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Morphometric study of the Leydig cell in Korean native cattle
(Bos taurus coreae)
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Changes in the Leydig cell from pre-puberty to adulthood were studied in Korean native cattle. Eight
groups of male cattle aged 14, 17, 20, 25, 30, 35, 40 and 104 weeks (n=7 cattle per group) after birth
were used. The purpose of this study was to obtain quantitative information on the Leydig cell of the
Korean native cattle during postnatal development. Testes of cattle were fixed by perfusion using a fix-
ative containing 2.5% glutaraldehyde in cacodylate buffer, processed and embedded in Epon-araldite.
Using 1 um section stained with methylene blue-azure II, qualitative and quantitative (stereological)
morphological studies were performed. The average diameter of seminiferous tubules gradually increased
with age from 14 (75.56 um) to 104 weeks (298.9 um). The volume density of the seminiferous tubules
increased with age from 54.2% at week 14 to 76.9% at week 104. The volume density of the inter-
stitium represents 45.52% at week 14. This proportion progressively diminishes during development to
reach a value of 23.14% at week 104. The volume density of Leydig cells decreased almost linearly
from 14 (20.71%) to 104 weeks (5.28%). The absolute volume of Leydig cells per testis increased sig-
nificantly from 14 to 104 weeks. The number of Leydig per testis have almost linearly increased from
14 to 104 weeks. The average volume of a Leydig cell reached maximum size by 104 weeks (2553
pm’). These data suggested development of Leydig cell can be classified as the fetal and immature adult
Leydig cells (14~35 weeks), and the adult Leydig cells (40~ 104 weeks).
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A = Kim¥} Yang, 1999; Kim %, 2002).
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1 9Htestis)> A 2HFEOE UYeolA Ql=dl, &
A}(spermatozoa)S AYAFSl=  H4E 7 A W(seminiferous
tubule) ¥} AT Afo]Q] 7HE %2 (interstitium) o] k. 7H
ZAE A1 AaT22, THAE(Leydig cell), SFHAE,
SREAIE, d EeAlE, dEiuAz 9 gl
F7FOo &2 o]Fo]A] QJtiAriyaratne?} Mendis-Handagame,
2000; Ewing} Zirkin, 1983; Mendis-Handagame 5, 1987;
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fREY] AT 2RSS EH|5k= tfFQl Aot
AN E= A0 g )i sbe FhgA|zolA &
AJol= Aoz deA o H(Kerr, 1988; Mendis-Handa-
gama®} Ariyaratne, 2001), 7F2A|E A= 2 E(inters-
titial cell stimulating hormone)S 7+ A|3Euto] Q=
St drpg Ao A-g-ste] AN EE A%, £33
A Z1aL, ZPEA| 2] Ml o] mlA|lt el EAfch=
g 7HA] aaE o]8ste] 4T EES st &
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H] 3}= zFgo| ¢lom(Sacz, 1994), 0] SATER O
ALY 2, BEA44718] /4 9 W7)7]s
_o_

2R SAAAATANN FRF 4L e
CHRobert2} Delost, 1978; Saez, 1994).

2] FEASEHE Ve 483 AFE
Hud, 7HxAS o] Sle Z7] o /39 Al
229 FEo} 7|59 A dddel Wt AF+7F A
H(Nistal %, 1986), 7l(Zirkin 5, 1980), 3 F|(Kim3}
Yang, 1999), A F|(Blackburn 5, 1973), ¥%°|(Rey &,
1993; Russel 5, 1995) a/\E‘](Sinha-Hikim S, 1989)

1831 = X|(Allrich 5, 1983)0f| 4] 4238 &)1, Fawcett

T (1973)2 1459 ZHsa=RolA 1Hax2 449
EHEJ} FE ARl Apo]E HIAL slem, o] Hok &
ol W2 HAAE Fe 2 759 ztolo] Ik
HlaL A-t7F HalEo] QltkEwing &, 1979; Kim -5,
2000; Mendis-Handagama -5, 1998; Zirkin &, 1980).
S/ T A dAE 13 Wdo] ek B2 A=
F2 3 F(Ewing} Zirkin, 1983; Mendis-Handagama®}
Ewing, 1990; Mendis-Handagama 5, 1998)2} E7|(Castro
5, 2002; Gondos %, 1977; Gondos2} Renston, 1976)

oAl HirE Tk

2 ugto| A8 A= HEEAI HAHE /A (Moura
@} Erickson, 2001; Rana®} Bilaspuri, 2004; Wrobel,
2000), 113+ 7HAA|3E9] HHSKRana2} Bilaspuri, 2000;
Wrobel, 1990) 2! X313} J1%(Scala 5, 2002)= ofj+&
= TEAA e TR A7F 2P|zl B A
Hoh ol aE iy, 53] gh=pal k9 a1gko] df
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=N THE A s 4% dAE R sk
22 AL e A 822 U= (volume
density), A tj]-&-Z(absolute volume), HFA|E -&Zl(ave-
rage volume) ¥ 113+ | & <=AKtotal number of per
testis) W= JHAANE ZE3}Fo| o3}, arghe] we A
%, YAt dzAe] Ase U a2
2%} 7150 fABAE olslehin tle Fasl
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‘:'TEHtﬂ'_’ Nfﬂ v}
e i e R P R
Holl o] g3t

3ol AL =A3517] ¢5}o] chemical balance=
BAE =43} sucroseE ARE-SHo] FoFH(float meth-
od) O & H]|Z(specific gravity)2 =743+ & 1319 &
2o AFEHACH T EE A= T A T FHZ) (Chris-
tensen, 1980; Kim &, 2002; Mendis-Handagma -5
1987; Mendis-Handagma®} Ewing, 1990). 0.9% A32]2]
dg Te wiel 1Y FAdsied AF @ T
2.5% glutaraldehyde= o A|3}o] 1gko] Thdaf 2 of
A R STk TS 1-2 mmi AWk
2.5% glutaraldehyde= 2A]7F 59 24 $F & phos-
phate buffer (pH 7.3)2 A& s}l 1% osmium tetr-
oxideZ2 & 114 s}ttt I 22 ©<3}al Epon-812
of Eojstel 2t AR T 10744 BES At

u

%84 H 7] (Ultramicrotome, Leica ultracuts, Austria)
£ AR&SEe] 1 um 74 2] 21 H(seminthin section)
S AZ3E 3 1% methylene blue-azure 12 G A 35}o],
sF&u] 7 (Leica, DMRBE. Germany)2 ARE-3lo] 3
Bero, HLEARe] 47 0 2t AEsle] 27|
AAFE A 7] (image analyzer system, Leica Q500MC,

Germany) & A1g310] 24590},

SHENH|Z (Morphometry)

& ZIETEE| PMES| X X|LUE: Point counting
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methods (Kim -5, 2002; Mendis-Handagma®} Ewing,
1990)H-2 #-&, 121 point ocular gridS #-2}at 33}

Hul7 Stof| A pointe} Whte 7 FLRE(7HR /‘1 2z,

A, FUQAE, TR, FRYAAE, 2 Y
2392209 o] wAS) AR 5 S0 B9lE
54 sgon, 2 A @ AL 09l A
1002918 854 g 27 owq olzie A

point (121x5)&2 U=o] 13} 7H2
(vv %= ofdet e 48 01%6}04 o

V: v % of a component=
number of points on the component
total number of points on the testis tissue

x 100

0 ZHEMES| HiEA: ojn] Lafxl SAAUE
(volume density, v;v%)Q} 113H8-Z(fresh testis volume,
2)S o]g3le] ArL-2(absolute volume, mm’)S T}
S 2 FA Ysto] FSAtHKim F, 2002;
Mendis-Handagma 5, 1987; Mendis-Handagma®} Ewing,
1990).

Absolute volume of testicular component (mm3):
volume density of the component (v;v %)xfresh testis

volume (g)

4714 gl
g ko

8t He] 85 b ME S Floderus (1944) WA 4]
Nv=Na/(T+D-2h)x(1-S1) & &-&3}o] &4 o A=
Z>(numerical density)E AAF 5}t o] FAlo A Na
= oA 2 A exl e WA 40006.28
um’), D= B A HA, T= FBFEH =7,
(total shrinkage=histologic correction factor):= % L’?}
x40 14 A, 34 F, BEAL Fo| F 5% b
£ b Arka AzkEls o] ojoln ofk mE
Hat H 279 10% AXZo|th(Wing} Christensen,
1982). QIHAG 2t Ala2o] F =Apet Mol A7|=
2% EHA SIS FREA Fus Absiol
AAFEL A 7] (image analyzer system, Leica Q500MC,
Germany)Z o] 8319] Z4sler,. 1 & AN E
o % A thea 2 B4 oJste] Tatant

im 5, 2000; Mendis-Handagama 5, 1987; Mendis-Han-
dagma®} Ewing, 1990).

[e]
gHe 13

gko] FA|9}F vjForH

Total number (cells/testis)=numerical densityxfresh

testis volume

MBS B 85 1HaAEe] B §42 84
AUEE BUGH G AT S peo] Fakn

(Kim 5, 2001; Mendis-Handagama &, 1998; Mendis-Han-
dagma®} Ewing, 1990).

Average cell volume=volume density/numerical den-

sity of Leydig cells

SEEMEC] RF =8 FSANT] AL o
w2t 20~30709] AF S| FAlS ‘31’5]-0% image ana-

lyzer (Leica Q500MC, Germany)E o|-&5to] =43} th

SAHX

2 AYof|A dojxl A== SAS package?] General
Linear Model (GLM) Procedure (SAS Ver. 6.12, SAS
Institute, 1998)5 ANOVAZ EAx2] & Duncan's
multiple range testo]] ¢]slo] FATH O™ P<0.05 ©]
ate] Gele BASHE o]z ettt

A 1430l el AR
Al
75.56 umo| Q1 1, 7] Auk = 1401]#
Z A ZA| 3EZ(spermatogonia)E©] X8t 1 Afo]of
He mgdel 9 71 4ol 274 E(Seroli
celhSo] A= QT wHHH 458%2 Z}A|stal Q=
%A RRolAE AU v SN E
(adult Lydig cell, & 3}2F3E), e x}7H2 A 32 (fetal Leydlg
cell, Z-2-3514k ), S7FAME, 2R YGAE 18T
BN x2S B2 T 5 lUThFig. 1A).

AE 17728 7HA A Yol Al ol At

go| wo| Holun e 7o AXT6TILS6
am) S2A7E Eote 4R 8 A A%
E(ESHE)= AA S718FAL whdo, o] Zls)
A ASEL 2] 9B A AR
osprE)L A} AAS g de] 277
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Fig. 1. Representative light micrographs showing testis of Korean native cattle at postnatal ages 14 (A), 17 (B), 20 (C), 25 (D), 30 (E), 35 (F), 40
(G), and 104 (H) weeks. All figures were of the same magnification (x1,000, methylene blue-azure II stain). ST, Seminiferous tubules; B, blood ves-

sel; Large arrows, adult Leydig cell; Short arrows, fetal Leydig cells).

S7HE o] AL Alzdo] Aa 7|tk Bl e
R FLAAE, SEEAE 2P 8 F9olA
£ 7 Se @uuAdze} N 2E BE 2
= AHH(Fig. 1B).

A5 2073} 257Gl A fFRE gk a2
A= ol AAe 23]8 F0]531(60.140.37 pm),
A7 53R APk A Az W A
&5 e AsEAREsHE ) e o] B
o, 25 9 o|Fol= A EAEE A Zo}
& 7h AL SAFAEs 17573 vlasto] s2xt
© S/hte 4% HAtKFigs. 1C, 1D).

AT 3073} 357l A3 el &
GAIEO] HlEol 64%, A7 EFE 153 pmo2 A
S7F shalaL, A BAt A 2 B
T 1AL, AT Z(E s ®), SHgAEeL 2
HORAN|Z7F & = th(Figs. 1E, IF).

AT 40FollA AHHTE oA FEAAITE
H|&0] 69.1%714] S7FstAaL, A% E3E 1817 um
or F7hekeh HERAS A ol Hle] v
g Ags) A, ASPEAEEIHEE)e 277t
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2 Zom A4 dglon, FUAMEL 2nopm
7h B3 E9rkFig 16)

104 F2dollA] A2 TSk A FLAAT
20| 76.9%, H7o] 2989 um7HA F7kskeleh. 14
2R HSI AN ST, FUAAES 2
HOPEAL B HGow, 40 FYUE 2 Hol2
5ol skeiFig. 1H).

UEER| AMZ0| EMR|UT: uFxRAS o]FiL
= 4% HAEC dig £- AU %= Table 16
U otk FEAATY EAAUEE A 1455
of 544+48%% IHE| oM, 30 FHEEH {4
AA| 27181 TP <0.05), 4052 oAl 65.85+54.24%,
10458 o A = 76.9+7.62%5 ¥Haro] = ¢lct 13k 7+
AxA o] EAAUEE AT 14 F(45.543.73%)F
B 25 23 (47.2+4.39%)7HA] 1A} 2712 ulEsich
7 30 7 ol $RE {94 A Hashr] AlEst
o](P<0.05), 104 F& oA 23.1+5.78% = T2 =
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Table 1. Volume density (%) of seminiferous tubules (ST), interstitium (IT) and Leydig cells in postnatal cattle form 14 to 104 weeks of age
(mean+SEM)

Age in weeks

Parameter
14 17 20 25 30 35 40 104
ST 54.48 (4.8)" 49.58 (6.2)" 53.31(2.28)" 52.78 (4.09)" 63.19 (4.23)b 63.76 (3.78)b 65.85 (4.24)b 76.86 (7.62)b
IT 4552 (3.73)" 5042 (5.21)" 46.69 (3.88)" 47.22(4.39)" 36.81 (5.26)b’C 36.24 (4.81)b’C 34.15 (4.31)1”c 23.14 (2.8)°

Leydigcells  20.71 (249  159(2.89F 1892257 1619279 12.17(1.71)°  9.13(2.23)* 842 (1.46)>° 528 (1.21)

Numbers in parentheses are SEM. In each row, values with different superscripts are significantly different (P <0.05) among the age groups.

Table 2. Absolute volume (cm3) of seminiferous tubules (ST), interstitium (IT) and Leydig cells in postnatal cattle form 14 to 104 weeks of age
(mean+SEM)

Age in weeks

Parameter
14 17 20 25 30 35 40 104
ST 10.51 (1.28)" 13.28 (2491)“’b 19.88 (4.29)b 38.63 (2.99)° 59.90 (4.01)d 80.60 (7.78)° 115.61 (7.46)° 225.17 (39.62)f
IT 8.78 (2.72)" 13.51 (3.21)b 17.41 (5.38)‘”C 34.56 (4.41)d 34.89 (5.47)d 45.79 (4.92)° 59.98 (3.38)* 67.79 (7.19)

Leydigeells  3.97 (048)'  426(0.77  7.05(0.95° 11.85(2.04° 11.54(1.62)° 11.58(2.81)° 14.81(2.56)° 15.49 (6.18)°

Numbers in parentheses are SEM. In each row, values with different superscripts are significantly different (P <0.05) among the age groups.

Table 3. Total number (108 cells/testis) and average volume (pm3) of Leydig cells in postnatal cattle form 14 to 104 weeks of age (mean+SEM)

Age in weeks

Parameter
14 17 20 25 30 35 40 104

Total number  36.64 (4.93)"  28.6(3.51)" 67.74(5.52)° 8537 (3.93)° 82.92(5.52)° 92.53(6.12)° 100.42(5.37)* 115.08 (8.13)°
Average volume 1120 (113)" 1561 (159)° 1034 (107)*  1395(72)" 1501 (139)°  1231(158)" 1533 (184)° 2553 (193)°

Numbers in parentheses are SEM. In each row, values with different superscripts are significantly different (P <0.05) among the age groups.

Table 4, Diameter of seminiferous tubules (um) in postnatal cattle form 14 to 104 weeks of age (mean+SEM)

Age in weeks

Parameter
14 17 20 25 30 35 40 104

Diameter 73.56 (3.29)" 107.43 (6.74)° 99.53 (5.82)° 112.54 (8.52)° 128.51(7.52)° 158.21 (9.14)° 181.7 (6.71)° 298.9 (12.76)°

Numbers in parentheses are SEM. In each row, values with different superscripts are significantly different (P <0.05) among the age groups.

ok WAL g4 NUEL AT 14 Fo]  FL 67794719 cm'olYlek. AL ArhgH L
A 2074249%2 ASEH AL 057 RE G4 14 T30l 3976048 em’o U, o] F HA FIIH:
SA Hraet] AP <005), A 104G A AR, 58] 25 FFRE Al Stk
= 5.3+0.99%7HA] 225kl 104 ol = 15.49+6.18 em’2 ZA ¥ 9]t

BT TY=0| HEN: vgtxAe o|FA Q= aEhl ZHEME & xXiet R8N vek T84
4% P48 Y GAGAL Tle 2o et Ak F AR o] TULAE Fotel Li 2WxA
AT 7HAZA ] AgleAe z+zF 10.51+1.28 FAEZ 2 et 7HEAN I Ho 840 IB Auf=
em’T} 8.78+2.72 em’0| 9L, F7 o] F7hatel whebAl Table 39p At 1439 a3t MRS F Sl

=
o] =27} 994 QA Z71817] AlRSFHTHP<0.05). 36.64+4.93x10° 82 AZE9aL, 205 EE 594 A
%61 25 FREE 43| S718H7] AAFske{(P<0.05), (P<0.05) F7tst7] AlZtsted, 4059712 S7kok= 7
Z o= FEAATL 225.17439.62 em’, 7HAZ S Holthrl 1045 o A= x| 2 115.0848.13x10°
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A 75.56+6.15 pmO. 2 =4 =9l Xé,?ﬂ Hog 27}
She A HAOH 4053} 104550] 22k 1817
um, 298.9 umo]iTtHTable 4).

nEE o|RTL Y BLABI Az B
3] F|(Ariyaratne®} Men-
dis-Handagma, 2000; Kim 5, 2001), $42~E{(Sinha-Hikim,
1989), 7|4 & (Mendis-Handagma 5, 1998), H(Johnson
T} Neaves, 1981), EX|(Allrich®} Christensen, 1983), &
7|(Castro 5, 2002), YENZayed &, 1995), T
(Neves &, 2002) 5 72 s=°l4 & WA A+ =
FoU Fa3H A sEQ] A0 gt A= 2 F
SN A EA o e o] oA $al(Goyal i}
Dhingra, 1973; Moura®} Erickson, 2001; Pant 5, 2003;
Rana®} Bilaspuri, 2004; Wrobel, 2000), A& 13} 72
220] gt FeAZEH ALE Murrah Buffaloo]
AHF B 31 E|of(Rana®} Bilaspuri, 2004), 4~ 113+ 7H2
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AZSHQ AFATE Fobs 4 gk £ Ao
Qojql e MANAMEY $HXN A%, Aej§A,
B4 2L 5 xol B 2 AL Wi ofn,
CIei A 24 F HE A7lo] Aol ol
oA BF, AHSH: ol 1A FolE eyl
o, 5ol (ALY WAASSE Aute e BE
3} ge Fol7k 9leS & 4 Uglm ofeldt A
M erEel Sl A vle A1X gl AR A
Zgiey.
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AW 45.52%9] Hl&o] 25 1 7HA A =t
7F A% 3057 o] HE Hassto] 40 T ofl= 36.81%,
104 Fol| = 23.14% % Vrebytth 5 e & 13
oA A2 SFHAUEE 4 FHoA 51.2%=
AAFSte] o] S REE A&Aor Fasto] 40 =5
52 FHof o]=8 20~21%F RIS 75~102
=2 o] A= 16.2% 71A] 7FA 5+ TH Wrobel, 2000). ©]
2let 2S Hws] B, 59 A e ool v
stof aighofl A ZHA A o] ApA|ERAL Q= Hl&o] E
Solztoll wehA 1HEz2 0] 244
Hlgo] -} 8~15% H W 4]
2 wohe AS & 5 AT 29

A Azof aghe] Kus FaA Ao
A G BEARE 14 252 1051 em
2RE 2407 F7)stl, B3] 35 FH3 ZA)
®o|7] AlZah= 40 FHolA A F7IstaL 104 3

em'sf] o] £t} ol 3 WA ZHal
S8 14 Fgo] vl oF 26 Srshaieh 2=
O] Z7He-2 14 ol 8.78 em’of A 104 FHof| &=
67.79 cm’ oF ) Z7kskeich. olelst Akl ofsh
H gk Ao g oA FEZMTe S7keol 14
Z22]9] F7HERETE = Rey 5(1993) 2ol ofsf
4% @ 57} glon), 24 F 9] nE 1ok §
Ho] 7k 4 A% A7I7H AREAEA BEAA
ol ARz} HAHE Bl Bl o]Roix]
T @ge] Burt a4 FUkstel H& Wﬂﬂro] A4
4 ol $40] F71517) W89 A
ofg] F=9] 1HAA e B A —‘ET
o R o, e, wEey] T2 2H+= 7&%’:1*11:5
O] =7} Artar Hiare|o] lri(Aire, 1997). 2%|(Ariya-
ratne?} Mendis-Handagma, 2000), 38 E]{(Sinha-Hikim
=, 1989), ZH(Johnson} Neaves, 1981; Johnson¥} Thom-
son, 1986)0ll 4] T3 1 g ZHAN TS Srb 712t

o= 225,17

12.1x10° 15.32x10°, 18.7x10°7] 0] 91 2. ,s}gg Ao
A Ag<zo] A3 o] ZoF 104 F 0] A9 24.03x10°
NE 2/e B8 o ZHSERY A3 w2 5
A& Hetl ot olgfdt Ak =73 BAASA
NN2ARE AT T 5 e A% gE
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S SHE A s AZI7HA] AR(Nistal 5, 1986)
I Yzol(Rey &, 1996)0|A TaFE= ZHEAZ9
§9E AP A E(fetal-type Leydig cells), 74t
ZHA A E(infantile-type Leydig cells), FE# o2 B3]
= 7HA A E(partially differentiated Leydig cells) 2 £+
3] wel A7 A (mature adult Leydig cells)

o] 4712 #-&ol ek 2L 2F(Ariyaratne?}t Men-
dis-Handagama, 2000; Mendis-Handagama &, 1987), 1
OFo](Sanchez &, 1993), 1&]31 4y (Rana®} Bilaspuri
2000; Wrobel, 2000)0] A= BJRIZFAAIE, w44 1F
Az 283 AsEANER 3 FR HEA T
o] WAE| =T TFolAE FA & 145 HE 104
FR@7HA] oAM= T dE UEido] ARt
Aol7k Ag& & 4 AL, o]tk Apolo] AUl
FEFolAE 2 FHE A Aol o] Fofx| 7|7t
A @ AJZro]l 29 E7] wjo] HEAZe) 3}t
A Sl E oE 739 Ax7t sty o EAsk= A
o7 A7tEw, 3k Bjx} IHAA L o] HIlE ets)

A

AA = A7 BEE AL, SN EZ7L RS
A SRk o) % A% ZPAMES] H&L A% 27}
ST HAAAEE asts AR Holtrl 20
TR WEEA Utk 20 T s 1HEA
27F A Wifis AA|skL, wEtshd AsHAl
Ee A HEEAT A 5ol 48 TdR ol o]
F0]%|+= Murrah buffaloof| A EjAZFAA| = AHE 1~
3INE ol IS o] FaL IS/|E R o] %o flojxith
1 Busk Y83 dX|stc(Rana®} Bilaspuri, 2004).
E3F 2 A A e A} ZHEAAE7F AE BEE ] R
o FYelME A4 MR Sl AL A8
th ol BIARHEAN = ASRY AL Faste] Al
L 22(cell death)o]| 24| &7 (Gondos 5, 1977), A8

S 2 7|5 ¥ Edl|(disintegration)E T}l 3= R 1o A
©HKuopio 5, 1989) Zro] Ejz IHAANEZ7} <31
NEZ2= 2371 o|FojAA] U= Aoz AHZHT).
BN AP A 29} A7 E A2 Aol o] o
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