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< 1833pg/mLo 2 TE F£¥ R} FA 3] oM (P<0.05), A5A7]7} IGF-IETHE tha @it} A ZAMNE F
1C-A X9 AtlA v &L 1858 o 48.2%2 165H BT A A5HUL(P<0.05), T8 Z719) oo 68%=2 Z7HEQ
th 2C-HE B &2 185 1] 26.8%2 1653 9] 54.3%K.0} @R8] WFITHP<0.05). 4C-HE H] &L 18573 u 9.9%S A
93l 26%E FAEATE o) AN E7lE 7] @5 AL ¢ 185 o] Dot o] 717 F IGF-IF GH 439

WE7E o] B AT AV Ao 1 FFo] AR YA} g-bo| 3

= & & 31tk Fine-needle biopsy$}

AAE FCME 27] &F JiA S #¥dE AR ¥4 AL Frisied W S PEYL FAF F AUt
(FA1°] : Flow cytometry, IGF-I, 7], £7] &%, 34 34)

M B

EFETE FHAA 7L E(puberty)?] A= AF
(Skinner®} Rowson, 1968) = A& (Glass 5, 1979)3}
BAZY = Ao Buso] vk A5 A7) Fol
Algers-- et Al A Foll ogk UjEH] 2 el gl
=5 2 4ol AMdelth ol somatotropic axisE ©]
= growth hormone(GH)# insulin-like growth factor-
I (IGF-D9 #AA% uj$ T3 2A7|42 A+HT Q)
UHChandrashekar 5, 2004). |5 3222 A Yilo]
YolRth= 4T o BHol e Ao AAHAG
(Laron, 2002). IGF-I GH 289 5= w7} 3] o]™(Chan-
drashekar 5, 2004) 3= 22U IGF-I 52 H&H|
Ao 2 GHe ¥%& #=rhDaughaday$} Rotwein, 1989;
Jones®} Clemmons, 1995), =3+ GHSlE= =gd oz A
2 Leydig 2 Sertoli Al3EolA AAFE ¥ (Cailleau %,
1990) AP7HEH] e 1gRH) A4S B3l i 7%
o] #ejge] RuEHItHLin 5, 1990; Codner®} Casso-
rla, 2002).

A IGF1 52 GH 53 4#0] 9on(Leedt
Rosenfeld, 1987; Davis &, 1992; Jones¢} Clemmons,
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1995), A 79} FFFAA DY IGF-1 $F2 puberty
ZAIZle A FUHetE BiEo] 9lem(Copeland
5, 1982; Handelsman 5, 1987; Daughaday®} Rotwein,
1989), 1 5 A4 FE3 A JfA)9 Fo] dut
o HuHAHOjeda®} Urbanski, 1988). 4444453 A4 ¥
2 7159 §AE e A 79 IGFI0] f.7H
w S Al IGE-19] Alzrde] ) He3d Ao
H %9t Nakae 5, 2001). IGF-18) A T ZoA|
Aol A A= M(Keene 5, 2002; Chandrashekar 5,
2004), GHe| 23 TE ZodMT AdA<e] Ad-d
(Laron, 2002; Keene &, 2002). ©] 74-¢ GH =& IGF-1¢|
A2 AFENE BaEArkPelld} Bates, 1992; Clark
¢} Rogol, 1996). 121} puberty 7HAl9} #EE o2 &
Q&S E80]3L 53] IGF13 GHY puberty 24 7]4
of thaiAl oS R Eojop & FiEo] Bo] o} gtk
IGF-I = GHE A4ax9 A 343 Leydig A=E 7]
Sl Fad d8s 2= Aoz Ho] QUtKGnessi 5,
1997; Chandrashekar 5, 2004). IGF-I°] A=} &4 74
st #AZY glew(Cailleau &, 1990), IGF-1 A Al Ley-
dig Al 39| J5o] 27h53tn LHE|E TaE Yok
PAaFAtHWang 5, 2003). GHE A4 wae] 34 9

& WA (Ohyama 5, 1995), GH AojA]l FAa Z7]¢9

? Zgfsty A ATY(BET Research Institute, CAU, Ansung, Korea).
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IGF-I 45 74 Active non-extraction IGF-I ELISA
kit(Diagnostic System Lab. Inc, USA)E ©]-&3}3ith. Al
-8 ¥H(—20C)E 833t polypropylene culture tube
(12x75mm)°ll 20« LE ¥ 3 990 #L9| sample buffer [&
Yo F 25ColA 30%3F wwkella 990 #Le] sample
buffer [5 WA Wil A3 Edsle] AJgE A2 8
S} 4% 2 washing solution®] FZ%H-& 1,500mL &
T2 gAsiglen, BE Ak Alg AHd 25T=
FA5%th. Antibody-enzyme conjugate solution-2 ass-
ay buffer Il 1:502.2 348t FH[SIAT. IGF- stan-
dards(A¢} B-F)¢} IGF-I control (level 13} 11)S 13} &
IGFI 3A7F 958 microtitration welle]l A2 ¥4
204LE ¥ ZF wellol| assay buffer B 100 nLE #H7}3}F
a1 A2oA 2417 FQF 500-600xg 22 UL aspi-
ration¥ ¥ 0.35mL washing solution®.2 Z} well& 53]

A&t well plateS 712313tk IGF1 antibody-en-
zyme conjugate solutions 2 wellell 100 #LE 3 7}8}al
500~600xg o2 WHFgE 3 3087 25Tl vt as-
piration 3ttt 2t welldll TMB chromogen solution 100
¢ LE 37}8ka 500~600xg o2 mRESE Tk 1087t 25T
| A] v F3} L aspiration ¥, stopping solution 100 x L&
7t wellell #H7}8kgith ELISA reader(SIRIO, Italy)®
450nmel| Al 30% ©Juiell absorbanceE ZA3le] s}
Aot

Growth Hormone £&9 £3

g4 Ul GH % %% Immumo-enzymometric ass-
ay (IEMA)°] 71%% IEMA Well hGH kit(RADIM,
Italia) & AF8-8}31T} Mouse monoclonal anti-hGH anti-
body® coating® microplate well?l blank, standard
control (hGH 0, 0.5, 1.5, 5, 15, 50 ng/mL), enzyme
tracer(mouse monoclonal anti-hGH antibody) 200 L2
blankE A& ZE welld] Y2 U5 sealer® AAFFA]
S Ahg AeelA 3742ToA 6087 vl3aL aspi-
ration 3112 ™, 5% 34¥ washing solution®. = 43]
A H8LaL aspirationdt tHE, V2] FH|E substrate solu-
tion(TMB chromogen solution + substrate buffer) 200
pLE A7FEAL 37°ColA 1587 MYtk L ¥ bl-
ocking solution (IN H,SOs)< Z713k3ich 450nmet
405nml| 4] ELISA reader(SIRIO, ltaly)E ©]-&3f 20 o]
ol absorbance® A 3ste] A=ttt
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HALXE Biopsy

2E BN F 3¢ IFE 70% ez 253
i A AR B fine biopsy needle(22Gx3'/,, 72
mmx 8.89cm, Becton Dickinson, USAYS 4%+ t}&, 4t
¥ needled] *F HFE AASIA 10mL FAIE
23t FAMY $9S Aol Dey 5(2000)2] WH o
AU 4-57H2HE Fa AA2AE AHsGTE A
# g %2& D-PBS(Dulbecco's phosphate buffered sa-
line, Gibco, USA)E A3t Aa F4 o] AEZF
& 5t collagenase -8-Noll E7}F 34TCellA oF 1583
B ¥} Il disposable filter 20 #m (Partec, Germany)®
A Th A-2o)A 600xgoll A 587 AAEE S F
FTHE AAS L ¥ BES A8t 70% ethanol® L
A3kt

M Z9 DAPI &4

Stock solution A|Z&= DAPI(4',6'-diamidino-2-phen-
ylindoledilactate, Sigma, USA)E D-PBSOll 1mg/mL=E 3]
213t o8 stock solution 100mLoll Triton X-100 (Sigma,
USA) 0.1%E #7}5}% 3, working solution< stock
solutiong D-PBSe 1,000 2 4% & HFFEE
0.00lmg/mLE ZA3gth. 27 sampled] AA =
600xgoll Al 523+ €Al AL F 70% ethanole |7
3t PBSE F-HAI th sampled] HF AEXFEE
4-5¢10" AZ/mLE 2733lck HMEe] FFANL flow
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Fig. 1. DNA flow cytometric patterns at different ages (wks).
Peaks I, I, Il and IV correspond to elongated spermatid(1C-cells),
round spermatid(1C-cells), 2C-cells and 4C-cells, respectively.
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cytometry-8 tube(Rohren, 3mL, 55x12mm, SARSTEDT,
Germany)©ll AAZ)¥ sample 1mL%F stock solution 10
pLE 931 36°C, SAollA 1287 wjokaigict.

Flow Cytometry DNA &3 24

DAPIZ ¥ A& 22 HEE Cell counter analy-
ser CCA(Partec, Germany)Z DNA 38 24stqich
daxd ¥ DNA 3% ), = DNA ploidy £4]
< Hacker 5(1981)7} Dey 5(2000)¢] #ol] F3}ich
A7 FazAo® THE  histograme 471 peaks
(peak I3} II: 1C peak III: 2C; peak IV: 4C)& F-%-3}
Ro™ DNA histogram®| ol Fig. 13 2t}

SAXE

£ A9 Aol gk FAEAS SAS (strategy app-
lication system) ZZ 1% GLM(general linear model) 2.
2 24a3lal, o4 H4S Duncan's multiple range

Table 1. Changes in body weight measured at 2-week intervals

= 165
testZ AAISFA T

2 1

4N S Bzt

8~28F oA o] AT W3h= Table 17 2 1258,
20577 B 2457 o]$ AFLS 717 21kg 29kg ¥
3.2~3.4kge|on 12-20F% Alolo|A 25 kAL HZF
Dol BF 793 S718 B (P<0.05).

g3 IGF-13 GH #Z #3}

IGF-13} GHO| F#%¥ +F W3}t Table 29 Zth
IGF-I &2 1473 381.3ng/mLE 125 H T F9 %
o7 gokow 2058 &L 451.3ng/mLE 16~185F
BT HA3] ZUTHP<0.05). 2255 °o)FE 14~16 5
T8 FAHAT GH 458 16587 E 125-133
pg/mLeIRA oY 1853 wl 183.3pg/mLE HojF oz A
SHAILP<0.05), 207 o] F= frFUrk GH &2
3% Al7]e IGFI BEv} tha wgr)

& NP MEY HEl

FHI AR Ao wE gABY AE TA 8L
H3= Fig 29} 2tk A4 AU DNA o] 1C-HE
H| &L 165FF A 92%R o 185 oA 482% =2 =7
F7HEAOM(P<0.05) I ¥ AE3l 26~28FHo| M=
68%°] At H 2C-AE H-EL 1258 o]5}9) 54.3%7}
18FH AN A 94 0 2(P<0.05) 26.8% % AA ZHAE L
H, I F 28FH7A 13-20% FEo2 FXHJYL) 4C-
AEe] Bl&L 18FHN 9.9%E thah Aol Yo}

BW Age(wks)
(kg) 8 10 12 14 16 18 20 2 2% 2% 28
Mean 1.27° 1.68° 2.08° 2.29¢ 2.52° 2.71" 2.888 3.03" 3.21° 3.33 3.39
* 5D 0.17 021 0.19 0.20 020 0.25 0.27 0.25 021 021 0.32
Different letters represent significant differences at P<0.05.
Table 2. Changes in IGF-I and GH levels in serum measured at 2-week intervals
Age(wks)
<12 16 18 20 24 26 28
IGFI 287.8° 381.3° 347.3" 367.8% 45137 373.6™ 315.0® 336.3% 325.5%
(ng/mL) 332 101 555 326 35 273 34
CH 125.0° 133.3 125.0° 183.3° 1625® 137.5° 175.0” 137.5° 100.0°
(pg/mL) 106.1 80.0 1258 110.9 1109 136.8 110.9 70.7
Mean=SD.

Different letters represent significant differences at P<0.05.
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Fig. 2. Relative cell numbers(%) in DNA flow cytometry at
different ages. *>° different letters on the same line represent
significant differences at P<0.05.
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ol #ol3 Aolg Holm HAEo| Et) oI A
&2 Foote 5(2000)°] New Zealand WhiteZ)|A] 28

A oo A AFe 90%d 28-S Rud A gk
th. #7] &E 7hAle] A7)7F A% (Skinner$} Rowson,
1968) 2 A34E(Glass 5, 1979)3 A7} ks Bu=z
Hol 16~18FH ] 2.5-27kg W7} F71LE)7) €& 4
5% F JATh E3 Yoz FY) WE A=
94 2717F F5HE A7190d McCarthy 5(1979)2 =
Zolld Ad Z7] Fke €8 ) AR BAI J&
< yaskgoh

W

E

8% IGF-13 GH £ H3$}

3 IGF-IL- 14-18 Tl A FolA 20730l Hu
=07 T g Bold A% Wislz el o
£ o7 oA E 45 Al F949 o] Hx)F
¢} 47F(Copeland 5, 1982; Handelsman %, 1987) @
At#H(Daughaday®} Rotwein, 1989)oll4 H & glct E3]
puberty Al7lel %2 IGF-1 4%l tis)A Handelsman
5(1987)2 IGF-19] “3%°] puberty =& 223 LHRH
HENE S71eE Bl &g B3, Nakae T
(2001)2 &7] W5 JNAlY Alzge] IGF-19] A<olatn
3tk B ZdoA GHY F£% IGFIY Hi & A
719} FUSFAE Fgoyt 1820 FEHAA B2 =9tk
W Davis 5, 1992)7 Al#H(LeeS} Rosenfeld, 1987)9)A]
5= IGFI3 GH & gt 23] gl Aoz BausHg)
o, Jones$t Clemmons(1995)d| = & $ 28 2 7}
of o] HuHArk F3 IGF-10] GH 282 5 njj7)
) ZA|(Chandrashekar %, 2004) GHS 3 ol 24"

E7A 84 IGF-1 57 Flow Cytometry 74 213 A= HAlel W}

e Hil(Daughaday$} Rotwein, 1989; Jones®} Cle-
mmons, 1995)= & AFolA F ZEE) F7] dE J)
AZIZE Zo] A ARE AHd Fu ALR B f
Ut = IGFI 2 AF) GH XgAl @3 IGF-1
FFol  AdEstl e (Chandrashekar®t  Bartke, 1993),
Santos 5(1999)2 AA} 40 GH A#A| 4 IGFI §
ol A5EE Busrh Lees}t Rosenfeld(1987) Al
X GH Az & AXEA IGFI 59 A5 Ax
£ AAg v Uk

ol T2E £F Wslel AF WIE niuws) B v
AFEo] W A7)d) IGHI# GH7F =¢td 23E o
& H3et vud] £ o Handelsman 5(1987)3} Laron
(2002)2 F S2E9 AW Aito] A Byo] glo
™ IGF19] ZHA A4dFo] QP S wasdct w3
Clark®} Rogol(1996)% puberty %<+l GH7} AAA-S
FZNa st AHFENME IGF19) A £
Ao IGFI9 Az AT 717 Bas i ckPell
Bates, 1992). 38 IGF-1 = GH AP A% A
H H3ESE th(Keene 5, 2002; Laron, 2002; Chandra-
shekar ‘&, 2004).

Puberty 7§49t 4] |48 Al7]ol B3t Ojedast
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< GH Z3Al A4 32717 4488 Bt IGE]
I GH7} B4 8439 #A dig d4F 232 24
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AeS Bk E3 IGF &= GHZF A4 3473
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(2003)2 o] FE&o| Leydig? Sertoli ME2 <34
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vAds AMEZRE 3 Leydig AT A wieA|
IGF-19] A2 2 testosterone &4o] A< A Sl Al
¥ut o 55 Busigith T3 Katongole 5(1971)&
puberty WA 97 FF o] testosteroneo] 2]
ojof $h& B 133tk Rawilings 5(1972)< puberty 7]
Ttz AW AR A ALET) testosterone T AT
of lew TEE FEo] Az P49 FAHTE= /A%
O A7 heS B3tk 3 Santos 5(1999)2
A% £49 GH AgolA IGFIS A5EA o Aill
A 7=k A PAos AErE gk ol 2
HE2 puberty 4 NA IGFI £ GH7F AAH A4
 TEAEEY A5 Bl ol ZAF Ao )
Aot FAlol QG testosterone FAJoll W9 F 23 F
o] L HAlFT Qi)

£ Aol A puberty o] AFo e Fhe}
ol A2 A B39 WA IGE-IH GH 29 4
I Aol = Aoz AlgHUTh

ofy &

A NBEY NE PN HE

£ Aol FCMe] 1C-AE(AAAE) ] o)
16~185% Abololl =17 o5 2859744 A& A
A 2C-A ¥ B &L 16~20 F8 Alolo| A TA
ok EF 1C, 2C B 4C AHIE H]Eo] %A A 5
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Changes in Serum IGF-I and Spermatogenesis Analysed by
Flow Cytometry in Growing Male Rabbit
J. H Lee, C. K. Kim, Y. M. Chang, J. W. Ryu, M. Y. Park,

Y. C. Chung and M. G. Pang

Depariment of Animal Science & Technology, Chung-Ang University,
BET Research Institute, Chung-Ang University

ABSTRACT

The aim of this study was to investigate the changes
in insulin-like growth factor-I (IGF-I) and growth hor-
mone (GH) in serum, the quantitation of spermato-
genesis and the comparable relationships among these
measurements during pubertal period in New Zealand
White male rabbits. To investigate the age-related
testicular changes in DNA contents of spermatogenic
cells, the fine-needle testicular biopsies from males
aged 10 to 28 wks were evaluated by flow cytometry
(FCM). Body weight increased significantly between the
ages of 12 and 20 wks (P<0.05) and reached 3.4 kg at
28 wks of age. The highest serum IGF-I level (451.3
ng/mL) was observed at 20wks of age (P<0.05) and
thereafter remained stable at low levels. Serum GH
level at 18 wks of age was 183.3 pg/mL which was
significantly higher compared to the other ages (P<
0.05), and the rising time in serum GH tend to be
somewhat earlier than that of IGF-I. The relative per-
centage of 1C-cells in testicular cell compartments was
482% at the age of 18 wks which significantly in-
creased than those of 16-wk-old (P<0.05) and thereafter
increased with the advance of age to 68%. The percen-
tage of 2C-cells in testis was 26.8% at 18 wks of age
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which was significantly lower than 54.3% at 16 wks
old (P<0.05). The percentage of 4C-cells was constantly
maintained 2~6% except the 9.9% at 18 wks of age. In
conclusion, the results suggest that the puberty onset
occurred at about the 18 wks of age and that the IGF-I
and GH in serum during the pubertal period showed
the age/growth-specific changes and these changes
might be related to the spermatogenesis. The DNA
FCM combined with fine-needle testicular biopsy could
offer a very sensitive method to monitor the quanti-
tative spermatogenic events related to the puberty
onset.

(Key words: Flow cytometry, IGF-I, Puberty, Rabbit,
Spermatogenesis)
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