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ABSTRACT

Known as a female hormone, estrogen, has an effect on the male reproductive organs. The estrogen has to combine with
the estrogen receptor to communicate a signal. Propyl pyrazole triol (PPT) is an estrogen receptor alpha selective agonist
with a 410-, or 1,000-fold relative binding affinity for estrogen receptor alpha versus estrogen receptor beta. In this study,
adult male mice were treated weekly with subcutaneously injections of PPT (0.01 mg, 0.1 mg, 1mg and 4 mg) suspended
in castor oil (as control) for 8 weeks and observed histologically changes in testis, efferent ductule and epididymis. In the
high concentrations of PPT 4 mg treatment group, a remarkable reduction was observed in the weight of the body, testis
and epididymis. Microscopic examination revealed a reduction in seminiferous tubular diameter of the testis, and epithelial
cell height of the epididymis in treated group during the experiment. In addition, as the diameter of the efferent ductule
increased gradually, the height of epithelial cells was decreased. PPT 4 mg treatment group caused inhibition of spermato-
genesis due to atrophied germinal epithelium in the testis, and decrease of adipocyte size attached to the epididymis.
Sperm was not observed in the caudal epididymis of PPT 4 mg treated group. In conclusion, the injection of high concen-
trations of PPT into adult male mice induced physiological changes, such as an inhibition of spermatogenesis, and also

histological changes within the reproductive organs.
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o A AL FEAT A B9 2 27 A A
= 93 9&s siohe 7o) 8% ok (Hess et al., 1997;
Taylor & Al-Azzawi, 2000; Cho et al., 2003).

AA ) o AERAL testosterone} androstenedione o]
aromatizationS E3l Z+7} estradiol#} estrone &2 3= o]
PAE =, o] IS FAs= &4} P450 mono-oxyge-
nase &4 E3HA] o]t} P450 aromatase:= CYP19 5 2}2]
AAERA 24 16709] exono g FAF o] glow, Abge]
73%- 159 GAA < YA]& 2ok (O’donnell et al., 2001). ©]
27 HAH e ZuA x| mste] thegiale)
o) AL Yz Solrk o el EAske ARk
o 2E 2 Al 484 (estrogen receptor, ER)S E&lo] 24 §
AApe] AL GA=el 43S v 2H T 7)eE vE
L+ Aoz ok 9jo}(Han etal., 1999). 1960t} ERo] 2
Q1% 4] 2 (Toft & Gorski, 1966), 1990 Zulel| 7z}7] o=
QA EAlehe = e ge)e] ERo] 2l At (Kui
per et al., 1996; Mosselman et al.,1996; Tremblay et al., 1997).
olo]] wlg} A A}e] 4~8-4S ER U} (estrogen receptor alpha,
ERa), &A= ER #|E}(estrogen receptor beta, ERB)Z}1L ™
1314 = 9o (Couse & Korach, 1999).

AZ| el Al ERag} ERBE elje}7], AA o}7], A7, A A
o e]27] 742 A Al7]el] AA 49| Leydig cello| A 3
=)™ (van Pelt et al., 1999; Nielsen et al., 2000), ERp2] 7
A E e AT AR AL A DAl
¥lvh3r sk9div}(Aquila et al., 2004; Delbes et al., 2004). ¢}
EzAle] AAF AAHAAA FoF ¢ I
ZF ok2j ] AAl o]t} (O’Donnell et al., 2001). =3 ERo] A
7153 A3g 7)1 Helqt EAfEe Ae] ez} hakat 7]
oluf A= Fx3o} AR A%, AL BE 7]3A 9
ZAe] ERe] #x3letl, $341737, <3, 43, vl =
A a2la EeA 2 554 52 Alzek A el ERe]
ZAst= 7oz delx glvh(Taylor & Al-Azzawi, 2000).

o]2|8F ERell Hj3le] A73he A g4z 58 A
NAERZANL] 7G5S 7] A% whge] dte|n] o] &
9al ERZ knock-outA]Z] ERKO (estrogen receptor knock-
out)&} 2+& AFHE 21837} (Couse & Korach, 1999; Hess,
2003) 2-2- ICI 182,780 -2 3o ~EZA S Fofsle] AT
&}7] = &k} (Oliveira et al., 2001, 2003; Cho et al., 2003). 3}
ArEzAL ER% AAHow gshe] o 2eeAe 7]
T2 gABkET AMEEY, Tk SR deliERA F
3htel ICI 182,780 ER¥} 2resled 7 &32 epdch
w3 Aelx ER 24 A (selective estrogen receptor modulator,
SERM)E- ¢]§3}e] o ~E=ANS] a3t ofd|sh=d W
8% w3 g9lo}(Kraichely et al., 2000; Cappon et al., 2004).
SERM-& FxA oz t}okil u| | 2o]= ER g|7tzo|1
SAA/AA A SAdE 23 9o ER¥AE] A5 245 5

Mol [y 8 do ot

s A& ephdct(Shiau et al., 1998). B4 xA]o| ulz}
£37} e SERME] Se F3e7] Sistel o] 3t o3
o3 SERM S 7itsh= o] 2hibsiA Al 9l
¥ A gl A A3k SERM®| 3t F-F-<l PPT (propyl pyra-
zole triol)x= ER &XA|24] ERBXET} ERa%} 410w 32
10008 ¥ Aspyow Agshs Aow A vt
(Stauffer et al., 2000; Sun et al., 2002). =7 AF F& QAN
A AF L] A7 el v] X PPTE] oJ3ks oln] B
213F 8} 9Jof (Han & Cho, 2009; Lee et al., 2009). 7]Z&2] B
18} AfA|e], & ATl A= ERa X142l PPTE A7|3F
FEz Folgtems PPT/L A4 5348 3420 o]
A Aelsteoln Fejstdel 712 A AT A T
o ol ae2Ae] FEE ks oA, diEzA
ZL A HellA o™ chefst 9&-S skar A 1 7]
Fshod 28 % 4 9le Aes Ardd,

ERTL

—

A58 1053 1 A% 22¢9] 7 A7 C57BL/6
F)LE QA E nlo] 2 AR RE F4i8te] ARE-slth A
717F Ft Atm el B2 FAIRte R TR AR
+2°Ce} AdH=E 50+£5%5 FA sholom =34

7R 12A17HE 712 &tk

4A #7 AAE 402 da2est PPT swd A2l e
o= AAAT}. H2ZES Tocris 3)ALe] PPT (4,4'4"-(4-
propyl-[1H]-pyrazole-1,3,5-triyl)tris-pheol) & %%=ol ulg} 4
Zoz ek = 479 A< PPTS 0.01 mg, 0.1 m,
1.0mg 228|317 4.0mg2 Z}7} castor oil 0.3 mLel] vortex®
43 ohg vl % 154 PPT 57 Wz 55 vl §
F F¢t 3154 sk iz 739 0.3 mL2] castor oil
whe ) 1514 85 F<F 314} ke,

dzzst Aelze) AFe Fof T 87l 4AS 17
NA 84 stlek = 854 dx2 4vle], PPT 0.01 mg A
23 4v}el, 0.1mg A2l 412, 1mg Al 4v}e), 4me
Azl 4ulelz =5t 20 vjele] 4AS BFEA Sk B
73 & o AF g wiei #k (heparin) 0.1 mLE
Mz F9J8}ar ©FLol sodium pentobarbital 0.1 mLE <]
ste] mbF AJFSE mFEAIZL AF S A FAAT 2
3 0.1 M cacodylate buffer (pH 7.4)el] £33t 4% glutaral-
dehydes Ao Al #7E vz A= Yo peri-
staltic pump . 2027t FFA| H

FFEY A7 AAE rsn Bes ARe 4239
o 71%e] ¥oE 4] S 2ol AR A
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2oz og T urbA DS} U 4°Ce wAalol
B slgdch AHE 9HE7] $l8, 2% 0.01M phosphate
buffer (pH 7.4)2 A|A3}3 vaccum ©]-&3}e] 4°C2] 70%
(23], 80% (1), 95% (23]), 100% (33)) ethanole] 147+ 7+
Aoz g4 A7l £ infiltration solutiondl] 24417k £} 43]
9] 8] FA& A & glycol methacrylateol] w553t}
vlol 2 e ol-43to] 25um e BAE WEL. o
A H & periodic acid-Schiff (PAS)2} hematoxylin© 2 o]
QRS AAB}GET) o] ML W 22 AHE te
MR ZR/4ol 108, periodic acidel] 158, ZF5] 10
, Schiff &9l e} 45%, sulfurous acidel] 33 Z+z 58, &
o]l 203, hematoxylinol] 35%, 78|31 wix|eto g &
o] 10588 T} AW ok 35°C2] slide warmer
#& AxAZ] ohg Permountz E-3)3le] = gle}
Aaksiet.
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A zvletes dn7d oz ey A7 (Olym-
pus BX50)e| AX]%l SPOT Camera (Diagnostic Instruments
AFe] Model No. 11.2 Color Mosaic)E& o]-&3le] 221& #]
Hlgoll A g2 #edst t}8 Video Test Image Analysis
Systeme o]-43led th23} e uho g 7+ 7|3g A3}

93;}5\_ AA T 7L Thed s T A e 27,
5 24E U}E]U}‘;]' 303 A8, A4S AT
9] W=k (tunica albuginea)®] F7 HA] 3+ A 4w} 303
Akt

#0304 Ao oo ) A e 42
5 WAe @ ygaulg 303) 245 +24UE ol
FE ATME o] ¥EE Flslr] $18) ¥ 2AH Z (non-
ciliated cell)2] 7]&x 2ol A 58] £7}A3A}2] (brush border) 7}k
A ol 94 303 2 skl

B 40] mg] BEQ| initial segment£} caput°] A A 2
ol @ avie 303 SYskA. AL e

NJN

stela}y] i8] g4l melRre] WA 2,500 pmle] )=
Az}e] FX 2 303 =A sl A HxA 9 u:];],,__ o}
7] S8l BAgell 2ol A APAIE 30709 HHE 54
sholeh AR Ae] A 42 ANOVA TestE 10
3kod P value 0.05 u]2He 9Jn] gl 7oz ghsleldh

1. }ES o YA 2e| FAHE}

SERM®| & %<l ERa 2414 PPTE 85 53} Foid}
27 QFe] AFL Fg A nﬂ}m:—aql PPT 0.01 mg,
0.1 mg A 2]=2] Ape]7} Helx] ¢fgrort, 315 % PPT 4mg

Aok A% Folrlgtel Bol s o] vlal 5

d

Fig. 1. Photographs of the male reproductive organs treated with
castor oil (control, A) and PPT 4 mg (B) on week 8 post treatment. The
PPT treated organs were atrophied markedly. CA, caput epididymis;
CO, corpus epididymis; CU, caudal epididymis; ED, efferent ductule
TE, testis; VD, vas deferens.

Table 1. Effects of PPT on body and reproductive organ weight on week 8 post treatment

PPT Group
Parameter Control
0.01 mg 0.1 mg 1.0mg 4.0mg
Body weight (g) 30.7£1.3 23.6%0.5 244+0.5 22.54+1.2% 21.242.1%
Testis weight (mg) 88.2+5.4 76.5+£5.8 76.0£5.0 69.5+6.6 18.0£3.1*
Efferent ductule weight (mg) 25+1.0 2.3+0.5 29+0.8 23104 3.5+2.8%
Epididymis weight (mg) 42.8+4.5 327+1.0 33.3+0.7 30.1+0.8 9.1+0.4*

Values represent mean £ SD.
*P<0.05 compared with control group
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Table 2. Testis morphology of control and PPT treated mice

PPT Group
Parameter Control
0.0l mg 0.1 mg 1.0mg 4.0mg
Seminferous tubular diameter (um) 199.94+10.1 192.7+10.2 189.0+9.6 185.7+£8.7* 90.1+4.6%
Thickness oftunica albuginea (um) 19.1£25 22.3£4.0 19.1£2.2 20.2%x1.9 55.7+£4.8*

Values represent mean £ SD.
*P<0.05 compared with control group

Fig. 2. Micrographs of testis from control (A, D), PPT 1 mg (B, E) and PPT 4 mg treated groups (C, F) on week 8 post treatment. Double arrow
indicates the shortest seminiferous tubuler diameter. In the PPT 4 mg treated group, germinal epithelium of the seminiferous tubule was markedly
atrophied, but the thickness of the tunica albuginea (TA) was increased. Bar size=100 um (A, B, C) or 50 um (D, E, F).

= Hash 3Gz 91%0] FrelAd B A Fig. D).
A7)RHE o FujFH o AR A dxze) A

& Az SR wadr W, T
PPTA 22] 4% Auzzle] Fauo] vheheh 447
Bo) oA 243 A3 oA Gash 24 A
e EMos avt ZFe WAL W $EaB
A FA7 felal 27} =g
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2. MAO| RXISI B3}

/=

AR F 2T PPT Aol 2o ae] 243
e E2 vehiolehTable 2). Fo12) 744 32
sk ARe) 2718 wwel) 9s) AgRe) B A

to o (B

A
73

Qg A3 AR H7o] PPT 5= o)E802 §ol5)

Z2¥50e Fig. 2). o8 Aoz BAT Az A
U] 7§ PPT] 58 4mgAd Tswe Folg] u
2 Aol 27 15 AT YAs A
AEBe] Heksla, A4 e] DofibA skoh(Fig. 2C. F).
H2g FRAT Qe el g ATl N5H: At
927 PPTY =g S7MFH ot FA7F 571 =
e

2

3. £EATO| ZEISHA H3

i

AR7I1ZE F d 223 PPTAHzZ| 2] $243%e] 2234
Wse 22 Yehl 9o} (Table 3). Foi22] 79, $24



Han JY et al. :

Concentration Effect of Estrogen Receptor Agonist on Reproductive Organs 41

Fig. 3. Micrographs of efferent ductule from control (A), PPT 1 mg(B) and PPT 4 mg (C) treated groups on week 8 post treatment. The tubular
diameter(double arrow) was remarkably increased in the PPT 4 mg treated group. The height of the epithelial cell was gradually reduced in the

experiment. Bar size=50 um.

Table 3. Efferent ductule morphology of control and PPT treated mice

PPT Group
Parameter Control
0.0l mg 0.1 mg 1.0mg 4.0mg
Tubular diameter of efferent ductule (wm) 37.8+7.3 404+74 40.3+7.6 41.2+8.3 49.34+9.3*
Epithelial cell height (um) 19.5+1.1 18.6£2.6 18.1£1.0 182£1.5 13.6+1.5%
Values represent mean = SD
*P<0.05 compared with control group
Table 4. Epididymis morphology of control and PPT treated mice
PPT Group
Parameter Control

0.01 mg 0.1 mg 1.0mg 4.0mg
Cell height of initial segment (um) 59.3+11.8 56.0+2.4 53.1+£2.4% 50.7+3.2% 21.9+1.8%
Cell height of caput (um) 322409 28.8+£1.4* 28.3+1.2% 28.0+1.5% 16.1£1.9*
Sperm number of cauda 91.8+£10.3* 83.1+8.9% 82.0+8.4* 79.24+£9.2% ND

Values represent mean+ SD, ND; Not detected
*P<0.05 compared with control group

A%E W AL Folt Fols st A%
& Bodh(Fig. 3). W2ze) A5 T ABTol g, 4
SIE 15 Bl Es} ERIse], Al 2] o 9% A
A I vesiclee] & FAH YA, PPTS] =7h ¥
obglel W) 4Eaae] W] ZvlelelT Ao A
SIAES] ol 745 91ek (Fig. 3B, O). =3 Aelze] 4
S]] A2 W vesicleo] RashAY s olek

4. BEAQL X|HIEE|O| RESE i3}

N@Z % Azes PPTARIZS] Adae] 2Ash
A3k 22 JEPHGIE (Table 4). 4 40] =] F-2<l
initial segment¥-$]2 zx|&H oz FAs A
=5 7R wet e ze] gelrt 2as oo (Fig.
4). Initial segment®-2]o]] EAH o7 vehl= Alu|A|£2]
B2 (stereocilia) Fo]7} FFAF 91, PPT 4mg Fo 2]

A4 35msk A9 $135)0] 24155 (Fig. 40)

B 49] initial segmentF-¢] olefol] e W REQ
caput& FA 3oz FAI A3} PPTY] F=rt Folilel
we} Uel EAlshe AAFRI} BARA dekon] (Fig
5), initial segment¥-9] &} w}7}A) 2 caputg o] F= AFu)A
zo) wol7} 24 AL

FAxe] meREE TAFH oz JAT A PPT 4
mg e ZAA] AAFR ) BFE R ok, BA AT
7ol =7 $155I30ek (Fig 6. 3L R 48 54 A
I, sx o)E2H oz ZFAaE9lI, PPT 4mg A2 A$,
wA gte] W7ol WA 247 skek (Fig. 60). A4
73 F8 Aed e 2Ason AT A (Fi. 7). A
WA 2] F7)7F A 2ol B3, PPT] =7} agx== |
ol whe} A2l 245 gle} (Table 5).
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Fig. 4. Micrographs of the initial segment region of the epididymis from control (A), PPT 1 mg(B) and PPT 4 mg (C) treated groups on week 8
post treatment. The height of the epithelial cell (EC) was gradually reduced in the experiment. Stereocilia (SC) were disrupted in the PPT 4 mg

treatment groups. Bar size=50 um.

Fig. 5. Micrographs of the caput region of the epididymis from control (A), PPT 1 mg(B) and PPT 4 mg(C) treated groups on week 8 post
treatment. The height of the epithelial cell (EC) was reduced significantly over the experimental period. Sperms were not detected in the lumens
of the epididymal tubules of the PPT 4 mg treated group. Bar size=50 um.

Fig. 6. Micrographs of the caudal region of the epididymis from control (A), PPT 1 mg(B) and PPT 4 mg(C) treated groups on week 8 post
treatment. The sperm numbers of the treated group were gradually reduced in the experiment, and were not accumulated in the lumens of the
epididymal tubules in the PPT 4 mg treated group. Bar size=50 um.

Table 5. Effects of PPT on adipose tissue attached to the epididymis at week 8 post treatment
PPT Group

0.01 mg 0.1 mg 1.0mg 4.0mg
Adipocyte size (um?) 2659.4+235.1 1993.9+197.2%* 1994.1+312.6* 1578.9+120.6* 878.3+£240.1%

Parameter Control

Values represent mean=+SD.
*P<0.05 compared with control group
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Fig. 7. Micrographs of adipose tissue attached to the epididymis from control (A), PPT 1 mg (B) and PPT 4 mg (C) treated groups on week 8 post
treatment. The adipocyte size was dramatically reduced in the 4 mg treated group. Bar size=50 wm.
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Aol A AMEE PPTE Ago2 BE, J8|3 5o
o2 ERY| ZzAS 717 SERMY 3 7= ERpRT
F2 ERaol 2-g3l= =24 o] ERaoll Hd}e] estradiol
R} =2 A3A8 71x] 3 9) o) (Stauffer et al., 2000).

PPT %o £8k& A3l=d glo]A] (Frasor et al., 2003)2]
S Fasidedl A AFCl 1FYU2E fol3HAl 33
A" PPT =& 0.7mg3} 3.5mgo| it & A3 el
F7 AF 2 F=E PPTISFS dotrry] 93 Asx
OlmgHE g= 40mge 33541 3h9leh. PPTR7]
2 7]1E9] ¥ (Cho et al., 2003) A4 SA4E ZH A3
A8k A§7 2] A AT vl e FHA 25
] 223t 78 3 3}9d v} (Sakai et al., 2000).

Algel| A PPTE A7|7F 593 A3} 527} obdg
= Ao AFo] dxTel vl AaEE S 1o
=, PPT 1 mg3} 4 mg FojFol| A= F2]3H s it of
£ 718 BaE AAMY dAERA B AFHALT
W= Zlez ®yy Azkel FAFsIEH(Cook et al., 1998;
Goyal et al., 2001). =3+ o] ~E2AIQ] oJgko 7 olaf 7o)
287} ZFAE 31 (Cook et al., 1998), &4 AHFHE HA 3=
H B9el o AERAe] ZAAAH 243t AFHAaTt
doj}=d| (Wade & Heller, 1993), 9]¢} 72 2312l 23]
off oJsf 2 AelA A AF 2] AFe At et A
o= Ate ¥

A 22 79 70 AL Wik 1 Hel A
T3t SERM2| Z7}e} x2]3}¢ic}h (Cappon et al., 2004). A
A 7 3FNAM SERM2 F2 571 A7 RS FA W
AN 7 27 A BF oD B8 e e
AR e AR SR AR N2
(Cook et al., 1998; Goyal et al., 2001). 2 Al o]|A = PPTe]|
ol Aae} BAATF AFHAE, 53] 4mg TRl

r[r o

]

-

o

e ruEl
r

>

o5 AAZIS) FA7L FASA RaH Ahe) A4
AR AL} PPTS] oz 1550 24
of, AT 27 o] 2P} BAlG] Ahe] TAAE FolE
Ao ARk $AL 4ol BALHE o] FE A4
SHEA $15HQEE o2 s P} FaE Aoz o
ARk ool wlal 4Ea%e] T wal) FsA @
stom 4mg wxol i 2818 Pzl us) PPT £l
o 77} ZASS o) Sadte] wrke] PPT] )3
B ol 1% A%z nel Ak

$Z43 Y7ke] A ER A s)A| ¢l ICI 182,7808 &
31918 wj= vyeh}=1) (Cho et al., 2003; Oliveira et al., 2003),
ol ER AaAl2 <la) SEae] Wrel gelo) AlF4
97 Fajel kel ARSI sgld, & Age) PPT
4mg 5w FolZolE 7o) Bate] WA o]
BRAI F& S e efshd S o,

= 7o) 49 AF4e PR 2 GlTeT
5 S PPT s ez Qgjel 2899 W

o

AR AES HA B £ G W] AIAE Fol
7} 7aE Aoz Bl HAE FHAT ATEA W

22 PPTE ko= 1 F77h S7FESH ol Wt
735 A Wl AR AF wEel oA ez A F
P 2 AR 52 sk Apale) ERe| EAjste] PPTe] 2}
28 Aoz Vol 2R} AAE 2F AL o
B4l & 4 & Aoz nalh

pgzol o) 9ld Apade B3 A3 PPT 5t
27Vl wjel Auplze) 2] (aH)7E EolEsdeh Lk
o2 drEzAe AuEAe FaATE Aoz geA
qleh. olsh A%l Wgo2 FRasl 4% F (ERKO) %7
e AE Al s 2 st TAs A}, xulkxze] A7}
139~ 185% 274592 AN E 271 dzzel #l4) 20
% Z=7}stvka sk oh (Heine et al., 2000). o] 5ol <]spd
S 279 aERKORL$2 27 o7 4171 Edsied o,
S 4917k GERKOBE$-20) 4] 11%v} 7a3kg 0], of
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2h o7 4mle) Zhar) uldel A 2aelw ol
o}. & oERKOw"}$-~9] #A$ ERaZAHo =2 Q3] o AER
Aol 2g-e 87 53 o)z Qs AAT A2 L]
7} ZelEe] gkl frdmlehs Aolh ¥ Age A,
ERa £X1A4]q] PPTE ¢ls] aERKOu}$-~¢} vl 2 oy
2 207} 2715 0] A xe] =27)7) ad Aoz Al

= ™ A& "H A2 A o] A H T, =

Aol AR $1%e] s Aoz deld gleh o9}
e} AF 170 A 2 W3] oY P s

2 A4l ethinylestradiol & 10 mg/kge] T =2 A T-Fo3}
W AENA AR A ) e F FARE 33
S 243ty 432A1= o ZAaEd T sk wi 2
we) 39 AREE AL ol FE a5 A%
of 357} Bl A1) AEA ek sheleh (Kaneto et
al., 1999). & AqNM = PPTY Fxrt Z7id4s B4
me] el AgEE ARl b Gasgen, 55 4
mg %o} Aol AAZE A3 WA ebske oA
A7 o 2AEe) el el ek
o2l RelA] 1w ojn] wwwl 4 rEeAE e
Folshe A%} & AYe] ER 2048 15es Folsle
W ehte s AT @ 4 Aok 34 dasw
Aol Fodz Qlsle] AJAFsIE-¥]8}4=A]|¢)| negative feedback
o] §HtE 3 o9} AAE o] A W HAEAHZE, A 3A]
328 AxPAF 2 2rvr) 7r4E o] AR} A] o] Zo)
== Aoz A= 9lo}(Kaneto et al., 1999). B 213 2]

A$oll= 1 =2] PPT7} A o7 4] AT o
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