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Abstract

Shark populations are constantly decreasing owing to environmental
destruction and overfishing; thus, sharks are now at a risk of extinction,
with 30.5% of shark species classified as endangered on the International
Union for Conservation of Nature’s Red List. Sharks are apex predators
and a keystone species in balancing the marine food chain; their
extinction will create an imbalance of the entire marine ecosystem.
Assisted reproductive technology is the last resort for protecting animals
facing severe extinction. Here, as a proactive effort toward building a
hormone-induced artificial insemination protocol for endangered wild
sharks, we identified the possibility of germ cell maturation by
administration of GnRH, a commercially produced synthetic salmon
gonadotropin—releasing hormone, and calculated its optimum dosage and
injection timing. The experiment was conducted on one shark species
Chiloscyllium plagiosum At a 24 h interval for female Chiloscyllium
plagiosum, and 0.2 ml/kg + 0.2 mL/kg at were optimal dose protocols.
These doses effectively induced the maturation and ovulation of oocytes
and the release. Our results confirm that GnRH is a suitable tool for
shark hormone-induced artificial insemination and indicate that this

method may enable the conservation of the endangered shark species.
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et al, 2012). 53] o7 A As = WHoRs F57] 2
AR 3HE o WstE o] &gk W A
ATHKim et al., 2021).

Ag2dstz Qe siFB el st 2o A Bol o gHU |

= AFE AFL RS oldd ofFo] ke AZeolA ogdH = T AH
A & W7 yehuar ok o= minke] e o 1%k A A wje

Heh g 7oy B3 S oS FEEA 71l dvtJu and
Kim, 2008). W&t A Ads = 2 2759 Hde A3 A58 7=
& w$- T8 th(EA Y, 2006, 2009 and 2011; wES S, 2010).

AA7A L3 FF7] MstE o] &3 A A 2 ATl AMEE tHEA
o] o]F=2E HEX7| £91(Oncorhynchus mykiss), ™A% WYX (Hippoglossus
hippoglossus) ©°] Ath. ol&fe = T3t ofF o] 23 FFU]o] FFgFS
of A Aol ¥ e Ze® Byl gth(Ham, 2010; Jonassen, 2000;
Kim et al, 2021).

ool A AHe kB AN A SAS Mo AAdsHtolA EHlske
AN 255 27 "SS5 2 P (gonadotropin-releasing hormone, GnRH)2 A|
okl A WEEo WA Gl A AS TESS EREES =
st A2y FHE FEtRR offd A ds FEE ST TEEAE AR
H3l kKo et al, 2011). °l¢k #se] AA7A 54| (Epinephelus
septemfasciatus) 2 ©EX(Hemibarbus mylodon) 52 TH¥3t 73 2Fo]Fol A
GnRH Fol& &3 A d= #57F "= Aoz HuHthKo, 2017; No and
Yoon, 2019). ®#td dAzolfel #F A= ddHdem Ay7F #53 AA]
.

AR ol A= 7 (Triakis scyllium)€b 3to] E¥] 2] XAk (Carchar

hinus longimanus) 7 &olAT A7 AYHJT FAHOZ FH 7hR] Ao
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(riakis scyllium)oll A<= GnRH 0.2 ml/kgs 13] Fof, 47 slo]ER]E| AT
(Carcharhinus longimanus)d| A& 24A17Fe] 34S 531 GnRH 0.2 ml/kg 2]
|Fe 23] FAYe W 7S AAY o] WolAa A HEE AV} F
7vete 235 Urtdlo] b BT A Aol fREHe Ao® HAHATHKI
m et al., 2020).

Azl Aol At 49 d T oAy WY ¥ HFS F2(Grogan
and Lund, 2004) A% EAA=A | AEAY 729 7|50l 4 9T
T8 st (Compagno, 2001; Dill et al.,, 2003; Baum and Worm 2009). ZL&{1}
AA g w9 ogEel o8] 1 JHA UF AFH R FolEa Utk AR
AAAAL T AYAUCN) | red listol]l ¢std 30.5%2] & Fo] 2BF57] T2
2 FFHa ATHIUCN, 202D a0 Btk 53] Aol 11 Al 717, =91 44
des, A2 hl A7 E Qlel] WA HET) g =y Ad M= JHAl g Fol

&l 7t
o Bl xHHER, HF 7] AT FolF
o A3 EE A =2 JAFE 3 AA A Bl vig Fastt
a1 & 4= At (Myers et al, 2007; Ferretti et al., 2010).
st W A =4 o] (Chiloseyllium plagiosum)+~= W= Ao EFE ofF o

2 AAHe] i 5ol AFAolse] Sath B LS vk vheke] A

Ak AAAelE R tlo] b F 5 8] watel - Wel W A b2 e
719l obehulofsl- T3l W Wbl Aloh Fol Wel REsm B P dgol
ot} 2~3/9e] gk A@AET] ok 6~7Urirh g P dRe AR F
oF MMstn WEAL 44718 Baw A 2on wdel A4 424 A
g3t 42 FH

I A= HAor dHA ArHCornish et al., 2007; Wyffels
et al, 2021). 1} @A FEEZ afjF Aol oF AAA w3 Fow W
A &40 (Chiloscyllium plagiosum)2] WAlS=7F 3738k TUCNe] & =4
H(Near Threatened under criteria) 22 #7353l JTHIUCN, 2021). o] &
AFANM = WAL FAA(C.plagiosum)e] A HAHS $8) GnRH S 2+& o]
|3 MALFA(Coplagiosuml FA A s 7= 3 A& 54 7FeA
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Ao EEQ MHAEFo] A7 F7 B5F GnRH Fo] 2 g AMZY A 3
2ol £A A4571HS FRen xR AT das AFHS H O 1hE F
GnRH (Ovaprim R, Sydel and Western, USA)E kg 9, 0.2 ml FAFSF T}
AR T2 BF X § 2-phenoxyethanols 80 ppm ¢ &= w3 $ 22
TR w3 o7t E Yo AN th 1 ml FAPIE 5 ] FAFeES
ok Ee MRS R U WP o® GnRHE 14 574 FAFskslon, 14
B

WEA T 24 A7 Rl 23 B FAbshevh
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e AAskslon, A2 g WEY2 23 54 FAF 5 244
Aol AAlekity. dole ae] w3 ml¥ AF st e, AFe 9o
2 84 8 FEESDel w¥ol 4T, 3,000 rpmellA ¥4w2]71(GZ-0406,
Gyrozen, KOREA)E AR&3dte] 723t 4 g8t olF d45 st

-50C Y¥Earel BEadt § MeoistdraG@=ydd, A5, gdrl=ped oF

3}o] estradiol, progesterone % testosterone &EZ ¥ F-A1S A AE}HS T}

B
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84S ol & NNt £A4L2 VetTest Slide(VetTest™, IDEXX, USA)
o} A3}sHEA7|(VET TEST 8008, IDEXX, USA)E o] &3lqich &4 gHo=
+ Alanine aminotransferase (ALT), Aspartate Aminotransferase (AST), To
tal protein (TP) ¥ Glucose (GLU), Phosphorus (PHOS)%} Calcium (Ca®" )<
oz Akt
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1. WA G =20 (C.plagiosum)e] A3 E

1-1. WA A ZEA0] =719 testosterone 3}

4 A dzF e GnRHE FA}

R8s

16 £ 1.68 ng/mL °lA] 16.32 £ 2.29

o,
ek
of\

fols
[
e
off
o
il
JINA

Mg o] 2710
3+ A& o A testosterone] W3l 5.

R8s

ng/mL 2 942 F7FE RS tH(Table. 1).
1-2. WA =Zxo] oF719] progesterone 2 estradiol W3}

Aol AR dF T2 w285 543 23 dlx=2+49 GnRHE A
3 218 oA progesterone 2 estradiol ®3EE 0.10 £ 0.03 ng/mLel A
+ 0.29 ng/mL, 0.332 £ 100.37 ng/mLelA 0.0616 £ 170.37 ng/mL=

A= SRkl ey ol d 2 dERA] et (P>0.05).

Table 1. Hormone concentrations of C. plagiosum. prior to GnRH administration

and after to GnRH injection

Concentration
Sex State Hormone
(M + SD)
Control Testosterone (ng/mlL) 5.16 + 1.68
male
(n=5)
GnRH injection Testosterone (ng/ml.) 16.32 + 2.29
Progesterone (ng/mlL) 0.10 = 0.03
Contrel
Estradicl (ng/ml.) 0.332 = 100.37
Female
(n=5) Progesterone (ng/mlL) 031+ 0.29
GnRH injection
Estradicl (ng/mL) 0.616.6 = 170.37
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2. MAATgole] Fol A W

2-1. AST 2 ALT®] W3}

—
J

WA 5deldl GnRH Fo] F, 719 ASTE tlz7¢F Hlusials o,
8.0 U/LelA 33 + 84 U/L=E F94< S715 Yetuidch b, b5l 7.8
+ 6.8 U/LelA 14 £ 6.5 U/LZ F24< T7Fs WehiA &vh(Fig. 1. o
o= ALTE 72 2 92 5 dixgoF vuslS f, 7212 20.8 + 4.6
U/LlA 25.2 £ 8.4 U/L, AL 17.2 £ 6.8 U/L oA 204 + 2.3 U/L &=
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Figure 1. Analysis of aspartate amino transaminase levels in serum of
male and female of C. plagiosum. Data are expressed as mean £ SD,

different superscript letters asterisk indicate significant difference
between the values (P<0.05).
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Figure 2. Analysis of alanine amino transaminase levels in serum of male
and female of C. plagiosum. Data are expressed as mean * SD, different

superscript letters asterisk indicate significant difference between the

values (/<0.05).
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2-2. PHOS % GLU W3}t

WAl #7209 47l GnRH Fo] F, PHOSE= 2004 ojx7-9F H]
W3S W 3.564 £ 0.23 mg/dLolA 3.64 + 0.55 mg/dL® F7Fskqich. vHd,
Al A dlzret vawskole W 3.34 + 0.84 mg/dLellA 2.74 £ 0.31

mg/dLE Aoy BF fo)dS HolAe FUrhFig. 3).

MAAFdo] 71 9 dAo| GnRH Fo] ¥, GLUE tZ&27-¢F Blusiols o
FAL 422 + 6.57 mg/dL oA 52.2 + 852 mg/dlL ¥ <AL 36 + 1
+ 1 mg/dL 2 B5F S7Fealoy Fo4 2 HolA &drk(Fig.

4).
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Figure 3. Analysis of phosphorus levels in serum of male and
female of C. plagiosum. Data are expressed as mean * SD,
different superscript letters asterisk indicate significant
difference between the values (/<0.05).
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Figure 4. Analysis of glucose levels in serum of male and
female of C. plagiosum. Data are expressed as mean * SD,
different superscript letters asterisk indicate significant
difference between the values (/<0.05).
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2-3. TP % Ca*" W3}

A % oF 3-4 g/dL
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Figure 5. Analysis of total protein levels in serum of male and
female of C. plagiosum. Data are expressed as mean = SD,
different superscript letters asterisk indicate significant
difference between the values (/<0.05).
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Figure 6. Analysis of Ca®" levels in serum male and female of
C. plagiosum. Data are expressed as mean = SD, different
superscript letters asterisk indicate significant difference
between the values (7<0.05).
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Figure 7. The Clasper of C. plagiosum. male after

copulation.

Figure 8. The scars on fin of C. plagiosum. female after

mating.
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Figure 9. The shape of inactivated eggs of C.

plagiosum.
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Figure. 10. Active and inactive eggs laid after mating.

Figure 11. Spawned eggs attached to pvc pipe.
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Figure 12. The measurement of size of egg in C.

plagiosum.

Figure 13. The change in the morphology eggs of C. plagiosum.
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Z7Fe} A EAY S (Sulikowski et al., 2007; George
et al.,, 2017). 53] WHASFAol= A5 Al7I] AF 7F ARl ww H
Abgho] kel AT gl Aok ool i A= ofA o] AbRRA[ 7]} B
55 A71Q1 2021 10€ Zo &3kt

2 AFoNME NHL S (Cplagiosum)d] 75 L Aol 4 H= T=2&
= 3&}}¢l gonadotropin releasing hormone(GnRH)S <194 ¢l E7F &=
sa gl g st s wv f= 3o S35 dEegih

WAL Fdo] 79| testosterone 3| Wk tiz=g-9F vluslS o,
Al F7Fe WERtHFig. D). ol 2020\ g3} ofFtopEetullo Al A A sto]
E Y gl X AL (Carcharhinus longimanus) %2 7VX7%49 (riakis scyllium)®l Tt sk
AFoME F Fo FH o] GnRHEY Fo ¥ testosterone % T7FE YERA
AKim, 2020)% LAttt Wb GnRHO Fol= WP AFgo] #7194
Aol FaFs mA= o= FAEAT

HbH 9} progesterone % estradiol®] %] Wglol] Qlo] thz-9} H]aL
As W, FA= STFSIAA R FAS HolA et shARE W A 5540 9

2 Qlsto] F A sEZo] Frlstel AeAd A ds Tt o

2 AT wEbA ovaprim> WMHLEFL] FH R 4A BEF
4 TEES TVRA AEHRERE A E= GnRHO 1914 FoA= Qg

et A Gth 1 2 IF 48402 G480 4 4% =8 T & e 2
)

=

Ugoz MidRdols do Aystd &4 235 &8 GnRH Fol F,
alanine amino transferase(ALT), aspartate amino transferase(AST),
phosphorus(PHOS), Total protein(TP), glucose(GLU) ¥ calcium(Ca*") w3}
E HE3 A3 AAHom FUHe gddh WA AST % ALTY #4 23
7ol o] ASTE tix+-¢F vlusidls wf, o2l S7H5 Hel whd, oAl
AST 2 71, 478 ALT= Fo4& HolA &skthFig. 1, 2).
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