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ABSTRACT
Background: Excess fluorides intake produces histopathological changes of many organs. Methionine is a potential natural 
antioxidant against oxidative radicals. 
Aim of the Work: To evaluate the possible protective role of methionine against sodium fluoride (NaF)-induced pancreatic 
toxicity.
Material and Methods: Thirty 3-months (200-250gm) adult male albino rats were divided into three equal groups: group 
I (control), group II (Fluoride group) and group III (Fluoride+methionine group). Control group; was given 1ml distilled 
water. Fluoride group; was given 10 mg NaF/kg b.w. Fluoride+methionine group; was given 10 mg NaF/kg b.w. and 2 mg 
methionine/rat. All the treatment was given orally by gastric tube once daily for 35 days. After anesthesia, all groups were 
sacrificed. The pancreatic specimens were prepared for light and electron microscopic studies and anti-insulin antibody 
immunohistochemical staining. The mean numbers of zymogen granules and insulin positive β-cells of all groups were 
counted.
Results: The mean numbers of zymogen granules and insulin positive β-cells of the fluoride group were significantly 
decreased when compared to control. The pancreatic specimens of the fluoride group revealed congested blood vessels, 
extravasated blood cells, vacuolated pancreatic acini, loss of the acinar cell architecture, dilated rough endoplasmic reticulum 
and degenerated mitochondria. By anti-insulin antibodies immunohistochemistry, there was a weak positive reactivity in the 
fluoride treated group when compared to control. The concomitant administration of NaF and methionine improved these 
changes.
Conclusion: The concurrent administration of NaF and methionine ameliorates the structural alterations developed in the 
pancreas following excess NaF intake.
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INTRODUCTION                                                                 

The pancreas is an important digestive gland that 
performs a range of both endocrine and exocrine 
functions[1]. 

Fluoride -the ionic form of fluorine- is widely spread 
in nature. Fluoride combines reversibly with hydrogen to 
form hydrogen fluoride (HF). Much of the physiological 
behavior of fluoride (for example, its absorption, 
distribution and renal clearance) is due to the diffusion 
of HF[2]. The ingestion of fluoride during the pre-eruptive 
development of the teeth has a cariostatic effect due to the 
uptake of fluoride by enamel crystallites and formation 
of fluor-hydroxy-apatite, which is less acid soluble than 
hydroxyapatite[3,4].

Panget et al.[5] reported that the total fluid intake is 
about 970 ml/day. They added that the juice, tea and other 
beverages account for more than 50 percent of fluid intake 
and are rich in fluoride. Moreover, fluoride concentration 
ranged from 0.007-4.13 μg fluoride/g food.[6]. It also 
enters the body through burning coal, fluoride dust and 
fumes from industries using fluoride containing salt and 
hydrofluoric acid. The blood fluoride levels of 95 parts 
per million (ppm) produce an increase in glucose and a 
decrease in insulin level[7 and 8]. 

The elimination of absorbed fluoride occurs almost 
exclusively via the kidneys. The renal handling of 
fluoride is characterized by unrestricted filtration through 
the glomeruli followed by a variable degree of tubular 
reabsorption[9]. The sodium fluoride (NaF) causes 
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degeneration of the cells of the pancreatic acini and islets. 
Fluoride also causes inflammatory stromal infiltrations as 
well as congestion and hemorrhage of the pancreatic blood 
vessels[10].

Daily ingestion of about 1-2 ppm of fluoride found 
in artificially fluoridated water can result in melena, 
hematemesis, faintness, shallow breathing, stomach 
cramps, tremors, unusual increase in saliva, watery 
eyes, weakness, constipation, loss of appetite, skin rash, 
mouth and lips sores, and white, brown or black teeth 
discoloration[11,12].

Methionine is a potential natural antioxidant belongs 
to the sulfuric amino acids[13,14]. Reser et al.[15] stated that 
methionine ameliorated the nephrotoxic, hepatotoxic and 
ototoxic effects of some drugs. Moreover, it demonstrated 
a protective role in the course of exposure to the sodium 
fluoride. An administration of methionine reduces the 
oxidative stress status[16].

Accordingly, the present study was aimed to evaluate 
methionine as a potential natural antioxidant to alleviate 
the toxic effects of NaF on the morphometric, light, and 
electron microscopic histological structure of pancreas, 
and the immunohistochemical reactivity.

MATERIAL AND METHODS                                               

Chemicals 

NaF was obtained from El-Gomhoria Chemicals 
Company in the form of white powder soluble in water; l 
gm of NaF was dissolved in 100 ml distilled water, so l ml 
of NaF solution contained 10 mg of NaF. Methionine was 
obtained from Sigma Chemicals Company in the form of 
powder soluble in water, l gm of methionine was dissolved 
as NaF, and so l ml of methionine solution contained 10 mg 
of methionine.

Experimental Design

The study was performed at the Faculty of Medicine, 
Assiut University in 2016-2018.  It included thirty -3 
months- adult male albino rats weighing 200-250 gm. 
The rats were obtained from the animal house of Assiut 
University. They received standard food and water during 
the experiment. Ethical clearance for the use of animals 
was got from the Institutional Animal Ethics Committee 
prior to the beginning of the work.

The rats were divided into three equal groups, each 
group contained 10 rats: 

Group I (Control group): rats were given 1ml distilled 
water orally by gastric tube once daily for 35 days.

Group II (Fluoride treated group): rats were given 10 
mg NaF/kg b.w., once daily for 35 days. The prepared 
dose was given orally by gastric tube. It is a sublethal dose 
causes flourosis[14,17].

Group III (Fluoride+methionine treated group): it was 
given 10 mg NaF/kg b.w. orally by gastric tube once daily 

in addition to 2 mg methionine/rat/day orally by gastric 
tube for 35 days[14,18,19].

At the destined time, the rats of all groups were 
anesthetized by ether. The pancreas was extracted by 
opening the anterior abdominal wall. Pancreatic specimens 
were fixed in 10% neutral buffered formaldehyde in order 
to be processed for light microscopic study. Paraffin 
sections of 5μm thickness were stained with Haematoxylin 
and Eosin[20]. For electron microscopic examination, other 
pancreatic tissue specimens were immediately fixed in 2.5 
% phosphate buffered glutaraldhyde at 4ºC for 24 hours 
and post fixed in 1% osmium tetra-oxide for 1h. Then, 
they were dehydrated in ascending grades of ethanol. 
After immersion in propylene oxide, the specimens were 
embedded in epoxy resin mixture. Semithin sections 
of 1μm thickness were stained with toluidine blue and 
examined by a light microscope. Ultrathin sections of 
80-90nm thickness were stained with uranyl acetate and 
lead citrate[21] and were examined using "Jeol-JEM-100 
CX II" electron microscope and photographed at different 
magnification at the electron microscopic unit of Assiut 
University.

Immunohistochemical study of the pancreatic islets 

Other specimens of all animal groups were prepared 
for immunohistochemical study under the same conditions 
with the same concentration of anti-insulin antibodies 
and at the same time. The immune-localization technique 
was performed on pancreatic sections of 5um thickness 
stained with the streptavidin-biotin-peroxidase staining 
method[22]. Paraffin sections were de-paraffinized in xylene, 
rehydrated in alcohol of descending grades and treated 
with 0.3% H2O2 for 20 minutes, 5% normal bovine serum 
(1:5 diluted TRIS) for 20 minutes and phosphate buffered 
saline and 10% normal goat serum for 30 minutes at room 
temperature to suppress the endogenous peroxidase and the 
non-specific antibodies binding sites. Then, the sections 
were incubated with anti-sera containing polyclonal 
primary antibodies for rat insulin (Bio-Genex, cas no.: 
AR.295-R.) for 1 hour. The sections were incubated with 
Dako-K0690; Dako Universal LSAB Kit (bio-tinylated 
secondary antibody) and Dako-K0690 (streptavidin 
horseradish peroxidase) for 30 minutes. Then, they were 
incubated with 3,30-diaminobenzidine 4-hydrochloride 
(Sigma-D5905; Sigma Aldrich Company Ltd., Gillingham, 
UK.) substrate kit for 10 minutes to obtain the immune-
labeling. Finally, the nuclei were stained with Harry’s 
Haematoxylin stain, dehydrated in graded alcohol, cleared 
in xylene and mounted in DPX. A light microscope was 
used to examine the antibodies binding[23]. 

Morphometric study

Using computerized assisted image analysis, the 
zymogen granules of all animal groups were counted per 
area of 2604987µm2 via electron microscopic micrographs 
of pancreatic specimens of x3600. The number of insulin 
positive β-cells of all animal groups was also counted per 
area of 86506µm2 via light microscopic examination of 
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the anti-insulin antibodies immune-stained photographs of 
x400.

Statistical analysis

The morphometric results were expressed as means 
± standard deviation (SD). Multiple comparisons testing 
were done using ANOVA and the post-hoc test (LCD) for 
pair wise comparison. Values of p≤0.05 were considered 
statistically significant. All analyses were carried out with 
SPSS version 21.0 (SPSS Inc., Chicago, USA).

RESULTS                                                                                

I. Morphometric results

The fluoride group rats (group II) showed a significant 
decrease of the mean number of zymogen granules per area 
of 2604987µm2 (97.60±3.80) as compared with the control 
group (137.40±5.27). The present data revealed that a 
concomitant administration of methionine with fluoride 
(group III) caused a significant increase in the mean 
number of zymogen granules (134.20±3.64) as compared 
with the fluoride group (Table 1, Graph 1). 

The fluoride group rats (group II) showed a significant 
decrease of the mean number of the insulin positive 
β-cells per area of 86506µm2 (48.50±3.02) as compared 
with the control group (113.80±2.65). The concomitant 
administration of methionine with fluoride (group III) 
caused a significant increase in the mean number of the 
insulin positive β-cells (112.40±1.57) as compared with 
the fluoride group (Table 2, Graph 2). 

II. Light microscopic results

Light microscopic examination of the control rat 
pancreatic sections revealed a presence of thin connective 
tissue septa dividing the organ into lobules of variable sizes 
and shapes. Within the lobules, rounded or oval serous 
acini represented the exocrine portion of the pancreas. The 
endocrine part (the islets of Langerhans) was observed 
among the exocrine part. The pancreatic acini appeared 
rounded or oval in shape. They were lined with pyramidal 
cells arranged around a narrow acinar lumen. The acinar 
cells contained basal rounded nuclei. Some cells had 
double nuclei. The supranuclear portions of the cells were 
packed with acidophilic zymogen granules, while the basal 
portions of the cells had basophilic cytoplasm. The islets 
of Langerhans appeared pale pink oval or rounded areas 
inside the pancreatic lobules and formed of circular groups 
of cells (Figures 1-3).

The light microscopic examination of the rat pancreas 
of group II revealed dilatation and congestion of the blood 
vessels. Extravasation of blood cells into the interlobular 
connective tissue, loss of the normal acinar architecture and 
appearance of many cytoplasmic vacuoles were observed 
(Figs. 4-7).

The light microscopic examination of the rat pancreas of 
group III revealed regression of the previously mentioned 
histological findings in group II. Apart from residual 
vacuoles, the lobular architecture was preserved and the 
acini were more regular with apical acidophilic zymogen 
granules (Figs. 8 and 9). 

III. Electron microscopic results

By electron microscopy, the pancreatic acinar cells of 
the rat pancreas of the control group were pyramidal in 
shape. They contained basal and rounded nuclei surrounded 
by mitochondria. The apical part of the cytoplasm 
contained rounded, electron-dense and smooth membrane-
bounded zymogen granules of variable size. The cells were 
mostly filled with the rough endoplasmic reticulum (rER)  
(Figures 10 and 11).

Electron microscopic examination of the pancreatic 
acinar cells of group II revealed shrunken nuclei and dilated 
rER. Vacuolated and balloon-shaped mitochondria with 
ill-defined cristae were noticed. There were cytoplasmic 
vacuoles, autophagosomes and scanty zymogen granules 
(Figures 12-15).

Electron microscopic examination of the rat pancreas 
of group III showed normal acinar cells except for residual 
dilated rER and swollen mitochondria (Figures 16-18).

IV. Immunohistochemical results

Anti-insulin antibody immunohistochemically revealed 
that, the β-cells of the control rat group were stained with 
strong positive reaction for anti-insulin antibodies in the 
form of brown granules (Figure 19). β-cells of the pancreas 
of group II revealed a weak reaction (Figure 20). β-cells 
of the rat pancreas of group III were stained with strong 
positive reaction for anti-insulin antibodies more similar to 
control (Figure 21).

Fig. 1: A photomicrograph of a longitudinal section of an adult control rat 
pancreas (group I) showing closely packed pancreatic lobules with acini 
of different sizes and shapes (A) separated by interlobular connective 
tissue (CT) containing pancreatic ducts (D) and inter-lobular blood 
vessels (BV).                                                                         (H&E; x 40)
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Fig. 2:  A photomicrograph of a longitudinal section of an adult control rat 
pancreas (group I) showing an islet of Langerhans (I) appearing as a pale 
oval area among dark acini (A). Notice the intra-lobular ducts (arrow) 
lined by flat cells.                                                                 (H&E; x 100)

Fig 3: A photomicrograph of a longitudinal section of an adult control 
rat pancreas (group I) showing the pyramidal pancreatic acinar cells with 
a peripheral darkly-stained nucleus (N). Some cells have double nuclei 
(nl) and (n2). Notice the apical part of the acinar cell contains zymogen 
granules (arrow).                                                                   (H&E; x 400)

Fig. 4: A photomicrograph of a longitudinal section of an adult fluoride-
treated rat pancreas (group II) showing dilated and congested blood 
vessels (BV) with blood cells (BC) inside them. Notice the pancreatic 
acini (A) and interlobular ducts (D).                                    (H&E; x l00)

Fig. 5: A photomicrograph of a longitudinal section of an adult fluoride-
treated rat pancreas (group II) showing extravasated blood (EX) into 
the interlobular spaces (S). Notice the intact pancreatic acini (A).                                                                        
(H&E; x 100)

Fig. 6: A photomicrograph of a longitudinal section of an adult 
fluoride-treated rat pancreas (group II) showing dilated blood vessels 
(V) among the pancreatic acinar cells and the islets of Langerhans.                                                                            
(H&E; x100)

Fig. 7: A photomicrograph of a longitudinal section of an adult fluoride-
treated rat pancreas (group II) showing complete loss of normal 
architecture of pancreatic acini (A). Notice the multiple cytoplasmic 
vacuoles of variable sizes (Va) in the cytoplasm of the acinar cells (A).
(H&E; x 400)
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Fig. 8: A photomicrograph of a longitudinal section of an adult 
fluoride+methionine-treated rat pancreas (group III) showing well-
organized pancreatic acini (A) and an islet of Langerhans (I) more similar 
to control.                                                                                (H&E; x 200)

Fig. 9: A photomicrograph of a longitudinal section of an adult 
fluoride+methionine-treated rat pancreas (group III) showing normal 
architecture of pancreatic acini with nuclei (N) and apical zymogen 
granules (Z). Notice residual vacuoles (V).                                (H&E; x 400)

Fig. 10: An electron-micrograph of an adult control rat pancreas (group I) 
showing acinar cells with euchromatic nuclei (N) and numerous electron 
dense secretory granules of variable sizes (arrow) in the apical part.x 1900

Fig. 11: An electron-micrograph of an adult control rat pancreas                          
(group I) showing acinar cells with euchromatic nuclei (N), well-
developed cisternae of rER (arr owhead), mitochondria (M) and numerous 
electron dense secretory granules of variable sizes (arrow).            x 3600

Fig. 12: An electron-micrograph of an adult fluoride-treated rat pancreas 
(group II) showing shrunken pancreatic acinar nuclei (N) and vacuoles  
(V).                                                                                                     x 1900
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Fig. 13: An electron-micrograph of an adult fluoride-treated rat pancreas 
(group II) showing irregular pancreatic acinar nuclei (N) and damaged 
mitochondria (M).                                                                            x 2900

Fig. 14: An electron-micrograph of an adult fluoride-treated rat pancreas 
(group II) showing a pyknotic irregular nucleus (N1), an irregular nucleus 
(N2) and cytoplasmic vacuolation (V).                                             x 2900

Fig. 15: An electron-micrograph of an adult fluoride-treated rat pancreatic 
acinar cells (group II) showing a hyperchromatic nucleus (N), a nucleus 
with a large central nucleolus (n), dilated rER (arrowhead), balloon-shaped 
mitochondria (M) and phagosomes (curved arrow). Notice secretory 
granules (arrow) of variable sizes in the apical part.                            x 3600

Fig. 16: An electron-micrograph of an adult fluoride+methionine-treated 
rat pancreas (group III) showing acinar cells nuclei (N) with architecture 
more similar to control, numerous secretory granules (Z), residual dilated 
rER (arrow) and balloon-shaped mitochondria (M).                        x 1900
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Fig. 17: An electron-micrograph of an adult fluoride+methionine-treated 
rat pancreas treated (group III) showing acinar cells with a nucleus (N), 
rER (arrowhead), numerous cytoplasmic secretory granules (arrow). 
Balloon-shaped mitochondria with lost cisternae (M) are still seen.                                                                                                                                 
x 2900

Fig. 18: An electron-micrograph of an adult fluoride+methionine-treated 
rat pancreas (group III) showing acinar cells with an euchromatic nucleus 
(N), dilated rER (arrowhead), looking like normal mitochondria (M) 
and numerous secretory granules (arrow). Notice the acinar lumen (L).                                                                                                                        
x 3600

Fig. 19: An anti-insulin immune-reactivity photomicrograph of an 
adult control rat pancreatic islet (group I) showing brown-stained 
pancreatic β-cells with strong positive immune-reaction (arrowhead).                                                                                                         
x 400

Fig. 20: An anti-insulin immune-reactivity photomicrograph of 
an adult fluoride-treated rat pancreatic islet (group II) showing 
pancreatic β-cells with weak positive immune-reaction (arrowhead).                                                                                                                       
x 400

Fig. 21: An anti-insulin immune-reactivity photomicrograph of an adult 
fluoride+methionine-treated rat pancreatic islet (group III) showing 
pancreatic β-cells with strong positive immune-reaction similar to the 
control (arrowhead).                                                                              x 400
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Graph 1: showing the number of the pancreatic zymogen granules per 
area of 2604987µm2 of the different studied groups.

Graph 2: showing the number of insulin positive β-cells per area of 
86506µm2of all animal groups.

DISCUSSION                                                                          

Fluoride is the most potent and effective substance for 
prevention and treatment of dental caries. Sodium fluoride 
is used as an antihelmintic, disinfectant and anticoagulant. 
Through the 20th century, fluoride attracted an interest due 
to its deleterious effects at high concentrations in human 
populations and experimental models[24,25]. Fluoride 
in amounts exceeding the standard therapeutic dosage 
accumulates in the hard and soft tissues where it produces 
significant changes in many organs, including liver, 
kidney, lung, endocrine glands, pancreas, reproductive and 
nervous systems[20].

The histological examination of the exocrine portion of 
pancreas of fluoridated rats of the current study exhibited 
structural alternations. The most prominent alternation 
was the occurrence of multiple vacuoles in the cytoplasm 
of the pancreatic acini. This finding was in consistence 
with the histological findings of many investigators who 
reported the occurrence of vacuolar degeneration in the 
pancreas of NaF treated animals[13,17,18,25]. The fluoride 
toxicity leads to loss of the selective permeability of the 
cell membrane, resulting in dilatation of the cytoplasmic 
components secondary to intracellular fluid and electrolyte 
redistribution[25,26,27,28].

In the current study, NaF produced dilatation 
and congestion of the pancreatic blood vessels and 
extravasations of blood cells into the interstitial spaces 
between the pancreatic lobules. These findings are similar 
to the results of Sharma et al.[11] and Guney et al.[29] who 
found congestion of blood vessels and infiltration of the 
blood cells in the surrounding area. 

The current electron microscopic examination of 
the pancreatic acinar cells of the fluoridated animals 
revealed dilatation of the rough endoplasmic reticulum 
(rER). Matsuo et al.[30] reported that the rER of the cells 
of the NaF-treated rat was dilated, disrupted and attained 

Table 1: The number of pancreatic zymogen granules per area of 2604987µm2 of the different studied animal groups.

Control Group
(Group I, n=10)

Mean+SD

Fluoride-treated (Group II, n=10)
Mean+SD

Fluoride plus methionine 
(Group III, n=10)

Mean+SD

Zymogen granules number 137.40±5.27 97.60±3.80a 134.20±3.64b

a Significant when compared with the control group; p≤ 0.05

b Significant when compared with the Fluoride-treated  group; p ≤ 0.05

Table 2: The number of insulin positive β-cells per area of 86506µm2 of all animal groups.

Control Group
(Group I, n=10)

Mean+SD

Fluoride-treated (Group II, n=10)
Mean+SD

Fluoride plus methionine 
(Group III, n=10)

Mean+SD

Insulin positive β cells number  113.80±2.65 48.50±3.02a 112.40±1.57b

a Significant when compared with the control group; p≤ 0.05

b Significant when compared with the Fluoride-treated  group; p ≤ 0.05
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a globular shape. They attributed that to the toxic effect 
of fluoride that disrupted the export of zymogens from 
the rER. They added that, during the secretory process, 
incompletely assembled and aggregated products were 
selectively retained in the rER. Qujeq et al.[31] reported that 
fluoride inhibited protein synthesis.

The ultrastructural examinations of the NaF-
treated animals' pancreas of the current study revealed 
mitochondrial vacuolation and balloon-shaped ones with 
ill-defined cristae. These findings are similar to the results 
of Sharma et al.[11] who reported the most significant 
morphological changes observed in the tissues exposed 
to NaF-treated animals included damage to mitochondria. 
Also, the ultrastructural examinations of the NaF-treated 
animals' pancreas of the current study revealed that the 
zymogen granules were scanty. Such a finding was parallel 
with the morphometric result of the present work. This 
observation comes in agreement with the results of Agha 
et al.[14] who reported reduction in the numbers of zymogen 
granules of the NaF-treated animals' pancreas.

Moreover, these findings indicate that the fluoride 
disrupts the export of the zymogen granules from the 
rER. The most fundamental adverse effect of fluorides 
is the inhibition of Kreb's cycle enzymes as reported by 
Hordyjewska and Pasternak[26]. Thus it affects the metabolic 
pathways of carbohydrates, lipids and proteins[30]. It also 
induces formation of free radicals disturb the action of the 
antioxidants. That disturbance leads to an oxidative stress 
damages the metabolism of all compounds found in the 
cell and causes apoptosis[32,33,34]. 

In the present study, the administration of methionine 
during the fluoride treatment reduced the pathological 
changes induced by fluoride. Few acinar cells contained 
vacuoles and the electron microscopic examination 
showed normal pancreatic acini except for some dilated 
cisterns of the endoplasmic reticulum and mitochondria. 
This agrees with Stawiarska-pieta et al.[18] who stated that 
an application of antioxidants leads to an increase in the 
protein level and a subsequent increase in the number of 
zymogen granules accompanied with no or mild dilatation 
of the rER. 

The immune-reactivity for the anti-insulin antibodies 
of the NaF-treated rats of the present study was weak. 
This comes in agreement with Chalubek[35] who elicited 
hyperglycemia in rats exposed to 50 or 100 ppm fluoride 
in drinking water for four months. Concomitant treatment 
with methionine in the present work revealed positive 
immune-reactions of the β -cells for anti-insulin antibodies. 

CONCLUSION                                                                                  

 An increased fluoride intake plays a significant role 
in the pancreatic toxicity, and that an administration of 
antioxidants such as methionine in concomitant to fluoride 
may protect the pancreas against the harmful effects.
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METHIONINE AGAINST SODIUM FLUORIDE PANCREATIC CHANGES

الملخص العربى

 الدور الوقائي المحتمل للميثيونين ضد التغيرات المستحدثة فى البنكرياس بواسطة
 فلوريد الصوديوم فى ذكور الفئران البيضاء البالغة: دراسة هستولوجية، وهستوكيميائية

مناعية، وكمية
درية عبد الله محمد زغلول١، وائل محمد جاد الرب عسكر٢، رينيه رفعت بشرى١، على أحمد أبوريا فرحات٢

قسم التشريح الادّمي وعلم الأجنة - كلية الطب - ١جامعة أسيوط - ٢جامعة الأزهر

المقــــــدمة:عندما تؤخذ مركبات الفلورايد بكميات زائدة فإنها تحدث تغيرات نسيجية في كثير من الأعضاء. الميثيونين 

هو أحد مضادات الأكسدة الطبيعية.

الغرض من البحث: تقييم التأثيرات الوقائية المحتملة للميثيونين علي البنكرياس في الفئران المعطاة فلوريد الصوديوم.

المواد والطرق المستخدمة: تم استخدام عدد ثلاثين من الفئران البيضاء الذكور البالغة  والتي قسمت إلي ثلاث مجموعات 

الفم بواسطة أنبوب معدي  متساوية. المجموعة الأولى (المجموعة الضابطة): أعطيت 1 مل مياه مقطرة عن طريق 

يوميا لمدة خمسة وثلاثون يوماً. المجموعة الثانية (مجموعة الفلوريد): أعطيت فلوريد الصوديوم بجرعة مقدارها 10 

مليجرام لكل كيلوجرام من وزن الجسم عن طريق الفم بواسطة أنبوب معدي يوميا لمدة خمسة وثلاثون يوماً. المجموعة 

الثالثة (مجموعة الفلوريد و الميثيونين): أعطيت فلوريد الصوديوم بنفس جرعة المجموعة الثانية بالإضافة إلي تعاطي 

2 مليجرام ميثيونين للفأر الواحد عن طريق الفم بواسطة أنبوب معدي يوميا لمدة خمسة وثلاثون يوماً. ثم تمت التضحية 

بجميع مجموعات الحيوانات  بعد تخديرها. تم إعداد عينات البنكرياس للفحص بالمجهرين الضوئي والإلكتروني والجسم 

المضاد للأنسولين والمضادة للإلتهاب المناعي. وكذلك تم حساب متوسط أعداد حبيبات الزيموجين والخلايا الإيجابية 

للأنسولين لجميع مجموعات الحيوانات. 

النتائج: لوحظ انخفاض معنوي في متوسط أعداد حبيبات الزيموجين والخلايا الإيجابية للأنسولين في مجموعة الفلوريد 

عند مقارنتها بالمجموعة الضابطة. وكشف الفحص النسيجي بالميكروسكوب الضوئي لعينات البنكرياس في مجموعة 

الفلوريد عن احتقان الأوعية الدموية في البنكرياس ، ارتشاح خلايا الدم في النسيج البيني ، واحتواء عنيبات البنكرياس 

على فجوات ، وفقدان بنية الخلايا وتدهورها. ومن خلال الفحص المجهري الإلكتروني ، أظهر البنكرياس اتساعًا في 

صهاريج الشبكية الإندوبلازمية ، وتدهور الميتوكوندريا ، وكذلك لوحظ من خلال الأجسام المضادة المناعية والمضادة 

للأنسولين أن هناك تفاعلا إيجابياَ ضعيفاً في مجموعة الفئران المعالجة بالفلوريد عند مقارنتها بالمجموعة الضابطة.  في 

حين أنه لوحظ تراجع في التغيرات الكمية والنسيجية وكذلك تحسن تفاعلات الأنسولين المناعية  في المجموعة الثالثة 

(مجموعة فلوريد الصوديوم والميثيونين) عند مقارنتها بالمجموعة الثانية.

الخلاصة: نستنتج من هذه الدراسة أن تعاطي الميثيونين مع فلوريد الصوديوم يقلل من التغييرات السمية في البنكرياس  

نتيجة زيادة تناول فلوريد الصوديوم.


