
 

~ 1300 ~ 

Journal of Entomology and Zoology Studies 2018; 6(1): 1300-1303

 
 
 
 
 
 
 
 
 
 
 
 

E-ISSN: 2320-7078 

P-ISSN: 2349-6800 

JEZS 2018; 6(1): 1300-1303 

© 2018 JEZS 

Received: 29-11-2017 

Accepted: 30-12-2017 
 

ST Aljuboory 

Department of Animal 

Production, Agricultural 

Faculty, University of Baghdad, 

Iraq 
 

MS Al-Khshali 

Department of Animal 

Production, Agricultural 

Faculty, University of Baghdad, 

Iraq 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correspondence 

ST Aljuboory 

Department of Animal 

Production, Agricultural 

Faculty, University of Baghdad, 

Iraq  

 

 

 

 

 

 
 

 

 

 

 

The relation of insulin like growth factor gene 

(IGF-1) with some physiological characteristics of 

common CARP (Cyprinus carpio) 

 
ST Aljuboory and MS Al-Khshali  

 
Abstract 
The present study was conducted to identify genotypes of insulin- like growth factor (IGF-I) and its 

relation with some of the physiological characteristics (glucose, AST & ALT) of common carp Cyprinus 

carpio in Al-Radhwaniyah Fish reservoir (Baghdad). It has been identified genotypes of insulin like 

growth factor by using restriction fragment length polymorphism (RFLP) in specified mutation in the site 

3759T > G. Results of physiological characteristics showed that the blood glucose rate was affected 

significantly (p<0.05) by different genotypes as which glucose concentration in TT genotype was 87.87 

mg/100, whereas about 67.21mg/100 in TG genotype. Regarding values of transaminase enzymes (AST 

& ALT) they did not affect significantly by any of genotypes. ALT Value in TT genotypes was 52.66 IU 

with 46.33 IU in TG genotypes, as for AST, the results were 87.66, 88.33 IU in TG, TT genotypes 

respectively. The present study conclude that the possibility of credibility upon polymorphism in insulin 

like growth factor as assign for physiological performance prediction of fish body and select them to be 

parents for coming generation. 
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1. Introduction 
Molecular genetics has played important role in breeding of the aquatic organisms through 

application of genetically modified technology to change fish gene in order to promote 

important production characteristics commercially such as growth rate and disease resistance 

khan et al [1]. Genetic technology has used growth hormones by using genetic modification 

because production costs in aquaculture projects depended upon time, which will reduce these 

costs, obtaining healthy animals, reduce the exposing to dangerous diseases and predators, 

whereas the traditional methods of selection were responsible for great improvement in growth 

rate, but with slow progress relatively [2]. 

Insulin like growth factor (IGF-I) is known under the name Somatomedin C which is Peptide 

multi-hormone plays focal role in growth and development of vertebrates [3]. IGF-I consisted 

of 70 essential peptide amino acids, and contains three internal chains of disulfate [4]. Insulin 

like growth factor (IGF-I) is mainly manufactured in liver by stimulation of growth hormone 

(GH), it flows to blood stream and reach all targeted tissues in order to perform its function 

effectively, by manufacturing of growth hormone - releasing hormone (GHRH) from 

hypothalamus, then flow to the pituitary gland by receptors located on the surface secreting 

growth hormone which directed towards the receptors in all parts of the body such as hepatic 

glands which enriched with GH receptors, then when it is reaching liver it will start to 

manufacture IGF-I [5]. But there is general agreement that the concentration of IGF-I in serum 

effects on the releasing of GH from anterior pituitary gland by feedback mechanism for 

definite inhibition of genetic transcription and secreting of growth hormone (GH) [6]. 

Insulin like growth factor (IGF-I) played an important role in cells reproduction, 

differentiation and functional formation of fish immunity system [7]. Most studies of last 

decade on fish focused on revealing identity of IGF in different species of fish, improving the 

blood properties or Peptide tissue levels (mRNA or IGF-I), variables measurement of IGF-I in 

blood and IGF-I tissues, its response to different nutrition conditions, season and control 

evaluation upon production of IGF-I by other endocrine gland such as thyroid [8] or estrogen 
[9]. Furthermore, IGF-I in fish did not only related with growth, but also with metabolic process 
[10], development [11], reproduction [12] and osmoregulation in marine fish [13]. 
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The objective of the present study was to shed light the 

several axes: determination genetic morphology, 

polymorphism in the insulin-like growth hormone gene in a 

common carp fish sample and the allele frequency calculation 

with a number of physiological traits that have a direct impact 

on fish health and growth. 

 

2. Materials and Methods 

2.1 study area details  

The present study was performed in Al-Radhwaniyah fish 

reservoir in Baghdad, For the period from 15/10/2016 until 

5/2/2017 as 95 samples of C. carpio were collected and reared 

in concrete basins for 110 days with 7*3* 1.2 meter. Fish 

were fed on commercial diet containing %26.8 proteins, %1.5 

Fats and energy of 3165 Kilo calorie. Fish were numbered the 

number was fixed near to pectoral fin for each fish.  
 

2.2 Extraction of DNA and Polymerase Chain Reaction 

One ml of blood was collected from the heart muscle of all 

trial fish. These samples were collected in EDTA tubes and 

kept in freezer (-18 ºC). for DNA extraction by using DNA 

extraction kit (Geneaid,korea). They adopted method of 

Sambrook etal. [14] for Electrophoreses, it specimen 

transferred by electricity power of 70 Volt and current of 

40mA for one hour. Results were filmed by photo 

documentation system. 
Primer was selected for molecular detection and identifying 

polymorphism for genes and mutation in IGF-I gene 

according to Feng et al. [15]. Primer was provided by Korean 

pioneer company and its sequences showed in Table 1. Primer 

works according to specific conditions as in the following:  

Initial denaturation at 95° °C, one cycle for 4 minutes, 

Denaturation at 94° °C, 35 cycle for 30 seconds for single 

cycle, Annealing at 56° °C, 35 cycle for 30 second for single 

cycle, Extension at 72° °C,35 cycle for one minutes, Final 

Extension at 72° °C, single cycle for 5 minutes. 

 
Table 1: Sequence of the primer used and the area covered by the 

insulin-like factor growth hormone gene 
 

Sequence  region Gene 
F:5 GCACAATGGCTCAAGGAAGT 3 Second 

Intron 
IGF-I 

R:5 GTTTGTATCTGGGGAATGGG 3 

 
2.3 Blood Analysis  

One ml from fish blood were collected by drawing the blood 

from heart muscle, and then put in tube of 5 ml capacity with 

EDTA. Plasma was centrifuged (3000R/M) for fifteen 

minutes, and then put in sterile tubes of biochemical analysis 

and plasma analysis which included Glucose, Aspartate 

Transaminase (AST) and Alanine Transaminase (ALT).The 

tests were conducted based on the Indian agappe company [16].  
 

2.4 Statistical analysis 

Statistical Analysis System was used in data analysis SAS [17] 

according to complete randomized design (CRD) using the 

general linear model (GLM) and Duncan multiple range test 
[18] was used to compare the means between genotypes at a 

significant level (p<0.005). 
  

3. Results and Discussion 
3.1 Polymerase chain reaction – PCR 

Fig. 1: refers to the extracted fragment from IGF-I gene, 

results of electrophoresis showed the required fragment which 

amounted 1061 bp after amplifying by Polymerase Chain 

Reaction (PCR), a sample of 5 microliters was relayed 

migrate loading pigment during 1 hour, voltage 70, 40 m. 

Amber, then the result was filmed by photographic 

documentation devise with the existence of DNA fragments 

of specified size marker to ensure the extraction process 

success, and these results are agree with the primer designed 

according to Feng et al [15] in terms of the required bundle 

appearance which amounted 1061 bp in his study on common 

carp.  

 

 
 

Fig 1: Extracted fragment from insulin like growth factor of 

hormone gene 

 

3.2 Genotypes in insulin like hormone gene using RFLP 

Technique 

Genotypes in insulin like hormone gene in carp were 

identified by Restriction Fragment Length 

Polymorphism(RFLP) with the existence of the Restriction 

enzyme BstEll (Eco9ll) and the product was migrated by 

agarose gel 1.5% for one hour and half and adjust the voltage 

70 volt, 40 m. Am with marker (100 – 3000 bp) as in Fig. 2. 

 

 
 

Fig 2: Bundles formed after the BstEII enzyme restriction process to 

determine the genotypes of IGF-I gene. 

 

Restriction was performed with BstEll, enzyme, where 

identifying the sensitive location within a specific sequence of 

cutting location, cutting is done in 3759 T<G location of the 

second Intron (accession no. AF465830,1) where indicates of 

two bundles the first was 913 bp and the second 148 bp in 

size followed the wild genotype (TT), where cutting was 

performed in both Alleles (no mutation in both Alleles), as for 

existence of three bundles (19061,913,148 bp) implies the 

Heterozygous genotype (TG), existence of mutation in one 

Allele (changing the nitrogenaes base T to G in one Allele) 

and there existed one bundles of 1061 bp in size, that implies 

symmetric homozygous genotype (GG) containing the 

mutation in both Alleles. 
 

3.3 Distribution of IGF-I gene genotypes in common carp 

Table 2 demonstrated numbers and percentages of fish 

genotypes distribution, where they were amounted 69.47% for 

fish carrying TT genotype, 29.47% for fish carrying TG 

genotype and 1.06% for fish carrying GG genotype with 

significant difference between genotypes. 
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Table 2: Numbers and percentages of genotypes and the allele 

frequency of IGF-I gene in common carp. 
 

Percentage (%) the number Genotype 
69.47 66 TT 

29.47 28 TG 

1.06 1 GG 

100% 95 Total 

**10.735 --- (χ2) Chai square value 

 
Fig. 3 indicates the values of glucose, AST and ALT, where 

noticed significant increase in (P>0.05) blood glucose 

concentration and recorded 87.87mg/100 ml in TT genotype 

with 67.21 mg/100 ml in TG genotype, where ALT Value in 

TT genotype was 52.66 IU with 46.33 IU in TG genotype, as 

for AST, the results were 87.66, 88.33 IU in TG, TT 

genotypes respectively. It has observed absence of GG 

genotype, where there is only one fish within genotype, so 

this sample was neglected from the statistical analysis. 

 

 
 

Fig 3: Values of glucose (mg / 100 ml), AST and ALT (IU) in the 

blood of common carp fish. 

 

Biochemical blood characteristics are considered as important 

tool could be used as an effective and sensitive indicator to 

monitor the physiological and pathological changes in fish [19]. 

It has proved that the analysis health status for the cultivated 

fish provide reliable data of metabolism disorder and the 

chronic stress before they being existed in the clinical 

symptoms. 

Insulin mainly contributes in metabolism and regulation the 

glucose and fat in mammals also control growth and 

differentiation in fatty tissues [20], whereas the effect of insulin 

and IGF-I on fatty tissues is not well known in fish, but the 

relative significance of its effects are on fish muscles and they 

are seemed to be different from mammals [21]. Dagger et al [22] 

stated in their study which conducted on lates calcarifer that 

IGF-I and the insulin stimulate amino acids absorption in 

muscles tissues where is more effective than insulin hormone 

to motivate glucose absorption in fish muscles. 

The mechanism by which the insulin works and IGF-I to 

transfer glucose are completely unclear in fish. Many studies 

illustrated insulin work and IGF-I in fish for Glucose and 

Amino acids, where it has described IGF-I and the insulin for 

the first time on deoxyglucose-2 absorption in salmon and 

IGF-I was more effective to stimulate Glucose absorption 

comp owed to insulin, that indicates that IGF-I plays an 

essential role in metabolism in fatty cells [23]. Liver enzymes 

(AST and ALT) are considered the most important dominated 

enzymes for amino acids formulation and are affected largely 

by IGF-I secretion from liver [24]. It has observed decreasing 

of enzyme protein metabolism effectiveness (AST and ALT) 

when the available amino acids are negligible [25]. Also IGF-I 

has effects on decreasing the osmotic pressure and sodium 

levels, modifying liver glucose and fat metabolism [26], 

besides IGF-I regulates most body activities such as cellular 

growth and differentiation [27], and transcription of DNA and 

protein production [28], carbohydrate and fat metabolism [29]. 

Glucose level in blood could be decreased with increasing of 

water temperature and could differ according to season 

temperature, and glucose level in fish blood affects by age 

and size [30].The great increasing in blood glucose 

concentration in fish carrying genotype TT related to the 

essential role which the hormone plays to regulate blood 

glucose, the mutation occurs in 3759 T<G effected largely on 

IGF-I expression in liver and in locations specified to control 

blood Glucose that reflects negatively on fish carrying the 

mutation, age, environmental conditions and fish activity has 

great effect on glucose concentration in blood. This is 

agreeing with results presented by Marta et al [31] that IGF-I 

and IGF-II stimulate glucose absorption in salmon 

Oncorhynchs mykiss. 

 

4. Conclusion  
The study results revealed polymorphism features in the 

insulin-like growth factor gene in common carp fish using the 

BstE11, enzyme, in the SNP identified at site T <G 3759. The 

values of glucose were significantly affected (P<0.05). TT 

showed the highest values compared to the hybrid structure. 

AST and ALT concentrations were not affected by different 

genotypes. 

 

5. Acknowledgement 

The authors express their deep gratitude to Dr. Hassan S.A. 

Jawad\ Department of Animal Production\ Faculty of 

Agriculture, for his valuable assistance in publishing the 

research and Muath A.N. AL-Azzawy\ Reacher, for his help 

throughout the studies. 

 

6. References 

1. Khan S, Duan P, Yao L, Hou H. Shift-work mediated 

disruptions of Circadian rhythms and sleep homeostasis 

cause serious health problems. 

2. Feng X, Yu X, Pang M, Liu H, Tong J. Molecular 

characterization and expression of three 

preprosomatostatin genes and their association with 

growth in common carp (Cyprinus carpio). Comparative 

Biochemistry and Physiology. 2016; 182:37-46. 

3. Renaville R, Hammadi M, Portetelle D. Role of the 

somatotropic axis in the mammalian metabolism. 

Domestic Animal Endocrinology. 2002; 23:351-360. 

4. Kavsan VM, Grebenjuk VA, Koval AP, Skorokhod AS, 

Roberts CJ, Leroith D. Isolation of a second nonallelic 

insulinlike growth factor I gene from the salmon genome. 

DNA Cell Biology. 1994; 13:555-559. 

5. Ohlsson C, Mohan S, Sjogren K, Tivesten A, Isgaard J, 

Isaksson O et al. The role of liver-derived insulin-like 

growth factor-I. Endocrine Reviews. 2009; 30:494-535. 

6. Honda J, Manabe Y, Matsumura R, Takeuchi S, 

Takahashi S. IGF-I regulates pro-opiomelanocortin and 

GH gene expression in the mouse pituitary gland. Journal 

of Endocrinology. 2003; 178:71-82. 

7. Yada T, Kaiya H, Mutoh K, Azuma T, Hyodo S, 

Kangawa K. Ghrelin stimulates phagocytosis and 

superoxide production in fish leukocytes. Journal of 

Endocrinology. 2006; 189:57-65. 

8. Schmid AC, Lutz I, Kloas W, Reinecke M. Thyroid 

hormone stimulates hepatic IGF-I mRNA expression in a 

bony fish, the tilapia Oreochromis mossambicus, in vitro 

and in vivo. General and Comparative Endocrinology. 

2003; 130:129-134. 



 

~ 1303 ~ 

Journal of Entomology and Zoology Studies 
 

9. Riley LG, Hirano T, Grau EG. Estradiol-17beta and 

dihydrotestosterone differentially regulate vitellogenin 

and insulin-like growth factor-I production in primary 

hepatocytes of the tilapia Oreochromis mossambicus. 

Comparative Biochemistry and Physiology- Part C: 

Toxicology & Pharmacology. 2004; 138:177-186. 

10. Castillo J, Codina M, Martínez ML, Navarro I, Gutiérrez 

J. Metabolic and mitogenic effects of IGF-I and insulin 

on muscle cells of rainbow trout. American Journal of 

Physiology-Regulatory, Integrative and Comparative 

Physiology. 2004; 283:R647-R652. 

11. Pozios KC, Ding J, Degger B, Upton Z, Duan C. IGFs 

stimulate zebrafish cell proliferation by activating MAP 

kinase and PI3-kinasesignaling pathways. American 

Journal of Physiology-Regulatory, Integrative and 

Comparative Physiology. 2001; 280:R1230-R1239. 

12. Weber G, Sullivan CV. Effects of insulin-like growth 

factorI on in vitro Wnal oocyte maturation and ovarian 

steroidogenesis in striped bass, Morone saxatilis. Biology 

of Reproduction. 2000; 63:1049-1057. 

13. Mccormick SD. Endocrine control of osmoregulation in 

teleost fish. American Zoologist. 2001; 41:781-794. 

14. Sambrook J, Fritschi EF, Maniatis T. Molecular cloning: 

a laboratorymanual, Cold Spring Harbor Laboratory 

Press, New York. 1989. 

15. Feng X, Yu X, Tong J. Novel single nucleotide 

polymorphisms of the insulin-like growth factor-I gene 

and their associations with growth traits in common carp 

(Cyprinus carpio). International Journal of Molecular 

Sciences. 2014; 15:22471-22482.  

16. Lee BS, Lee YU, Kim HS, Kim TH, Park J, Lee JG et al. 

Fully integrated lab-on-a-disc for simultaneous analysis 

of biochemistry and immunoassay from whole blood. 

Lab on a Chip. 2011; 11(1):70-8. 

17. SAS. SAS User’s Guide: Statistics Version 6th ed., SAS 

Institute Inc. 2012. 

18. Duncan DB. Multiple Range and Multiple F Tests. 

Biometrics. 1955; 11:1. 

19. Xiaoyun Z, Mingyun L, Khalid A, Weinmin W. 

Comparative of haematology and serum biochemistry of 

cultured and wild Dojo loach Misgurnus anguillicadatus. 

Fish Physiology and Biochemistry. 2009; 35:435-441. 

20. Laviola G, Adriani W, Gaudino C, Marino R, Keller F. 

Paradoxical effects of prenatal acetylcholinesterase 

blockade on neuro-behavioral development and drug-

induced stereotypies in reeler mutant mice. 

Psychopharmacology. 2006; 187:331-344. 

21. Negatu Z, Meier AH. In vitro incorporation of 

[14C]glycine into muscle protein of gulf killifish 

(Fundulus grandis) in response to insulin-like growth 

factor-I Gen. General and Comparative Endocrinology. 

1995; 98:193-201. 

22. Degger B, Upton Z, Soole K, Collet C, Richardson, N. 

Comparison of recombinant barramundi and human 

insulin-like growth factor (IGF)-I in juvenile barramundi 

(Lates calcarifer): in vivo metabolic effects, association 

with circulating IGF-I binding proteins, and tissue 

localization. General and Comparative Endocrinology. 

2000; 117:395-403. 

23. Bouraoui L, Capilla E, Gutiérrez J, Navarro I. Insulin and 

insulin-like growth factor I signaling pathways in 

rainbow trout (Oncorhynchus mykiss) during 

adipogenesis and their implication in glucose uptake. 

American Journal of Physiology-Regulatory, Integrative 

and Comparative Physiology. 2010; 299(1):R33-41. 

24. Marta C, Daniel GD, Joan S, Núria M, Oxana CH, Isabel 

N, Joaquim G. Metabolic and mitogenic effects of IGF-II 

in rainbow trout (Oncorhynchus mykiss) myocytes in 

culture and the role of IGF-II in the PI3K/Akt and MAPK 

signalling pathways. General and Comparative 

Endocrinology. 2008; 157:116-124. 

25. Cheng ZY, Ai QH, Mai KS, Xu W, Ma HM, Li Y, Zhang 

JM. Effects of dietary canola meal on growth 

performance, digestion and metabolism of Japanese 

seabass, Lateolabrax japonicus. Aquaculture, 2010; 

305:102-108. 

26. Sangiao S, Polakof S, Arjona F, Kleszczynska A, Martín 

D, Míguez JM et al. Osmoregulatory and metabolic 

changes in the gilthead sea bream Sparus auratus after 

arginine vasotocin (AVT) treatment. General and 

Comparative Endocrinology. 2006; 15:148(3):348-58. 

27. Otteson DC, Cirenza PF, Hitchcock PF. Persistent 

neurogenesis in the teleost retina: Evidence for regulation 

by the growth-hormone/insulin-like growth factor-I axis. 

Mechanisms of Development. 2002; 117:137-149. 

28. Duan C. Nutritional and developmental regulation of 

insulinlike growth factors in fish. Journal of Nutrition. 

1998; 128:306S-314S. 

29. Sheridan MA, Reindl KM. Peripheral regulation of the 

growth hormone-insulin-like growth factor system in fish 

and other vertebrates. Comparative Biochemistry and 

Physiology. 2012; 163:231-245. 

30. Hrubec TC, Smith SA, Robertson JL. Age related 

changes in haematology and plasma chemistry values of 

hybrid striped bass (Morne chrysops; Morne saxatilis). 

Veterinary Clinical Pathology. 2001; 30:8-15. 

31. Metón I, Mediavilla D, Caseras A, Cantó E, Fernández F, 

Baanante I. Effect of diet composition and ration size on 

key enzyme activities of glycolysis–gluconeogenesis, the 

pentose phosphate pathway and amino acid metabolism 

in liver of gilthead sea bream (Sparus aurata). British 

Journal of Nutrition. 1999; 82:223-232. 


