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ABSTRACT

To describe the macroscopic anatomy and ovarian-physiological difference of the genital organs of the female
Korean water deer, organs from captured animals in a wild area of Korea were dissected. The ovary of estrus group
was about 1.10 £ 0.02 mm long and weighed about 0.50 + 0.02 g. And pregnant group was about 1.3 + 0.10 mm
long and weighed about 0.40 + 0.05 g. And the crowns of corpora lutea were found in the estrus group, but we
couldn't find crowns at the pregnant group. Especially, the estrus ovaries tended (p=0.04) to be heavier than the
ovaries during pregnancy. The MMP-9 activity was higher at the Graafian follicles of pregnant group than that in
estrus group. However, with regard to follicles of estrus group, MMP-2 level was higher than that in pregnant group.
Furthermore, apoptosis detection marker (Casp-3) was highly expressed in Graafian follicle of the pregnant group and
the corpora lutea of estrus group. Thus, the differential expression of MMPs observed in this study suggests that the
reflected the mechanisms underlying of monovulatory in estrus and/or pregnancy. Our results may be very useful as
it provides with information that may be considered for the development of reproductive biotechnologies in endangered

animals.
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Table 1. Ovarian weight and size in Korean water deer

Estrus ovary Pregnancy ovary

Weight(g) 0.50 + 0.02" 0.40 + 0.05
Length(cm) 1.10 + 0.02 1.30 £ 0.10"
Wide(mm) 0.86" 0.75

" Different letters within the same column represent a signi-
ficant difference(p<0.05).
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Table 2. Number of ovarian follicles and corpus lutea in estrus and pregnancy ovary of Korean water deer

No. of Size of ovary Size of Graafian No. of vesicular Corpus No. of

ovary (mm) follicle (mm) follicles luteum oocyte

Estrus ovary 5 1105 7+ 15 2+ 3 1 52 + 4
Pregnancy ovary 5 13 + 12" 6 £ 1 15+ 4 1 32+£3

Mean + S.E.D(Average measurement).
" Different letters within the same column represent a significant difference(p<0.05).
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Fig. 2. Anatomy of estrus and pregnant ovary in water deer. (A) estrus ovary, (B) pregnancy ovary. LC : luteal cell, TC : theca cell,
GC : glanulosa cell.



o

ok A o] A kA Apo) i

149 # UlH] ST MMP-29] 7% 24 7] daolA w2 2de B

o] YR, oA elxel TIMP-22] 7§ &A 7)o H|3}l]
AA71A 7Hd =A SES thFig 4B). =, TA 7100 A
MMP-29] #&& F2 % F UL, &A3E MMP-2=
Qa7 9k HS2E R oY, YdAl7] 2] MMP-99] ' o] w4 7]
Hste] Blw A =9k, ST e w§ Eokoh

4, 2SN EME S5 MMPsQ| B 4

g 2 A7) EA 9 s G A MMP-2, 9] T

< ® e +,

Estrus Pregnancy © lg 59’]’ ‘3]' MMP- 9-4 HLX“ 7]
(A) 314 9] large luteal cellol| A 2F7F =& a0 _H;_M_L} small
luteal cell®] 7-9-, MMP-99] &S ##3 4 gttt A4l

el [ ) ot
N (43 7] ot (%)
Il Il 1 Il Il

xpression. of MMP-2 protein (0.D)

o
(%)
1

L

E

o
rlr - 1o

[
[*]}
|

% 2z A #* o fnteal corpus graatia: follicle
E 1.5 -
c
= 2
Z &
§ 05
Z
G .
Estrus Pregnancy
(B) g
Fig. 3. ELISA analysis of MMP-2(A) and MMP-9(B) proteins in %ﬁ
the follicular fluid of estrus and pregnant ovary in Korean
water deer. ELISA experiments were repeated three times,

and data are average O.D (mean + S.D). " Different letters
within the same column represent a significant difference
(p<0.05).

Estrus  Pregnancy

Vsdrag

«+ pro-MMP-9

_ ‘_Km‘{e \mIp 9

‘_ pro-MMP-2
actfive-MMP-2

Estrus  Pregnancy

@

#

g

=
Pregaancy

| TBVP-3

TIMP-2 l ‘ . (B)
(B) Fig. 5. Localization of MMP-2 and MMP-9 protein in estrus and
Fig. 4. MMPs activity and TIMPs expression of estrus and preg- pregnant of ovary in the Korean water deer. Black arrows
nant ovary. Zymography analysis of the MMPs activity in indicate MMPs expressing cells. (A) MMP-2, (B) MMP-9.
the ovarys (A). MMPs and TIMPs protein expression by TC : theca cells, GC : granulosa cells, LC : lutein cells.

western blot (B). Original magnification x400(inserts x100).



48 g3 o)oFE -

719] A%, A AAZXHOZE MMP-99] wdo] J2H FExF
oo

3 gle 4= A, T2 large luteal celldlAr =2
WS Btk s dax o] A, By rIeh dAlTeA & A}
ol& Holxl kAN W7o A Fu Alxs A Al
EHAA BF FAE T UJL, Y= A A E
ARE oFelA HEHT S-S FAT & JSdTh

MMP-29] 7%, #47] & A7 FA 9} & FarolA
B O3EEY USS AR T EA 7] Fae] A

o ML

o
)

9] 739, large luteal cellol] Al FHE R O™, small luteal
celll A= mleksiAl A= AATE J217] FA e A, T
7)ol wlate] w2 WA PGS B OH, large luteal cellol
A FE AR A o] A5, dAl719] dare] Hlst
of A7) dxeA 71 @

o oAEEel s g B wES Byt

5 & L ME AH QIXto] i

WA 71eh QA7) BA 9 s dEoA AE A 1AL
W3 okAbS BAE Aale Fig 63 2Th 23 W B4 A3
g 719] A 9] 79, large luteal cello| A &2 &d S
Hol¥ o™, small luteal celllE= &2 = QAL
GA 71 A HAAHO R casp-32] LEHo| v ekaA wH
SHATE g G HE FFE vw A A3 2y
7] A Gz A Fut A ZoA e W o] FHolyS ¢l
& oden, Ay Axeoae] By 3ad £ g
t}h ol Hlste] ¢lal7]e] A, F A EAM Y HHS B3
5 glRoy, AP AEEo) 124 BIEHT 9SS T
Q1A THFig. 6A). A Tl HoA] Casp-39] Hd S #
Mg A, wA 7] da) HlEte] A7) dielAM 2wy
< HE I tKFig. 6B,C).

AR GeA HE Tl S 15E 42 7
A, A7) A7) ER TS FASIL AbEe) A%, %
4 7170 EQ ES] WHE Ao 5~8u9] F/18 AR

AeR d4#A 2™, monovulatoryE ©]F= F34 7o)
ovulations’©] &A= 7]%= 3t Asher, 2011). 13 ZEk 9]
A, ole} 22 W] AYEH AFE v AAd QlTh

53] WAo] BAste] Yol wa L Feohy BAe 2%
9471 A Bl gloin W FLF AT AREG 2 A
FE W71 1190 2719 dhsk 94l A7]el 9o
TEIE EYstel Ui Fust B ¥ FAs gEel
Aol te Arg A

Harrison® Hamilton (1952)¢] H o] w2 W Al&e] HA

B

o2
i
ofo
R
Ho

N
=

foical corpus graafian follicle
c \ir :
LC s P g
@ = 5 e -
7 s -
" GC o8 e
X400 273 w A .:%.\ 7. ..4_
LC
7
E -
5
X400 ] txane
(A)
Estrus  Pregoancy
B-actin I '
Casp-3
B)
10

Lxpression of Casp-3 prokein (fold)
<
)
!

Pregnancy
©)

Fig. 6. Casp-3 protein in estrus and pregnant of ovary in the Korean
water deer. Localization of the Casp-3 protein in the ovaries
(A). Casp-3 protein expression by western blot (B). Bar
graphs (right) show quantification of the detected bands by
densitometry (C). Data are presented as the mean + SEM
of three independent experiments; values normalized to
those of B-actin (a housekeeping gene). ~ Different letters
within the same column represent a significant difference
(p<0.05).

= 59 =279 vuste] 2 Ao 7 A A 9th White-
tailed-deeroll 717h& B AlEES 9F 0.58~2.0 g9 P4 F

AE 7FA L 93 (Robinson, 1966), pampas deer®] 735, <F



£

7.8~9.5 mm®| da Aolet FAE 0.22~030 g& 2 LHA
Ath(Pe'rez 5, 2013). ¥HH, & &= A4 A, die 4
°]= 10~15 mmo]Z, £ 15~20 mmo|H, Hie FAE
ok 20 g0 2 X% ATHMenchaca &, 2007). 2] A%,
oF 11~13 mme] ZolE 7FAZ glo] & 4} v]5si,
FAE AMEe daug ¢ 01 g A FAAY 53] ¢x
2 A9 EFo] Ate] Pio W] EHAS MAE
%(Menchaca?} Rubianes, 2004)°] 1} & 4~(Menchaca 5, 2007)
9] ol HlEle] TEhe] daE

o <k} Ao o] oA Th TS v

orol
TS A

o] b g AA
w710 vske] Wle
, DA BEE 52
Ao Wtk g

HyE ARG W

R0l S R, B

N i rr
e

ik T
i

x2

I

=

=

22

N

_):]_l’
HUCm

N

o

>,

fo b oo ot B o [0 od e
e
B Rl

=
e
ol
)
38
=
Q
&
2.
a
1)
oln
o
X
2
=)
9
2.
o
N
ol
N
=
N

r

Tl A B 7] FAet A7) Aol F g A st
BA317] §lste] AE W9l 71 A-eS A4
Ao 2 &4# 2 MMPs(Michaluk 9} Kaczmarek

2007)2] Sate] dae] Wl tiste] vwet Ay,
At dx o] A, MMP-29] o] dAl7el Blste] A
Ebstom, MMP-99] 32 dA7]dA ZolAs RS &<l
& & At ol s A= e AAA A 70|
MMP-99] FFo] dx N A Folx] date] dd-S F53H
7= A+ AIH(Curry 9} Osteen, 2001; Imai &, 2003)
o= AhtE AgE Btk 3 WA W) A3 EHAME
, 24 ® MMP-99] @do] By
Zoll A wl$- =7 HdET g
e ary R Aol T MMP-9<) '
P2171eA dH e R =4 L EI AP, MMP-9
Alst= TIMP-39] a2 A7) diollA =%, MMP-
2 wg7lelA =olxth Al A& TIMP-29] 4

EESE

EXRE

o)
s

=
0] o
M| =

W flo gt o >
L © flo 1 2
e X
r‘gl_:‘
facs
a2
O
a9

jried

=
Nej
O
N
e
1o >

Fao A FolRE A5 ERlste] Espey$t Lipner
T AFAMAYE LA 7] FaiolA LH g5
s} Al7le] Bl F 28 9% MMP-29] &S v
T Aok 2y ey Pl Ao MMPs 9

5 (2014)°] A7 Aot o] wyshA o A
UE FdH v AFRE Boly itk

=
%, MMP-9¢] 75 w719l Ao A o
213

:{0

s
o B>
ki o

oborie ol

Kim

rlo Ex

L)
e 1%

o N O

i

=
=
S, MMP-2¢] o] FolAE A&

sl 471 gske

, o
. e
AN 2 1t

¢
)

5
2
Rl

=4F Ay da

[e)

o AelstA Aol 49
Fo] A7l g WA e e v ol AR
+Hl(Asher, 1985), ol <] Al Al 7] A ol w53}
T MMPs®] @ zpol7} B Al wMighs 7 & AlE o

2]
A VEhE A Aol 2AtHAsher, 2011). A}
&9 W7o wige ok 5~83] AL o]FojxE HAo=
A A =, ook 22wk dae] et wE wWskE

)

L)
e
2
o
>
N
o
£
<
=
)
1o
M
)
f
°

celloll A =74

At %

(Kim %, 2014). wjgba 2
JEE 0T & U=

=
B9lo) f83 AgE F UL Rolzt

i
e

monovulato

<

]i

2
By
Lo

2 i re
ol Fr
=]
o
1Y)
B

X

Ko
rir oot

°]¢} 0.50 g9 FAE 7HAAL 3
olel] 0.40 g FAE Ho
davt g FAL Re=E

no)
B

N g9 o pO > oy Lo
(2 o
N
1o
L
[

[
w

o

B

1o
i)

S

1o
ne
Ex
2
e
ol
o
9
e
o
N

o
o

)
IR -3
M

(o e %

ot

M

rir

fl

LG

2
oo

P
B
g lo
:J‘oi
[ /A U (T 7

K
N

v
13
Lorfern 2 v g

of\

o B 2 o
o oX, oty

>.9. m

2

Sy
2

+ re
>,
i
rit
)
2o
_O‘L

Asher GW, Monfort SL and Wemmer C. 1999a. Comparative
reproductive function in cervids: implications for manage-

ment of farm and zoo populations. J. Reprod. Fertil. 54:



50 e ol

143-156.

Asher GW, Scott IC, Mockett BG, O’Neill KT, Diverio S,
Inskee EK and Townsend EC. 1999b. Ultrasonographic
monitoring of ovarian function during the oestrous cycle of
fallow deer (Dama dama). In: Proceedings of the Fourth
International Congress on the Biology of Deer, Kaposvar,
Hungary. pp. 148-152.

Asher GW, Scott IC, O’Neill KT, Smith JF, Inskeep EK and
Townsend, EC. 1997b. Ultrasonographic monitoring of antral
follicle development in red deer (Cervus elaphus). J. Rep-
rod. Fertil. 111: 91-99.

Asher GW. 1985. Oestrous cycle and breeding season of far-
med fallow deer, Dama dama. J. Reprod. Fertil. 75: 521-
5209.

Asher GW. 2011. Reproductive cycles of deer. Anim. Reprod.
Sci. 124(3-4): 170-175.

Berg DK, Thompson JG, Peterson AJ and Asher GW. 1994.
Morphology and chronology of red deer (Cervus elaphus)
preimplantation embryonic development. Recent developments
in deer biology. In: Proceedings of the Third International
Congress on the Biology of Deer, Edinburgh, UK. pp. 179-
180.

Brown RE. 1991. The Biology of Deer. Springer-verlag, New
York, Berlin, Tokyo.

Casida LE, Woody CO and Pope AL. 1966. Inequality in func-
tion of the right and left ovaries and uterine horns of the
ewe. J. Anim. Sci. 25: 1169-1171.

Chung NPY and Cheng CY. 2001. Is cadmium chloride-indu-
ced inter-Sertoli tight junction permeability barrier disrup-
tion a suitable in vitro model to study the events of junction
disassembly during spermatogenesis in the rat testis. Endo-
crinology 142: 1878-1888.

Cooke A and Farrell L. 1998. Chinese water deer. Mammal
Society and the Brithish Deer Society.

Curry TE and Osteen KG. 2001. Cyclic changes in the matrix
metallo proteinase system in the ovary and uterus. Biology
of Reproduction 64: 1285-1296.

Espey LL and Lipner H. 1994. Ovulation. Raven press publi-
shers, New York. pp. 725-780.

Harrison RJ and Hamilton WJ. 1952. The reproductive tract
and the placenta and membranes of Pere David’s deer (Ela-
phurus davidianus Milne Edwards). J. Anat. 86: 203-225.

o
Bl
o2
i
ofo
R
Ho

N
=

Imai K, Khandoker MA, Yonai M, Takahashi T, Sato T, Ito
A, Hasegawa Y and Hashizume K. 2003. Matrix metallo-
proteinases-2 and -9 activities in bovine follicular fluid of
different-sized follicles: relationship to intra-follicular inhibin
and steroid concentrations. Domest. Anim. Endocrinol. 24:
171-183.

Kim SH, Kang CW, Min KS and Yoon JT. 2014. Matrix
metalloproteinases are important for follicular development
in normal and miniature pigs. Biotechnol. Lett. DOI 10.
1007/s10529-014-1474-9.

Macdonald D. 1987. The Encyclopedia of Mammals. Facts on
File Publication, New York.

McCorkell RB, Woodbury MR and Adams GP. 2006. Ovarian
follicular and luteal dynamics in wapiti during the estrous
cycle. Theriogenology 65: 40-56.

Menchaca A and Rubianes E. 2004. New treatments associated
with timed artificial insemination in small ruminants. Reprod.
Fertil. Dev. 16: 403-413.

Menchaca A, Miller V, Salveraglio V and Rubianes E. 2007.
Endocrine, luteal and follicular responses after the use of
the short-term protocol to synchronize ovulation in goats.
Anim. Reprod. Sci. 102: 76-87.

Michaluk P and Kaczmarek L. 2007. Matrix metalloproteinase-9
in glutamate-dependent adult brain function and dysfunction.
Cell Death Differ. 14(7): 1255-1258.

Monfort SL, Wemmer C, Kepler TH, Bush M, Brown JL and
Wildt DE. 1991. Monitoring ovarian function and pregnancy
in Eld's deer (Cervus eldithamin) by evaluating urinary ste-
roid metabolite excretion. J. Reprod. Fertil. 88: 271-281.

Mylrea GE. 1992. Natural and artificial breeding of farmed
chital deer (Axis axis) in Australia. PhD thesis, University
of Sydney, NSW, Australia.

Pe’'rez W, Vazquez N and Ungerfeld R. 2013. Gross anatomy
of the female genital organs of the pampas deer (Ozotoce-
ros bezoarticus Linnaeus 1758). Anat. Histol. Embryol. 42:
168-174.

Visse R and Nagase H. 2003. Matrix metalloproteinases and
tissue inhibitors of metalloproteinases: structure, function,
and biochemistry. Circ. Res. 92: 827-39.

(A5 2014. 3. 12/ AAL 2014. 3. 12/ A=) 2014. 3. 26)



