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ABSTRACT
Introduction: Calcitonin (CT) regulates blood calcium (Ca+2) levels in mammals, but the results of experiments on its role 
in fish are uncertain, its functions exceeded the limits of regulation of Ca+2. 
Aim: This experience represents a trial to remove that ambiguity and determine role of calcitonin by clarifying its relationship 
with different biochemistry parameters. Therefore, we investigate the effect of (CT) on some biochemical parameters of blood 
in female fish Poecilia latipinna, these are Ca+2, urea, creatinine, alkaline phosphatase enzyme (ALP), follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH). The study also deals with the follow up of histological changes that are caused 
by (CT) in the liver, kidney, and intestines of the fish.
Material and Methods: The fish were brought from ornamental fish shops and were adapted and reared in the laboratory. 
The sample of fish was divided into two groups; The first group was injected with 4 microliters of (CT) for ten consecutive 
days. At the end of the experiment, blood was drawn from the fish and then it anatomized and tissue sections of organs under 
study were prepared.
Result: The finding show calcitonin works to reduce level of Ca+2 in the blood with a significant difference (0.03) at the 
probability level P ≤ 0.05. And was not affected urea and creatinine by the hormone, while the level of ALP enzyme increased 
with a significant difference (0.04) at the probability level P ≤ 0.05. With sex hormones, the effect was limited to LH without 
FSH. LH levels increased significantly with (0.02) at P ≤ 0.05. CT caused histological changes in the kidney and intestines, 
while the liver was not affected by (CT).
Conclusion: Calcitonin has been shown to play a role in Ca+2 regulation in fish blood and its work overlaps with different 
organs of the fish body.
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INTRODUCTION                                                                         

Calcitonin (CT) is a peptide hormone secreted by the 
thyroid gland, it reduces the concentration of calcium 
(Ca+2) in the plasma, which is produced from C cells 
adjacent to the thyroid follicle in mammals. Whereas, 
C cells concentrate and form a specialized gland called 
ultimobranchial in lower vertebrates[1].

The normal function of calcitonin in mammals is 
represented in its role the balance of blood calcium[2]. It 
leads to Hypocalcemia, counter-action with parathyroid 
hormone (PTH) in regulating concentration Ca+2[1]. 
However, studies differed in its effect on blood calcium in 
fish depending on species and protocol[3,4]. Some studies 
have confirmed that its role in fish is similar to that in 
mammals, such as studies on carp Cyprinus carpio[5], 
Danio Rerio[6] and Poecilia latipinna[7]. Whereas, the action 
of the hormone on hypocalcemia has not been established 
in some species[8-11]. Which opened the way for many 
research to determine the actual role of this hormone in 
fish, studies suggested that it has a role in the regulation 

of reproduction[12-15]. Studies have indicated that there is a 
relationship between the level of CT and some sex hormones 
in the plasma, but they have not been able to explain that 
relationship[5,16,17]. Other functions of CT have also been 
reported in fish, suggesting that topically produced CT in 
the small intestine may inhibit calcium absorption during 
feeding[18]. Also, that CT in serum maintains the balance of 
calcium in bone to prevent resorption of bone[19]. mRNA 
encoding of CT receptor has been detected in a number 
of flounder fish tissues, indicating the diverse functions 
of CT in adult fish[20,21]. Calcitonin gene CGRP was found 
widely distributed in the tissues of Fugu rubripes, but most 
of its gene expression was in ultimobranchial gland and 
brain[22]. No specific function for it in fish has been known 
yet, which requires further studies on its relationship with 
different body tissues to clarify its role[11]. One potential 
task of this distribution is that it acts as a Neuropeptide[22].

The present study investigated the effect of calcitonin 
on some biochemical parameters Ca+2, urea (Ure), 
creatinine (Crea), alkaline phosphatase enzyme (ALP),                                                                                                            
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follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). In addition, the study of histological effects 
on some organs represented by liver, kidney and intestines 
in the fish P. latipinna. In an attempt to answer the questions 
posed about it.

Molly fish has been chosen as a laboratory model in 
the current study because these organisms have become 
important in the world of biology such as Drosophila, 
as it has recently become a model organism in the study 
of embryo development of vertebrates and genome 
research[23,24]. These organisms are instrumental in better 
understanding the molecular and cellular mechanisms 
that lead to pathological conditions, and in developing 
new diagnostic and treatment tools[25]. And, it represents a 
powerful platform for cancer research and the improvement 
of targeted therapies[26].

Ca+2 is the most important component of solid tissue. 
Physiologically, it regulated by thyroid hormones (PTH) 
and (CT), PTH increases its level in the blood, and when its 
levels rise, the hormone CT decreases it[1]. Crea is a form of 
keratin consumption in muscles, and ure is produced from 
the amino acid metabolism and is formed in the liver, they 
are the final products of metabolism that the body does not 
need. They are very poorly absorbed during glomerular 
filtration. Thus, almost all ure and Crea filters are excreted 
in the urine[1]. ALP enzyme from plasma enzymes, which 
produced mainly in the liver and bones and it is less in the 
intestines and kidneys, and it is made in the placenta during 
pregnancy[27]. FSH and LH are important sex hormones 
produced by the pituitary gland, that regulate growth and 
puberty, reproductive processes in the body and control 
of reproductive system[28,29]. In this study we attempt to 
determine the true role of calcitonin in fish by clarifying 
its relationship with different biochemistry parameters in 
the fish.

MATERIALS AND METHODS                                       

The mature P. latipinna females were brought from 
ornamental fish shops and transferred to the laboratory 
at the University of Basra / Department of Life Sciences. 
Females were selected from the pure black breed, averaging 
5 centimeters long and weighing 5 grams, respectively, 
and fish were divided into two groups; each comprising 
approximately 100 fish. The aquarium were under the 
same laboratory conditions (water temperature range of 
28 - 24 C ͦ, water salinity rate 0.7 ppt, Ph = 7.5). fish were 
fed on a commercial paper diet as mixed feed, in addition 
animal feed represented by frozen Artemia. Fish group I 
were injected at a size 4 microliter of Calcitonin (CT) per 5 
g fish weight, equivalent to 1 IU per 100 g fish[11], group II 
fish were injected with a normal saline of 0.6% and used as 
a control group. Fish were injected for 10 consecutive days 
daily in the trunk area below the dorsal fin.

Ten days after the injection, blood was pull from the 
fishes of the two groups with five replicates from each 
group. The procedure was done by cutting the tail and 
pulling blood with the capillary property by Hematocrit 

and assembling them into small tubes (Eppendorf). Blood 
samples (after clotting) were placed in the centrifuge 
(Centrifuge 5424 Eppendorf) to obtain the serum. The 
ratio of the studied parameters in blood was measured 
using the Chemistry Analyzer (Mindray BS-200). We used 
kits from a company (Monobind inc.) to analyze hormones                                                                                              
(FSH and LH), and kits from a company (Accent 200) 
to analyze other parameters. After the blood was drawn, 
the fish were anatomized to obtain organs liver, kidneys 
and intestines, which were fixed by Bouin's fixative and 
preparation of tissue segments from them in the usual 
way, using stain of hematoxylin and eosin (H&E)[30]. 
After obtaining the data, it was statistically analyzed by 
the statistical program SPSS and the T test was adopted 
to show the statistical differences of the studied criteria 
between the control and treatment groups.

Ethical Approval
the scientific ethical in the Department of                                                                                                                

biology - college of education for pure sciences 
recommended to allow Dr. Ali Al-Ali and his research team 
to use animal and human samples in them researches due 
to provide all laboratory requirements and training them to 
deal with samples using ethical methods required.

RESULTS                                                                                 

The treatment with calcitonin significantly decreased 
the rate of Ca+2 in the blood of fish compared with 
the control group at a probability level P ≤ 0.05                                                      
(Table 1, Figure 1-A).

Whereas, there were no significant differences in blood 
Ure and Crea rate between the fishes of the two groups 
although the rate of Ure in the blood of the treated fish 
was higher than that of the control group, but an increase 
was not significant (Table 1, Figure 1-B). The effect of 
CT on ALP enzyme was opposite to its effect on Ca+2; 
there was a significant increase in ALP level in the 
blood of the treated fish at probability level P ≤ 0.05                                                                      
(Table 1, Figure 1-C).

As for the hormones Fsh and LH, the effect of CT was 
limited to LH without Fsh, where it was noted that there 
was a slight decrease in the rate of hormone Fsh in the 
serum of the treated group, as opposed to the hormone LH, 
which showed a significant increase at level of probability 
P ≤ 0.05 in treated fish Serum compared with its level in 
control group (Table 1, Figure 1-D).

The histological study of the organs studied showed 
that CT did not show a clear effect on the liver tissue 
sections, the tissue sections in the treated fish group 
appeared to be intact (Figure 2-A, B). The histological 
examination revealed the effect of kidney tissue, the 
effect was concentrated in the renal tubules in particular, 
where necrosis was observed in the lining of the renal 
tubules (Figure 3-A, B, C), and alienation of the lining 
cells of tubules (Figure 3-C, D). In addition, there are 
masses of inanimate materials clumped into their cavities                                                                    
(Figure 3-C).
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The examination of the intestinal tissue sections 
revealed a hormone effect in the treated fish. A smooth 
swelling of smooth muscular cells was observed in outer 
layer of intestinal wall (Figure 4-A, B), with a pronounced 
thickening in its outer layer (Figure 4-B), and the intestinal 
epithelial lining was suffered of hyperplasia (Figure 4-C).

Fig. 1: Rates of biochemical parameters studied in serum for fish females 
for control and treatment groups: Ca+2 (A), Ure and Crea (B), ALP (C), 
FSH and LH (D).

Fig. 2-A: A section of the liver after ten days of injection with 
physiological solution, showing hepatocytes that are organized into 
hollow tubes (arrows pointing to hepatic tubes). H&E stain, 400X.

Fig. 2-B: A section of the liver Ten days after injection with CT, the tissue 
appears intact and no negative effects on liver cells. H&E stain, 400X.

Fig. 3-A: A Section in kidney after ten days of injection with physiological 
solution passes into the glomerulus, note the renal tubules (arrows) and 
hematopoietic tissue (arrowheads). H&E tin stain, 400X.
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Fig. 3-B: A section in kidney of a sample ten days after CT injection, 
shows the necrosis of the renal tubule lining (arrows). H&E stain, 400X.

Fig. 3-C: A section in the kidney ten days after injection of CT, illustrates 
the necrosis of the lining of the renal tubules (arrows) and the alienation 
of their cells (arrowheads) and accumulation of non-living materials in 
their cavities (star). H&E stain, 400X.

Fig. 3-D: A section in the kidney ten days after CT injection, shows 
alienation of some cells lining the cellular tubules (arrowheads). H&E 
stain, 400X.

Fig. 4-A: A section in the small intestine ten days after injection with 
physiological solution, showing the presence of villi (arrows) on the inner 
wall of the intestine, note the smooth circular muscle layer (arrowhead). 
H&E stain, 400X.

Fig. 4-B: A section in the small intestine of a sample Ten days after 
injection with CT, note the swelling of smooth muscular cells in outer 
muscular layer of intestinal wall (arrows) and the outer layer appears 
thickened (arrowhead). H&E stain, 400X.

Fig. 4-C: A section into Intestinal of a sample after 10 days of treatment, 
illustrates hyperplasia (arrowheads) that occurs in the lining of intestinal 
epithelial tissue. H&E stain, 400X.
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DISCUSSION                                                                          

Calcitonin is involved in the regulation of blood calcium 
in most animal classes[1]. Although some studies have 
failed to demonstrate clearly its role in the regulation of 
Ca+2 in fish blood[4,10,11]. However, several studies have 
shown that it causes Hypocalcemia in the blood of some 
species[5,7,31,32]. The results of the current study support 
these studies in that calcitonin has a role in regulating the 
level of calcium in fish blood.

The mechanism of calcitonin regulation of Ca+2 in fish 
blood varies, with some seeing it inhibiting the activity 
of Osteoclasts cells[5,19], or inhibition of Osteoclasts cells 
and enhance the activity of Osteoblasts cells at the same 
time[1,33]. However, the histological study and examination 
of the concentrations of the mineral elements of the teeth 
and their bony bases for P. latipinna showed no clear effect 
on the hormone[7]. Alsaray[7] explained CT role in regulating 
Ca+2 away from metallic tissues, and this interpretation is 
acceptable based on some studies. Okuda et al.[18] found 
at that the hormone is produced topically in the intestinal 
lining of Goldfish and inhibits calcium absorption during 
feeding. CT hormone may have influenced the osmotic 
regulation of the epithelial lining of the gills as one of the 
main tissues targeted for this hormone in fish and inhibited 
the calcium transport through the gills[6,34,35]. Or the effect 
may be due to the synergy of its role in the intestines and 
gills away from calcified tissues, a possibility embraced by 
Alsaray[7] on P. latipinna. The present study partly agrees 
with this possibility, as the expression for CGRPR gene; 
one the hormone receptor, is found in both intestines and 
gills in fish Paralichthys olivaceus[20]. This indicates into 
the actual role of the hormone in those organs, but the 
role of the hormone can not be excluded from calcified 
tissue in fish. This is not consistent with the Alsaray 
study[7], because it examined the effect of CT on bone in 
a specific area, it is not necessary for all bones to have CT 

hormone receptors. The absence of the gene expression of 
the hormone receptor CGRPR in the spine bones of the 
flounder was observed[20]. Perhaps, the nature of the fish 
bone makes it difficult to observe changes in bone at the 
histological level, and the exposure duration or dose level 
may not cause the histological changes.

The results show that calcitonin has not shown a clear 
effect on both Ure and Crea, which are usually tested in 
the blood as an indicator of animal health, including fish. 
Increased or decreased levels of secretion is usually caused 
by impaired kidney and liver function. Results analysis 
shows no significant differences between the control and 
treatment groups; therefore, CT probably did not affect 
the function of these organs - kidney and liver - and each 
organ functioned normally in the production and secretion 
of Ure and Crea. the stability of Ure within normal limits 
means that the rate of metabolism of proteins and therefore 
general metabolism was constant unaffected. Furthermore, 
the normal limits of Crea an indicator of the safety of 
Creatine metabolism, therefore an indication of the 
stability of the muscular activity of fish[1], especially since 
it was not observed no lethargy or increased activity on fish 
movement during the experiment period. This possibility 
is supported by the results of liver tissue sections, which 
did not show a clear effect with CT. However, the results 
of the tissue sections of kidney showed a clear effect with 
CT, which means that the effect has reached the kidney; but 
not extent that affects its function, for reasons that may be 
related with the amount of dose or the period of injection 
in which the fish were treated. It is noteworthy that no 
previous study dealt with the effect of this hormone on the 
Ure and Crea levels in the blood to our knowledge.

ALP is produced by several organs in the body, and its 
elevation or decrease in serum above normal is a criterion 
for damage to those organs alone or in combination[27]. 
Numerous studies have indicated a correlation between 

Table 1: Biochemical parameters rates in serum for fish females for control and treatment groups, and statistical differences between the two 
groups at probability level P ≤ 0.05

Parameter groups
Duplicates

mean±SD P-value
1 2 3 4 5

Ca+2 mg/dl
Cont. 21.6 18.35 17.35 14.55 18.2 18.01±2.52

0.03*

Treat. 17.9 9.2 11.3 15.2 10.65 12.85±3.59

Ure mg/dl
Cont. 19 17 18 11.5 4 13.9±6.24

0.49
Treat. 14.5 14 15 16 21 16.1±2.83

Crea mg/dl
Cont. 0.65 0.91 0.4 0.5 0.76 0.64±0.20

0.7
Treat. 0.63 0.56 0.7 0.55 0.6 0.60±0.06

ALP U/l
Cont. 39.9 58 36.7 4.9 23 32.5±19.84

0.04*

Treat. 53 45 65 50.5 70 56.7±10.42

Fsh mU/ml
Cont. 0.22 0.07 0.36 0.37 0.03 0.21±0.15

0.74
Treat. 0.08 0.05 0.43 0.07 0.25 0.17±0.16

LH mU/ml
Cont. 0.11 0.02 0.065 0.01 0.1 0.06±0.04

0.02*

Treat. 0.32 0.19 0.1 0.66 0.35 0.32±0.21

Note: Star marker indicates significant statistical differences
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CT and this enzyme, accordingly a correlation with tissue 
producing it, regardless of the type of relationship, whether 
negative or positive. As it Miyamoto et al.[36,37] observed 
that CT works to regulate and increase ALP activity in cells 
line LLC-PK1 derived from kidney of pig. The hormone 
altered enzyme levels in patients with Paget's disease of 
bone[38]. An increase in ALP enzyme was observed in rats 
when it administered CT subcutaneously[39]. While CT 
was negatively associated with ALP in cats infected with 
chronic kidney disease[40].

The results of the high level of ALP in blood clearly 
indicate to effect of CT in tissue produced for this enzyme, 
but the current study excludes the role of liver cells in the 
rise of ALP, because the levels of Ure and Crea in blood 
not affected, which means function safety. On the other 
hand, not affected liver cells during injection period, this is 
appearing in histological sections. But this study assumes 
that kidney cells are involved in its secretion; based on 
studies showing that CT has the ability to excite kidney 
cells to secrete this enzyme[36,37]. In particularly, the results 
of the tissue sections have shown that the hormone effect 
has reached kidney cells. The intestines are as one of the 
secreting organs of the enzyme ALP[27], they contain CT 
receptors[20]. Its tissue sections have shown a clear influence 
with it, and they may have been involved in secreting this 
enzyme.

The high level of ALP may be attributed to bone tissue, 
which is the most likely. Because Ca+2 decreases in blood 
by CT which an means increase activity of Osteoblasts 
cells more than Osteoclasts cells[1,33]. References suggest 
that increased activity of Osteoblasts cells increases their 
release of ALP[1,41]. Studies have shown that CT at certain 
concentrations increases ALP activity and level through its 
activity on osteoblasts cells[42,43]. One study reported that 
calcitonin increased the level of this enzyme in cartilage 
cell culture of the rabbit[44]. This also adds the possibility 
that the cartilage cells in the fish have been involved in 
increasing the level of ALP due to hormone. Al-Ali[45] 

has shown that the skeleton of molly fish contains large 
amounts of cartilage tissue forms pulp for bone. The present 
study assumes that Osteoblasts cells had the greatest role 
in increasing the secretion of ALP, because of low Ca+2 in 
serum due to CT. In addition to kidney cells and intestines 
that showed a clear impact on the sections of the tissue, and 
do not rule out the cartilage tissue for lack of examination.

Sex hormones FSH and LH are extremely important, 
so any rise or decrease in their level in blood will cause 
many problems. The results showed that FSH was not 
shown to be affected by CT, but that LH has increased 
with significant differences. But there have been studies 
on the effect of CT on other sex hormones, particularly on 
fish. After high plasma CT levels were observed during 
the peak breeding season in different species[12-14]. It was 
found that CT hormone increases the level of hormone 
17β-estradiol in plasma[13-15,17]. It was also found that the 
hormone has a role in steroids production and oocyte 
maturation in ovarian follicles[5,14]. All these are indications 

that calcitonin is related to the reproduction process in fish. 
and this is supported by the present study based on the 
results of the rise of LH in serum affected by CT.
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