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Aim: We aimed to examine the potential cytotoxic effect of salmon calcitonin, which is one of the components 

that regulates mineral metabolism and prevents the increase in the amount of calcium, on SH-SY5Y cells, a 

neuroblastoma cell line. 

Methods: SH-SY5Y cells were cultured in DMEM medium in the presence of 37°C and 5% CO2 in 

conventional culture flasks. MTT assay was applied to investigate the effect of calcitonin individually on SH-

SY5Y cells by treatment different concentrations for 24 h and performed.  

Results: In cells cultured with salmon calcitonin applied at different concentrations (0.1, 1, 3.125, 6,25, 12.5, 

25, 50 and 100 nM/ml), anti-proliferation was statistically significant at concentrations of 50 and 100 nM/ml 

compared to the control group. It showed that 50 nM/ml and 100 nM/ml had the highest cytotoxic effect on 

SH-SY5Y for 24 h 

Conclusions: Considering the proliferation curve of SH-SY5Y, the results show that salmon calcitonin 

treatment potentiated the proliferative activities by inhibiting cell viability in SH-SY5Y cells at concentrations 

of 50 and 100 nM/ml. Further studies exploring salmon calcitonin’s protective effects may prove successful 

and maybe it is a promising agent for cancer treatment.  
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It is known that cancer is the most important 

cause of death worldwide. There are extensive 

studies on the development of less toxic anti-

cancer drugs that continue intensively to find 

potential targets and promising anti-cancer 

approaches [1, 2]. Neuroblastoma is one of the 

extra cranial solid tumors seen in one in 7000 live 

births among childhood cancers [3]. It is a 

biologically diverse tumor with varying clinical 

course and prognosis depending on age at 

diagnosis, histology, and molecular pathway 

characteristics [4]. In its treatment, alkylating 

agents with serious side effects such as cisplatin 

are used [5]. In addition, despite aggressive 

treatments, treatment success is very low due to 

high drug resistance [6].  

Since SH-SY5Y can be transformed into 

various types of functional neurons by the 

addition of specific compounds, it is preferred as 

a suitable model for studies on 
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neurodegenerative disorders and modeling 

neurodegenerative diseases. 

Salmon calcitonin (sCT) is a single-chain 

peptide hormone containing 32 amino acids with 

a molecular weight of approximately 3500 Da. 

There are four types of sCT used in the clinic: 

human, pig, eel, and sCT derived [7]. The main 

role of calcitonin is to regulate mineral 

metabolism and help to eliminate the increase in 

calcium level called 'calcium stress' [8]. 

Evidence has been suggested that sCT is closely 

related to the glutamatergic system such as 

NMDA and AMPA receptors and causes 

glutamate release [9, 10, 11]. 

In the literature, antiproliferative effects on 

the different one of sCT were not found. 

However, there are studies on calcitonin (CT). 

One of these demonstrated expression 

(calcitonin-induced) of transforming growth 

factor (TGF-21) as an antiproliferative on 

Lactotrophs in rats [12]. In another study, it was 

stated that CT was associated with the breasts 

[13]. They determined that calcitonin inhibited it 

at a rate of 1/4 in primary tumors (expression of 

uPA mRNA).  

In a different study, it was shown that CT and 

its receptor (CTR) significantly reduced tumor 

growth with its autocrine supplement, and they 

also stated that it is a potential option in invasive 

cancers. In the details of the study, they 

emphasized that the urokinase type plasminogen 

activator and survivin were at a low rate, thus 

activating the uPA-uPAR axis and the PI-3-

kinase-Akt-survivin pathway [14].  However, the 

effects of sCT on the CNS still remain unclear. 

There are many studies on the neuroblastoma cell 

line in the literature [15, 16]. No specific data 

were found on the effect of sCT on SH-SY5Y. In 

this study, we aimed to investigate the anti-

proliferative effect of sCT in SH-SY5Y 

neuroblastoma cells, which are frequently 

preferred in neurotoxicity and neurodegenerative 

processes. 

 

 

 

We confirm that no permission from an 

ethical committee is necessary for the cell 

cultures utilized in the study. The study was 

carried out in vitro and was carried out using 

Bolu Abant İzzet Baysal University, Faculty of 

Medicine, and Physiology Department research 

laboratory and cell culture laboratory facilities. 

Drugs and reagents 

sCT used in the study was obtained from CT 

(natural, 98%, Santa Cruz Biotechnology, Inc. 

CAS 47931-85-1 Dallas, TX, USA). Fetal bovine 

for cell culture experiment (Sigma-Aldrich, 

Schnelldorf, Germany), penicillin-streptomycin 

as antibiotic (Capricorn Scientific 

Ebsdorfergrund, Germany), trypsin, EDTA 

solution (Hyclone, Logan, UT, USA), dimethyl 

sulfoxide (DMSO), phosphate buffered water 

(PBS) and Dulbecco's Modified Eagle 

Medium/F-12 (DMEM/F-12) medium (Pan-

Biotech, Aidenbach, Germany). In the in vitro 

assay step, sCT was diluted to different 

concentrations by dissolving in high-grade water 

to obtain final concentrations. 

Cell culture  

The SH-SY5Y human neuroblastoma cell line 

purchased from ATCC (ATCC CRL-2266, 

Manassas, VA, USA) was used in this study. The 

cell culture protocol was performed as described 

in previously published studies [17]. Briefly, 

cells were rapidly thawed in a 37°C water bath 

and then centrifuged at 3000 rpm for 4 minutes. 

After centrifugation, all cells were cultured in 75 

cm flasks containing supplemented DMEM/F12 

mixture/full medium supplemented with 10% 

heat-inactivated FBS and 1% penicillin-

streptomycin at 37°C in a humidified incubator 

with 5% CO2. The next day, the growth medium 

Materials and metods 
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was changed to remove any DMSO that may be 

present in the freezing medium. Cells were 

maintained at log phase and medium was 

replaced with fresh medium every 3-4 days. Cell 

morphologies and growth rates of the cell line 

were monitored daily under an inverted 

microscope (Olympus CKX41, Tokyo, Japan) 

and passaged by separation with 0.25% Trypsin-

EDTA when cells reached 70-80% confluence. 

Drug administration - Salmon calcitonin 

treatment:  

After reaching the appropriate confluence, the 

cells were passaged and 100 μl equal volumes of 

sCT concentrations prepared to be 0.1, 1, 3.125, 

6,25, 12.5, 25, 50 and 100 nM/ml were given to 

the cells and used defined times incubated. For 

each dose, 2 wells were inoculated and cells were 

incubated in a humid environment at 37ºC in a 

5% CO2 air mixture. 

Cell viability assay  

Trypan blue was used to determine cell 

viability and cell numbers. BioRad TC20 

Automated Cell Counter (California, USA) was 

used to measure cell viability and cell numbers. 

Cytotoxicity experiments were performed in 

duplicate and GraphPad Prism 5.0 software 

(GraphPad Software, San Diego, USA) was used 

for data analysis. All cells were counted and 

approximately 1.5x104 cells were seeded into 

wells in a total volume of 200 µL in 96-well 

plates. Plates were then incubated at 37 °C for 24 

hours for cell attachment. 

First, the dose was determined, for this the 

cells in the wells were harvested with 0.5% 

trypsin and centrifuged. After discarding the 

supernatant portions, they were suspended with 1 

ml of medium and counted with an Automated 

Cell Counter. The ID50 (Inhibition dose 50%) 

dose for sCT was determined by recording the 

total cell counts. Eight different doses were 

administered to see the effects of sCT on SH-

SY5Y.  

When the cell line was ready for 70-80% 

confluence in flasks, they were seeded into 96-

well plates and after 24 h of holding, different 

dilutions of sCT (0.1, 1, 3.125, 6,25, 12.5, 25, 50 

and 100 nM/ml) were added) was incubated for 

48 hours. Cells incubated in 10% FBS were used 

as positive control and the viability of the cells 

was evaluated by MTT (3-[4,5-dimethylthiazol-

2-yl]-2,5-diphenyl- tetrazolium bromide) (Serva, 

Germany) method. Briefly, 10 µl of MTT reagent 

was added to each well and the 96-well plate was 

incubated at 37°C for 4 hours, then DMSO was 

added to the cells. Absorbance values were read 

with a colorimetric reader (spectrophotometer) 

(Epoch BioTek Instru-ments, Inc., Highland 

Park, USA) at 570 nm. The most appropriate 

proliferative and inhibitory doses of sCT for cells 

were determined. Thus, the effect of sCT on the 

viability of cultured cells and the duration of the 

effective dose were determined. Negative control 

(Medium control) = salmon calcitonin 

concentration + DMEM/F12 medium and 

Positive control (DMSO control) = %10 DMSO 

was applied. Data from each sCT dose were 

compared with the mean of the negative control. 

Control group means and data taken at each dose 

are given as the mean ± SD of each in two 

parallels. We used our control group for the test 

of MTT, in which we evaluated the viability of 

cells. Untreated cells exposed to maximum 

solvent concentrations with DMSO were used to 

determine the metabolic activities of this control 

group. 

Statistical analysis 

Statistical analyzes were done with SPSS 26.0 

package statistics program (New York, USA). 

Multi-dimensional statistical evaluations were 

made on the obtained data. Since the 

measurement values did not show homogeneous 

distribution, non-parametric tests were used. The 

Kruskal-Wallis analysis of variance test was used 

to evaluate the significance of the difference 
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between the groups. The difference between two 

independent groups consisting of continuous 

variable values was determined with the Mann-

Whitney U Test. A probability value of < 0.05 

was accepted significant. 

 

 

 

In this study, we investigated the anti-

proliferative effect of human neuroblastoma cell 

line SH-SY5Y using sCT as the active 

ingredient. Neuroblastoma is an extra cranial 

solid tumor. SH-SY5Y is also widely used in 

experimental neurological studies, 

neurodegenerative processes, neurotoxicity and 

neuroprotection [18]. Eight different doses (0.1, 

1, 3.125, 6.25, 12.5, 25, 50 and 100 nM/ml) of 

sCT were used in the study to demonstrate anti-

proliferative effects on SH-SY5Y cell. In culture 

medium (5% CO2, 37 °C), SH-SY5Y cells 

showed normal polygonal morphology (Figure 

1).  

The anti-proliferative effect of especially 50 

and 100 (nM/ml) sCT from eight different doses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 is clearly noticeable (p<0.05). When these two 

doses are compared with the control group, 100 

nM/ml seems to be 1.16 times more effective 

than 50 nM/ml. Negative control value 0.27; 

0.289; 0.208 (mean=0.25) and Positive control 

value 0.124; 0.148; 0.168 (mean=0.14). 

Applications of sCT below these two doses did 

not show an anti-proliferative or proliferative 

effect (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. SH-SY5Y cell density (40x) under a 

light-inverted microscope. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results  

 

Figure 2. The anti-growth effect using MTT assay after treatment with the salmon calcitonin for 24 h. 
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sCT administrations below these two doses 

did not show an anti-proliferative or proliferative 

effect (Figure 2). According to the results, it is 

clearly noticed that sCT has an anti-proliferative 

effect on SH-SY5Y cells at doses of 50 and 100 

nM/ml. At other doses and control, the effect is 

below zero. As shown in Figure 2, treatment of 

the SH-SY5Y cell line with the sCT displays 

concentration dependence decline in cell 

viability. Our results showed that the particularly 

suppressive effect begins in the first 24 h (p<0.01 

vs. the control group). The high dose of sCT has 

a significantly suppressive effect (p=0.003 

versus control group). The lower dose of sCT, 

there appears some effect on the SH-SY5Y 

proliferation but it is not that significantly effect 

(p=0.874). These findings showed that a dose-

dependent inhibition of SH-SY5Y proliferation 

by sCT. 

 

 

Despite the advances in cancer research, one 

of the problems encountered is that 

chemotherapy methods can cause serious side 

effects by damaging cancer cells as well as 

healthy ones [19]. For this reason, anti-cancer 

drug researches with low toxicity continue to 

maintain their importance. Neuroblastoma is 

becoming more widely known, but there are still 

no reliable therapies for it. As a result, 

researchers are looking for new, efficient 

medications to treat neuroblastoma [20]. The 

drug sCT is a therapeutic option for many years, 

which is used in the treatment of postmenopausal 

(5 years) osteoporosis in women, bone diseases 

and Paget’s disease. Although it has been found 

to have some antiproliferative, apoptotic effects 

on some cancers are known, it has not been 

clarified yet sCT has a friendly or foe effect on 

cancer [8]. 

In the current study we investigated the anti-

proliferative effects of sCT in SH-SY5Y cell 

lines. Although the benefits of sCT on some 

cancer treatments are known [8, 13, 14], there are 

limited data on neuroblastoma cell line (SH-

SY5Y) at different doses is available in the 

literature. According to the findings of Sabbisetti 

et al., who report that the effects of sCT are 

accelerated at concentrations higher than 50 nM, 

the results presented here showed that sCT could 

inhibit the growth of SH-SY5Y at higher doses 

(50-100 nM/ml) for 24 h [21]. Furthermore, 

according to our research, SH-SY5Y cells treated 

with sCT at different concentrations for 24 h had 

a cell number inhibition. It is believed that the 

reason of the high dose depence is due to the 

sCT’s some properties such as genetic, 

physiological, and pharmacokinetic variation 

among different cancer and/or different cell lines.  

These findings suggested that sCT might be a 

medication with some promise for the treatment 

of neuroblastoma in vitro. Additionally, 

contrasting studies with some calcitonin 

subtypes have suggested that advantageous 

effects on nervous system. Researchers showed 

that sCT is closely related to the glutamatergic 

system and glutamate releasing [10, 11]. Also 

one year later, Taşkıran et al. investigated the 

effect of sCT on glutamate-induced cytotoxicity 

in C6 glial cells involved in the inflammatory and 

nitric oxide pathways, due to the main 

mechanisms and impact on glutamate-induced 

cytotoxicity are still unknown. As a results of 

their research, sCT inhibits nitric oxide and 

inflammatory pathways to protect against 

glutamate-induced cytotoxicity in C6 glial cells. 

For those with neurodegenerative symptoms, 

sCT may be a helpful supportive medication 

[22]. Therefore, our findings confirm the 

evidence of inhibition effect of sCT on SH-SY5Y 

cells. Studies conducted both in vivo and in vitro 

have shown that sCT has beneficial effects on the 

different system especially nervous system and 

some cancer types such as breast, prostate [23]. 

Discussion 
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One study highlights that CT is a stimulant for 

angiogenesis [24].  

Although it has been mentioned that he 

possibility of sCT causing cancer has been 

studied and CT can provide invasion of some 

tumor by metastases in vivo. However, these 

results contradict other published studies on CT 

biology [25, 26, 27], so we advise conducting 

more research on this topic to verify us believe 

further. Wells et al., Ng et al. and Thomas et al. 

report significant effect of sCT on different 

cancer types in their studies [27, 28, 29]. 

Likewise, it is clear from the information we 

provided in the current study, sCT shows 

antiproliferative effects on SH-SY5Y cell line in 

vitro and this research paralles the previous 

studies. Therefore, sCT may be a tropic agent in 

cancers especially neuroblastoma. The treatment 

of the SH-SY5Y cell line with sCT reduced cell 

viability depending on the dosage for 24 h. The 

results shown here make it abundantly evident 

that the presence of sCT had a favorable impact 

on SH-SY5Y proliferation. 

 

 

 

To our knowledge, this is the first study which 

sCT has been evaluated for its antiproliferative 

effect on SH-SY5Y for different doses in vitro. 

Thus, the findings provided here sCT is a 

possible therapeutic candidate for in vitro 

treatment of human neuroblastoma cells. Finally, 

we advise further future research is needed to 

understand the mechanism of action of sCT in 

comparison to SH-SY5Y and other 

neuroblastoma cell lines. 

 

Acknowledgement: The cell culture experiments 

in this article were carried out in the Cell Culture 

Laboratory of Bolu Abant İzzet Baysal 

University, Faculty of Medicine, Department of 

Physiology. Also, who provided us the SH-SY5Y 

neuroblastoma cell line (CRL-2266) used in our 

study. We would like to thank Dr. Erkan KILINÇ. 

  

Funding: The authors received no financial 

support for the research, authorship, and/or 

publication of this article.  

Conflict of Interest: The authors declare that 

they have no conflict of interest. 

Ethical statement: Ethics committee decision 

was not taken as it was a cell culture study.  

 

Open Access Statement 

Experimental Biomedical Research is an open 

access journal and all content is freely available 

without charge to the user or his/her institution. 

This journal is licensed under a Creative 

Commons Attribution 4.0 International License. 

Users are allowed to read, download, copy, 

distribute, print, search, or link to the full texts of  

the articles, or use them for any other lawful 

purpose, without asking prior permission from 

the publisher or the author. 

Copyright (c) 2023: Author (s). 

 

 

 

[1] Sung H, Ferlay J, Siegel RL, et al. Global 

cancer statistics 2020: Globocan estimates of 

incidence and mortality worldwide for 36 

cancers in 185 countries. CA Cancer J Clin. 

2021;71(3):209-49. 

[2] Fimognari C, Lenzi M, Hrelia P. 

Chemoprevention of cancer by 

isothiocyanates and anthocyanins: 

mechanisms of action and structure-activity 

relationship. Curr Med Chem. 

2008;15(5):440-447. 

[3] London W, Castleberry R, Matthay K, et al. 

Evidence for an age cutoff greater than 365 

days for neuroblastoma risk group 

stratification in the Children's Oncology 

Group. J Clin Oncol. 2005;23(27):6459-6465. 

Conclusion References 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


                                              Varol et al. / Exp Biomed Res. 2023; 6(1):6-13 

   
 

12 
 

[4] Tucker ER, Danielson LS, Innocenti P, et al.  

Tackling crizotinib resistance: the pathway 

from drug discovery to the pediatric clinic. 

Cancer Res. 2015;75(14):2770-2774. 

[5] Applebaum MA, Vaksman Z, Lee SM, et al. 

Neuroblastoma survivors are at increased risk 

for second malignancies: a report from the 

International Neuroblastoma Risk Group 

Project. Eur J Cancer. 2017;72:177-185. 

[6] Marengo B, Monti P, Miele M, et al. 

Etoposide-resistance in a neuroblastoma 

model cell line is associated with 13q14. 3 

mono-allelic deletion and miRNA-15a/16-1 

down-regulation. Sci Rep. 2018;8(1):1-15. 

[7] Ostrovskaya, A., Findlay, D., Sexton, et al. 

Calcitonin. In Reference Module in 

Neuroscience and Biobehavioral Psychology. 

Elsevier. 2016;1-12. 

[8] Chesnut C, Azria M, Silverman S, et al. 

Salmon calcitonin: a review of current and 

future therapeutic indications. Osteoporos Int. 

2008;19(4):479-491. 

[9] Masi L, Mljccim, B. Metabolism B. 

Calcitonin and calcitonin receptors. Clin 

Cases Miner Bone Metab. 2007;4(2):117. 

[10] Kilinc E, Dagistan Y, Kukner A, et al. Salmon 

calcitonin ameliorates migraine pain through 

modulation of CGRP release and dural mast 

cell degranulation in rats. Clin Exp Pharmacol 

Physiol. 2018;45(6):536-546. 

[11] Taşkıran AS, Ozdemir E, Gumus E, et al. The 

effects of salmon calcitonin on epileptic 

seizures, epileptogenesis, and postseizure 

hippocampal neuronal damage in 

pentylenetetrazole-induced epilepsy model in 

rats. Epilepsy Behav. 2020;113:107501. 

[12] Wang YQ, Yuan R, Sun YP, et al. 

Antiproliferative Action of Calcitonin on 

Lactotrophs of the Rat Anterior Pituitary 

Gland: Evidence for the Involvement of 

Transforming Growth Factor β1 in Calcitonin 

Action. Endocrinology. 2003;144(5):2164-

2171. 

[13] Han B, Nakamura M, Zhou G, et al. 

Calcitonin inhibits invasion of breast cancer 

cells: Involvement of urokinase-type 

plasminogen activator (uPA) and uPA 

receptor. International journal of Oncology. 

2006;28(4):807-814. 

[14] Thomas S, Muralidharan A, Shah, GV. 

Knock-down of calcitonin receptor expression 

induces apoptosis and growth arrest of 

prostate cancer cells. International Journal of 

Oncology. 2007;31(6):1425-1437. 

[15] Sullivan R, Abraham A, Simpson C, et al. 

Three-month randomized clinical trial of 

nasal calcitonin in adults with X-linked 

hypophosphatemia. Calcif Tissue Int. 

2018;102(6):666-670. 

[16] Cuttler K, Bignoux MJ, Otgaar TC. LRP: 

FLAG Reduces Phosphorylated Tau Levels in 

Alzheimer's Disease Cell Culture Models. 

Journal of Alzheimer's disease: JAD. 

2020;76(2):753-768. 

[17] Shipley MM, Mangold CA, Mljjovej S. 

Differentiation of the SH-SY5Y human 

neuroblastoma cell line. J Vis Exp. 2016;108: 

e53193. 

[18] Xicoy H, Wieringa B, Martens GJ. The SH-

SY5Y cell line in Parkinson's disease 

research: a systematic review. Mol 

Neurodegener. 2017;12(1):1-11. 

[19] Miller KD, Nogueira L, Devasia T, et al. 

Cancer treatment and survivorship statistics, 

2022. CA Cancer J Clin. 2022;72(5):409-436.  

[20] Qiu B, Matthay KK. Advancing therapy for 

neuroblastoma. Nat Rev Clin Oncol. 

2022;19(8):515-533.  

[21] Sabbisetti VS, Chirugupati S, Thomas S, et al. 

Calcitonin increases invasiveness of prostate 

cancer cells: role for cyclic AMP-dependent 

protein kinase A in calcitonin action. Int J 

Cancer. 2005;117(4):551-60. 



                                              Varol et al. / Exp Biomed Res. 2023; 6(1):6-13 

   
 

13 
 

[22] Taskiran AS, Ergul M. The effect of salmon 

calcitonin against glutamate-induced 

cytotoxicity in the C6 cell line and the roles 

the inflammatory and nitric oxide pathways 

play. Metab Brain Dis. 2021;36(7):1985-

1993. 

[23] Shah GV, Walter R, Noble MJ et al. 

Calcitonin stimulates growth of human 

prostate cancer cells through receptor-

mediated increase in cyclic adenosine 3', 5'-

monophosphates and cytoplasmic Ca2+ 

transients. Endocrinology.1994;134(2):596-

602. 

[24] Chigurupati S, Kulkarni T, Thomas S, et al. 

Calcitonin stimulates multiple stages of 

angiogenesis by directly acting on endothelial 

cells. Cancer Res. 2005;65:8519-29. 

[25] Iczkowski KA, Omara-Opyene AL, Kulkarni 

TR, et al. Paracrine calcitonin in prostate 

cancer is linked to CD44 variant expression 

and invasion. Anticancer Res. 2005;25:2075-

2083. 

[26] Shah GV, Thomas S, Muralidharan A, et al. 

Calcitonin promotes in vivo metastasis of 

prostate cancer cells by altering cell signaling, 

adhesion, and inflammatory pathways. 

Endocr Relat Cancer. 2008;15(4):953-64. 

[27] Wells G, Chernoff J, Gilligan JP. et al. Does 

salmon calcitonin cause cancer? A review and 

meta-analysis. Osteoporos Int. 2016;27:13-

19. 

[28] Ng KW, Livesey SA, Larkins RG, et al. 

Calcitonin effects on growth and on selective 

activation of type II isoenzyme of cyclic 

adenosine 3′: 5′-monophosphate-dependent 

protein kinase in T 47D human breast cancer 

cells. Cancer Research. 1983;43(2):794-800. 

[29] Davis NS, Disant'Agnese A, Ewing JF, et al. 

The neuroendocrine prostate: characterization 

and quantitation of calcitonin in the human 

gland. J Urology.1989;142:884-888. 

 

 

 

 


