the nuclei as well as congestion and 
hemorrhage, the appearance of apoptotic cells and 
final liver cirrhosis. 

The results were explained by that monosodium 
glutamate has an effect on tissues and cells from 
several aspects as the toxic effect on cells causing their 
death, the effect on the enzymatic activity of cells and 
then the disruption of cellular regulation, the effect on 
hormones regulating the tissues, thus affecting cellular 
functions. These interpretations are the result of many 
researchers and scientists in the same field of research 
and these results have agreed their views and 
suggestions. 

The results of this study showed swelling 
accompanied by a tightening of the skin and hernia of 
abdominal organs in the experimental groups, as a 
result of exposure of the fetuses to repeated doses of 
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MSG that led to weakness of the abdomen wall and 
development of specific opening in the abdomen that 
contained the hernia contents as the intestine or fat. 
Swelling due to the retention of body fluids caused by 
urinary system dysfunction (Biondo Simeses et al., 
2010). 

This may be a direct effect of MSG cell 
metabolism in embryos, as monosodium glutamate has 
the ability to pass easily through the membrane and 
affected embryos growth and development. Or due to 
its deformed effects on embryos that suggestion was 
supported by Noda et al. (2012), who confirmed that 
high glutamate concentration led to cell apoptosis and 
most of these cases were under the influence of the 
free radicles on the cells and the mono-glutamate 
metabolism results in the breakdown of the cell 
ribosome DNA. Pomegranate peels had a role in 
reducing these effects as it had antioxidant properties 
that led them to consumed free radicles and so 
maintained cell and body tissues. 

Tamas et al. (2004) injected newborn rats with 
monosodium glutamate subcutaneous (2mg/gm) five 
times (1,3,5,7,9) after birth and second group consists 
from newly born infants subcutaneously injected with 
the same dose three times after birth (1,5,9). The 
results were similar in terms of maternal and neonatal 
weight loss and small size. Moreover, the first group 
was more affected with increased in fetal mortality 
rate due to repeated doses. 

In agreement with our results about liver (Al-
Gamdi2007; Abdel-Fatah 1992; EL Naggar et al., 
1977) reported that in a 7-day-old fetus of age, the 
liver of the control group coated with a thin capsule of 
the connective tissue, the hepatic cells multiple and 
arranged to form hepatic rows in between them blood 
sinusoids. Hepatocytes radiated from the hepatic veins 
and separated by blood sinusoids. The hepatic cords 
were distinguished at ages (7-10) days into vaculated 
rows (LC) that consists of one layer of pyramidal cells 
that radiate around a space and solid rows (SC) that 
consists of two rows of polygonal cells. The 
hepatocytes had granulated acidic cytoplasmand 
rounded nucleus or two nuclei with basic cytoplasm. 
With increase age, liver increase in size gradually and 
the part of the medial segment of the blood sinusoids 
gradually blocked by developing hepatic rows. And 
from 12 to 16 days of incubation, hepatic rows became 
dense and close together and cannot be distinguished 
into hollow and solid cords. The study also revealed 
that the blood sinusoids appeared as wide gaps 
between the hepatic rows at first irregularly in shape 
as age progresses, their sizes decreased, the sinuses 
lining the flat epithelial cells with a flat dark nucleus, 
and kupfer cells, which are spindle cells with a small 
oval nucleus. As the age progresses, the blood 

sinusoids appeared as slit as results of compression by 
developing hepatic rows. 

In agreement with our results (Al-Qudsi and Al-
Jahdali 2012; Al-Gamdi 2007; Abdel-Fatah 1992) in 
the appearance of the portal areas at the age of 12 days 
consisting of: the portal vein, a branch of the hepatic 
artery and tributaries of the bile duct. This led to 
scarcity of connective tissue and numerous portal 
areas that is an unreal hepatic model. Hamilton (1965) 
had suggested that the pyloric region at the day (10-
14) may appear from one or more bile ducts, one 
portal vein, a small hepatic artery and a lymphatic 
vessel versus a few central veins. 

This study showed that lipids drops were seen in 
the chicken embryos of the control group from day 7 
of the growth and they increased in size and numbers 
as the age increased until the end of growth and as 
results of appearance of cytoplasm and capsulated 
hepatic cells. Others (Abdel-fatah 1992; Al-Gamdi, 
2007; Al-qudsi and Al-Jahdali2012) supported our 
results in that lipid droplets for hepatocytes appeared 
from (5-7) days and at age 7 day of growth of chicken 
embryos there was association between functional 
activity with liver growth, growth of hepatic artery and 
increase in hepatocellular thickness due to fullness of 
gall bladder with cholesterol. 

The histological examination showed that there 
was a clear and uneven effect in the liver of chicken 
embryo in different groups at the selected ages of the 
study. The MSG treated group was the most affected, 
followed by the mixed group (MSG + PPE) then 
therapeutic group (MSG-PPE). The degenerative 
changes were damage and variation of the shape of 
solid and hollow liver cords and the dominance of 
solid over the hollow live cords in addition to 
difficulty in distinguishing between them in advanced 
ages and these changes were manifestation of 
developmental delay caused by MSG toxicity. Also 
changes were manifested by widening in blood 
sinusoids and different degrees of congestion, 
hemorrhage and fibrosis and increased in lipid 
droplets. Also invagination in the wall of central vein 
with appearance of focal necrosis around it and portal 
area that showed also deformity and degenerative 
changes. The nucleus showed pyknosis, karyolysis and 
apoptosis and accumulation of neutrophils around the 
central veins and portal areas especially in the MSG 
and MSG + PPE, MSG-PPE groups. Liver segments 
of the PPE-MSG group showed resistance to the 
toxicity caused by sodium mono glutamate, where the 
damage was very rare while the liver segments of 
pomegranate peel extract treated group were healthy 
and formative compared with the control group. 
Kumar et al. (2003) stated that the biochemical 
reactions of the cell against damage appeared in 
different and complex ways that depend on the type of 
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damage, time of occurrence and severity, so the small 
doses and short duration cause damage in the cell that 
can be repaired, while large repetitive doses for long 
time may cause cellular damage that cannot be 
recovered and led to cell death. Also damage of the 
cells depend on type of cells and their adaptation and 
its genetic structure, hormonal and physical status of 
the liver cells and its fullness with glycogen made its 
response strong. 

Ortiz et al. (2006) reported that i.p. injection of 
MGS (4mg/kg) led to toxic effects on the body that 
was manifested by changes in growth picture and 
function of the liver these effects resulted from direct 
effects on organs metabolism of the organ and the 
hepatotoxicity was acute and serious after any drug 
use and after stop of drug intake that led to initial 
cirrhosis. The proposal was supported by other 
researchers, who explained that the degenerative 
changes in the liver in MSG, MSG + PPE and MSG-
PPE groups at the ages of the study were growth 
delayed, variability in the density of liver cords, and 
deformed some of them, lysis and difficult to 
distinguish between them, as well as widening in the 
blood sinusoids and central veins and thickness of the 
wall due to MSG accumulation in the liver. Burkitt et 
al. (1993) explained cellular degeneration were due to 
inflammatory and immune reactions against damage 
caused by chemical compounds, parasitic and viral 
infections, and harmful agents against cells and tissues 
of the body. 

In agreement with our results other researches 
(Al-Qudsi and Al-Jahdali 2012; Ortiz et al.2006; Hinoi 
et al.2004) examined the toxic effects of i.p. injection 
of MSG (4 mg/kg) in adult male rats after 15-30-45 
minutes on the biochemical and histological changes 
of the liver and their results revealed that toxic effect 
on the cells led to tissue damage in addition to damage 
of cell membrane and excretion of the liver enzymes 
to the blood.  

Overttreet et al. (2002) discussed the advanced 
toxicity in individuals treated with drugs, especially 
neurological drugs that the sub-acute doses leads to 
progressive destruction of liver cells in the repeated 
examination of liver cells, while the preliminary 
examination showed that about 50% of the 
hepatocytes showed decomposition and with 
sequential examination a massive hepatocellular 
nebula appeared. They explained their results by that 
MSG had the ability to cross and permeate the 
epithelial cell membranes in the peritoneal cavity to 
reach the blood and analyzed to sodium and glutamic 
acid as some of glutamic acid excreted while other 
part change to glutamate and during that hepatocyte 
repaired partially as glutamate inside them is high and 
they cannot get rid of them and that led to their 

inflammation, degeneration and cell death in MSG 
treated groups. 

Al-Qudsi and Al-Jahdali 2012; Ortiz et al.2006; 
Hinoi et al.2004 revealed that histological examination 
of hepatocytes showed nuclei with pyknotic chages at 
15 minutes, lipid droplets at 30 minutes, changes in 
the liver cords and appearances of lange size and 
numbers of lipid droplets at 45 minutes in addition to 
congestion of blood sinusoids and central veins as 
results of hepatocytes inflammation and fibrosis. 
These results were in agreement with results of the 
present study that showed nuclear pyknosis, karyolisis, 
apoptoais and accumulation of neutrophils around the 
central veins and portal areas. Apoptosis may occur 
due to lack of important and necessary elements for its 
survival, DNA damage, treatment with cytotoxic 
drugs, exposure to radiation, loss of survival signals, 
or oxidative stress, all of which may lead to apoptosis 
that occurs as a result of cell response to internal and 
external signals (Dibartolomeis and Mone, 2003). 
Apoptosis also occurs when the cell is severely 
damaged or decreased its oxygen duet to decrease 
blood supply.. Cell bulging is a clear feature as 
internal organelles especially mitochondria and the 
entire cell swell and rupture. These changes occurs as 
the injury prevents the cells from adjusting their 
balance and ions, fluids as water and ions as sodium 
and calcium that normally pumped out of the cell but 
in the case of injury these ions influx inside the cells 
that led to cell rupture and expulsion of its contents to 
intracellular spaces (Van Cruchten and Van Den, 
2002; Giorgio et al., 2005) that led to damage and 
apoptosis of neighboring cells by lysosomes in 
different degrees. So, toxic damage to the cells was 
divided into two main parts: 

1) Changes on cellular structure, 2) changes on 
cellular functions. And both of these changes affect 
each other. On the other hand, the association of toxic 
chemical compounds with biomolecules has been 
divided into two parts: 

1. Reversible combination that can be reversed 
so its effect is not often fatal because it is based on the 
nature of the cellular function. 

2. Irreversible combination that that had toxic 
effects on the cells as they led to changes in cellular 
structure that led to cell death and apoptosis 
(Eisenbrand et al., 2002; Liu and Huang, 2006). 

2) Changes that occurred in the cellular functions 
due to toxic substances can be divided into three 
divisions: 

1. Changes in the cell membrane permeability 
that led to transport of the substances to and outside of 
the cells. 

2. Changes in cell enzymatic activities that led 
to changes in internal respiration of the cells and so 
changes in energy storage. 
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3. changes in cell division and formation of 
DNA and RNA and so changes in protein synthesis 
and mutation (Eisenbrand et al.2002); (Wang et al. 
2004); (Liu and Huang 2006). 

These results suggested that MSG had role in 
oxidative stress that led to cell death and degeneration 
and nuclear lysis. So, addition of pomegranate peel 
extract to MSG to decrease toxic effects of MSG on 
cell by apoptosis, destruction of DNA and RNA, 
decrease protein synthesis that is essential to form 
protein receptors that led to decrease in cell membrane 
thickness and disturbance in cell division and so 
delayed growth. Pomegranate peel extract removed 
free oxygen radicals and so maintained the cell 
structure and function especially in the growth stage as 
this stage is critical for cell division and this depend 
on the time and repetition of the dose. 

Histological examination of liver of chicken 
embryos in MSG+PPE, MSG-PPE groups increase in 
the number and size of lipid droplets that led to lipid 
droplets accumulation due to toxins, malnutrition and 
anoxia. These results were confirmed by Nakanishi et 
al.2008 who reported that repetitive injection of adult 
male rats with MSG by 2 mg/kg for five days after 
delivery and then observation of the newborn for 6 and 
12 months found that accumulation of fat droplets and 
inflammation of hepatocytes. Kumar et al. (2003) 
explained these lipid droplets accumulation in the liver 
was due to abnormal accumulation of triglyceride 
inside hepatocytes and these damage was temporary 
but damage that occurs due to cell apoptosis changes 
in lipid metabolism was irreversible. Inflammation 
also led to rapid changes in tissue response to damage. 
Curran and Crocker (2005) reported that presence of 
neutrophil and lymphocytes means chronic 
inflammation as accumulation of neutrophils around 
apoptotic cells lead to their engulf and decrease of 
infection and removal of damage as they circulate in 
the body by the blood but white blood cells activity 
may led to damage of healthy tissues and produced 
antioxidants and repair of cells. Increase in white 
blood cells numbers appears in blood vessels which 
were scattered in the connective tissue associated with 
edema caused by fluids leakage from the dilated and 
congested blood vessels. Edema also occurred due to 
increased permeability of blood vessels and increase 
lymphocytes migration from the blood vessels to 
surrounding tissues. 

Also, researches showed that hepatocytes 
affected by MGS and PPE at 10 days of age by 
morphometric measurement compared with control 
group revealed decreased in hepatocytes thickness due 
to degeneration and apoptosis and shrinkage of 
hepatocytes due to treatment with MSG and 
significant and insignificant changes in different 
studied groups. These results was confirmed by 

Anindita et al. (2012) who reported that shrinkage and 
decrease in hepatocyte thickness was due to 
degeneration and apoptosis due to treatment with 
MSG that led to loss of cell functions.  
 
Conclusions: 

The results showed that sodium mono glutamate 
had side effects on hepatic tissue of chicken embryos 
based on dose and the timing given. The results 
showed that the pomegranate extract was completely 
safe and did not produce any side effects. Some of the 
most notable effects were. 
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