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Studies on the Post-hatching Development of the Testis in Korean Native Chickens

B. G. Jang’, H. J. Tae', C. H. Choi’, Y. J. Park', B. Y. Park, S. Y. Park, H. S. Kang,
N. S. Kim, Y. H. Lee’, H. H. Yang', D. C. Ahn® and L. S. Kim"'

'Bio-Safety Research Institute, Department of Veterinary Anatomy, College of Veterinary Medicine,
*School of Dentistry, Chonbuk National University, *Poultry Division National Livestock Research Institute,
4Department of Veterinary Medicine, Kangwon National University

ABSTRACT Changes in the chicken testis 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 present study was
to investigate in more detail the post-hatching development of testis in Korean native chickens. Testes of chickens were fixed
by whole body perfusion using a fixative containing 2.5% glutaraldehyde in cacodylate buffer, processed and embedded in
Epon-araldite. Using 1 g m sections stained with methylene blue-azure II, qualitative and quantitative(stereological) mor-
phological studies were performed. Sperm production was measured by routine technique. The average volume of a testis of
1 week old Korean native chickens was determined as 0.015 g and the parameter increased linearly from 1 week to 21 weeks
days (28.9 g), and did not change from 21 weeks to 64 weeks. The volume density of the seminiferous tubules increased
with age from 32.6% at week 1 to 92.89% at week 64. The volume density of the interstitium represents 67.4% of the
testicular parenchyma at weck 1. This proportion progressively diminished during development to reach a value of 7.11% at
week 64. Total sperm production per testis increased significantly from 18 weeks to 28 weeks and remained unchanged. Sperm
production per 1 g testis increased significantly from 18 weeks to 28 weeks, did not change significantly from 28 weeks
to 52 weeks, and declined significantly at 64 weeks of age. The average diameter of the seminiferous tubules gradually
increased with age from 1 week (42.4 1 m) to 21 weeks (412.8 pm). The length of the seminiferous tubules was 0.34 m
at 1 week, increased significantly in subsequent age groups and reached 72.2 m by weeks 64. The stage of germ cell deve-
lopment in seminiferous tubules was classified as 1) spermatogonia (1~8 weeks), 2) spermatogonia and spermatocytes (10~12
weeks), 3) spermatogonia, spermatocytes and round spermatids (14 ~16 weeks), and 4) speramatogonia, spermatocytes,
spermatids and spermatozoa (18-~64 weeks). These results clarified the pattern of changes in the testicular development in
Korean native chickens from hatching to adulthood as 1) neonatal-prepubertal (1 ~12 weeks), 2) puberty(14 ~18 weeks), and
adult(21 ~64 weeks).

(Key words : testis, post-hatching development, Korean native chickens)

M 2 (seminiferous tubules)¥} ¥4 7152 Fiate MM
(interstitial cell, Leydig cel)E X3gt 748 ZZ(interstitium)

TAtestis)S TIFF AL FHE 2w Q= 4 A4 O o] o4 33 (Ariyarae and Mendis-Handagama, 2000;

71Bo 2 APkl A Z(spermatogenic cells)9} o] M XS
A8}, GF 35 L 238k AR A E(Sertoli cel) 2
T Eo] A2} Al (spermatogenesis) S BER=E FSAA @

Christensen, 1975; Kim et al., 2002; Russel and Franca, 1995),
7H %2 7HE A ¥ (Leydig cell), 719 A 3 (mesenchymal
cells), T2 FA E(myoid cell), H = ZZ (lymphatic spaces), &
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FHblood vessels), 31 A E(vascular endothelial cell) 2
P9 A E(pericytes) 2 T =] SJITHEwing and Zirkin ,
1983; Kim et al, 2002; Kim and Yang, 2001; Mendis-Han-
dagama and Ewing, 1990).

nEE ol Rm UE 7t A MEY FEREJN EHE T
W3l w2 338l n 2 (Gottereich et al., 1995; Kerr and
Knell, 1988; Sanchez et al., 1993)} Zx}&n]7(Connell and
Christensen, 1975; Gondos et al., 1973; Gondos, 1977, Prince,
1984)0]) oj%t HEWA ol HZolE FEASS 7HE
A g3l HARAE 0|71 e 27 thE /A AEE
o] Hej9} 715 4T Aol Bk A7 ALE(Nistal et
al., 1986), 7(Zirkin et al., 1980), 25| (Bortolissi et al., 1990;
Kim et al., 2002), A8%](Blackburn et al., 1973), $1<=o](Fou-
quet et al., 1984), 3 2~E](Sinha-Hikim et al., 1989), =] X](Franca
et al.,, 2000) Sol|A E1=]o] 9lar, Fawcett et al.(1973)- 14
Zo] wf TBROA 74 25 P U FeE 3
ol skl on of Yol S Ba Az Fy
9 71%e] Aolo] Bk ¥ AT} o] Lo} SArKBwing et
al., 1979; Kim et al., 2000; Zirkin et al., 1980).

24 T A% aAE 1g dgof A g d3e 4
{(Ewing and Zirkin, 1983; Mendis-Handagama et al., 2001; Men-
dis-Handagma et al., 1987; Mendis-Handagama and Ewing,
1990), E7|(Castro et al., 2002; Gondos et al., 1977) 5¢] B2
I FEROIA A 7S A gsted Ead vk ey
gol 73} FHE] A A& AVI7HA ] W] At
ATE Ay EW B2z (Bennett, 1967; Sharp et al., 1977,
Parker et al., 1972), #@1&(Aire, 1973), guinea-fowl(Brillard,
1986) 2 Fayomi(Kalmer, 1969)ol|4] =3] A|3ks]o] gl o]
£ Ao giitie g 77, Bl(comb) FA, AF R #E
BAHe o] Fof Arjuto] HyEo] HeollX A7 ©A
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1. MY 52
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Tol o] 8" FAEHS FEIZTH SAATFE )
ol A 199258 19943712 e A 7S 7

o] 199538 A%¥ 243 42N (Dak Brown) A=
20023 2€ 214l F3}ste] Absahar 24 £ 0,2, 4,6,
8, 10, 12, 14, 16, 18, 21, 24, 28, 32, 44, 52 2 645 (n=13/
ZF#)9] 7 A H(Korean native chicken)s Ao Al&-

sk

2. A 22|

Hotele A ATRE 65 E &5 AolA| <A
ASER R T~ 15T 7R E 5 thE AlelA A ARSSt
Qom, 167 R Al FRAGAFR)7HAE & Aol
17hel] 159 ARSI

2) At 2|

QT4 AME FIA AR ALRE NRC ALE BE
o Fatd Fojslg o, 0~657Hol= oA Woly AR,
7~14533 e Sl ALR, 15~18FF e Sl Ab
2, 195858 A1d T34 7R A T AlRE F

At

3) &

AE B TYANRY 45874 Fok AeE A
BT SFERE] 195787 & AE dFof wghkod, 19
FHEE = W5 1584 d5 FEskd Ad dx AR
galod 174]Zb0] HEE si5om, 11 & Alg FEAZMA

g Aee Arsisinh
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11 (perfusion fixation) =3 P Ho] & _]_on AL v2)3}7]
9]3}ed heparin(Sigma, 100,000 Unit) 150
U3t 15% Pl H4& Arsta, 2% Zd 3]
Z233)7] Ysld 2 2% %S 23| chemical balance
(Sartorius, BP 210 S, Germany)& FA| & 2743 -5 |5
< A5k cutdown tubeE Adslm AAle] AL 1-28
Zo A ATt 0] % 2.5% glutaraldehyde 2 thA) o]—CI] oF 40
¢ BH 2SN 18 Y ¥
gto] 185 A& T chemical balance-g o] &3l 77
228l sucroseE Al-g-3Fe] F-oFH(flotation method) S
= H]F(specific gravity)& S48l 14 Fo] n¥ &4&
Zottha® 84 = 8 FA/2e|F). 24 FE A
2He- 9J3led 7L 2~3 mmE A A3k 2.5% glutaraldehyde
Z 4ToAA] 12417 B¢t 133 F 1% osmium tetroxide =2 2
A7t =<t 3188 F alcohol & E<=38}31 Epon-8128. Eujj5}
o zZ+ AAG B2 208 S A&stac

mlo el

My 4o r—{r_r

[

sold 2
Z9H4 9 7] (ultramicrotome, Leica ultracut-s, Austria)E ©]
1 pmz ZHH H(semi-thin section)-S A 23l 1%
methylene blue-azure [ 2 FAM3}t1L, canada balsam©. 2 £-3]
3ot 18k 238 B8+ u| Z(Leica, DMRBE, Germany)ol|
A BEsla ARE #edt
b, & =& #d=2| 25 %2 (Volume Densi-
ty; Volume Per Unit Volume)

Point Counting(Weibel, 1969; Kim et al., 2002; Mendis-Han-
dagma and Ewing, 1990) & 2§, 121 point ocular gridE *%
25 FErAn| e o] &3te] pointe} ThteE 7 FERE(GE
SAAR, 2 2 52 ) 2 b, 5 599
£ S8 o zh A & H4 50FolA Hof 10059
& FEHA A SAATh 0|3 & A point(121x5)E
o] ZF 18 2 2A] F2E 84 AEERViVE

Ftenh

V% of a number of points on the component x 100

component

total number of points on the testis tissue

6. HX} MM (Sperm Production)
Kirby et al.(1996)2] & Hg3te] LB 1% A&

Bl FAIE 243 ¥ Wi tunica albuginea)S A A3t

0.05% (vol/vol) Triton X-103} 0.25% M thimerosal (Sigma
Chemical Co., St. Louis, Mo)o] £3}5 50 mL AJe]4 <o
4| semimicro Waring BlenderE o]-8-8te] 287 2 3217

ok A AL o] £H 0.2 mLE 4% trypan blue?} £3H
0.8 mL ]2 ol gAste] Sttt g =4 3
o A& AL FH7] A8tk o] &4 10 pLE EFA
(hemocytometer) 2 8+ n| A gl A Hit 53] 23 5ATh
olfe WHoE doldl FHe % 2HY F FA 5B

Q7] fste] gt

AU t(cylinder)e] 9 &, V = 17
(r = FEPABY WA, [ = FEAR o)) o 34
= ;ﬂl%a—&] e #e% '“‘” #eo H]—X]*a‘t '(_“53—’] %

8. 4l &4

B AFAA Qo] 2kl et FASH #2492 SAS
package®] General Linear Model(GLM) Procedure(SAS Ver.
6.12, SAS Institute, 1998)E ANOVAZ B4 A & #94
£ Duncan's multiple range testol] 2l&}ed A sl o P<
005 ol3te] edS BAY Aol QAT

1. 8= X2l & nE SsdMee] &stso|ds 2HE

2} 5253 AF e g AW W FEEAREDH
o) = whA Q1 7 &4 X (spermatogonia, 7] 3}4FIE)e} XA A
Z(Sertoli cell, & 3E w27} Z1Auel] 7gA dE=
g Eo} JIATKFig. 1A).

Hal T 4380l AFT = A B FeH WS
AN Z(E 3E w29 Fol 71X uHE-S MR 7}
ZHA e Ee] ol A ﬂi]'s}j AT A A A
shaan)e] xRttt FEg Al A7 o] dASHA F7hE <
SIS tHFig. 1B).

53} T 105l H# 3
AAME(E 2 o) o 3e F2 A olda
A HES SEE) A ] WojHA fA st gl
B ZAEEZL SR we]) 2 7 2A) F(spermatocytes, Zl

ST E V2T 5 UATFig 10).

= Al & 3PS
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Fig. 1. Representative light micrographs showing testis of Korean
native chickens at post-hatching ages 2(A), 4(B), 10(C),
14(D), 16(E), and 18(F) weeks. All figures were of the same

magnification (x 1,000, methylene blue - azure I] stain).

F3b 1457700 A b A HF FEHANHEDS
AAAEE SEE ve))e 1A HE SaE)d s
o JAY B "olxA YRt don, FRAER 3}
A, 48 o] AAPA| FE(round spermatid)7} B2 7] AlZla)
AtiFig. D).

23} F 1633 AR A A B F2PABEDE
ERAG AE 23 9 ANAEE SLE o), B2A

F(Z ), FHEAE(FS M), A E(spermatid)
o} o] A712E] Wk(lumen, EX)o] FEH7) Al=tetint
(Fig. 1E).

13l T 1873 AF e d= A F FEHABSDE
7 AHspermatozoa, 71 3HE3E)7t BAEH 7] AASIAIL o] Al
NNRE A B8 FSAABH F 2lo]7} g THFg. 1F).

13} 321 2 43 A = A & FSAHADR
(ST AAAE(E HE Ha)), AZATR 3EHE), 4
EAERS 3PEE), A (S E o), Fad
i) 2 #7HL)o] T UTHFigs. 2A, 2B).

531 & 325330 A3 k= A 2 FEHAHEDS
AR EFS ), AR EER S E o)) 2 B2
AR #REJ D D) E WAk PR
3+ PR QI ck(Figs. 2C, 2D).

ol F 4 % Ao AT =AY 7 FSHAD

Fig. 2. Representative light micrographs showing testis of Korean
native chickens at post-hatching ages 21(A), 24(B), 32(C,
D), 48(E), and 64(F) weeks. All figures were of the same

magnification (% 1,000, methylene blue - azure I stain).

SDelle B2 o FACER)S B2 WA Yre
A7) 2= 9 eHFigs. 2E, 2F).

™, 1657858 F23] F7kel7] AFBAB.TS g),
287 7R o]l gk STt FAto]l A&HEU:((30.10 g), 325
HRE LFog ZAHYL2756 g) 02T Ta ol
5228712 2| &ETH27.30 g) 645 ol = 3420 g& Ve
QK Table 1). ’
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Al F7¥8te(P<0.05) 1058 o)) 80.2%0]3 5L o] & FE4 A
Tl FAE BEEZ] A A7 4FHEEH A4S S8
o] ]9} Aol7t AL 647 E W) glo] (P>0.05)
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Table 1. Changes in testis weight (g), volume density of the
seminiferous tubules (%) and volume density of the in-
tersititum (%) in post-hatching Korean native chickens
from 1 to 64 weeks of age (mean+SEM).

Parameter

Volume density  Volume density

Weeks  Testis weight . . .
(n=13/group) of seminiferous of interstitium

tubule(n=8/group) (n=8/group)

1 0.02£0.001° 32,6 £2.2° 674 £2.9°
2 0.03£0.001° 352 1.9 64.8 £2.1°
4 0.1 £0.01° 57.9 +4.2° 42.1 £1.8°
6 0.1240.01° 744 3.6° 256 £1.7°
8 0.23+0.03° 70.0 +1.8° 300 £1.5°
10 0.57+0.09° 80.2 £2.9% 19.8 +1.2°
12 2.02+0.46 82.0 £0.46° 10.75£0.7°
14 3.510.76° 90.8 +4.8° 92 +1.1
16 8.710.758 91.65+2.1° 8.3520.9%
18 12.8 +0.57% 90.5 +1.8° 9.5 £0.8%
21 289 +1.65" 93.38+1.6° 6.62+0.4"
24 251 £1.83" 932 £2.6° 6.8 +0.4"
28 30.1 £2.5' 93.38+3.2° 6.6240.3
32 276 £2.9' 929 +1.2° 7.1 20.5°
44 272 +1.56' 93.37+2.8° 6.63£0.7"
52 273 234 9292424 7.08£0.5"
64 342 +1.34 92.89+3.6° 7.1120.6"

In each column, values with different superscripts are significantly
different (P<0.05).

8.35%°1Sick. o] F 185l 9.5%0]. 0, o] A71RE &
o4 lo)(P>005) 2% Z7} 9 ZAE Jehfo] 6457
ol 7.11%0°]%] tHTable 1).

4. S Mzre] =A
53 3 1593 4T oA = Al ' FEFAEY
272 27t 2.4 pme} 2684 pmo| AT F3F 158 2E

o
RFFAA] AHH0E Folid A F7FEA(P<0.05), 12
Zeof] 233pmE VERIQT 14528 159.7 umB AS
HRl thE, 21579 412.8 pme] Qe 3257 H ]
441.8 pmE JER A THFig. 3).

5. &8 AM2te| Zo|

3t 5 158 a5 A | FE84% Zole 0.0034
kme] Q3L 45 F-E{(0.0146 km) 24 SUA F7l8b71(P<
0.05) A &teta] 285 71A] o|# gk F7} Wido] AlLEAD
2FH & Zog 714H0] 0.168 kmE BFoH 6453

o H31A)Ql 0.722 kmE Ve THFig. 4).

6. DY M} MMTL g 1g B HXL MY

= A B g elA 185l A FAt Ao &
257 AReEm o £ 1.15x10estiso] 1o 215
HHE FolAd QA F7Heb] Aldele] 2430l 4.76x10°
Ntestis S VFERAQlom 323 H:X|Ql 7.73x10/testiso]
o 6433 o 4.96x10/testise] QA THFig. 5).

313 1g B AR AL 18530 4] 39.8x10%g testis©]
312158, 2458 2 3233 o)) A] 217} 49.2x10%g testis, 92.5
x10%g testis, 135.3x10%g testis=. ©] A|7]o|= F&o] Zy)st

Diameter of the ST(um)

1 2 4 6 8 10 12 14 16 18 21 24 28 32 44 S2 64
Age of weeks

Fig. 3. Diameter of the seminiferous tubules(#m) in post-hat-
ching 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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Fig. 4. Length of the seminiferous tubules (m) in post-hatching
Korean native chickens from 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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Sperm production(10 %/testis)

1 2 4 6 8 10 12 14 16 18 21 24 28 32 44 52 64

Age of weeks

Fig. 5. Sperm production (109/testis) in post-hatching chickens
from the 1 to 64 weeks of age (meantSEM). Different
letters indicate statistically significant difference(P<0.05)

among the age groups.

[ [ N
g8 2 8 2 § 2
& & & o o

T T 1

sperm production(10 /g testis)

o &

A 2 A
1 2 4 6 8 10 12 14 16 18 21 24 28 32 44 51 64
Age of weeks

Fig. 6. Sperm production (106/g testis) in post-hatching Korean
native chickens from 1 to 64 weeks of age (mean+SEM).
Different letters indicate statistically significant difference

(P<0.05) among the age groups.

o Wb goA UAI(P<0.05) Z18tHc) 448 3} 525

ol A7 hdte FEE BYout oL HEEHA|
grokm 645E ol e 524 YAl A (P<0.05) 24575
o] Z=x]HT} e 86.54x10%g testiso] ATHFig, 6).

= ol el kA Jers 2 7]
Zfet=ul ok § 1o G waEelA
50 Bhie A7), 50~80U A Lk
Ql 7k H0~1604 =7k 43 S7F e 4 45 A7,
2 Aol o]Fojzl Fo] Ao Wt gle AIVIE #Es)
o 4712 UFolA &S E el thParker et al, 1972).
o}eh= <] Fayomi S8 AE 18ke] FAbael waS #
z

22
g A3 3712 Weddedl &, 271 125747 HRAR] &

a5 Aef o ne L

7} 71, 16~24F3 712 F43 F7) 18] m 2558 ~1d 7}
2] & W3t gle Al71E2 WA Jlth(Kalmer, 1969). 1
gho) A9 A S Aloldle HEe Aol AR 4
Aol o] FoIRE A171Q] 5Y o] FelE A 1o
A3 Aido] gtk Benett, 1967). 2 ATLo] A3
= A gellAd nge] e FaAdh éﬂr 15

7R AEH 0 Z Feolid A S8 245 FE 64
FH7A = & Zol7h gtk whebA HA AT Baeh 2
o] mghe] A& &3 R V|2 vE Fe AT A
Al Wzt #oA o] & W 1~105%(0.015~0.57 g)
7R HapEl 271, 12~2153(2.02~28.86 gy7HA| FA &
Z7} & 24~64F%(25.08~34.2 gy7tA] W3 gl Al71=

ol 3712 wirel 2 % itk @5 Al seld F3 7
ngel e AaERThe Fyomi £83 23 o /A
& 2 st 4 el ol el Fol @ Yol U

7} glo] Benett(1967)2] Raiel d=|sl= 4
Oﬂ Al 2ol W}E‘rﬁ X}O] } A %0 i—}?_fﬂ‘}i"%.

%, & @Aﬂﬁol 32.6%% z} 8k AL, o] #3t Hl&
A1 ﬂop—_ Eo]— 7]-70 z;{] =1 X471<_]?i19§ 7
tE2A FEPNBRE FaHor 57}3}04 6477 ol A
b 247 eyl 27 711% 9
BRIt o]k Aatol] ofatd 12 TR A #T
27 2422 ol SolA sl 28 Aol §4elA B2
Aol HojgH Zrhgo] 1 2] Aol &4 /kuch
274 =tha B33k Rey et al.(1993)2] A} o] 4™
2 5 slesl, 34 ¥ 9o e 1e 849 27k 4
e AZIZE PARIAEA FEARE olF R e FA
BhAl A 3 (spermatogenic cells)e] #3171 Eils] 7ol whaba
FEATe] AR et e &) Tk Wil Ao
2 A7tEo.
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FEOA 11gko] FA G 7} A7) HAEm A} LAY
(spermatogenesis)o] HAE = A]7]<] 8~10F Alo]of] A<
o] alagl: noz Eiﬂcﬂ o] OLHKalmer 1969), A3 AL
o] W 5= HE AdH L 2F o F(Aire, 1973)7} Uk
(daylength) (Ingkasuwan and Ogasawara, 1976)< 2]s]x] 2%
ol He Heg gElA Utk B AT e F&8AT
A2 A x| e WA= g Zo] EFE Uk ) A
ZAE(1~85%), 2) ARAE, B BAE10~1233), 3) &
ZA R, BEAE, A2 FAAL(14~165), 4) Z A
E, JRAE, A E B GAH18~6457). =, 165 FH
AApEA o] s Z o= Rol o] Aj7lo] A gl H
e A& IASAT He] A A Ao v|Fo] &
o £ Aot 2ol A vtk AFY 2RE 14A1HESH
Y& B Fo] T3 1047 B oA dtd ALSE B¢
e e g 16~215Fd A Hao] BdHE AoR
9. el 2RE Ale(Winter and Faiman, 1972)7}
2ol 407 B9l B % Q= A1) nEke] Aol B3 of
RolAE Fo8 BRE = Jon 24 T agel Aol
BAH o ojRolNE HA(ee T, 19755 HoKLee Z,
197631 Aelt 518 & & Uik
oleig AT Felo] WA, B A7 HelA 28 F
B8 S 1740 18 o] Pk A4 Aol
A71(1~127%), A ASA71(14~185%) B A&5A17121~
69z JE & 98T BE & AUk

kl m

to o

@

ol A= 3= Al HolA Rl & ng Iy g
gsHA olslirlr] Hsted HE =1, 2, 4, 6, 8, 10, 12, 14,
16, 18, 21, 28, 32, 44, 52 2 e4=H(n=13vle)/AH)e] =
ARG E o] &dtd FFetrt e A Hel ughe 25
% glutaraldehyde & o] -85t 4l BfF ng3tm 24 Az
37g-& 714 Epon-aralditec] Eoj3tHTh 2BPHATE ALE
&ta] 1 pm= A¥ 3 the methylene blue® 2 slod Uut
I 2o Azt Fe ASE LA Wyl ek
A2 S FH5t e 22 ADE A9k B &

FHo uge] HF FAE 0015 g ol AR Ao =

7¥sted 21580l = 3.93 gol 1 215-H HE] 64537 = W
37t ) B &4 AU EE 159 32.6%0]
Aot HxH g Friste] (4T E 92.890]}Th |
FHo] g5 A & 18 7+ 22 1 Ao 674%F
YeEI 3 o]l Bl &2 A s 5ol A=K ez 7
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