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Abstract: Monosodium glutamate (MSG) is a major flavor enhancer used as a food additive. The present study in-
vestigates the effects of different doses of MSG on the morphometric and histological changes of the thyroid gland. 
28 male albino rats were used. The rats were divided into four groups: group I control, group II, III and IV treated 
with MSG (0.25 g/kg, 3 g/kg, 6 g/kg daily for one month) respectively. The thyroid glands were dissected out and 
prepared for light and electron microscopic examination. Light microscopic examination of thyroid gland of group II 
revealed increase in follicular epithelial height. Groups III & IV showed decrease in the follicular diameter and irregu-
larity in the shape of some follicles with discontinuity of basement membrane. Follicular hyperplasia was detected in 
some follicles with appearance of multiple pyknotic nuclei in follicular and interfollicular cells and multiple exfoliated 
cells in the colloid. In addition, areas of loss of follicular pattern were appeared in group IV. Immunohistochemical 
examination of BCL2 immunoexpression of the thyroid glands of groups III & IV reveals weak positive reaction in 
the follicular cells cytoplasm. Ultrathin sections examination of groups III & IV revealed follicular cells with irregular 
hyperchromatic nuclei, marked dilatation of rER and increased lysosomes with areas of short or lost apical microvilli. 
In addition, vacuolation of mitochondria was detected in group IV. The results displayed that MSG even at low doses 
is capable of producing alterations in the body weights and thyroid tissue function and histology.
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Introduction

Monosodium L-glutamate (MSG) is a common 
glutamic acid salt. It has 78% glutamic acid, 
22% sodium salt and water [1]. Glutamate is 
one of the greatest public amino acids pre- 
sent in wildlife. It is the core constituent of tis-
sue proteins and peptides. There are two main 
sources of glutamate; the first is the body itself 
can form glutamate as it plays a critical role in 
human metabolism; the second is the protein-
rich food products as fish, meat, milk and 
cheese or vegetable origins as mushroom and 
tomato [2].

MSG is one the commonest food additive. It 
has been used as taste enhancer since 1907 
by a Japanese professor [3]. It has been used 
in different concentration according to the type 
of nutrients [4]. Nowadays, the harmless con-
centration of MSG in diets and its toxicity in 
human is still a debatable matter [5].

MSG is commonly used as a flavor enhancer  
in home as well as in food industry. There- 
fore, most of canned and fast food as flavored 
chips, canned soups, prepared meals, marinat-
ed meats, bottled soy or oriental sauces, freez-
ing foods and tested tuna containing variable 
concentrations of MSG [6].

In animals, higher doses of MSG were con-
firmed to be neurotoxic as it destructs neurons 
in the hypothalamic nuclei through their chang-
es in the hypothalamo-pituitary-adrenal axis 
(HPA) [7-10]. Moreover, the excessive MSG 
administration may lead to damage of liver and 
kidney [11]. These findings denote that unbound 
glutamate dissociated from MSG may possibly 
act on certain receptors in the central or periph-
eral neurons, causing histopathological chang-
es [12].

Unfortunately, literatures investigating the ef- 
fect of MSG on the morphology and function  
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of thyroid gland are very controversial. Some 
authors reported non-significant changes in 
thyroid morphology after long period of MSG 
treatment in neonatal rats [13]. On the other 
side, a picture of a typical hypothyroidism was 
reported by other authors in mice treated with 
different doses of MSG for one week and the 
changes are seen only after a period of 13 and 
52 weeks of the treatment [14]. On the other 
hand, a picture of increased thyroid activity was 
reported in adult rats received MSG (4 mg/g 
body weight) for one week and the effect was 
observed one month after the last dose [15].

Recently, MSG phobia had increased due to the 
opposing reactions and harmfulness of MSG, 
with few and limited literature concerning the 
structural changes in thyroid gland of animals 
treated with MSG. So this study was designed 
to examine the effects of different doses of 
monosodium glutamate on the morphometric, 
histological and functional changes of the thy-
roid gland of adult.

Materials and methods

Drug

Monosodium glutamate was obtained from 
Sigma chemical Co (USA) and it was liquefied in 
distilled water.

Animals

This study was performed on twenty eight adult 
male albino rats weighting about 200 g. The 
Animals were obtained from Mansoura Experi- 
mental Research Center (MERC), and were 
used in agreement with the Animal Welfare  
Act and Guide for Care Use of MERC. The rats 
were housed in separate metal cages under 
constant environmental conditions. Food and 
water were available ad libitum. 

Experimental design

The rats were divided into four groups (n=7 for 
each group). They were classified into:

Group (I): (control group) rats received distilled 
water (vehicle) for one month.

Group (II): Rats received MSG solutions at con-
centrations of 0.25 g/kg body weight, daily, by 
gavages for one month.

Group (III): Rats received MSG solutions at  
concentrations of 3 g/kg body weight, daily, by 
gavages for one month.

Group (IV): Rats received MSG solutions at  
concentrations of 6 g/kg body weight, daily, by 
gavages for one month.

The chosen doses were built on the harmful-
ness levels described by previous studies [16, 
17]; 0.25 g/kg body weight (non-toxic dose of 
MSG), 3 and 6 g/kg body weight (slightly toxic 
and highly toxic doses, respectively) (the doses 
were divided and given twice/day to avoid the 
rat’s stomach injury from the single excess 
administration of MSG).

On the next day after the final dose, rats were 
anesthetized with ether. Blood samples were 
obtained and the thyroid glands were dissected 
out (supported by the tracheas).

Body weight

The body weight of each animal was assessed 
before and at the end of treatments.

Assessment of serum T3 and T4 [18]

Blood sample was obtained through a cardiac 
puncture of each rat, centrifuged and the sera 
were used to determine T3 and T4 levels.

Light microscopic (LM) dtudy

he right lobes of the thyroid glands were fixed 
immediately in Bouin’s fluid for 24 hours, dehy-
drated in ascending grades of ethyl alcohol, 
cleared in xylene, impregnated and embedded 
in paraffin. Serial sections, 5 micrometer in 
thickness, were cut, mounted on slides in 
groups of 10 sections each. The slides of the 
central third of the thyroid lobe were used and 
stained with:-

-Haematoxylin and eosin stain (H&E) [19].

-Periodic Acid Schiff (PAS) reaction [20].

-Immunohistochemical staining for detection of 
Bcl2 protein (antiapoptotic indicator) [21].

Immunohistochemical reaction was perform- 
ed using avidin biotin peroxidase technique. 
The primary antibody was a mouse monoclonal 
antibody (Genemed Biotechnologics Inc., South 
San Francisco, CA 94080, USA).
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Tissue sections were dewaxed and rehydrated. 
Slides were incubated in hydrogen peroxide 
(10%) for 10-15 min to inhibit the activity of 
endogenous peroxidase and to reduce nonspe-
cific background staining. Antigen recovery was 
done by immersing the sections in a preheated 
citrate buffer solution (pH 6) and maintaining 
heat in a microwave for 45 min. Sections were 
left to cool at room temperature. Then slides 
were washed in buffer (0.05% sodium azide) for 
2 times. Monoclonal anti Bcl-2 (clone Bcl-2-
100) was applied. Slides were washed in buffer 
(0.05% sodium azide) for 4 times. Biotinylated 
goat anti-polyvalent was applied. Slides were 
incubated for 10 min at room temperature. 
Slides were washed in buffer (0.05% sodium 
azide) for 4 times. Chromogenic substrate was 

applied (diaminobenzidine) DAB and incubated 
until desired reaction was achieved. Mayer’s 
haematoxylin was used as a counter stain [22, 
23].

The Bcl2 cytoplasmic site of reaction was 
stained brown. For the negative control sec-
tions the primary antibody was omitted and 

Figure 1. A section in the thyroid gland of adult con-
trol rat showing a C.T. capsule covering the thyroid 
(arrow head). The thyroid follicles showing large pe-
ripheral follicles (P) lined with flat or low cubical epi-
thelium (arrow) and small central ones (C) lined with 
cubical epithelium (tailed arrow) (H&E × 400).

Figure 2. A section in the thyroid gland of adult con-
trol rat showing PAS-positive colloid with few marginal 
vacuoles (arrow). PAS positive basement membrane 
(crossed arrow) is seen surrounding the follicles (PAS 
× 400).

Figure 3. A photomicrograph of the thyroid gland of 
the control group showing strong BCL2 immunoex-
pression in the cytoplasm and nuclei of the majority 
of follicular cells (arrows) (BCL2 immunoexpression 
× 400).

Figure 4. Electron photomicrograph of the thyroid 
gland of adult control rat showing part of a thyroid 
follicle. The follicular cells have euchromatic nuclei 
(N). The apical surface exhibits numerous microvilli 
projecting into the colloid (arrows); the cytoplasm 
shows cisternae of rough endoplasmic reticulum (R) 
and mitochondria (M). Electron dense lysosomes are 
present mainly at the apical part of the follicular cells 
(L). A blood capillary (C) is seen under the basal lami-
na (Uranyl acetate and lead citrate × 2500).
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replaced by phosphate buffer saline. Tonsil was 
used as positive control tissue [24].

Electron microscopic (EM) study

The left lobes of the thyroid glands of all groups 
were obtained, fixed in glutaraldehyde (2.5%) 
and post fixed in osmium tetroxide (1.0%).

Semithin sections (1 um thickness) were pre-
pared and stained with Toluidine blue. Ultrathin 
sections (80 nm thickness) were obtained and 
stained with uranyl acetate and lead citrate 
[25].

Morphometric study

Haematoxylin and eosin stained sections were 
used for the measurement of follicular diame-
ter and follicular epithelial height. This was per-
formed in 5 non overlapping fields from 5 differ-
ent sections of 5 different rats in each group at 
× 100 (for follicular diameter) and × 400 (for 
epithelial height).

Immune stained-slides for each group were 
used for the measurement of area % of immu-
noexpression of Bcl2. This was performed in 5 
non overlapping fields from 5 different sections 
of 5 different rats in each group at × 400.

Statistical analysis

Student’s-t test was used to test the signifi-
cance of difference between the weight at the 
beginning of the experiment and at the end in 
each group.

Student’s-t test was used in statistical analysis 
of the serum T3, T4 values and the morphomet-
ric study to test the significance of difference 
between the treated groups (II, III & IV) and the 
control one.

Results

Histological results: control group

Haematoxylin and eosin stained sections of 
thyroid glands from the control group revealed 
a C. T. capsule covering the gland. The follicles 
were variable in size and epithelial lining; the 
peripheral ones were larger in size and delimit-
ed with flat or low cubical epithelium whereas, 
the central follicles had a smaller diameter and 
lined by single layer of cubical epithelium with 
rounded nuclei. The follicular lumen was filled 
with an acidophilic colloid (Figure 1).

Periodic acid Schiff (PAS) reaction of the thyroid 
glands from control group exhibited the magen-
ta coloured colloid in the follicular lumina and 
the basement membrane surrounding the folli-
cles. The colloid of the peripheral follicles 
revealed few marginal vacuoles (Figure 2).

Immunohistochemical examination of BCL2 
immunoexpression of the thyroid glands of the 
control group revealed a dark brown color in the 
cytoplasm and nuclei of the majority of follicu-
lar cells (Figure 3).

Electron microscopic examination of the thyroid 
gland of control group showed the cubical fol-
licular lining cells with almost rounded euchro-

Figure 5). A section in the thyroid gland of adult rat treated with low dose of MSG (group II) the thyroid follicles show-
ing large peripheral follicles (P) lined with cubical epithelium with central rounded nuclei (arrow) and central ones 
(C) lined with columnar epithelium with basal nuclei (tailed arrow). Note few pyknotic nuclei (crossed arrow) were 
seen (H&E × 400).
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tral nuclei and the central ones were lined by 
columnar epithelium. Most of follicular cell 
nuclei were vesicular apart from few pyknotic 
ones (Figure 5).

PAS reaction of the thyroid glands of low dose 
MSG treated group showed a similar reaction to 
that of group I. In addition, increased marginal 
vacuoles in the colloid especially in the periph-
eral follicles were observed (Figure 6).

Immunohistochemical examination of BCL2 
immunoexpression of the thyroid glands of low 
dose MSG treated group showed a reaction 
similarity to control group (Figure 7).

Electron microscopic examination of the thy-
roid glands showed a similar ultra-structure to 
that of group I with slight dilatation of the rER 
cisternae. Few nuclei are irregular with wide 
nuclear pores and peripheral chromatin con-
densation. Areas with partial loss of the apical 
microvilli can be detected (Figure 8).

Low toxic dose MSG treated group

H&E stained sections of the thyroid glands of 
low toxic dose MSG treated group (group III) 

Figure 6. A section in the thyroid gland of adult rat 
treated with low dose of MSG (group II) showing PAS 
positive reaction appears in the cytoplasm of follicu-
lar cell (crossed arrow). PAS positive colloid with in-
creased marginal vacuolation is seen (arrows) (PAS 
× 400).

Figure 7. A section in the thyroid gland of adult rat 
treated with low dose of MSG (group II) showing 
strong BCL2 immunoexpression in the cytoplasm 
and nuclei of the majority of follicular cells (arrows) 
(BCL2 immunoexpression × 400).

matic nuclei. The basal lamina of the cells was 
surrounded by a network of blood capillaries. 
The apical part of the cells revealed numerous 
microvilli that project into the central colloid. 
The cytoplasm exhibited numerous cisternae  
of rER, mitochondria with moderate electron 
dense matrix and few lysosomes appeared in 
the apical part of the follicular cells (Figure 4).

Low dose MSG treated group

Haematoxylin and eosin stained sections of  
the thyroid glands of low dose MSG treated 
group revealed no obvious changes regard- 
ing follicular shape or diameter. On the other 
side, increase in follicular epithelial height was 
detected; the peripheral follicles were delimit-
ed by cubical epithelial cells with rounded cen-

Figure 8. Electron photomicrograph of the thyroid 
gland of adult rat treated with low dose of MSG 
(group II) showing columnar follicular cell with oval 
euchromatic nucleus (N) and other cell showing ir-
regular nuclei (P) with increased condensation of 
its peripheral chromatin and widening of its nuclear 
pores. The cytoplasm of the follicular cells revealed 
mild dilated rER cisternea (R) and colloidal vesicles 
(V) are also seen above the nucleus. The apical bor-
der revealed partial loss of the projecting microvilli 
(arrow) (Uranyl acetate and lead citrate × 2500).
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revealed decrease in the follicular diameter 
and irregularity in the shape of some thyroid  
follicles with discontinuity of their basement 
membrane. Follicular hyperplasia was detected 
in some thyroid follicles. The follicular epitheli-
um was increased in height with appearance  
of multiple pyknotic nuclei in both follicular lin-
ing epithelial and interfollicular cells. The cen-
tral colloid contained multiple exfoliated cells 
(Figure 9).

PAS reaction of the thyroid glands of low toxic 
dose MSG treated group (group III) revealed 
decrease in the amount of magenta coloured 

colloid with increased marginal vacuolation.  
In addition, completely empty follicles from col-
loid were seen. Positive PAS reaction is also 
observed in the cytoplasm of follicular cells 
(Figure 10).

Immunohistochemical examination of BCL2 im- 
munoexpression of the thyroid glands of low 
toxic dose MSG treated group revealed weak 
positive reaction (moderate brown color) in the 
cytoplasm of the majority of follicular cells 
(Figure 11).

Ultrathin sections examination of the thyroid 
glands of low toxic dose MSG treated group 
revealed columnar follicular cells lining the thy-
roid follicles with hyperchromatic nuclei. Their 
cytoplasm revealed marked dilatation of rER 
and increased number of lysosomes. The api-
cal border of these cells revealed areas of short 
or lost microvilli (Figure 12).

High toxic dose MSG treated group

Haematoxylin and eosin stained sections of the 
thyroid glands of high toxic dose MSG treated 
group (group IV) revealed areas with loss of  
follicular pattern and others with follicular de- 
struction. Follicular hyperplasia and reduction 
in amount of colloid were also observed (Figure 
13).

PAS reaction of the thyroid glands of high toxic 
dose MSG treated group (group IV) showed 
marked decrease in the amount of PAS positive 

Figure 9. A section in the thyroid gland of adult rat treated with low toxic dose of MSG (group III) showing some ir-
regular thyroid follicles with discontinuity of their basement membrane (arrow), other with columnar epithelial lining 
(zigzag arrow). Multiple pyknotic nuclei are seen in both follicular lining epithelial (crossed arrow) and interfollicular 
cells (tailed arrow). The central colloid contained multiple exfoliated cells (arrow head).Note, the presence of hyper-
plasia of the lining epithelium of follicular cells (curved arrow) (H&E × 400).

Figure 10. A section in the thyroid gland of adult rat 
treated with low toxic dose of MSG (group III) show-
ing reduced amount of PAS positive colloid with 
increased marginal vacuolation (crossed arrows), 
completely empty follicles from colloid (asterisks) are 
also seen. Positive PAS reaction is also observed in 
the cytoplasm of follicular cells (tailed arrow) (PAS × 
400).
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central colloid, some follicles are completely 
empty (Figure 14).

Immunohistochemical examination of BCL2 im- 
munoexpression of the thyroid glands of high 
toxic dose MSG treated group revealed also a 
faint brown color in the cytoplasm of the major-
ity of the follicular cells (Figure 15).

Electron microscopic examination of the thyroid 
gland of high toxic dose MSG treated group 

revealed columnar follicular cells having oval 
small sized irregular hyperchromatic nuclei. 
Marked dilatation of rER and vacuolation of 
mitochondria were seen. The cytoplasm con-
tained also colloid vacuoles and myelin body. 
The apical surface revealed short microvilli with 
area of partial loss (Figure 16).

Histomorphometric and statistical results

The body weight of the rats of control group 
was non-significantly increased at the end of 
the experiment. On the other side, the body 
weights of rats of all MSG treated groups were 

Figure 11. A section in the thyroid gland of adult rat 
treated with low toxic dose of MSG (group III) showing 
weak BCL2 immunoexpression in the cytoplasm and 
nuclei of the majority of follicular cells (arrow) (BCL2 
immunoexpression × 400).

Figure 12. Electron photomicrograph of the thyroid 
gland of adult rat treated with low toxic dose of MSG 
(group III) showing columnar follicular cells; one with 
oval hyper-chromatic nucleus (n). Marked dilatation 
of rER (R) and increased lysosomes (L) are also ob-
served. Areas of short microvilli (arrows) and others 
with lost microvilli (crossed arrow) are seen (Uranyl 
acetate and lead citrate × 2500).

Figure 13. A section in the thyroid gland of adult rat 
treated with high toxic dose of MSG (group IV) show-
ing an area with complete loss of the normal archi-
tecture of the thyroid gland (arrow), and other with 
disruption of the basal laminae of some follicles with 
their coalescence (crossed arrow). Follicular hyper-
plasia (tailed arrow) and reduction in amount of col-
loid (arrow head) are also obvious (H&E × 400).

Figure 14. A section in the thyroid gland of adult rat 
treated with high toxic dose of MSG (group IV) show-
ing marked decrease in the amount of PAS positive 
central colloid, some follicles are completely empty 
(asterisk). Positive PAS reaction is also observed in 
the cytoplasm of follicular cells (tailed arrow) (PAS × 
400).
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significantly increased at the end of the experi-
ment (Table 1).

The serum level of T3 and T4 was non-signifi-
cantly increased in the low dose MSG treated 
group and significantly increased in high and 
toxic doses treated groups compared to the 
control one (Tables 2, 3).

The external follicular diameter was non-signifi-
cantly increased in group II and significantly 
increased in group III and IV compared to con-
trol one (Table 4).

The follicular epithelial height was non-signifi-
cantly increased in group II and significantly 
increased in group III and IV compared to con-
trol group (Table 5).

The area percent of the immune reaction was 
non-significantly decreased in group II and sig-
nificantly decreased in group III and IV com-
pared to control group (Table 6).

Discussion

As food additive, MSG is recorded as a 
“Flavoring”. It can motivate the oro-sensory 
receptors, improves the deliciousness of meals 
and increases the appetite therefore, MSG is 
considered as a leading cause of weight gain 
[26]. On the other side, a significant increase in 
weight gain without hyperphagia was previously 
reported as a common outcome of numerous 
studies after MSG treatment [27-30]. Weight 
gain in newborn mice after MSG administration 
had caused lesions in hypothalamic arcuate 
nucleus (ARCN). Reduced leptin and insulin  
signaling were also documented after MSG 
administration resulting in hyperleptinemia  
and hyper-insulinemia. Leptin is an appetite-
repressing hormone, so it regulates appetite as 
well as the body weight. MSG administration 
was also reported to induce damage in the 
Intra-hypothalamic arcuate-para-ventricular nu- 
clear axis (ARCN) which is the main factor of 
food-intake regulation by neuropeptide-Y (NPY). 
Decreasing NPY secreting neurons as a result 
to damage of ARCN supports the hypopahgia 
induced with MSG administration [31].

Figure 15. A section in the thyroid gland of adult rat 
treated with high toxic dose of MSG (group IV) show-
ing weak BCL2 immunoexpression in the cytoplasm 
and nuclei of the majority of follicular cells (arrow) 
(BCL2 immunoexpression × 400).

Figure 16. Electron photomicrograph of the thyroid 
gland of adult rat treated with high toxic dose of MSG 
(group IV) showing columnar follicular cells having 
oval small sized irregular hyperchromatic nuclei (N). 
Marked dilatation of rER (R) and vacuolation of mi-
tochondria (zigzag arrows) are seen. The cytoplasm 
contains colloid vacuoles (V) and a myeloid body 
(MY). The apical surface revealed short microvilli (ar-
row) with area of partial loss (crossed arrow) (Uranyl 
acetate and lead citrate × 2000).

Table 1. Changes in the body weight

Groups Initial body 
wt. (g)

Final body 
wt. (g) P value

Group I 200 ± 5.3 204 ± 4.6 P0 = 0.154
Group II 197 ± 6.2 234 ± 3.9 P1 < 0.001*
Group III 202 ± 4.2 239 ± 4.5 P2 < 0.001*
Group IV 198 ± 3.7 244 ± 5.1 P3 < 0.001*
P0: Control group after versus before treatment; P1: 
Low dose MSG treated group (II) after versus before 
treatment; P2: Low toxic dose MSG treated group (III) 
after versus before treatment; P3: High toxic dose MSG 
treated group (IV) after versus before treatment; *Sig-
nificant.
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In the current study, a statistically significant 
increase (P < 0.001) in the mean body weight 
of all MSG treated groups without increase in 
food intake as compared to the control one was 
observed.

The danger of MSG’s usage has generated 
much controversy [26]. MSG was reported as a 
safe food additive with no maximum daily aver-
age intake by The Food and Drug Administration 
(FDA) [32]. On the other side, several previous 
studies reported hazards and toxic effects  
for MSG administration in human and animals 
[33-38]. These effects varies from allergic reac-
tion; flushing, sweating, numbness, weakness, 

thyroid follicles with discontinuity of their base-
ment membrane were detected in group III and 
IV. This irregularity in the shape of thyroid folli-
cles was previously described in MSG treated 
rats [15].

Increase in follicular epithelial height and 
decrease in the colloid was detected in the 
present work in all groups treated with MSG; 
the peripheral follicles were delimited by cubi-
cal epithelial cells with rounded central nuclei 
and the central ones were lined by columnar 
epithelium. This result came in accordance 
with other authors [15] who reported significant 
increase in the average height of the follicular 

Table 2. Serum T3 level (ng/dl)
Groups Group I Group II Group III Group IV

1.45 ± 0.14 1.78 ± 0.4 2.03 ± 0.17 2.11 ± 0.12 P1 = 0.065
P2 < 0.001*
P3 < 0.001*

N.B: In Tables 2-6. P1: Control group (I) versus low dose MSG treated group (II); P2: 
Control group (I) versus low toxic dose MSG treated group (III); P3: Control group (I) versus 
high toxic dose MSG treated group (IV); *Significant.

Table 3. Serum T4 level (μg/dl)
Groups Group I Group II Group III Group IV

8.95 ± 0.53 9.38 ± 0.41 9.98 ± 0.55 10.01 ± 0.52 P1 = 0.106
P2 = 0.004*
P3 = 0.003*

Table 4. The external follicular diameter (μm)
Groups Group I Group II Group III Group IV

75.43 ± 1.45 77.03 ± 1.44 70.01 ± 0.21 68.22 ± 0.43 P1 = 0.061
P2 < 0.001*
P3 < 0.001*

Table 5. The follicular epithelial height (μm)
Groups Group I Group II Group III Group IV

10.55 ± 1.23 11.42 ± 1.2 12.6 ± 1.5 13.02 ± 1.34 P1 = 0.205
P2 = 0.015*
P3 = 0.002*

Table 6. Area % of immune reaction in the studied group
Groups Group I Group II Group III Group IV

35.96 ± 5.93 31.29 ± 7.45 6.71 ± 1.74 2.73 ± 0.74 P1 = 0.084
P2 < 0.001*
P3 < 0.001*

dizziness and headach- 
es [34] to lethal organs 
damage including; male 
and female genital org- 
ans [35, 36], liver and 
kidney [37, 38]. In addi-
tion, MSG administration 
has been supposed to 
cause or worsen numer-
ous conditions; includ- 
ing ventricular arrhyth-
mia and neuropathy [34].

Although, MSG is a wide-
ly used flavor enhancing 
food additive, literatures 
investigating the effect 
of MSG on the morphol-
ogy and function of thy-
roid gland are few and 
controversial. In this stu- 
dy different doses of 
MSG were used for one 
month. The selected do- 
ses were chosen accord-
ing to the toxicity levels 
of MSG administration 
on different body org- 
ans reported by previous 
authors [16, 17].

In the current study Hx. 
and E. stained sections 
of the thyroid gland of 
group II revealed no obvi-
ous changes are obs- 
erved regarding follicular 
shape or diameter. On 
the other side, irregulari-
ty in the shape of some 
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cells, reduced amount of colloid in some folli-
cles together with congested stromal blood 
vessel after a daily intra-peritoneal injection of 
MSG 4 mg/g body weight for seven days and 
the rats examined after one month from the 
last dose. They referred that to the hyperthyroid 
state after this period of MSG administration. 
On the other side, a typical histological picture 
of hypothyroid state; large follicles with abun-
dant colloid and delimited with flat cells was 
previously reported in young female mice treat-
ed with different doses of MSG (2, 4 and 6 
mg/g) for seven days and the effects were  
seen after 13 and 52 weeks [39]. Conversely, 
no apparent changes were reported in neona-
tal rats’ thyroid histology, number of follicles, 
follicular epithelium thickness, amount of col-
loid and stromal vascularity after a period of 6 
to 18 months of MSG treatment [40].

Follicular epithelial hyperplasia and decrease 
in the amount of magenta coloured colloid with 
increased marginal vacuolation were detected 
in some thyroid follicles especially of group III 
and IV. In addition, completely empty follicles 
from colloid were also observed. This result 
come in accordance with other authors [15] 
after intra-peritoneal injection of MSG (4 mg/g 
body weight) for seven days and the rats exam-
ined after one month from the last dose. They 
explained that, this response looks like the his-
tological changes created by the goitrogens. 
The response of the thyroid to goitrogens is pre-
viously described as tri-phasic response [41]. 
First, there is an early piercing increase in the 
proliferation of the epithelial and stromal cells 
of the thyroid gland reaching its peaks at about 
2 weeks and returns to pretreatment levels 
within 3 months. In this study the follicular cell 
hyperplasia observed after one month of MSG 
comes in accordance with this explanation. On 
the other side, non-significant changes in the 
thyroid gland histology after a period of 6-18 
months of MSG administration were previously 
reported [42]. It is likely that this long duration 
was adequate for the histological changes of 
the thyroid gland to return back, this leading to 
increase the amount of colloid, reduction in the 
epithelium height and the follicular cells to 
return to their normal morphology.

In the present study few pyknotic cells started 
to appear in group II which became more pre-
dominant with the appearance of exfoliated 

cells in the colloid in group III & IV. In addition, 
areas of loss of follicular pattern, and others 
with follicular destruction were observed in 
group IV. A similar result was previously report-
ed in the kidney of MSG treated rats. They 
referred that to oxidative damage. They added 
that the generation of reactive oxygen species 
is considered to be a primary incident under a 
variety of stress conditions [43].

The release of reactive oxygen species induced 
DNA fragmentation, increased apoptosis, incre- 
ased cytochrome c release from the mitochon-
dria to cytosol, down regulated anti-apoptotic 
Bcl-2 and other mediators; upregulated pro-
apoptotic markers [44].

Ultrastructural examination of the thyroid folli-
cles of MSG treated groups’ revealed follicular 
cells with areas of short or lost microvilli and 
hyperchromatic or pyknotic nuclei with irregular 
nuclear membrane. A similar ultrastructure 
was previously described in proximal convolut-
ed renal tubules of MSG treated rats by other 
authors [43]. They observed incomplete brush 
border damage, few lysosomes and cytoplas-
mic vacuoles with degenerative changes in 
most of the cytoplasmic organelles.

The cytoplasm of the follicular cells revealed 
increased number of lysosomes and dilatation 
of rER; this dilatation was more marked in 
group III and IV. Vacuolation of mitochondria 
was detected in group IV. This response resem-
bled the histological changes produced by the 
goitrogens [45]. Similar ultrastructural changes 
were previously reported in pancreatic acinar 
cells of MSG treated rats in a concentration of 
1% MSG for 1 month [46]. They observed the 
presence of numerous large size autophagic 
vacuoles, dilatation of rough endoplasmic retic-
ulum and swollen vacuolated mitochondria.

Previous researches have explained the mech-
anisms of action of MSG on different tissue. 
Some researchers referred that to the pres-
ence of glutamate receptors as in the hypothal-
amus, kidneys, endocrine system, spleen, thy-
mus, liver, ovaries, etc. [47, 48]. Other research-
ers [49, 50] reported that there are neurotoxic 
effects of MSG on the function of hypothala-
mus-pituitary-gonadal system. The third mech-
anism stipulated that MSG administration 
resulted in a decrease in ascorbic acid level 
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which leads to oxidative damage in rat different 
organs [51-53].

Conclusion

We can conclude that MSG administration in 
rats even at very low doses is efficient to induce 
weight gain, altered thyroid function and histol-
ogy. With change in the way of life today, we are 
depending on the managed foods that contain 
chemicals which increase the shelf life and 
improve taste. Taking in consideration the pos-
sible harmful effects of MSG, Thus, it is a must 
to reconsider the usage of MSG as a flavor 
enhancer.
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