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ABSTRACT
This study was carried out to investigate the role of both calcium chloride and
Vitamin C in protection against the deterioration effect of sodium fluoride (NaF)
exposure on thyroid function .Fifty adult male rats were used, which divided
randomly into five equal groups, the first group: The animals of this group served as
control group administrated

distilled water orally by gavage. Second group:

administrated NaF (5.2mg/kg.bw/day) orally by gavage. Third group: administrated
NaF (5.2mg/kg.bw/day) + Calcium Chloride (20mg/kg.bw/day) orally by gavage.
Fourth

group:

(100mg/kg.bw/day)
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administrated
orally
+

by

Calcium

NaF
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group:

+

gavage.

Fifth

Chloride
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Vitamin

administrated
+

C
NaF
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C

(100mg/kg.bw/day) orally by gavag . The treatment continued for 45 days. At the
end of the experiment, animals were sacrificed under anesthesia. Blood samples
were taken and the serum was separated for the study of the thyroid hormones, and
tissue samples of the thyroid gland were taken for histological changes. The study
showed a significant elevation in thyroid stimulation hormone (TSH), and a
significant reduction in tri-iodothyronine (T3) and thyroxin (T4) hormones
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concentration in NaF treated group compared with control, however a significant
improvement were recorded in above cited parameters in all treated groups.
Histopathological study revealed hyperplasia include presence of large number of
small follicles in NaF treated group whereas a significant amelioration were found in
all other treated groups which appeared semi-normal compared with control group.

INTRODUCTION
Thyroid hormones are essential for the development, growth and reproduction of
all cells of the body with metabolic activity (1). The thyroid gland consists of
circular follicles of varying sizes and lined with a single row of epithelial cells that
surround a cavity filled with colloid material. The size and shape of these follicles
depends largely on thyroid activity (2). Chemicals circulating in the environment
may affect the endocrine glands and inhibit or alter their functions, such substances
are called endocrine disruptors (3). There is still a need to investigate the effect of
many environmental contaminants on the thyroid axis remains in order to gain a
clear understanding of how these compounds interfere with thyroid function.
Fluoride inhibits the synthesis and secretion of thyroid hormones as it interferes with
the activity of the enzyme that stimulates the conversion of thyroxin(T4) into active
thyroid hormone(T3) (4; 5). The increased consumption of fluoride in food leads to
thyroid enlargement and causes structural and functional changes (6).
The thyroid tissue appears to be one of the most sensitive to fluoride, as the
increased fluoride intake increases the concentration of thyroid stimulating hormone
and decreases the concentration of thyroxine and triiodothyronin, thus leading to
hypothyroidism, as observed in populations consuming water containing a high
concentration of fluoride for a long time which may cause the inhibition of both
thyroid function and brain (7). This study aimed to investigate the protective effect
of calcium chloride, vitamin c and their combination on thyroid function in adult
male rats exposed to sodium fluoride.
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MATERIALS AND METHODS
Animals
The experiment was done at the animal house of the Faculty of Veterinary
Medicine/ University of Basrah, Iraq. At the beginning of the study, the rats were
housed in plastic cages with metal covers measuring (15×35×50), containing
bedding of fine wood which was changed twice per week. They were kept three
weeks without any treatment for an adaptation period before the onset of the
experiment.
The animals were maintained under controlled environment, light dark cycle
(12/12) hours, at a temperature (21±3) Cº. Food and water were supplied ad
libitium with tap water and fed with standard commercial rat chow.
Experimental Design
Fifty male rats were divided randomly into five equal groups as the following:
First group: The animals of this group were given distilled water orally by
gavage and served as control. Second group: The animals of this group were
given Sodium Fluoride (1/10 of LD50) (5.2mg/kg.bw/day) orally by gavage.
Third group: The animals of this group were given Sodium Fluoride
(5.2mg/kg.bw/day) + Calcium Chloride in a dose of 20mg/kg.bw/day orally by
gavage. Fourth group: The animals of this group were given Sodium Fluoride
(5.2mg/kg.bw/day) + Vitamin C in a dose of 100mg/kg.bw/day orally by gavage.
Fifth group: The animals of this group were given Sodium Fluoride
(5.2mg/kg.bw/day) + Calcium Chloride in a dose of 20mg/kg.bw/day + Vitamin
C in a dose of 100mg/kg.bw/day orally by gavage. The experiment was continued
for 45 days. At the end of the experiment the animals were anaesthetized by
putting them in a closed container containing cotton soaked with chloroform.
Once the rats were anaesthetized, blood samples were collected between 9.00 to
11.00 A.M in order to minimize the diurnal variation of hormones level directly
by heart puncture using a disposable syringes of 5 ml capacity. The collected
blood was poured into test tubes free from anticoagulant and centrifuged at 3000
rpm for 15 minutes.
Serum samples were collected after centrifugation and kept in Eppendorf tubes
and stored at -20 Cº until using for thyroid hormonal analysis. Moreover thyroid
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gland have been removed, and kept in 10% formal saline for histological
examination.
Hormonal assay:
T3 and T4 concentrations were assayed by using ELISA kits from Monobind
Inc.lake forest CA 92630; USA, Product code : l25-300. TSH also was measured
by using ELISA kit from (Calbiotech Inc. a life science company, USA), Product
Code: TS227T.
Histopathological study:
Samples of the thyroid gland were taken and fixed in 10% formalin and then
embedded in paraffin and sectioned at thickness of 6 micrometers and then
carried on glass slides. It was stained with hematoxylene-eosin and was examined
under a light microscope (8).

RESULTS
The table (1) shows that there was a significant (P≤0.05) increase in serum TSH
concentration of the NaF treated group as compared with the control group, while
there were significant (P≤0.05) decrease in serum TSH concentration of the NaF +
CaCl2 , NaF + vitamin C and NaF + CaCl2 + Vitamin C treated groups as compared
with the NaF treated group.
The treatment with NaF + Vitamin C was able to brought TSH serum
concentration to normal limits with no significant differences

as compared to the

control group. On the other hand, a significant (P≤0.05) decrease in serum T3
concentration was observed in NaF treated group as compared with the control
group. While both NaF + vitamin C and NaF + CaCl2 + Vitamin C treated groups
were showed significant (P≤0.05) increase in serum T3 concentration compared to
NaF treated group. Also there were no significant differences observed in serum T3
concentration in both of NaF + vitamin C and NaF + CaCl2 + vitamin C treated
groups compared to the control group.
Moreover, a significant (P≤0.05) decrease in serum concentration of T4 was
recorded in NaF treated group as compared to the control group, While treatment
with NaF + CaCl2, NaF + vitamin C and NaF + CaCl2 + Vitamin C treated groups
were resulted in a significant (P≤0.05) increase in serum T4 serum concentration as
compared with the NaF treated group. Finally, no significant differences were
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observed in serum T4 concentrations in NaF + vitamin C compared to the control
group.

Table (1). Effect of CaCl2, Vitamin C, and their Combination on Serum Concentrations
of TSH, T3 and T4 of Adult Male Rats Treated with NaF (M±SD) (n=10).
Parameters

TSH

T3

T4

Groups

μlU/ml

ng/ml

μg/dl

Control

0.10 ± 0.01 d

2.17 ± 0.20 a

4.81 ± 0.49 a

NaF

0.25 ± 0.03 a

1.83 ± 0.10 c

3.33 ± 0.33 c

NaF + CaCl2

0.18 ± 0.02 b

1.98 ± 0.21 bc

4.22 ± 0.42 b

NaF + Vit. C

0.11 ± 0.01 cd

2.16 ± 0.13 a

4.74 ± 0.32 a

NaF + CaCl2 + Vit. C

0.13 ± 0.01 c

2.04 ± 0.11 ab

4.39 ± 0.40 ab

0.02

0.17

0.43

LSD

The different letters refer to significant differences among groups at level of (p≤0.05).

Thyroid histopathological examination
As shown in Figure (1), the thyroid gland of control rats were appeared normal
architecture consisting of normal follicles of different sizes lined by single layer of
epithelial cells and filled with homogenized colloid surrounded by normal
parafollicular cells. On the other hand, the thyroid gland of NaF treated rats showed a
histopathological changes including an increase in the number of small follicles as
shown in Figure (2), Whereas the thyroid gland of NaF + CaCl2 treated rats showed
the presence of small follicles mostly in the center as shown in Figure (3). Moreover
histologically, thyroid section of rats treated with NaF + Vitamin C showed normal
follicles filled with colloid as shown in Figure (4).
Finally, the thyroid gland of rats group treated with (NaF + CaCl2 + Vitamin C)
showed returning of thyroid nearly to its normal function and appearance, the gland
consists mostly of follicles filled with colloid, and parafollicle cells as shown in
Figure (5).\
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Fig. 4-1: Thyroid of control rat. Showing normal
architecture of different sizes thyroid follicle (Tf) filled
with homogenized colloid (C) surrounded by normal
parafollicular cells (P). (Hematoxylin-Eosin stain) 40X.

Fig. 4-2: Thyroid of rat treated with NaF. Showing small
follicles (SF), which indicating proliferation of thyroid
follicles. (Hematoxylin-Eosin stain) 40X.
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Fig. 4-3: Thyroid of rat treated with NaF + CaCl2.
showing normal architecture of different sizes of thyroid
follicle (TF) filled with homogenized colloid (C)
surrounded by normal parafollicular cells (P).
(Hematoxylin-Eosin stain) 40X.

Fig. 4-4: Thyroid of rat treated with NaF + Vitamin C.
showing normal thyroid follicles filled with homogenized
colloid (C), surrounded by normal parafollicular cells (P).
(Hematoxylin-Eosin stain) 40X.

P

C
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Fig. 4-5: Thyroid of rat treated with NaF + CaCl2 + Vitamin C.
Showing normal thyroid follicles (Tf) filled with homogenized
colloid (C). (Hematoxylin-Eosin stain) 40X.
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DISCUSSION
Table (1) of the present study showed that there were significant increase in
the serum TSH and a significant decrease in T3 and T4 concentrations of the NaF
treated group as compared with the control group. These results are consistent with
(9) and (10) who reported that fluoride exposure` is clearly associated with reduction
in T3 and T4 hormones .Our results are parallel to those mentioned by (7) who
demonstrated that high F increases the concentration of TSH and decreases the
concentration of T3 and T4 hormones. The present results are also in line with those
of (11) who found that rats treated with different doses of fluoride (15, 30, and 60
ppm) resulted in a significant reduction of T3 and T4 concentrations, however no
significant differences were observed in TSH concentration

among any groups

compared with control.
The significant increase in the concentration of the hormone TSH in the present
study may be an attempt by the body to stimulate the thyroid gland to increase the
synthesis and secretion of T4 hormone to compensate the deficiency in the level of
thyroid hormones. While the significant decrease in T4 concentration may be due to
histopathological changes in thyroid tissue due to the oxidative stress induced by
fluoride as seen in figure (2). Moreover the significant decrease in the concentration
of T3 hormone may attribute to the reduction in the activity of 5' deioodinase
enzymes which is responsible for conversion of T4 to T3 which is more biologically
active hormone in peripheral tissues.
It is found that thyroid gland has a strong capacity for absorbing and
accumulating fluoride. Fluoride disturbs the synthesis and secretion of thyroid
hormone, interferes with the activity of enzymes that catalyze the conversion of
thyroxin into the active thyroid hormone (T3) leading to perturbation of circulating
thyroid hormone (12). It has been observed that fluorine exposure inhibits both
thyroid Na/KTPase and peroxidase enzyme (13). Fluoride is considered to interfere
with thyroid hormone levels mainly through three mechanisms: impairing normal
structures of the thyroid gland, disrupting iodine metabolism in thyroid glands, and
interfering with tissue-specific metabolism of thyroid hormones (14). Iodine is
essential in the biosynthesis of thyroid hormones .Therefore, any factor that
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influences the uptake, transport, and metabolism of iodine will affect the normal
biosynthesis and utilization of thyroid hormones (14).
Moreover, the present study also indicated the amelioration effect of coadministration of CaCl2 and Vitamin C alone or both together against the negative
effect of sodium fluoride on serum concentrations of TSH, T3 and T4. The coadministration of calcium with NaF resulted in mild improvement in thyroid
hormones concentration which may attribute to a chelating agent of calcium for
fluoride results in formation of calcium-fluoride complex and therefore reduces
fluoride toxicity (15).
Vitamin C has the ability to protect the thyroid cells from oxidative damage
resulting from the effect of NaF and thus helps to maintain the synthesis of thyroid
hormones and vitamin C also considered as a source of energy activating different
types of enzymes. The co-administration of both CaCl2 + vitamin C with NaF
showed a significant improvement in thyroid hormones levels compared with
control. These results are similar to those recorded by (16) who recorded that a
significant improvement were observed in skeletal, clinical and biochemical
parameters in children consuming water containing 4.5 ppm fluoride when treated
with vitamins C, D and calcium.
Microscopic findings of the present study on the thyroid gland of NaF treated rats
were mainly presence of microfollicles which were characterized by high cellularity
and very small lumen, and concentrated mainly in the center of the gland, which
mostly associated with thyroid activation due to reduction in T3, and T4 levels, and
the above changes quite often associated with an elevation in TSH level. There was
no evidence of reduced colloid or changes in the epithelial linings of thyroid follicles
as mentioned by (6); (9); (17). A proliferation of microfollicles mainly in the center
of thyroid gland of NaF + CaCl2 treated group is indicated the continuous activation
of thyroid gland in response to the hormonal reduction of T3, and T4 levels that
associated with an elevation of TSH.
In NaF treated animals co-administered with calcium chloride (NaF in a dose of
10mg/kg bw/day followed by calcium chloride in a dose of 20mg/kg bw/day once
daily for the same period (35 days) 4 hours after NaF treatment), the follicles were
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lined by cuboidal cells and most of them contained colloid when examined by light
microscopy (4).
)Thyroid section of NaF + Vitamin C treated group in the present study Figure (4
showed normal follicles filled with colloid, and complete recovery of thyroid
hormones, in which T3, T4 levels returned to normal without increase in TSH level.
Also, in NaF + CaCl2 + Vitamin C treated group figure (3), the gland consists mostly
of follicles filled with colloid, and there was no evidence of the presence of small
follicles , this refers to returning of thyroid nearly to its normal function and
appearance.

CONCLUSION
Exposure of adult male rats to NaF resulted in significant changes in the thyroid
hormone levels accompanied with histopathological changes in thyroid gland. On
the other hand co-administration of calcium, Vitamin C, each alone or both
together reduce to some extent of these changes.

اﻟﺪور اﻟﻮﻗﺎﺋﻲ ﻟﻜﻠﻮرﯾﺪ اﻟﻜﺎﻟﺴﯿﻮم وﻓﯿﺘﺎﻣﯿﻦ  Cﻟﻮظﯿﻔﺔ اﻟﻐﺪة اﻟﺪرﻗﯿﺔ ﻓﻲ ذﻛﻮر اﻟﺠﺮذان
اﻟﺒﺎﻟﻐﺔ اﻟﻤﻌﺮﺿﺔ ﻟﻔﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم
*ﺳﻤﯿﺔ ﻓﺎروق ﻗﺎﺳﻢ ** ,ﺟﺎﺳﻢ ﻣﺤﻤﺪ أﺣﻤﺪ اﻟﻜﻠﺒﻲ
*اﻟﺠﺎﻣﻌﺔ اﻟﺘﻘﻨﯿﺔ اﻟﻮﺳﻄﻰ،ﻛﻠﯿﺔ اﻟﺘﻘﻨﯿﺎت اﻟﺼﺤﯿﺔ واﻟﻄﺒﯿﺔ ،ﺑﻐﺪاد ،اﻟﻌﺮاق.
**ﺟﺎﻣﻌﺔ اﻟﺒﺼﺮة،ﻛﻠﯿﺔ اﻟﻄﺐ اﻟﺒﯿﻄﺮي،ﻓﺮع اﻟﻔﺴﻠﺠﺔ واﻷدوﯾﺔ واﻟﻜﯿﻤﯿﺎء ،اﻟﺒﺼﺮة  ،اﻟﻌﺮاق.

اﻟﺨﻼﺻﺔ
أﺟﺮﯾﺖ اﻟﺪراﺳﺔ اﻟﺤﺎﻟﯿﺔ ﻓﻲ اﻟﺒﯿﺖ اﻟﺤﯿﻮاﻧﻲ اﻟﻌﺎﺋﺪ ﻟﻜﻠﯿﺔ اﻟﻄﺐ اﻟﺒﯿﻄﺮي  /ﺟﺎﻣﻌﺔ اﻟﺒﺼﺮة ﻟﺘﻘﯿﯿﻢ دور
ﻛﻠﻮرﯾﺪ اﻟﻜﺎﻟﺴﯿﻮم وﻓﯿﺘﺎﻣﯿﻦ  Cﻛﻞ واﺣﺪ ﻣﻨﮭﻤﺎ ﻟﻮﺣﺪه أو ﻛﻠﯿﮭﻤﺎ ﻣﻌﺎ ﻓﻲ اﻟﺘﻐﯿﺮات اﻟﻮظﯿﻔﯿﺔ واﻟﻨﺴﺠﯿﺔ ﻟﻠﻐﺪة
اﻟﺪرﻗﯿﺔ ﻓﻲ ذﻛﻮر اﻟﺠﺮذان اﻟﻤﻌﺮﺿﺔ ﻟﻔﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم ) .(NaFأﺳﺘﺨﺪم ﺧﻤﺴﻮن ﻣﻦ ذﻛﻮر اﻟﺠﺮذان اﻟﺒﺎﻟﻐﺔ ﻓﻲ
ھﺬه اﻟﺪراﺳﺔ ﻗﺴﻤﺖ ﻋﺸﻮاﺋﯿﺎ إﻟﻰ ﺧﻤﺲ ﻣﺠﻤﻮﻋﺎت ﻣﺘﺴﺎوﯾﺔ ﻋﻠﻰ اﻟﻨﺤﻮ اﻷﺗﻲ :اﻟﻤﺠﻤﻮﻋﺔ اﻷوﻟﻰ )ﻣﺠﻤﻮﻋﺔ
اﻟﺴﯿﻄﺮة( :ﺟﺮﻋﺖ ﺣﯿﻮاﻧﺎت ھﺬه اﻟﻤﺠﻤﻮﻋﺔ ﻣﺎء ﻣﻘﻄﺮ ﻋﻦ طﺮﯾﻖ اﻟﻔﻢ  .اﻟﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻧﯿﺔ :أﻋﻄﯿﺖ ﺣﯿﻮاﻧﺎت ھﺬه
اﻟﻤﺠﻤﻮﻋﺔ ﻓﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم ) (5.2mg / kg.bw/dayﻋﻦ طﺮﯾﻖ اﻟﻔﻢ ﺑﻮﺳﺎطﺔ ﻣﺠﺮﻋﺔ .اﻟﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻟﺜﺔ:
أﻋﻄﯿﺖ ﺣﯿﻮاﻧﺎت ھﺬه اﻟﻤﺠﻤﻮﻋﺔ ﻓﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم ) + 5.2mg / kg.bw/dayﻛﻠﻮرﯾﺪ اﻟﻜﺎﻟﺴﯿﻮم ) mg /
 (20 kg.bw/dayﻋﻦ طﺮﯾﻖ اﻟﻔﻢ .اﻟﻤﺠﻤﻮﻋﺔ اﻟﺮاﺑﻌﺔ :أﻋﻄﯿﺖ ﺣﯿﻮاﻧﺎت ھﺬه اﻟﻤﺠﻤﻮﻋﺔ ﻓﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم
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) (Vitamin C (100mg / kg.bw/ + ( 5.2mg / kg.bw/dayﻋﻦ طﺮﯾﻖ اﻟﻔﻢ .اﻟﻤﺠﻤﻮﻋﺔ
اﻟﺨﺎﻣﺴﺔ :أﻋﻄﯿﺖ ﺣﯿﻮاﻧﺎت ھﺬه اﻟﻤﺠﻤﻮﻋﺔ ﻓﻠﻮرﯾﺪ اﻟﺼﻮدﯾﻮم ) + (5.2mg/kgbw/dayﻛﻠﻮرﯾﺪ اﻟﻜﺎﻟﺴﯿﻮم )
 +20mg/kg.bw/dayﻓﯿﺘﺎﻣﯿﻦ  (100mg/kg.bw/day) Cﻋﻦ طﺮﯾﻖ اﻟﻔﻢ .اﺳﺘﻤﺮت اﻟﺘﺠﺮﺑﺔ ﻟﻤﺪة  ٤٥ﯾﻮﻣﺎ
وﻓﻲ ﻧﮭﺎﯾﺔ اﻟﺘﺠﺮﺑﺔ ،ﺗﻢ اﻟﺘﻀﺤﯿﺔ ﺑﺤﯿﻮاﻧﺎت اﻟﺪراﺳﺔ ﺗﺤﺖ اﻟﺘﺨﺪﯾﺮ .أﺧﺬت ﻋﯿﻨﺎت اﻟﺪم وﺗﻢ ﻓﺼﻞ اﻟﻤﺼﻞ ﻟﺪراﺳﺔ
ھﺮﻣﻮﻧﺎت اﻟﻐﺪة اﻟﺪرﻗﯿﺔ ،وأﺧﺬت ﻋﯿﻨﺎت ﻣﻦ أﻧﺴﺠﺔ اﻟﻐﺪة اﻟﺪرﻗﯿﺔ ﻟﺪراﺳﺔ اﻟﺘﻐﯿﺮات اﻟﻨﺴﺠﯿﺔ وأظﮭﺮت اﻟﺪراﺳﺔ
اﻟﻨﺘﺎﺋﺞ اﻵﺗﯿﺔ:
ﻟﻮﺣﻆ ارﺗﻔﺎع ﻣﻌﻨﻮي ﻓﻲ ﺗﺮﻛﯿﺰ اﻟﮭﺮﻣﻮن اﻟﻤﺤﻔﺰ ﻟﻠﺪرﻗﯿﺔ ) (TSHواﻧﺨﻔﺎض ﻣﻌﻨﻮي ﻓﻲ ﺗﺮﻛﯿﺰ ﻛﻞ ﻣﻦ
ھﺮﻣﻮن اﻟﺪرﻗﯿﻦ ) (T4و ھﺮﻣﻮن اﻟﺜﺎﯾﺮوﻧﯿﻦ ﺛﻼﺛﻲ اﻟﯿﻮد ) (T3ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻤﻌﺎﻣﻠﺔ ﺑﺎﻟﻔﻠﻮرﯾﺪ ﻣﻘﺎرﻧﺔ ﻣﻊ
ﻣﺠﻤﻮﻋﺔ اﻟﺴﯿﻄﺮة ،وﻣﻊ ذﻟﻚ ﺗﻢ ﺗﺴﺠﯿﻞ ﺗﺤﺴﻦ ﻣﻌﻨﻮي ﻓﻲ اﻟﻤﻌﺎﯾﯿﺮ اﻟﻤﺬﻛﻮرة أﻋﻼه ﻓﻲ ﺟﻤﯿﻊ اﻟﻤﻌﺎﻣﻼت ﻣﻘﺎرﻧﺔ
ﺑﻤﺠﻤﻮﻋﺔ اﻟﻔﻠﻮرﯾﺪ .أﺷﺎرت ﻧﺘﺎﺋﺞ اﻟﺪراﺳﺔ اﻟﻨﺴﺠﯿﺔ اﻟﻤﺮﺿﯿﺔ إﻟﻰ أن اﻟﻤﻌﺎﻣﻠﺔ ﺑﺎﻟﻔﻠﻮرﯾﺪ أدت إﻟﻰ ﺗﻜﻮﯾﻦ ﻋﺪد ﻛﺒﯿﺮ
ﻣﻦ اﻟﺠﺮﯾﺒﺎت اﻟﺼﻐﯿﺮة ﺧﺼﻮﺻﺎ ﻓﻲ ﻣﺮﻛﺰ اﻟﻐﺪة اﻟﺪرﻗﯿﺔ .ﻓﯿﻤﺎ أدت اﻟﻤﻌﺎﻣﻠﺔ ﺑﻜﻠﻮرﯾﺪ اﻟﻜﺎﻟﺴﯿﻮم وﻓﯿﺘﺎﻣﯿﻦ  Cﻛﻞ
ﻣﻨﮭﻤﺎ ﻟﻮﺣﺪه أو ﻛﻠﯿﮭﻤﺎ ﻣﻌﺎ إﻟﻰ ﺑﻘﺎء ھﺮﻣﻮﻧﺎت اﻟﺪرﻗﯿﺔ وﺗﺮﻛﯿﺒﮭﺎ اﻟﻨﺴﺠﻲ ﺿﻤﻦ اﻟﻮﺿﻊ اﻟﻄﺒﯿﻌﻲ ﻣﻘﺎرﻧﺔ
ﺑﻤﺠﻤﻮﻋﺔ اﻟﺴﯿﻄﺮة.
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