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Changes in the Profiles of Serum LH, Testosterone, Estrogen, and IFG-I1 during
Sexual Development in Male Korean Native Chickens

H. J. Tae!, B. G. Jang, C. H Choi’, Y. J. Park’, H. H. Yang' and L S. Kim"'

lBio-Safety Research Institute, Department of Veterinary Anatomy, College of Veterinary Medicine, Chonbuk National University
*Poultry Division National Livestock Research Institute

ABSTRACT Changes in serum estradiol, insulin-like growth factor-1, leuteinizing and testosterone levels, and leuteinizing
hormone-stimulated testosterone production per testis in vitro from hatching to adulthood were studied in Korean native
chickens of 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 21, 24, 28, 32, 44, 52 and 64 weeks (n=13 chickens per group) of age. The
changes in the profiles of the levels in the incubation medium of luteinizing hormone-stimulated (100 ng/mL) testosterone
secretion per testis in vitro, and the serum LH, testosterone, estradiol, and insulin-like growth factor-I were determined by
radioimmunoassay. Serum estradiol levels were not significantly different at week 4 compared to that of 8, 12, 16, 21, 32,
and 44. Significant decreases were observed at weeks 52 and 64. Serum leuteinizing hormone concentrations were not
significantly different from 1 week to 12 weeks, increased gradually up to 32 weeks of age, and declined significantly
thereafter; the highest value was at 32 weeks, -and the Jowest value was detected at 2 weeks of age. Serum insulin-like growth
factor-I concentrations increased significantly from 1 week to 16 weeks, remained low and unchanged with advancing age.
Serum testosterone concentrations were not. significantly different at week 1 compared weeks 2, 4, 6, and 8. Significant
increases were observed from 10 weeks to 32 weeks of age. Values at weeks 24, 28 and 32 and at weeks 32, 44, 52, and
64 were not significantly different. The highest value was at weeks 28 and the lowest value was detected at weeks 1 week.
LH-stimulated testosterone production per testis in vitro increased gradually with age from 1 to 32 weeks and decreased
significantly from 44 weeks to 64 weeks of age.

(Key words: serum LH, testosterone, estrogen, Korean native chickens)
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A ZA A BujE o] HAEAHELS Y] Bl
A QY2l7|Fe| e Ao 23 I 3l B4 Fol B

A WA A $A, 120 FEAZEREN e
A7 B9l 27 9 23 4Ae) ol FRF AU e
Aoz A 9thDesjardins, 1981; Payne and Youngblood,
1995; Tahka, 1986; Wilson et al., 1981).

Barenton and Pelletier (1983)& A=} 4ol thrh-goll wht
A :gh) LHe} FSH $8-A419] AAAHQ o] Srlstn gk
Ul H2E2EE 357 271 ool 83U Bl2EX
B2 557} E71etha 81 3, Tahka (1986)= A ol
LH 48 o]9o] FSH, prolactin, growth hormone %!
insulin-like growth factor-I (IGE-T) =847} 9JoiA] ol 22t
9] 8= A 3 LHe 2H8-& HAANA 3
oo Rug vk

Gegtela] ol 2E 2T &S WaAlel Y vlgomA
gonadotropin®] W2 A a3t AR delA I (Rosen-
strauch et al., 1994a, 1994b), A=} B8-S F7 3= paracrine
factor2A] L& IGF12 A9 AR E3fol] Fodsta
o7 zAdA FHHAT R APz aE st 1t
oA FAE T oM ti-Eo) Al 499
Az A Bog v don, FHIde A £
IGF19} 4847} 9l R o2 o9& #|(Suttie et al, 1991),
o B B A7} o]Fejx 3 ot TR AFE
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1. AYHEE
B gto] o] &8 FAEE FEANEH AT T
oA 19923 5E] 19943744 =2 AAH S 7122 )

o 1995395 E A% 2438 A2 (Dark Brown)A 32 2002
d 29 2190 Ralsle] AVSEHEA 24 30, 2, 4, 6, 8, 10,
12, 14, 16, 18, 21, 24, 28, 32, 44, 52 4 6458 (n=13/5%)<2]
2271 A 2= (Korean native chicken)S Aol AME-3tHTh

2. Aretztz|

1) AbSE

Woleliz Wby M FRE 65A7A & &3 AolAo)H AL
S T-157 AR E B3, U AclAeIA A
ou], 1659 RE ARERAGFR)IAE Aol 121
o 154 AMgSHTh

of Falo Foistdon, 067l ojd Wby Ag,
= 2 dgolg] AlT, 15~18FF & Z Wolg] At
2, 19552 AFZTEAMAE AEEA ARE st
SAAE Folatael AP EL Table 13} 2o

HE B WA R 4757 E Fok BES HAIH
5

B w7 1534 3% AEsel AALRAT Flo]
2

2 AAET

3. Azt o# ==& sfd(Incubation of Testis
Tissue in vitro)

S8/ Aol Fag At AL el
i BAE g7kr] 20T WEae] Basilt) Ketamine (3
mL/kg)yS AH&sle] i sta 570 dste] 9% ne2
AT vl ke fiste] AH-SIKITHKIm et al,, 2002; Mendis-
Handagama et al.,, 1998). &3 9% n8h-g A& &
do] z]uhcapsule)Z} ¥4 uh(tunica albuginea)S | At - F-
AE &7 et 2 mL medium (Krebs-Ringer bicarbonate solu-

Table 1. The nutrient composition of the feed by rearing stage

in Korean native chickens

Starter Grower  Developer Layer

Nutrients
O~6weeks 7~l4weeks 15~18weeks over 19 weeks
CP(%) 18.0 more 15.0 more 13.0 more 15.0 more
ME(kcal’kg) 2,900 2,800 2,700 2,700
Ca(%) 0.9 0.8 0.8 3.25
P(%) 0.4 0.35 03 0.25
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tion pH 7.4)°l] S AA T 2L Aol 1131 testosterone A
A& golr ] ¢lsle] 2|34 5 2 F(0LH-26, NIH, Bethesda,
MD, US.A) 100 ng/mL-& A7}l AArei a2 o] g3 10
2 =0l xg]3k & 0.004 gmLe] glucoseZ 3 7}5ha 20 mL
scintillation vials®]] o} 34C shaking water bath (90 shaking/
minute)ol| 4] 3A17F ot wioksin A4 gt F At

£ A3l —70Cd BHsiATh

4. HAtHAZ S =Y (Radioimmunoassay)

¥ A1) estradiol, leuteinizing hormone®} &3 = ujj ke
Y] 9] testosterone =%+ RIA kit(Coat-A-Count; DPC, Los
Angeles, CA)E Fsle] 235l t}. ALE-3t estradiol®} LH
kite] intra-assay coefficients®] Wo|i& Z}z} 5%, 4.9%°] 1L
inter-assay coefficients®] ¥ o]+ 212} 8%, 10.22%°] At} tes-
tosterone kit= &}l dehydrotestosterone®} androstenedionel|
1|} cross-reactivityy> Z+Z} 2.8%2} 0.5%°]%) 3L 718} ~H =
ol ZEEL 0.02%°] ATk

5. Insulin-like Growth Factor-12] YWAlHAEH

1) Al2el & Xz

A 8232 IGFsE U2 IGFBPse} 23d Felz2 EA8t2
Z IGFBPs2X€E| IGFsS ®83l7] $3la] acid-ethanol
extraction(Daughaday, 1978)9} formic acid extraction(Berfield
et al, 1997) o) 93t} B3t IGF19] 8= 84
200 Lol acid-ethanol(2 M HCI: ethanol = 1 : 7) 800 xL&
FH7leled £ vy A-2ollA] 3083t WX st fe @
2982 2R AZATh 2 F 3,000 rpm, 4TlA 3023t 24
2elolo] ) IGFIZ 880k 429 500 #Lo] 0.855 M
trizma baseZ 200 pL ¥o] #24ol A&t

iy

2) IGF-| F&Xt M=

Chloramin-T(Lee and Henricks, 1990) ¥PH S k7t & A]
7 Azt o] L98H, 02 M sodium phosphate
buffer (pH 7.4) 10 z Lol recombinant human IGFs 1 pg< &
733 &[] (Amersham Life Science, [LL, USA) 1 mCi&
7513l 0.04 mg/mLe) chloramin-T 10 £l Z Woli| Al&3)
THHE % IGFs 3375 Ejaldnh IGF F41 []]
IGF-18] 2= cellulose CF-11 column (Bio-Rad, CA, USA)
of £FZ& 713t ]2 20.6 mg/mL barbital bufferZ. column
2 AFEskATE 1 £ 12% bovine serum albumin (BSA) 824
o2 22 AAH BE $55]7](20 drops) = olA| gamma counter
(Packard, ILL, USA)Z cpmE =3 35tm whabso] 3 x 10°

cpme] FIES 7zt BFse] —70Te] YERE ek

e

3) IGF gAlE =3

A IGFse] %232 [“IJIGFsel polyclonal anti-IGFs
2 A}g3 w239 (radioimmunoassay, RIA)= ©]$-
Itk ol2 goksiy, IGF-19] &% RIA $3942 0.5%
BSA, 0.12 M NaCl, 0.1% sodium azideZ -3t 0.04 M
sodium phosphate buffer (pH 7.4)2 Al-8-3}%t} IGFI 5
I} A8 10008] 3AA171 polyclonal anti-IGF-I 50 gL}
12% polyethylene glycol #8000 (PEG) 1 mLE 7}sled 3,000
rpmol| A 3023F A4ERIAA 2R AR S 22
A3 A35 o) vl s gamma counter (Packard, ILL, USA)
= 24590

{e

o]

6. SAHIAZ|

B Agon dojzl Atgo] tidt BAISHA frolidL SAS
package®] General Linear Model(GLM) Procedure(SAS Ver.
6.12, SAS Institute, 1998)= ANOVAE EA A7) T §o4 &
Duncan's multiple range testol]] 2]3}e] 733 3132w P < 0.05
olgtel o BAA Aol AFAT.

2 I

1. €& Estradiole| 5=

FEF 47 A=A B estradiole] FE= 20.5
pymLE ©|AQ T ©] FEE 27.7 pgmLE Hol& #4537
frejigo] JRERA PP > 0.05), 525 H 7 645 ol =
el A F7Hlel(P < 005) 27k 304 pg/mlat 315
py/mLZ = AcHFig. 1).

20

Estradiol(pg/mi)

Age in weeks
Fig. 1. Serum estradiol (pg/mL) levels in post-hatching chickens
from the 1 to 64 weeks of age (mean + SEM). Different
letters indicate statistically significant difference (P <

0.05) among the age groups.
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2. 8&Ll Leuteinizing Hormone?| =%

73 & g=Ae 15989 30 LHY] F%= 46
ng/mL o 2 AT} 2FFHE 125 71A] o)A glel
(P>005) 371 4 ZAE Holtpyl 7.2ngmle] T Y
e 48 58E Fo4 Al 718171 A2t (P < 0.05),
H3XQ] 17.5 ng/mLE Ho|& 238 71A] A|&A 02 {2
A A F7ketd o 458 S48 FAste] 13.1 ng/mL
o|em 52573 647 ol 2tz 10.2 ng/mL3} 9.3ng/mLo]
ATHFig. 2).

3. €& Insulin-like Growth Factor-12| %
HAY IGF-19) $E& 158 125 ng/mLo|on 2F
Holls fofido] TR A Ysta 473 FE] FAHA ST
37] Azkske] 145 ol 63.2 ng/mLe] Y 16584 1
21 77.5 ng/mLo| o™, 18FFHE 243 AP < 0.05)
#4a87] A&ske] 64l 37.2 ng/mLe) A chFig. 3).

1 2 4 6 8 10 122 14 16 18 21 24 28 32 44 52 64
Age in weeks

Fg. 2. Serum LH (ng/mL) levels in post-hatching chickens from
the 1 to 64 weeks of age (mean + SEM). Different letters
indicate statistically significant difference (P < 0.05)

among the age groups.

8

&
-]

1GF-I(ngm

g

I 2 4 6 8 W 12 14 16 18 21 24 28 32 48 52 64
Age in weeks

HFg. 3. Serum IGF-1 levels (ng/mL) in post-hatching chickens
from the 1 to 64 weeks of age (mean = SEM). Different
letters indicate statistically significant difference (P <

0.05) among the age groups.

4. @HLUY testosterone &

A testosterone F e F-31F 153 ol 0.324 ng/mLo]
AL o] FR|= 6577 7EA| Foido] BEER] g PER(P
< 0.05) A FRIHJ o™ 8FHHE F718t7](P < 0.05) A
Zste] 125383 1870+ 22 0859 ng/mL¥} 1.305
ng/mLo] o0, 2853 o] H1x]Q) 3.923 ngmLS Xl t}
& MFRERE s AAete 6457 ol & 2.12 ng/ml
H Y tHFig. 4).

5. EAdd=z 2 XI1=0]| Chigt &bl BAEAHIE MY

23 A 9] testosterone AL BHIE 1UH 1,675
ngftestiso] o 87 7HA] A #F E F 107 TH &
o)d AP < 0.05) F7Fek7] AlAFste] 1655 3 2157 o
£ ZF2} 4,843.3 ngftestis9} 5,608.5 ng/testiso] ] 2.5 283 o]
= H3X| Q! 84454 ngftestisE Ve ThE A &H 02 A
3hod 64FH o= 6,217 ngftestiso] R tHFig. 5).

~ w -
T T r

Serum testosterone(ug/mi)

™

1 2 4 6 8 10 12 14 16 18 21 24 28 36 44 52 64
Age inweeks

Fig. 4. Serum testosterone levels (ng/mL) in post-hatching chi-
ckens from the 1 to 64 weeks of age (mean + SEM). Di-
fferent letters indicate statistically significant difference

(P < 0.05) among the age groups.
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Testosterone production(ng/testis)

o

1 2 4 6 ] 10 12 14 16 18 21 24 28 36 44 52 64
Age in weeks

=
=
n

. Testosterone production (ng/mL) levels in post-hatching
chickens from the 1 to 64 weeks of age (mean + SEM).
Different letters indicate statistically significant difference

(P < 0.05) among the age groups.
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Connell(1972)& Sto]l 4] LHEZ F3) 8k} A=+3)1A] =4 2t
AATY ATz F ADPEee A7)13ee FHEEA
el F7HEE 2202 Gl A s
7ol ZHAA 2] e} 7]%—4 AR E A7 A
AAE RE ulA F2H W= ¥FW LH 4%
testosterone  HE=9t AT 04 Ado]l &S HadAct
(Sinha- Hikim et al, 1989). £ A= EHUY LH =T

Fe o) E=I8HA S8l AL testoterone F=71 5718
Al ZshE 1633 5E A WEo] Foleg v FayE
A Aol S7ksle] AT PATEE S5 LH 2
testosterone % HEY BHEA A vEbGTL Payne and
Youngblood(1995)2] B 319 2]aPH ZH2 M| ol 4] testosterone
o] AEAdd o LHe| &8 FAF(acute stimulation)T}
W23 AF=(chronic stimulation)ol) 2}3iA &A-$-5=d) FHAF
& cholesterol & AFA] Ughe 2 %3t 213 T 3l
2 PHATE SAYBIRALS Sk ole) 24
992 9x)het] AEehe Hoz deld ok e
%91 21 LH 57} 1458 o) Z7ts]o] A 2E A=
A FH AZN F4 AFel Bdstslol AEA vl L
= A - A A Wete g gntsle AH8o] g eto]
Ak wh-ge] 7 gAastn RS e] AsE R FA
ToyH @AM ge) dEEm oleid HwbAQl Rgow
olale] 1638 o] 31 testosterone w7} HEEIA =7}
e Ao Algdnh

FErl A 37} A gE] MM g FAF Yz 2R
7 H2ExH B vt AasEE A% 2yttt a3
U BlaEAHE9] 27} 7H4E[W hypothalamo-hypopysial-
testicular axisol|x] =9 0]7]7] A (negative feedback mecha-
nism)S Edle] BAFP 52| HH)E Z7MAZITHOttinger
& Brinkley, 1978). =810l A estradiol S ¥ 8} QS

n| 3o 2M gonadotropin®] HE-& Aafsted o3 ol
= #4J H]AH Zo]=(synthetic nonsteroids)ZA] anti-estro-
£-3| ¢} A35}= clomiphene citrate
(Rosenstrauch er al., 1994a; Rosenstrauch et al., 1994b)z}
tamoxifen(Rozenboim et al., 1989)8 Soisld Py 2kl &
AT 2R3} testosterone FEE E7FA7| 2L o] 2 Q&AW
A58 g AAATE Aol el YZHD estradiol e
B+8FZ5} & A (aromatase enzymes)ol] 2] A] testosterone O %

r&a

gens Z}8-3}11 estrogen

B.g] tjA}E tHCohen-Parsons et al., 1983; Foidart et al., 1994
Sharpe and Gow, 1983). 12]= 2 W22 o] B dgh S5 oAl
Y estradiol®] FEIF e AL o|2F HLE] B
o] ¥7] W& Aoz sMd F l& Zolvh & ATolA
2% 522 9 209 ek R0 Ko} w50l
HA3AS Y& 32580 A EA S 22T testosterone

& Hux2 JERQ D estradiole] FEE =$- @A Ut
o olel Wsjo] 64570 FAFHE2E L te
o] =%yl G243 AT yhH estradlol«] Tew & L
2 A5tk olaiRt W8-S Tl B wiAEo] 52
FEA] B estradiole] FEE FAIHS
ronez=7b B Ve ojghs thE2A Wy
SEolA e
0 i o= R testosterone-»] FEE AAA7E 2o
ASS AAE F Y3 w3 FEtol A AP estradiol}
testosterone 2] W]-&o] 1ge] UEu] 23 WA A4
o Sk ek i) vk olsh sk e 4
T e ATE AT 9n) gl 2RE AL F US

ZOoR /‘}55“”4'

IGF-1 ©] testosterone BFAJol] WX A&l B A5 &
HEH IGF-1 & F4% & AAEE AL 5
testosterone &A% P23 A3} IGF- 1 2 testosterone &4
o Jgol glgo] B H| o 1i(Handelsman et al.,, 1985) ©]
Z Ao M 8F(De Mellow et al,, 1987), =] %|(Benahmed
et al, 1987)ol|A] 23t A3} IGF- [ < testosterone A4S A}
F3a Bag o) o} A E oo #§ AT AFe B
2to] & Vel 3L it} B A ojlA] testosteroneo] H 23|
Z7khe A7 2% IGF-19] $=7F 994 sle &
A2E Yehdo] g3} iR I Adele 28 IGF-12
testosteron FH]Z AT = JE & o} o] US F
2% 4 A ol B B AAL % 4 YL
B Aode & ¢ de AL 35T A S
testosterone @} T]Eo] IGF- [ & B33 = AES YeE&

© 2 "|Fo] Mo} IGF-10] 24 e X 2 A
o] gk g g w|A Ao AAE = o] F &gt
7] $isled & IGF-1-& X ]t Fof nge] e s} 9 Pz}
LA 9% gL St TEES Wk} 2] HWAE

ol-g3le] FHo W o] FT2E F£EA Y] ¢S Hlw #E
8} Holob & Aoz AZIE.
ZEro| A AW Al 279} o] testosterone FXx H

ol 7bd A o] F2HQl Wstel YT Aol Urklam
and Famer, 1976). 18]\ vl&lg@o] Z+ag 83 A2y

stosterone

Ee AR
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TEY FEHATYANX Hole ¥shs B Ao]E Hol
T ek "ol A3td FEE A FALA
(Muncher et al., 1995)°] VYERA|2E B2 429 A/F22 &
A7} AR A Eol] EHA= =2 ol ATHRosenstrauch et
al,, 1994a). o|¢h= 2] A- WA 2HF+ B At
WA T A2t e} 9% Es 4 §5S Jehdti(Ero-
schenko et al., 1977). Androgen 3/32Q] 3=} ¥8-& 24
gk doll AaEo] s A W2 ZFol|A androgen F=
73 AL Ao Eghet Bo] la o]& 1k
7449l A&} Aol A @ riLam and Farner, 1976; Rohss
and Silverin, 1983). 28{\} =318 &0l A= androgen 5%
7h@go g dix M=ol AatE e AL AEHY 27
© OE 71" oel|A] o] FojAle Aow AztE e b
glol| A androgen =7} W& AL B (meiois)} H &}
- 3l(spermatid differentiation)e] E7F24 olgl7|Eti= X
AAM ] 7]%F oo r wr|gtel XA M ERFE AL
W&ol AR o] FoR|A] 7] WER] Ao MEH o]
213} 3412 Rosenstrauch et al. (1994b)2] Z w}of] 948]]}1 S
SEHATE

=~ (=]
= i

A HoAA F3t FHE ol olze AT &
AP 228 Aol thgk 113hl testosterone A/d 2} )
A E Y S22, estradiol, IGF-I 2 testosterone 52| W&}
= Foluy] Pala] Bat T 1,2,4,6 8, 10, 12, 14, 16, 18,
21, 28, 32, 44, 52 B AT (n=13v}2)/LH)2] =l H
= ol&dt] HMAHASHY S A &3le] o] ATE T3}
Ak WA estradiole] BT 455 vl @l 8, 12, 16,
21, 32 2 MFHINE Aolrt ARt 273 64750)
AMe & For FrkeIth @Y 34 T2 v
€ ~RFFARE Folde] IR UFHFEH 3257714
BRAA R FIk v fold A ALsislen 3257
o 29 25H el HAAE YehAAH. AW IGF-12]
Tt M6FHRA = F44 IA ST oY o] Fo
= 3} glo] A fX1=EtE EA testosterone FEE
1,2, 44 8FFoll= frelAo] glar 10-32FF71A] Ry
A 7kt o 24-3257 Bl 32~64FF oM e o)y
o] it FA P T E2E Aol Tk 1ghY testosterone
AL 13278744 ol JAl S718R AL 44~6477 7}
A & o2 ZA4ssth

olgEs
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