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Introduction
In the industry of productive species, additives play an important 

role in boosting physiological processes. Nucleotides, which are 
precursors of DNA replication, have long been recognized as 
important elements in mammalian nutrition [1]. Regarding resistance 
to infections, it has been shown that groups of mice that are fed diets 
supplemented with nucleotides have less mortality following infection 
with Staphylococcus aureus [2] and Candida albicans [3] than groups of 
mice that are fed nucleotide-free diets.

This heightened resistance to infection is reported to be the result 
of increased phagocytic activity of murine peritoneal macrophages [2], 
increased T-cell dependent antibody production [4], and enhanced and 
elevate bone marrow cells and increase peripheral neutrophil numbers 
[5]. But at cellular level the mechanism of the nucleotides in fish are 
complete described. We don’t have evidence of physiological roll of the 
nucleotides in the fish cells and the biotechnology offer opportunity for 
initiative this kind of study.

Cellular cultures are important for fish research and in vertebrates, 
as well as for the exploration of additives and their interaction with 
organs and the appearance of secondary effects [6]. Cell cultures also 
provide unlimited biological material for diagnosing alterations that 
are produced by additives [7,8]. Cell lines are the study models for 
molecular effects on cell function [9].

In this study, SHK-1 cells derived from the frontal head and 
kidney of Atlantic salmon were treated at for several days and different 
nucleotide concentrations, when cells are in the presence of absence of 
the complete culture medium. Then, the number of cells in response to 
proliferation and their viability in the starving condition were analyzed, 
for help to suggest the used of these additives on salmon industry.

Materials and Methods
Cellular cultures 

Cell lines derived from leucocytes in Salmo salar SHK-1 (ECACC 

N° 97111106) were maintained in an incubator at 17°C. Cells were 
cultivated in a Leibowitz L-15 medium (Life Technologies) and 
supplemented with 10% fetal bovine serum (Life Technologies), 
L-glutamine 1%, penicillin/streptomycin 1% (Life Technologies) and
β-mercaptoethanol 7.2 µL/ml. The cellular expansion procedures were
carried out in a biosafety cabinet and were seeded in plates of 24 wells
for a parallel experiment. For maintenance and subculture, the medium 
was changed every 3 days. Cultures were exposed to temporal curves
(one to seven days) and concentrations (0.1 to 1000 ppm) of generic
nucleotides obtained from the Nucleoforces Salmonids™ Mix, which
are commercial additives used in the formulation of a fish diet. Staining 
and morphology were analyzed to explore the reaction to the additive.
We modified a study by [10] and created the starving model using only 
a basal medium without serum to generate a poor growth condition,
and it was used for seven days to generate a starving condition.

Cellular proliferation

Cells were washed with Phosphate buffer solution (PBS) and 
removed with a trypsin solution 1%, after which they were placed in a 
complete culture medium to inhibit the trypsin. Samples were collected 
in sterile 15-ml tubes and were centrifuged at 1200 rpm for 10 minutes. 
Cells at the bottom were suspended in 1 ml of base medium, and a 
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Abstract
Additives play an important role in nutrition for boosting the physiological processes of productive species, 

and starvation has become a new problem for the industry. Only in recent years have studies began to analyze 
the effects of additives on fish cells. We observed the effects of nucleotides, which is a compound highly utilized in 
aquaculture. The SHK-1 cell line was derived from the head and kidney of Atlantic salmon as a biological model. 
Samples were exposed to nucleotides at incremental times and concentrations to determine the effects on cell 
viability by evaluating the number of cells. The cells were also exposed to a starving condition and recovery when 
nucleotides were used. Our data indicate that nucleotides are not sufficient to stimulate cellular proliferation. Cultures 
were exposed to a basal medium without serum in the presence of or absence of nucleotides. We observed that 
the starving effects are reduced when the basal medium is supplemented with nucleotides. Our results indicate that 
it is important to evaluate additive effects at a cellular level and that nucleotides have nutritional effects when the 
cells are in the cellular starving condition. Our study helps to generate more rational applications of additives in the 
industry and presents new challenges.
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sample was taken to be recounted in a haemocytometer that was diluted 
1/100. With this value, samples were seeded at a density of 100,000 cells 
per ml in a culture with a 1.6-mm diameter and 250 µl of medium. This 
culture was exposed to the additives for 24 hours, and the number of 
cells was counted based on area. The density of the cells was recorded 
as an indicator of the change in cellular proliferation or growth rate, 
which was modified from Parodi et al. [11].

May-Grunwald and Giemsa staining 

Cells grown in culture plates were exposed to temporal curves and 
concentrations of additives and were washed of the culture medium and 
incubated with a PanOptic kit for May-Grunwald and Giemsa staining 
(Quimica clinica aplicada, Spain). Samples were left for 5 seconds in 
reactive 1, 10 seconds in the May-Grunwald reactive and 10 seconds 
in the Giemsa reactive. The plates were washed with ultrapure water 
and left to be microphotographed with a NIKON Labophot 2 optic 
microscope and a 519CU 5.OM CMOS camera, which was modified 
from Flores et al. [12].

Data analysis 

We used the Shapiro-Wilk test, which is a test for normality, to 
determine how far the distribution was from a Gaussian distribution. 
The results that include an image analysis are presented using the 
average ± SEM. We used Prism 5 software for the analysis. Statistical 
comparisons were carried out using a two-way analysis of variance 
(ANOVA), as indicated in the figure legend, and the Bonferroni test 
was used after the analysis (Post-test). A probability value of p<0.05 is 
considered statistically significant.

Results
The cells were seeded, and the beginning of the experiment is 

time=0 (initial condition). Figure 1A shows the growth curves of cells 
in the control condition and cultures that were treated with 10 ppm, 100 

ppm and 250 ppm of nucleotide from time=0 and at 5 days of exposure. 
The results demonstrate an increased number of cells per area in the 
exposed sample. Figure 1B shows the cell percentage per area (mm2) 
at 24 hours of incubation in the control group and three treatments 
of 10 ppm, 100 ppm and 250 ppm. An increase in cell number can be 
observed in the 250 ppm treatment group. 

Figure 1C shows the number of cells per area (mm2) at time=0 
and 5 days of exposure in the control condition, as well as the culture 
treated with 100 ppm nucleotide and the culture treated in the starving 
condition.

Discussion
Utilizing cells to study additives is a widely used tool in mammalian 

studies and reduces the cost of developing new biotechnology [13]. 
Recently, this type of testing has been used in fish as a way to evaluate 
procedures [14] and to obtain functional information about additives 
[15] and their nutritional effects [16]. We using SHK-1 cells, in a starving 
condition for see the effects of nucleotides, in a cellular approach for 
improve the used of this additive in the industry, at the present time 
the additive is used but the complete function or mechanism are not 
complete described in the salmon industry.

We found that nucleotides did not alter cellular viability or 
promote proliferation in this cell line (Figure 1), we suggested because 
the culture media have a basal values of nucleotides in the SFB and 
not need this additives Nucleotides have been described as being good 
additives in other cellular models [17] and can function as such in fish 
[18], but we not see basal effect and we proposed a new condition for 
explorer the physiological effect of this additives in our cells model.  
We explored the effects of nucleotides on cultures exposed to a starving 
condition. We simulated a starving condition using a basal medium 
without serum (Figure 1B), as we did not supplement the medium 
with fetal bovine serum (FBS). We found that the effects of starving 
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Figure 1: Effect on cellular starving (A): the number of cells after 5 days of culture in the absence or presence of nucleotides. (B): number of cells of the culture exposed 
to different concentrations of nucleotides after 24 hours. (C): number of cells after 5 days of culture in the absence of serum, which is the starving condition, and in the 
absence or presence of nucleotides. Each bar or point represents the mean ± SEM of the measurements of at least 5 independent cultures and experiments. The asterisk 
indicates p<0.05 (ANOVA).
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were reduced when the culture was exposed to 100 ppm of nucleotide 
(Figure 1C), as this value of nucleotide concentration protects the 
culture when nutritional conditions are reduced. 

Our findings indicate that nucleotide concentrations of 100 ppm 
are not sufficient to promote cellular division in SHK-1 cells alone. This 
may be because the serum contained enough concentration of base 
nucleotides to help the cell culture survive and to significantly reduce 
the toxic effects in the cellular injury model when the starving condition 
was generated. This suggests that in these conditions, nucleotides are 
an additive that functions to protect cells. These results are applicable 
to the formulation of fish diets, and further studies should focus on 
the bioavailability of nucleotides and the effect that they could have on 
aquaculture. 

Acknowledgements 

This study was financed by the Convenio de Asistencia Técnicas UCT 278-
2450 Tonalli 2013. Jorge Parodi received the grant MECESUP UCT 0804. We 
thank SalmoFood-VitaPro for donating the additives for testing. Rodrigo Sánchez, 
a postgraduate student at UCT, received financing as part of his thesis from Salmo 
Food-Vita Pro. 

References

1. Burrells C, Williams PD, Forno PF (2001) Dietary nucleotides: a novel 
supplement in fish feeds: 1. Effects on resistance to disease in salmonids. 
Aquaculture 199: 159-169.

2. Kulkarni AD, Fanslow WC, Drath DB, Rudolph FB, Van Buren CT (1986) 
Influence of dietary nucleotide restriction on bacterial sepsis and phagocytic 
cell function in mice. Arch Surg 121: 169-172.

3. Carver JD (1994) Dietary nucleotides: cellular immune, intestinal and hepatic
system effects. J Nutr 124: 144s-148s.

4. Jyonouchi H (1994) Nucleotide actions on humoral immune responses. J Nutr
124: 138s-143s.

5. Matsumoto Y, Adjei AA, Yamauchi K, Kise M, Nakasone Y, et al. (1995) A mixture 
of nucleosides and nucleotides increases bone marrow cell and peripheral
neutrophil number in mice infected with methicillin-resistant Staphylococcus
aureus. J Nutr 125: 817-822.

6. Bols NC, Lee LE (1991) Technology and uses of cell cultures from the tissues
and organs of bony fish. Cytotechnology 6: 163-187.

7. Blagodatski A, Katanaev VL (2011) Technologies of directed protein evolution in 
vivo. Cell Mol Life Sci 68: 1207-1214.

8. Wuest DM, Harcum SW, Lee KH (2012) Genomics in mammalian cell culture 
bioprocessing. Biotechnol Adv 30: 629-638.

9. Majors BS, Chiang GG, Betenbaugh MJ (2009a) Protein and genome evolution 
in Mammalian cells for biotechnology applications. Mol Biotechnol 42: 216-223.

10. Jofre I, Gomez PN, Parodi J, Romero F, Salazar R (2013) Chilean crude extract 
of Ruta graveolens generates vasodilatation in rat aorta at subtoxic cellular
concentrations. Advances in Bioscience and Biotechnology 4: 8.

11. Parodi J, Flores C, Aguayo C, Rudolph MI, Casanello P, et al. (2002) Inhibition 
of nitrobenzylthioinosine-sensitive adenosine transport by elevated D-glucose
involves activation of P2Y2 purinoceptors in human umbilical vein endothelial
cells. Circ Res 90: 570-577.

12. Flores C, Rojas S, Aguayo C, Parodi J, Mann G, et al. (2003) Rapid stimulation 
of L-arginine transport by D-glucose involves p42/44(mapk) and nitric oxide in
human umbilical vein endothelium. Circ Res 92: 64-72.

13. Majors BS, Chiang GG, Betenbaugh MJ (2009b) Protein and genome evolution 
in mammalian cells for biotechnology applications. Molecular Biotechnology
42: 216-223.

14. Rolland JB, Bouchard D, Coll J, Winton JR (2005) Combined use of the ASK 
and SHK-1 cell lines to enhance the detection of infectious salmon anemia
virus. Journal of Veterinary Diagnostic Investigation 17: 151-157.

15. Ahmadi K, Banaee M, Vosoghei AR, Mirvaghefei AR, Ataeimehr B (2012)
Evaluation of the immunomodulatory effects of silymarin extract (Silybum 
marianum) on some immune parameters of rainbow trout, Oncorhynchus 
mykiss (Actinopterygii: Salmoniformes: Salmonidae). Acta Ichthyologica Et
Piscatoria 42: 113-120.

16. Sanchez R, Olivares P, Carmona E, Astuya A, Herrera H, et al. (2016) Fish
nutrition additives in SHK-1 Cells: Protective effects of silymarin. Advances in
Bioscience and Biotechnology 7: 8.

17. Sherif IO, Al-Gayyar MMH (2013) Antioxidant, anti-inflammatory and 
hepatoprotective effects of silymarin on hepatic dysfunction induced by sodium 
nitrite. European Cytokine Network 24: 114-121.

18. Shiau RJ, Shih PC, Wen YD (2011) Effect of silymarin on curcumin-induced 
mortality in zebrafish (Danio rerio) embryos and larvae. Indian Journal of
Experimental Biology 49: 491-497.

http://www.sciencedirect.com/science/article/pii/S0044848601005774
http://www.sciencedirect.com/science/article/pii/S0044848601005774
http://www.sciencedirect.com/science/article/pii/S0044848601005774
http://archsurg.jamanetwork.com/article.aspx?articleid=591538
http://archsurg.jamanetwork.com/article.aspx?articleid=591538
http://archsurg.jamanetwork.com/article.aspx?articleid=591538
http://europepmc.org/abstract/med/8283305
http://europepmc.org/abstract/med/8283305
http://europepmc.org/abstract/med/8283304
http://europepmc.org/abstract/med/8283304
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0o8zIxZ3PAhVK4SYKHQsiCmMQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F7722682&usg=AFQjCNHIuHevEZiZI9Ga-ZV6wr7TNI4Nsg&bvm=bv.133178914,d.eWE
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0o8zIxZ3PAhVK4SYKHQsiCmMQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F7722682&usg=AFQjCNHIuHevEZiZI9Ga-ZV6wr7TNI4Nsg&bvm=bv.133178914,d.eWE
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0o8zIxZ3PAhVK4SYKHQsiCmMQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F7722682&usg=AFQjCNHIuHevEZiZI9Ga-ZV6wr7TNI4Nsg&bvm=bv.133178914,d.eWE
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj0o8zIxZ3PAhVK4SYKHQsiCmMQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F7722682&usg=AFQjCNHIuHevEZiZI9Ga-ZV6wr7TNI4Nsg&bvm=bv.133178914,d.eWE
http://link.springer.com/article/10.1007/BF00624756
http://link.springer.com/article/10.1007/BF00624756
http://link.springer.com/article/10.1007/s00018-010-0610-5
http://link.springer.com/article/10.1007/s00018-010-0610-5
http://www.sciencedirect.com/science/article/pii/S0734975011001911
http://www.sciencedirect.com/science/article/pii/S0734975011001911
http://link.springer.com/article/10.1007/s12033-009-9156-x
http://link.springer.com/article/10.1007/s12033-009-9156-x
http://file.scirp.org/Html/5-7300461_26925.htm
http://file.scirp.org/Html/5-7300461_26925.htm
http://file.scirp.org/Html/5-7300461_26925.htm
http://circres.ahajournals.org/content/90/5/570.short
http://circres.ahajournals.org/content/90/5/570.short
http://circres.ahajournals.org/content/90/5/570.short
http://circres.ahajournals.org/content/90/5/570.short
http://circres.ahajournals.org/content/92/1/64.short
http://circres.ahajournals.org/content/92/1/64.short
http://circres.ahajournals.org/content/92/1/64.short
http://link.springer.com/article/10.1007/s12033-009-9156-x
http://link.springer.com/article/10.1007/s12033-009-9156-x
http://link.springer.com/article/10.1007/s12033-009-9156-x
http://vdi.sagepub.com/content/17/2/151.short
http://vdi.sagepub.com/content/17/2/151.short
http://vdi.sagepub.com/content/17/2/151.short
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJn-HmxJ3PAhUJ6SYKHU0VBuEQFggdMAA&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F228095301_Evaluation_of_the_Immunomodulatory_Effects_of_Silymarin_Extract_Silybum_Marianum_on_Some_Immune_Parameters_of_Rainbow_Trout_Oncorhynchus_Mykiss_Actinopterygii_Salmoniformes_Salmonidae&usg=AFQjCNHGB_o6OiKkkcGElnio3fKQN2Ulpg
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJn-HmxJ3PAhUJ6SYKHU0VBuEQFggdMAA&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F228095301_Evaluation_of_the_Immunomodulatory_Effects_of_Silymarin_Extract_Silybum_Marianum_on_Some_Immune_Parameters_of_Rainbow_Trout_Oncorhynchus_Mykiss_Actinopterygii_Salmoniformes_Salmonidae&usg=AFQjCNHGB_o6OiKkkcGElnio3fKQN2Ulpg
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJn-HmxJ3PAhUJ6SYKHU0VBuEQFggdMAA&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F228095301_Evaluation_of_the_Immunomodulatory_Effects_of_Silymarin_Extract_Silybum_Marianum_on_Some_Immune_Parameters_of_Rainbow_Trout_Oncorhynchus_Mykiss_Actinopterygii_Salmoniformes_Salmonidae&usg=AFQjCNHGB_o6OiKkkcGElnio3fKQN2Ulpg
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJn-HmxJ3PAhUJ6SYKHU0VBuEQFggdMAA&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F228095301_Evaluation_of_the_Immunomodulatory_Effects_of_Silymarin_Extract_Silybum_Marianum_on_Some_Immune_Parameters_of_Rainbow_Trout_Oncorhynchus_Mykiss_Actinopterygii_Salmoniformes_Salmonidae&usg=AFQjCNHGB_o6OiKkkcGElnio3fKQN2Ulpg
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjJn-HmxJ3PAhUJ6SYKHU0VBuEQFggdMAA&url=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F228095301_Evaluation_of_the_Immunomodulatory_Effects_of_Silymarin_Extract_Silybum_Marianum_on_Some_Immune_Parameters_of_Rainbow_Trout_Oncorhynchus_Mykiss_Actinopterygii_Salmoniformes_Salmonidae&usg=AFQjCNHGB_o6OiKkkcGElnio3fKQN2Ulpg
http://www.scirp.org/journal/PaperInformation.aspx?paperID=63555
http://www.scirp.org/journal/PaperInformation.aspx?paperID=63555
http://www.scirp.org/journal/PaperInformation.aspx?paperID=63555
http://www.jle.com/fr/revues/ecn/e-docs/antioxidant_anti_inflammatory_and_hepatoprotective_effects_of_silymarin_on_hepatic_dysfunction_induced_by_sodium_nitrite_298646/article.phtml
http://www.jle.com/fr/revues/ecn/e-docs/antioxidant_anti_inflammatory_and_hepatoprotective_effects_of_silymarin_on_hepatic_dysfunction_induced_by_sodium_nitrite_298646/article.phtml
http://www.jle.com/fr/revues/ecn/e-docs/antioxidant_anti_inflammatory_and_hepatoprotective_effects_of_silymarin_on_hepatic_dysfunction_induced_by_sodium_nitrite_298646/article.phtml
http://imsear.li.mahidol.ac.th/handle/123456789/145154
http://imsear.li.mahidol.ac.th/handle/123456789/145154
http://imsear.li.mahidol.ac.th/handle/123456789/145154

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Cellular cultures
	Cellular proliferation
	May-Grunwald and Giemsa staining 
	Data analysis 

	Results
	Discussion
	Acknowledgements
	Figure 1
	References

