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Article Info ABSTRACT
Article type: Background and Objectives: Studies on the oral application of growth
Full Length Research Paper  hormone can enhance fish growth and aguaculture development by
improving feed efficiency. This study was designed to investigate the
) ) effects of different levels of human growth hormone on growth indices, the
Article history: expression of two genes (GHR and IGF1), and intestinal pathology in
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Revised:  09.27 2024 rainbow trout fry (75 fish with an initial weight of 1.469 + 0.251 grams).

Accepted: 10.13.2024 Materials and Methods: The experiment was conducted over 30 days
using a completely randomized design with 3 treatments and 2 replicates.
The experimental treatments included a control group (without hormone),

Keywords: fish fed a diet containing 0.2 mg of growth hormone per gram of feed, and
Gene expression, fish fed a diet containing 0.4 mg of growth hormone per gram of feed.
Insulin-like growth factor,

Salmon, Results: The results indicated that human growth hormone significantly
Somatotropin increased body weight, specific growth rate, and liver index (P<0.05), while

the feed conversion ratio in the control group was significantly higher than in
the groups receiving 0.2 and 0.4 mg of growth hormone (P<0.05).
Additionally, hormone consumption did not have a significant effect on the
expression of the GHR and IGF1 genes. Histopathological examinations of
the intestines of rainbow trout fry showed a normal intestinal condition in the
control group, with mild infiltration of inflammatory cells in the subepithelial
layer of the intestinal tissue in the hormone-treated groups.

Conclusion: Therefore, based on the data obtained from this research, it
seems that the use of human growth hormone in the diet of rainbow trout
fry not only improves growth indices and stimulates intestinal immunity
but also does not cause damage to the intestinal tissue.
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Table 1. Percentage of Components and Chemical Analysis of the Diet.
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Table 2. Sequence of primers used in the analysis of GHR and IGF1 gene expression.
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Table 3. Effect of growth hormone on growth indices and expression of GHR and IGF1 genes in the liver tissue
of rainbow trout juveniles.
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Figure 1. Effect of growth hormone on expression of GHR and IGF1 genes in the liver tissue
of rainbow trout juveniles.
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Figure 2. Histopathological findings of the intestines related to control group fish (A and B) and those treated
with growth hormone (C-F).

The white arrows indicate mild infiltration of mononuclear inflammatory cells in the subepithelial mucosa
of the intestines of fish receiving growth hormone. The tips of the arrows in the second column show higher
magnification images. Staining with hematoxylin and eosin. Scale bar = 300 micrometers for A, C, and E;
50 micrometers for B, D, and F.

b DLSHS, VI sl s b o coy

sles 4 s 035 5 dsb SRl Bl s Sola e sl A5 05058 Sl ool Sl anlllas o
i 4338 Sldlas w3 (Y) A3 dals o S g 0dl (ol 5 S O son
30 03 68 LSS Al L GoF LS a0 o VI35 Olale iz 53l e L5 Sl
(O U35 pS 2 p S5SNI 5 ) WL Sedlial plie agn e Al s les
bt S 0l Uk Ll o Sl sne 5 sbas Olimeas Sk Sl opon A3, O
2>l 5 6,6 Ll s (Ictalurus punctatus) eSSk Yo 53 Jsassa Jslme 0 85 S Yo

£4



Y€+ € ﬁ.b Y b)w NE 8,92 ‘qui L«’s)sﬁ-?d)"’f.b){‘f Q)ﬁu

L dlios 5 @olw lallan 55 (YY) o2l AS
Coho salmon s as; Oseys8 Gy5 bl o 5
(o) sea bream ; (Y¢) 0lS .5, (sVIJ 3 (YY)
A Olale s 3 IGFL 0 ols il sl s
Ly Do Ok o5 p S p eSS YE Gy
o 0S5, VB sl o 8 S
sldse IGFL 05 Ol nl@l o S)ls sme
ol SKan b s ol (YD) s s
o3 Olale Sl55 5 o GRlST (b g
Sldlls s a3l o5 Job b Ogansm Sl eslizad
Sl ki s Sl el aseie Al il
23 LA S S Ss L) O el
Lad oo lBl S S8 e Gl LAl
53 IGFL e Vb 0l Ll 3l b 51 (1Y)
35,5 0y 55 Ol Sy Cel ol (Ses AS
iy s s pl s Sl aaz g L L(YA)
e Sh Coson 5 Sl odld G) 5 0L«
Gl Sl Ososr il s Sl (Sl el
Ll Ol 52 (ol gme DMl E158 oKans
oS Al asls s 035, <L 43 GHR 5 IGF1
S s 5 ol 02
S S BB anls (5K S s 0
3y dald s S Olale esy, b s ol
sl )58 LJ{LL: B AN J&) RIWIRY
25 e o sdd ogsa (ol slad s
Glaes S 53 a5, il Loy n LY 5 Jikzyl
s S 355 (CF 0 JK8) Ogepn sdiS il s
© S oy Sl s Ol JSsba
e s 4 Llg e S S sdalie Jall L
035 sl Su o s Gl Ly Ope e (ST
S das e Olaloams

eL<:~«:J Jw‘jw)J Juil) d)ﬂ))ﬁ e.l.;ﬁg sz‘lﬁg_)‘:“sb

<

CZJJ 09 (:j:kﬁ:\ﬁ)\:ﬁjhjb S U':’J\J‘f

O+

wllas cpl 53 648 Lasls (il .l giS
s AL A4S 3 sdsed Ll Clew ol oK
(TV) 55 0 S atld Jals ol uS 55
Shads Osesn dlesl 5l (Sl &5 258 0 5500l
Ly Sl ilaslil S s S WS Gk
Ll pale 53 kS o o AGF-1) Y o psl e
S5 L e e L) Oy Dblse e nla
e o> Olae e LI Olge 4 S LS
Sldl 4 g SR 5 0SS, (VI
(Oreochromis niloticus) s sloks ale ;5 <l
cbadile 5 ARl Sldlas ool 5 ygde
Al S5 0SS, VIUB ale sus
Sla g 4 Sels A, Ose 5 45 s 0 0L
S 5o bl et a5 05 e S
L;,tl; 25 Jﬁ‘jé‘ e e u:ﬁljél Iy O
Sy Lol o S5 Lol en A3, g0 58
S S L Opepsm L Ol Zos VIS sl
V) 5,805 4 Y 5 il
Oz e o diile daale s o oy o laia,
Oyosn bl
5556 5 ORIF) (ol pobivs sl g ¢ 50V0 50
w5 GRF) atiS G o Ay 0058 oSl

R YR P RS SV P SN

33 3y Sdpbe St Jcnl b ssd
RS a5 Lol el o b 538 0 mhaw 3 S
WIS eSS gdspr Ady Oespn ilesll
Oyossm @33l IGF-1 odilssl (i conl ol
slaclis s 5o 4 analy ey 4 A
VP ol sdss gladsle A&
s ol s (YY) ol s ol 0leS K,
Oy 2 Solsiime 6 o 4 Ad) Ogesm 0353
ol 4S wib s GHR 5 IGFL slao)
G Ad) O Gy ol adlae LoLadyes

b 5 IGFL 05 0l 5 (suls sxe J,JL? Al S



Olse2 9 3lho Slisea! Lo aes | oo (Sl coS g dd) (390,98 O 51 (o) 2

Soeslizal sy bl gl e Ll s
M)JW&%M)J?—@GM)J .Lj) Q}A)}A
Oldlas 343 0 am s 5 sls 0L s Sl
S a0l 5SS we nl 3 G
Ls‘°‘>.5.) g_)J?- QK&‘ B8] MJUQA u,,:\ DL Ld [NV
Sy QLQS&“KJ) é‘ﬂdjé Al 53 Ady e e
Skl ks Ay 03098 45 5500 (6 S et 035
OlaS 555 YIS aloamy 3 355 3 b 5l dr
u,_.v.l QL:J LO..L.‘.:'T C)L&‘Lb.d DL J).Jl Wl 4-;«#_54 J\.JL&
Osapsn odr s &5 50 o) 3L )2 O 0

S DA o 250

S35 lows
5 dgde wsn b oK ol L hash ol
Sl OB 55 S el OOAVA/Y oyl 25 S
& Oy saie Ay ekige BT 511 5 s,

.,\JJJT&L}AJ«Q sale Osls 13 L s g

&l o)l

P LS &S S e Ol OBy

53 sy Wlie ol LLasl b odaly s el
w3 D 6J-<€.’ FUCSN albE e pl glaosls
L T - T S & B F TP
23 gl S boosslie (IS Gl s £ S s
SO Grags ol pabse Lok glans s
@L:jjsjl.)u' 3)’.‘)“-‘:-‘)(;1‘)’ dx.él;.abl.é_? O‘i‘)‘ft‘.’
Jites 5wl b SlS Wlie ) s et i05S

o)

AU i slge Sl 5 55000 208 glad sl
ol oMb ale gy, Sldlas L(YA) 5,105
3 Ses 5 okl 055581 A8 Qgapsm 45 sl 03
035, oDl 53 1y OF JHE 5 A8 o Joas 1y 035,
(¥ &S o 4t
Osusn bodd 4d& 50 3 ale (55, a3y
Epinephelus lanceolatus (rEIGH) _.s 55 1,
2 sl R (S s Gk
Sl s e s a5 Ses
) sls OLES 5 b el 4y ol 8L ol 05
sl sl ale sy S Slllas (opl 5 oesdle
L alaale o sls OLES d plnil a5 WL
Shls Loy Osepsn oyl 5 o & SYL s, 5
S e IRl s 585 leass slacer
0% o5l wlbiacsl Ol as edasOlis oS Laes
iy Opaen bl ilesl (ol o ogdle ol o3,
Vidp b oo S o) s w0 a5 (BGH) 48
Syl b 5 eagy st 5o 1) Slesd (S 58
gaozme 53 Laadly () (F0) sls OLAS O 58 it
03 Ah) Usenss S O me oS das e 0L
3 s 50K b ens, lidcsl p wilg e sl

S o w1y e opl s 5 e G fash 4

5 (65 2o
Olaboans wdad 53 Al Oseppn 5l eslinad
Slaoasls ol b 0SS5 (VIS
Ll ) g e 5 S8 O (g Shes
5 GHR (leos by 5 05y wbidcsl gla v, 5
Ol Oss0 ekasplis AS sb s IGFL



Y€+ € )ﬁb Y b)w NE 8,90 ‘qui &)sﬁsd)‘bﬁb){a‘ 4:{).»&.0

1.Food and Agriculture Organization of the
United Nations. (2020). The state of
world fisheries and aquaculture 2020:
Sustainability in action. Food and
Agriculture Organization of the United
Nations.

2.Weber, J., Bochi, V. C., Ribeiro, C. P,
Victério, A. D. M., & Emanuelli, T.
(2008). Effect of different cooking
methods on the oxidation, proximate and
fatty acid composition of silver catfish
(Rhamdia quelen) fillets. Food chemistry,
106(1), 140-146.

3.Gabillard, J. C., Weil, C., Rescan, P. Y.,
Navarro, 1., Gutiérrez, J., & Le Bail, P. Y.
(2005). Does the GH/IGF system mediate
the effect of water temperature on fish
growth? A review. Cybium, 29(2), 107-117.

4.Boziaris, 1. S. (Ed.). (2014). Seafood
processing: technology, quality and
safety. John Wiley & Sons.

5.Wood, A. W., Duan, G., & Bern, H. A.
(2005).  Insulin-like  growth  factor
signaling in fish. International review of
cytology, 243(1), 215-285.

6.Hymer, W. C., Kennett, M. J., Maji,
S. K., Gosselink, K. L., McCall, G. E.,
Grindeland, R. E., & Kraemer, W. J.
(2020). Bioactive growth hormone in
humans: controversies, complexities and

concepts. Growth Hormone & IGF
Research, 50, 9-22.
7.Javadmanesh. (2018, August). A

comprehensive expression analysis of
GH-IGF1 axis transcripts in bovine pre-
and postnatal tissues. In The 8" Iranian
Animal Science Congress.

8.Ghanipoor-Samami, M., Javadmanesh,
A., Burns, B. M., Thomsen, D. A.
Nattrass, G. S., Estrella, C. A. S, ... &
Hiendleder, S. (2018). Atlas of tissue-and
developmental stage specific gene
expression for the bovine insulin-like
growth factor (IGF) system. PloS one,
13(7), e0200466.

9.Canosa, L. F., Chang, J. P.,, & Peter,
R. E. (2007). Neuroendocrine control of
growth hormone in fish. General and
Comparative Endocrinology, 151(1), 1-26.

&l

oy

10.Sciara, A. A., Rubiolo, J. A,
Somoza, G. M., & Arranz, S. E.
(2006). Molecular cloning, expression
and immunological characterization
of pejerrey (Odontesthes bonariensis)
growth hormone. Comparative
Biochemistry and Physiology Part C:
Toxicology & Pharmacology,
142(3-4), 284-292.

11.Busby, E. R., Roch, G. J, &
Sherwood, N. M. (2010). Endocrinology
of zebrafish: a small fish with a
large gene pool. In Fish Physiology
(Vol. 29, pp. 173-247). Academic Press.

12.Waters, M. J., Shang, C. A., Behncken,
S. N., Tam, S. P., Li, H., Shen, B., &
Lobie, P. E. (1999). Growth hormone as
a cytokine. Clinical and experimental
pharmacology and physiology,
26(10), 760-764.

13.Amirpour, Z., Haji Baglo, A., Sodagar,
M., & Paknejad, H. (2019). Effects of
short-term bath of growth hormone
(somatotropin) on some growth and
immunity indicators in the early stages

of growth of rainbow  trout
(Oncorhynchus mykiss). Agquaculture
Development Journal, 13(3), 1-12.

14 Moriyama, S., Yamamoto, H.,

Sugimoto, S., Abe, T., Hirano, T., &
Kawauchi, H. (1993). Oral administration
of recombinant salmon growth hormone
to rainbow trout, Oncorhynchus mykiss.
Aquaculture, 112(1), 99-106.

15.Hymer, W. C., Kennett, M. J., Maji,
S. K., Gosselink, K. L., McCall, G. E.,
Grindeland, R. E., ... & Kraemer, W. J.
(2020). Bioactive growth hormone in
humans: controversies, complexities and
concepts. Growth Hormone & IGF
Research, 50, 9-22.

16.Tsai, H. J., Kuo, J. C,, Lou, S. W., &
Kuo, T. T. (1994). Growth enhancement
of juvenile striped mullet by feeding
recombinant yeasts containing fish
growth hormone. The Progressive Fish-
Culturist, 56(1), 7-12.



Olse2 9 3lho Slisea! Lo aes | oo (Sl coS g dd) (390,98 O 51 (o) 2

17.A0AC. (1995). Method 99142 &
993.19. Official methods of analysis
(16th ed.). Washington, DC: Association
of Official Analytical Chemists.

18.Riasi, M., Mozaffari Jovin, S., &
Javadmanesh, A. (2022). Effect of
Intramuscular  and Intraperitoneal
Injections of conjugated MSTN-siRNA-
cholesterol on Inhibition of Myostatin
Gene expression. Journal of Cell and
Molecular Research, 14(1), 20-27.

19.Liu, S., Zang, X., Liu, B., Zhang, X,
Kkiu, A., Zhang, X., & Liang, B. (2007).
Effect of growth hormone transgenic
Synechocystis on growth, feed efficiency,
muscle composition, haematology and
histology of turbot (Scophthalmus
maximus L.). Aquaculture Research,
38(12), 1283-1292.

20.Moriyama, S., Yamamoto, H., Sugimoto,
S., Abe, T., Hirano, T., & Kawauchi,
H. (1993). Oral administration of
recombinant salmon growth hormone to
rainbow trout, Oncorhynchus mykiss.
Aquaculture, 112(1), 99-106.

21.Peterson, B. C., Small, B. C., &
Bosworth, B. G. (2004). Effects of
bovine growth hormone (Posilac®) on
growth performance, body composition,
and IGFBPs in two strains of channel
catfish. Aquaculture, 232(1-4), 651-663.

22.Pérez-Sanchez, J., Weil, C., & Le Bail,
P. Y. (1992). Effects of human insulin-
like growth factor-1 on release of
growth hormone by rainbow trout
(Oncorhynchus mykiss) pituitary cells.
Journal of Experimental Zoology,
262(3), 287-290.

23.Cao, Q. P., Duguay, S. J., Plisetskaya,
E., Steiner, D. F., & Chan, S. J. (1989).
Nucleotide sequence and growth hormone-
regulated expression of salmon insulin-
like growth factor | mRNA. Molecular
Endocrinology, 3(12), 2005-2010.

24.Biga, P. R., Schelling, G. T., Hardy,
R. W., Cain, K. D., Overturf, K., & Ott,
T. L. (2004). The effects of recombinant
bovine somatotropin (rbST) on tissue
IGF-I, IGF-I receptor, and GH mRNA
levels in rainbow trout, Oncorhynchus

oy

mykiss. General and Comparative
Endocrinology, 135(3), 324-333.

25.Duguay, S. J., Lai-Zhang, J., Steiner,
D. F., Funkenstein, B., & Chan, S. J.
(1996). Developmental and tissue-
regulated expression of IGF-1 and IGF-I1
MRNASs in Sparus aurata. Journal of
Molecular Endocrinology, 16(2), 123-132.

26.Fenn, C. M., & Small, B. C.
(2015). Exogenous recombinant bovine
growth hormone stimulates growth and
hepatic IGF expression in shovelnose
sturgeon Scaphirhynchus platorhynchus.
Comparative Biochemistry and
Physiology Part A: Molecular &
Integrative Physiology, 180, 18-22.

27.Donaldson, E. M., Fagerlund, U. H.,
Higgs, D. A., & McBride, J. R. (1979).
Hormonal enhancement of growth. In
Fish physiology (Vol. 8, pp. 455-597).
Academic Press.

28.Roozbeh, B., Moazami, M.,
Rashidlamir, A., Moosavi, Z., &
Javadmanesh, A. (2019). The Eff ect of
resistance training and growth hormone
injection on circulating IGF-1 and
IGFBP-3 levels in a rat model. Iranian
Journal of Veterinary Science and
Technology, 11(1), 13-18.

29.Shulman, D. I. (2000). Gastrointestinal
effects of growth hormone. Endocrine,
12, 147-152.

30.Walker, R. L., Buret, A. G., Jackson,
C. L, Scott, K. G. E,, Bajwa, R.,, &
Habibi, H. R. (2004). Effects of growth
hormone on leucine  absorption,
intestinal morphology, and ultrastructure
of the goldish intestine. Canadian
journal of physiology and
pharmacology, 82(11), 951-959.

31.Antoro, S., Zairin Jr, M., Alimuddin, A.,
Suprayudi, M. A., & Faizal, 1. (2016).
Growth,  biochemical  composition,
innate  immunity and histological
performance of the juvenile humpback
grouper (C romileptes altivelis) after
treatment with recombinant fish growth
hormone. Aguaculture Research,
47(4), 1238-1250.






