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ABSTRACT

In addition to the removal of dying or dead lutein cells by phagocytosis in many species, macrophages
exert both luteotropic effect during maturation period and luteolytic effect during degenerative period via
mediating autocrine/paracrine actions of self-producing cytokines in the corpus luteum. In this experiment,
immunohistochemical and transmission electron microscopic (TEM) studies were performed to observe the
morphologic changes of luteal macrophages during luteolysis.

A small number of macrophages and low immunoreactivity were present at the mature stage. The
number of macrophages and immunoreactivity gradually increased along the advance of luteolysis. Two
subtypes of macrophages could be observed through TEM observation. One type of macrophage located
between the large lutein cells contained no lipid droplets in their cytoplasm at mature stage. The other
type of macrophage located near the blood vessels contained many lipid droplets in their cytoplasm during
luteolysis. Particularly, no phagocytic macrophages were observed, which suggested the macrophages in the
porcine corpus luteum did not involve in the phagocytotic elimination of dying lutein cells.
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g3l S AXITHMcCracken &, 1999;
Niswender -, 2000).

] HFEF EfRsE TolA A
¢l A&l Ao R EHEHE PGRa
o <oJ& WA= thHansel &, 1973; McCracken
5, 1970). PGF2at= 3 WulA|ze] WAS o
©A(O'Shea &, 1977; Sawyer &, 1990) A
g3 dxE A AarAZIEZA(Azmi and
O'Shea, 1984; Braden 5, 1988; Nett &, 1976)
g AAdz 7= {7 gaEa a2 Q)
Aol ddAad, zEHEol= AAdel Hag 7
Aol A5 9 A a3k XX 2y
s zHste] FAENE Uo7 A (Phariss
s, 1970), FAIE FAstaL e AEES of
TEANAE 31819 (Sawyer 5, 1990) A&
= Qo= How A gk

olggk 7|l sl MAIE= A
Ao A HgASo] ARAQ S
7178 wom old #3k o] A
A Qa1 9k 1 & SHA|EE
e Ao w7 M EE PGRaf =
A&slT TRAZEE FHe] A doll A=
Aol A4zt ol FE3slal(Hehnke 5, 1994),
FAE sl e dador MAE SFAAME
X2)(Adams and Hertig, 1969; Bulmer, 1964;
Paavola, 1979; Pepperell -5, 1991)¥} AJxuv}l7]2
S 8351 (Parker, 1991; Tscheshe 5, 1986), &
AAEANA  PGFae] A4HS A=-8Fai(Nothnick
and Pate, 1990; Fairchild-Benyo and Pate, 1992), 7|
Z ZRAZEHE BHE AAsh= 2-8&(Fairchild-
Benyo and Pate, 1992)S ZH=d], ©]i= thAlAIEZ
ZHE EHEE TNF-ad IL-1 59 Alo|EF}
Ql(cytokines)E°ll  2]3t 7l o Z(Fairchild-Benyo
and Pate, 1992; Nothnick and Pate, 1990; Shakil
and Whitehead, 1994) &&i# it}
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FE9 Z2)3 A olstal(Brannstrom and
Norman, 1993) |- &3fA7]ol= SFAAEEL
oFFEAI2S}L 5o A7 HFIAoR #
oJ3}i= “5(Bagavandoss ‘5, 1988; Bagavandoss &,
1990; Roby 5, 1993; Paavola, 1977) L 7|54
q5dol - Aal T3 FejH g 2
M| (Dijkstra 5, 1985; Kraal 5, 1988)% <&
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aEde A7 B AT FEAA g
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o.Mz & 44

g APTES AT 8~107
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@A A g A A A Al el A
3

Hldal =4 20wk

A

/é]. -

o} 1A=} A] 107he] €] Li—% 2174 Fikol A
Lty A& A s FAES Edehs 49
3 7|2 Aukste] H & E(hematoxylin and eosin)
omi oﬂz;dﬁ.z‘s}x—l oﬂq__E. _?,]3]_04 10% %
A MN(buffered neutral formalin sol.)<l
24713y a186kolal, AR FAAAEYY #
BAZE 98] sSmmx5mm 72 ddd F
2.5% glutaraldehyde 8ol 7131743}3c}.

2. Hematoxylin-Eosin 2444

WA el QuAQl 2ASY TxE o)
w7) g8 ol 3] g =4S seh

(paraffin) Xufslx 5um FAZ ¥vbds &
WA o w et H&E 94 ol whe %24
¥R Azl o, gstan Z(Nikon, Japan)
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s B o R Thebd Eufskal 5 umE
gl 2241E eI ©]E silanized
coating slide (DAKO Corporation, USA) ¢l -
ZA)7]aL, o]% xylene o2 Euelsl 2], 100%,
90%, 80%, 70% ole-2-o] AR FraAlE 7
1 %, PBS (phosphate buffered saline solution,
pH 76)= + == AlFsta, 3% Fitsea
(DAKO Corporation, USA)E 20% <t endogenous
peroxidase block *]2]gt & T}A] PBSZ Al =}
g A3 Al o] HHS 0.01M sodium
citrate buffer (pH 6.0)°ll 1033+ A= x]ol] 2
o]l 3047 A F Tk
HHS 13} A MAC 387 (NeoMakers corporation,
USA)Z 1A &<k Aefstqleh. PBS® 3% 3
3] 4|25 biotinylated Link (DAKO Corporation,
USA)ell 10%-3+ *E]star, PBSE 3% 33| A%
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21083t Akl 18]a PBSE 3% 33
M=% DAB (diaminobenzidine tetrahydrochloride,
DAKO Corporation, USA)E ©]-&-3}o] wHalA|Z]
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Asle] 3ska m) 7 (Nikon, Japan) o2 21
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EN(pH 7.4)S wHEo] 4TolA 1ARE B9k 3
Fehar Fagsigint. agE 224E 4T
50%, 70%, 80%, 90%, 95% ethanol, 2->2] 100%
ethanol=- ©]-8-3lod Hx4 o2 &3]3l propylene
oxideZ X|FA|ZTE Evf= epon 812&F NS A}
4351931 743skAl == dodecynyl succinic anhydride
(DDSA)S} methyl nadic anhydride(MNA)S A&
3=t olu 71| 24 2,4,6-dimethylamino-
methyl phenol(DMP-30)& AFg-3}3ith. Emjz=%}

ZHPd A 7)(Sorvall  ultramicrotome)E A&}
o] 1ume] FZHUPEH (semithin section)S- A2}
3 % toluidine blue 94} aho] Fsldn] o
B BRI v, A9 F-9E gske] 60~80
nm F72] ZuFEHA(ultrathin section)S YHEIL
uranyle acetate$} lead citrate® ©]Fg A5t F
3} 28 W] 7 (Hitachii H600, Japan) 2.2 3-3-&}
Atk
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o7l %k 7otk A ] AAFIIE 2
= Y] EfEEolA wig = dAlskA|
B YL d2oN A2 F2FTE THA
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(McCracken 5, 1999; Niswender -5, 2000), ¥
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A 71 HE A o] Fel SEAE
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AEEE PAE A WiEnd darjae
2, Z A 2H E(progesterone) BAFS £33 <
Aol =3 FXe 7148}l ) (Niswender and
Nett, 1994) 7]'s-& thgh Fol= 2153 &)/
sl doA] WAFVE FEA7|IL A2 b
g o] WS 5)8stal Ry 40 7]
3|5 AlgskE 713o|t) (Pate, 1994).

A &sl= F A A8 AA=T AA
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EAdA o1 A 724 FA SR Ty
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FHEE SOl dojubA] ar HAprt ded
= EI3l(McCracken -5, 1999; McGuire
1994; Pate, 1994)2} $A7} Madrl= Bl
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(Stouffer and Brannian, 1993) o}& ¢JAo] =X
HA B AAoltt i FEF olak
EfrsEolA FALNE AT o2 E Y
= PGF2adl 93] 7HA| = A 9HHansel &, 1973;
McCracken 5, 1970), HAl|&-afo] Aol
7HAR1 714 o] 5k (Pate, 1994), 17]ell ¥
A7} SslciPate, 1994; Duncan 5, 1998; Siiteri
and Stites, 1982; Grossman, 1984; Kelly, 1994,
Brannstrom and Norman, 1993)& #lo] 71X
o] Ajdolt} o] wet AW i3z 1Y
AEQ A ES} FAgE et AAE
st7] 91§ AatEo] v dsiA @il 9o
opAA FrxA A Gl d o] st
Al BralA dA] gFal(Morales 5, 2000) g
FA &l o] AAFINE DElehe A4F
Tkl Zpol7t Qlo] =ee] oX|7F Hold
“gHfoltt.

dubd o A= HoSA A7I7F A
|3 S AAEA AR six el g
]

ol o

al7] AlAFste] oF 35l A AAAA
< B3 93 HlEE oz dwA Ao
(Bacci &, 1996). thi-to] v gFolA A&
e MAlehe Ao dElxl PGRas AFd o
ZRE Eu]E3 (Hansel -5, 1973; McCracken
=, 1970), o] $AH o7 A wAgRS -
Aslar Qe WHAZEEC ol EEAAS doA
(Bacci 5, 1996) AR 7}= RE AaAF
ogZm Aol gt Ad, ~HZo|= A Ha
g 71de] Ay 9 Al e’ AR s
AFPANA FAgHE dod)= A (Phariss 5,
1970) 0% <A vk B AFAw zt A7)
o] FAE H & EZ M3t Akl 54&
A E vl vl e Qaly] BRelA 53
A= FdP e FIFAAEE] HRE 53t
TE A wdS Bola IO KFig. 1a) A
Sa7F MAEE ZIEAMNEES] F2A0 wld
o] /A3 FEE 1Al vge] FHIE
o] #EHAL(Fig. 1b) FIAAAMA ¥l
M ZEAMELES] 77 Y F2E] &

M

15 FAgstuA AEZAZRE "olx Urh=
Zo] BAEo(Fig. 8) o} EEAZT} A4 A
¥eo ApardeR Agde & ¢ A3l
o] ¥ &A= Sl wt AT J)
SH Aolg HoluA, VEAoR= A
x5 2 I otwidfrpdo]l FH-g o
e 71d2 AN Fx= vbEA(Fg. 1c)

Fig. 1. Porcine corpus luteum. H & E, scale
bar =50um. la. Mature stage; large,
regularly arranged great luteins cells
were observed. 1b. Lytic stage; irreg-
ularly arranged lutein cells and many
pyknotic bodies were observed. 1c.
Advanced Iytic stage; homogenous
matrix substance containing collage-
nous fiber bundles were observed.
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WAl A 71AR o] E = Ao] wEESI
ol#|gt gAlo] Ay #Hste] ofXEA|ATL
7bedk 7o FES WAE AL o] {3
o] AFAbGo] H7lEd FAXRAEY F714
AANA A= AE A 7] ow Wolgolx]y]
wj#ol2}al: shxvKRodger 5, 1995; Funayama
5, 1996; Shikone -5, 1996; Yuan and Giudice,
1997), o}EEAZ7F SATAHAEES] AP
Ae = 7 oy aAEY AAVIHeRE
Argetr] oy 538 AR doju=
AL AZE BAFIE AlFsta dals 7hs
A 371 fAgtel7] widel &Al&sie 7
we] dojupored Fo)r] o), ofEEA|A
LAE] AAYHE g Aol & Flo
th e b 7bA] 2 Al 5 A
zA o] A= 71AES Al EElA 2l
A St

SHE, FAelA GAgslE w7, sk
cytokiness &H|Sh= AEZR 4 A E
£ #lsly] 9Jste] MAC 387 AZ <
A E= RPN L R R P B R P e i o
oAM= HAukgAdol ofgh thA A7} wl-g- A
< TR HEENOH(Fig. 2a), SFA A=
0 57k Fbeln ARSAE FEER 37
H3nFig. 20), AN AEA ol=w
WAA LS Pl o] el Wejus
e vE S7hgel REEAtHFig. 20). o1&
2 ®gE, dAEE SAEEA Yeivs
Ax}A WA E(Standaert 5, 1991)}= HoaL,
7], 84, A 2 AR T gt 58 F
Al ZAgA 1 7 F7V8HA wHBrannstrom
and Norman, 1993; Brannstrom %, 1994), E7]
X AAE7E AL JHA Holl F7tat
11(Bagavandoss ‘5, 1988; Bagavandoss -, 1990),
wk$-22(Hume 5, 1984)¢} 7] (Paavola, 1977)
X Hetsd u hAAET FFE 5ot
s BHals, BE A7|9 HIpEA A o
o ohEEAZ AAETH 1AL T B
Mol U #EEth= RiE (Brannstrom
and Norman, 1993; Duncan 5, 1998, 7194 &,
2005)7} Y= dAEtar AR oFghe] Apo]
£ Hlth 53] & Al gagAelA |

Fig. 2. MAC 387 immunohistochemistry of
porcine corpus luteum. scale bar =50
um. 2a. Mature stage; immunopositive
macrophages showing low degree of
immunoreactivity were rarely observed.
2b. Lytic stage; many immunopositive
macrophages showing intermediate degree
of immunoreactivity were observed.
2c. Advanced lytic stage; aggregated
immunopositive macrophages showing
high degree of immunoreactivity were
observed.

& w17
o= ES uh, AEAe] v A
= 7R HEAY dAAEER(Fig. 57) ¥FE
o, iAol M = FAGHA Az 4



Kim et al. ;

o
o
rfu
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TE2A AL AER FAMESS] ofF
ZZIA)7] 21 (Paavola, 1977), ZHAE
s SAY s Fo7tar e MESC] v
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Fig. 3, 4. TEM micrographs of a macrophage
of the porcine corpus luteum in
the mature stage. scale bar =5um.
In each micrograph, a non-phagocytic
macrophage(M) located between
the 2 adjacent great lutein cells(GL)
was observed.
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Fig. 5-7. TEM micrographs of a macrophage of the porcine corpus lutum in the lytic stage.
scale bar =5um. Various shaped non-phagocytic macrophages(M) containing many
lipid droplets in the cytoplasm located nearby capillary wall were observed.

(23

i i’ o 4 - . - e

Fig. 8. TEM micrograph of an apoptotic Fig. 9. TEM micrograph of a capillary in the
great lutein cell(GL) in the Iytic corpus lytic corpus luteum. scale bar = 5um.
luteum. scale bar=5pm. Many apop- Several RBCs and apoptotic bodies
totic bodies (A) falled off from cell body (A) were observed within the vas-
and shrinkage of nuclear membrane cular lumen.

were observed.
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