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ABSTRACT. The present study was designed to characterize the effects of estrogen receptor ago-
nist (4,4'4"-(4-Propyl-[1H]-pyrazole-1,3,5-triyl)trisphenol, PPT) on liver and kidney in male mouse
using a light microscopic analysis. PPT was subcutaneously given to adult male mice at a weekly
dosage of 178.6 mg/kg in a volume 0.08 mi of vehicle for 3, 5 and 8 weeks. There were differences in
body and organ weights between control and the treated groups. Body and kidney weights were
decreased in treated group whereas, liver weight was increased. In microscopic observations, sinusoi-
dal diameter in liver of treated group was increased 156%, 216% and 255% on week 3, 5 and 8
respectively. Compared to the control, diameter of proximal convoluted tubules in kidney was
increased 37% and 43% on week 5 and 8 in treated group. Whereas, height of epithelial cells in the
proximal tubules was reduced at all time points. These results suggest that microstructure of liver and
kidney was changed by treatment of estrogen receptor agonist PPT in the male mice.
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= UE e o=ERZZ 4847 WXl thKuiper et
al, 1996). ol wa} HAx}e] FLAE EEZZ 58
A goHestrogen receptor alpha, ERa), TAE 2B
27 4~83] weHestrogen receptor beta, ERBEI
w3 =AcHCouse and Korach, 1999). o] &4
o] 7155 HH, AERNE &3] Fx AERE JhA
B2 48A9 HFH EHAE AL, o] 52
B84 S ¥ SAM Bx #2042 promoter
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o Agsld FFHOE AA} S 2EFOEN FE
< yehliAl ok AoltiHan et a/, 1999).

ole} P& 2ERA FgAL ATl AddE 7]
AefRk EAshs Aol ozt ‘:}%k?} 7)ot & ‘Oﬂc
—5’-:3?_?_4 *}3‘«1 A, 7‘]91 7]474]4 ZM] °ﬂ

FA 5o AEs} 2ol o|2EZA A7t ZA o}_
Aoz dHA drhTaylor and Al-Azzawi, 2000).

ol F&A Y thste Ash=s AL THHCE T
A A=EZAC] 715S FHsb] A% wie] dgiil
o], o}& 9sl AEEZA FEAF 8o ZAPH
87 E(Couse and Korach, 1999; Hess, 2003) AH&-3}
Avt, 2 IC1 182,780 22 ARERA 84 AA|
& Fosle] d3871= st Cho er a/, 2003; Oliveira
et al, 2001, 2003). 3t A3 of2EZA 84 F
A (selective estrogen receptor modulator, SERM)
£ o]&sto wgAY AETH 7IeS AR gt
{Kraichely et a/, 2000). SERM -ZA 0 2 T}tk o)
ZERo|EA J2EZA F8A Frzolm FAY
agonist/antagonist 4% 23 Ut} €& 9 FHeH
AgAR AHEEE tamoxifendt #H7 T ITHEEe X
8¢ oo ARE-He raloxifene2 FEAQ ERod
agonist/antagonist 71%& Zal 9low ERpst ZEE
e 43 agonist 715 7FItKCignarella er al,
2001). WA SERM= o 23| o)x= estrogen agonist
AgS UeplH, T2 2294 = estrogen antagonist
JEFE Y

o|x¥ SERM A 2EZA 78|90 HoA8-S &
3 &4S Jehi™(Shiau et a/, 1998), ©I¥ SERM £
F F9 EA 2 gl AR8-3 PPTE ERpell B3|
ERast 4101¢] &2 21302 ZH¥sh= 202 4w
A drHStauffer er al, 2000).

B Avs d2EZZ #8A &9 BFAIRlI PP/ &

A 7 A4 d3 4 9 X Felol vR=
S Yotrr] sl FABIAT. o] A A=ERZ
732 3} Al A ol A o1rr_1 A@;ﬂx—lo]y_ 7'eA el 03%_% &}
=4 ojslatet] =88 £ AR AtsH

F_Zo&})&

-

ERTE

F5ES 107% @ B AT 22499 3 4H

C57BL/6E AEFEL(Samtaco)S|AL= 8] 79l3te] ARE-3}

STk, 307kl E st HelRe 2R0E ey 7 &

of 15wt} E wjEeith. Aelw Tocris BjAM) 4,44
(4-Propyl-[1H]-pyrazole-1,3,5-triylitrisphenol(PPT) 4 mg
°](0.126 Mol| sig=m AFol WF Folgx 1786
mg/kgdl) U= castor oil 0.08 miE 3= 13] 5 Zoj

-40}“%} o R Folslfint. oz AFYE PPT7F
Eo] AUA Be 72 %) 0.08 ml castor ot HEFAL
o}&’i‘:}. A7 T AFALRS} BS FAGOR FF

°Cet AUl&$%= 50+5%2 FA5t
17+ F712 itk Aol A
Fe PPT Fof ¥ 3%, 55, 85 Fol z7t owiely
sodium pentobarbitalZ P}IHAIZ| T AE& AU}
ojo]A 0.1 M cacodylate buffer(pH 7.4)l £33t 4%
glutaraldehydeg o2 2087} peristaltic pumpE ©]
g8t A7 e R AN dxFs AP Rt
7R & 3F, 55, 85 Fol 27t sl e whHe=s
AF& st AH3t XA

VA = /\]zl—( 9~ A=Ak 27]])_4 A==

Zia )
sttt ARAE 2242
ROw ZPAIZE 124

o

23l 47 TAS

24l BF Ao AREE 4% glutaraldehyde 8-
Fuj & w7l Bt
EZSP3E]

74 2 278 0.01 M phosphate buffer(pH 7.4)=
2417F —’F*ﬂ@}%iﬂ}. ZAL T SAYR oﬂ oﬂ =4

7P R A 24 Y aetEE FsEn| A (Olympus,
BX50)o.2 #As}7 dulAd £2" SPOT tAg 7o
2HDiagnostic InstrumentsAke] Model No. 11.2 Color
Mosaic)Z &dste] AFE AAZsiAt. BA, 14
3¢ 37, 55, 8F Foll AR Ao 1+ 23 9L
T =R (sinusoid)] AAE FAsT 224
2 1w AF P 2 oA 4o e
oA o= 5070 AES 4 1 Bt FE=H
A= %13}9315}

AAye] AL 3% 5F 8F Fo 3|AYAZ] 7o 232
oA lﬂﬂﬂuﬂr(proxumal tubule)?] AT M=

& sk goiAzel Folg SRS S
= 794e) 299k PR Toklel 7014 50l
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4742 2583 1 AL T 2= A
A E Folx b0 AIEE tjate g =3} iz
2o 3 PPT Foi8 @ A 749 RlF Aol
test® o1 839L™ p < 005 U © Flg Ao} 3l
ZEER Y

2 =

zee] AFE 35, 57, 85 Foll A | &
7+ 2583 g, 26.92 g, 30.69 go= YepRt} AF 7)o
Aol AFE 2715 v, PPT g8 3%, 55, 8F
Zo| zZ4z} 24529, 23909, 21.18 g & Yeh}, dix
o)) B Z}zt 5%, 1% 2 31% Pash= A4S 1
AtHTable 1 a2y iz AT A9 fos 2}
ol T 3 8F woll JERiTE

2ol 7V FAle Fod § 55 Fof o Z4g
A5 Astaie 85 o oAl S8 tHTable 1).
Ay 2 FAs 48717 W Sotsiein. 74
A oM dlzeat Mol feolgt Aolie A A%
7170l AR et &, 3FERd vl e FA=
2.09go2 13 AL 4.28goZ YeRY 7HEe]
A7 105% F7Felai e 5349 9ol vz 7H
2 A 1729, 2832 MY 43292 % Yept A
FHoZ 151% F7Isksitt. viAlg AE 7171 85 ¥
2749 FAs UzFM 2329 283l Aol
5.03 g & Vet 117% Z71stitt

e 2HES Fedngen %}ﬁi A= Fig. 1A
of Ueht ok PPT —‘%04%0 A7) ko] AojAS
2 7] mAEHe % %Ol Sgs o] JEerTh
(Fig. 1B). BAALE R3S rrﬂ 3F 5 AT 2R
g3 A7) A, izl vs) M) A7) 156%
Z7HEAeHFig. 2). 55722 45 Mz FERIEH
Z 7o) 216% F7FslAth. 18lal 85FY] A4 2T
ZR¥EH FAL 949 um, M-S 33.73 pmE Ve
U AipF o dizge) vle)] xzle FEIGEH AF

¢

O:

Table 1. Effects of PPT on body, liver and kidney weight

T ‘ \ ‘3* “.mlﬁ;

Fig. 1. Representative histological liver section on week 8
post treatment from control (A) and PPT treated mice (B).
These micrographs illustrate central vein (CV), principle cells
of the liver, hepatocytes and sinusoids. Control sinusoidal
capillaries have a narrow diameter (double arrows), how-
ever PPT treated capillaries are dilated (double arrows).
Arrows indicate inflammatory cells containing neutrophils in
the sinusoid. The nuclei of hepatocytes were rounded mor-
phology (asterisks) in control but were oval or spindle type
in PPT treated group (asterisks). Bar size = 50 um.

o] 256% F7HHAYG. FRFIH= 4
B3 W@ Fo] HY7e A BEEUTHFig. 1B).

O:L’o_:—r —r ‘Q_

of

Week post treatment
Parameter (g) Group
5 8
. Control 25.83+143 26.92 + 084 30.69 + 1.31
Body weight PPT-treated 2452 +1.18 2390+ 1.77 21.18 + 2.00*
. . Control 2.09 £ 0.71 172+0.22 232 +042
Liver weight PPT-treated 4.28 +1.07* 432+021% 503 +0.13*
) : Control 0.23+0.03 026+0.02 027 £0.02
Kidney weight PPT-treated 0.18 +0.01* 0.21 +0.02* 0.21+0.02*

Data are means * SD. * p < 0.05.
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Fig. 2. Effects of PPT on sinusoidal diameter of liver. The
sinusoidal lumen was dilated significantly at all time points.
The data indicate means + SD. Significant differences (*)
between control and treated at each time point are noted
(p < 0.05).

7ge] 8 24 FHSRE QAT A%, PPT Aalz
A Bel Hrol thaadl Wsl 715, A ES)
Axde Hsislo] tehget

Ax3t 02| Q= A% Ve B TS Z4D

(zm) 30

ac t
25 ontro *

N
- I

10

*

Luminal diameter

3 5 8
Week post treatment

Fig. 4. Effects of PPT on luminal diameter of proximal
tubule in kidney. On 5 and 8 week post treatment, there
was a significant decrease (*) in the luminal diameter
between control and treated groups (p <0.05). The data
indicate means + SD.

A3k Table 10 Aok Mo 4% FAE dzz A
2 FARYG AR & e A% EAE
2ol vl 3FA | 22%, 5FH A 19%, 123 85=H 4]
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Fig. 3. Representative histological kidney section on week 8 post treatment from control (A and C) and PPT treated mice (B
and D). Photomicrographs of a renal cortex showing a glomerulus (GL), proximal tubules (PT) and distal tubules (DT). Lumi-
nal diameter (double arrows) of proximal tubule was increased in PPT group comparing with that of control group. In the PPT
group, epithelial cell height (ECH) was shortened compared to that of control. Bars represent 50 um (A and B) and 20 pm (C

and D).



Effects of Propy! Pyrazole Triol on Liver and Kidney 369

{um) 16

OControl
OPPT I

L

-
E-3
)
bt

-
N
i

Y
o

Cell height
-}
—

3 5 8
Week post treatment

Fig. 5. Effects of PPT on epithelial cell height of proximal
tubule in kidney. The cell height was decreased throughout
the treatment period. Significant differences (*) between
control and treated at each time point are noted (p < 0.05).
The data indicate means + SD.
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859 7, ol vs) el 294 =3 U 4
Aol 2}z 37%%F 43% F7tstd e HEg hxdtdt &
o5k z}ol& HAATHFig. 4). MRS sk 4
A E Zolx ZAsYoHFg. 3). %rﬂﬁ_& B, 2
of vl Xz M =T A E =0l 3F, 5,
85 2+t 15%, 17%, 30% Zastyom wdk o] 4=
A= d2EH F8 #folE& BATtHFig. b). PRVIRZ
Aldl A, AFAE SR o MRS Al
2z 299l Bent Fojue] FAZ Ao JeRdt)
Hzz 294A=#e AUAE de Yook Fig.
3C) A9l 3 R Eloly T2 HRgom |
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ZA-JAA 7F EFE o] o 232 FolF &4E 7t
Ach 2 =] oy, HAHr] 328 A=, 44
A9 e oWt X2 Foll o8 S (Stauffer
et al, 2000). ©]4 g|7t=e] Kol oFg|ZHg ufid]
7F=E SERMelgk2 gt Grese and Dodge, 1998).

SERME ol 2EZ7 $=g-Aof A EA o 2ER
A eAe YAF T2 HelE FisiH, o2 <l ¢
~ERA 4+83& co-activator ¥ co-repressor T A
I A58 A HA AHHoE FIE st f
Ay wadg vebiA "ckCappon et a/, 2004). A3
I bt e 2 gE 23F0Me tE co-activator
3 co-repressor @] TG £ glon, o= <a)
SERMPe] thefdh 285 vepiAl €.

B Agox AL PPTe o AEZA &0 21344
< 714 SERMe] ¥Zoltt. PPTE ERBEY 2 ERadl
zZ-8-5hs & AolH ERool thsle] estradiolit} E&
84S 2 Stk wER PPTE X802 HisHE
ERaol] Eo]A el g5AjoltkStauffer er af, 2000).

B ¥ PPT o 8§35 Hshk=dl oA Frasor

03)¢] WS st o] 52 AF 2ol A
= ZEAIZHE 879 Ad=2A 84 9 23 F
Aol vixle PPT B8-S s ZAK =Y A% 20

15 A7 1upe]ol] wid PPT 5% 0.02~0.56 mgs 98}
TAIR BEAPE o FofshA 9434 mRY PPT =&
0.1 mg# 0.5 mg olgk &5t} o] w 15:YU7F A 1
ule}7b wke PPT &2 07 mg# 35 mgel Bt 2
A AF 7048 AFE AR OERE oo &
e EiE 15:Unie} AF 1ekEe] 4.0 mg(178.6 mg/
kglel PPTE Edsith. PPT o717+ Cho er al
{2003)e] W& Fasted A8

B AgdM= PPTE Foshs 7zte] AoArs &
oA AF AFol HA ZAHAT olet HHH By
of oJshd, H|2E|Zo]x=Al SERMS! lasofoxifenel &
A3 A BHE RE 2FM AF0) FAaHENeH
Hol A7) 2FAaH A= ZAoltHCappon et a/, 2004).
T 2E=e 17B-estradioll FFHE =EA7E AFo]
ZraE s o= Aol HY A B Ho] 389 A
s} 7

o
a]

22 B3P a]lol o) dojuves AR RIEHAUT
(Cook er al, 1998). o1& AF T F2 AN A<
e oJdt Aow delA dtHWade and Heller,
1993). T o2 Aol 93P estradiol ©ov F&
estradiol Tr/\}g;“ﬂ tamoxifeno] SAHHAE B 8=
¥ QoA o zEZA 2ERIAAH st AFTE
HAaAZIYE Aot {Wade et al, 1993).

og] 7 ez AHS SR S4Hd AMe
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SERMo] d=E=A +8A& B3 AF L AH8-&
ehditk= AoltiCappon et a/, 2004). o]} #HE
TRE GAEAE & 8Fd ERa AFAI PPTE F
S W}, T ERB E5AIA 2,3-bis(4-hydroxyphenyl)-
propionitrile(DPN}S S£oglg o] AH9-& vlws] ®y,
PPTE T3S wie foskl AFe] FA=IA
DPN9] Z-¢ell= AlFol AR & 7= Hot A5
o] AAFES sh= A2EZAS 2 ERaE Tl W
MEttz st chRoesch, 2006). o] BE3oll o&kd, PPT
7F 9ol AHE AaATlE vhE e 1A xRk &
222l cholecystokinindl] that @] TS F7HAA
o) F o] Fagoay olRoitke Aot &, 3
Hell 14d B Age] Holg FAUE A dxT
(sham)}& °F 1200 mie] HolZ A3 vhdol] PPT £
2 < 850 mig] HolE AFHSIATE Zolth oX |
AF Gl Hojx &3] AFo] ZAETe Aol &
T 7122 d2EZA] leptin TEE] tFF o] 1wl
A23E ABIAAX AFo] Zadrhe Zloltt. o]d o
717 olBE T ‘H £ o, d=EZ7o] AFE TAA
71e AL ol ~EZA 8 (cholecystokinind} leptinell
Agshe)g she o 840 o) siviEda &
& Utk 2 A m Agr7ke] HojdFE AHFol
o ®o] ZAHEYEH(8FY 31% 7)) of A=
PPTel olgt AF 9] Bo] A3 74, AR AW 24 4
A73A ] HoldHE BAdH= el iz PPTY d¥
59 oy 7EA] BE3EQ 81l ogt Jlew "4741“4
7449 739, A9 7R o= ERoZb EAiSEA|RE
ERp= EA13HA] =vlal 3 tHTaylor and Al-Azzawi,
2000). 1yt MRl ERast ERB7E BAlel &8t
© Ao 4HA Qo). 1Y 2ol @3 EAlske
N2ERZA FEA FXo i3t ks Baro] ofsbd,
2EZA FEAe 7, A E Aol X
o] B A Mo EAstZ Ao (Winborn et af,
1987), w3+ o] YIME = ERas} ERB7F Al
2 ¥(Couse and Korach, 1999) 3= Z2o2 4#A <l
cold AME ERIsh] 8, HEA R oAERZ
S BFHo] T3 ¥ el FgET AT
(Radzikowska et a/, 2001). /n vitro A&l ul=H, w|
oFd #F 7o) 2RGEH YAz o AER7]
%*ﬂﬂ Zol AT o, EERI0] o] R
# WA ZoA HEg2 AEXE ol dAsiEa
(nitric oxide) TA-& Z23l3(Sakamoto et al, 2001;
Yokomori et al, 2001) T o] YaksA 47t AL 3
AlZIeke Ao|tHFarhat et a/, 1996). Yitsld 4= 83
o] Al mul oluel HE ME FAE ™3k

' e T

1

lO—E

4>

ste 9Y

g 2T Yo mEA drERAL B JE ¥
729 % 22 50| YowM e AN 2]
Je dasEs we 288 5 Ao

U 32 AHH o2 o] P AEde HS
97 4 YtHWhite, 2002). SHo B, orEZAL
prostacycling} ¥Atatals $4E AFFoEN 282
cyclooxygenase-frafl 4AHE, 2/44%<l
tensin |l, endothelin-13} 7+& d# 3 OV}QJ ’%‘“2
TRANZ BN Al AEE=E
tHTostes ef a/, 2003). PPTE Foist £ é%“)ﬂ’ﬂE 7&
o] FrUdgAe] F7Ao] 3F 156%, b9 216%, 8
ol 265% Z7stath. oA A= in vitrodl A ek mizk
AR in vivo AR E PPT7F ZEGEHA] YoMl
Fo] 2hg-3le] ZRFIFAS FYAT A eZ HRlrh
dzER o) fiEHe Y] g3 "3k 7
H (peliosis hepatis)} 24 (vasculitis) 53 22 2
o) (Radzikowska et a/, 2001), 7k e 7ol
shdE FRSEH #A¥o] Jon o W FRYIHL
%33} FA ke WIAEZRE 7445 UthEdwards
t al, 2002). ¥ AoME FEFEH 2 Ho| G+
% ]°ﬂ Z3 #4E e 334 WS P(neutrophil)7t
2SEH Yo Bo] #FHUE ol 22 & o
PPTE ;f:’] d5E 72T F U2 ZoE A
7 I peroxisome proliferator-activated receptor
Y(PPARyR= A £33 tialel] #ojshe FdxE 84
A7) =d 47 AF ol o]H PPARyE F4)3 Ag-ole
g Ake] Ao 7] FAE UL &
tHUno et &/, 2006). 28] J2EZAL o1 PPARy
2 FHFANINE StHMa et g/, 1998). B Ao
¥ 7%, dizael B8l PPT Foiwte] 7v A7t
AR7I7H W FosAl Stttk &, tizael] Bl
PPT Foigte] 7h4 BAI7F 106%(355), 151%(5—7?) 11
(8—r)i Z715I9th. B Al o AERA 483 GFA
2l PPTE FA& w 1H8e] FAZE 7kt =t ol¢t
=
A

O

—lﬁ' Jot off [T

ﬂHJH

Hste] WX o AWEHA L afdew =

AR FEFEH XA
= A0E Algdgtl. &, PPT 592 9g), Fradie]
A 7Ao] 27k (859 S 256% S71) o= <l 7+
o oF FeRH =7t FUEHJLH, o] FRFE A
#FAe] RG] AN SloiA e FAVL F7t
gk Zlo] oldrF AAXI,

Vg3t AR 4gAe] Ayl Addd digh
BygA, ZY2HE @4 (cholesterol gallstonele]l &
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2gel) Bisl o3deliM o Eap LAEE ALR Hof 9
2EZAo] o] PP Afe] e ALE FHFHIL
AT} o]F FE] Y3 AFAA, A2EZA A
A A IC) 182,7808 FAYS o AHalA HHAEAY
o] AAHEoW, £ HiE M ERa &FAIS
PPTE 7H3e) Ed2HE ®BHIE T7HRIHL ol BF
of ZyAE|Eo] HAEs} Hol Ax FHPMoR AFE
o}l Sk E‘rWang et a/ 2004) e

=3 I’\Eﬂ

__4

AEZZIY 2 B2 vlAlgRe] Zolo] S A
ool 3o (Sapino er af, 1986; Wakeling et af,
1989), & oAEZA 0] g AFAMEo A F4L
A=t A Ee] Folg FVMIZIYAL sF%irHSato
et al, 2002; Sibonga et a/, 2003). ¥ A% PPTH
a9 A, A 29Aed JuAdze 2 AX =
o7} A&zl 3F, 5F, 859l A 15%, 17%,
30% #ZAastd. ol Ade diERA F8A7T AR
o Exay LS vehln, o] FEAE FE oRE
27lo] Z2YMET AUAHE FolE ANt As
2 = Qlth, oA AFH ThEA PPTREZAAM Al29]
Fol7} Jiﬂ%, Z Mz PtEle 28-S JEllE A
2 32 SERMY] 7oA w & 4 itk &, benzo-
thiophene SERMS! raloxifene2 9} 34 Z]él(serum
lipidjell taleds EeAZA 8-S At 3 A
zAo & AsiAz gty HiHdcCohen et al,
2000). ©)|8A 27 Eo|F§ox SERMY] ZRgo] e}
= ol digle] o7 we Ayt qlojo & Aom AY
ZiEgh 2 Ade) NS A5E 8 Agele PPT/E &
SAEA ALslua 1) Hoks 2943 el
FE F0|5B ANl AdAEA] 8L g slow Hel
ok & AR Folt AR RM HUHer 29
A Wrkel H7Ael FriEded, olek FAN A
o] 8 mYw AYPoA el AFFHor wslH
Art.

]

lo

el W3} Qo= ozl 7pA] o]
= TP YA Te] Ca®tek Na®
o] g 2Rl T vHE R
g4 R 1iHBrunette and Leclerc, 2001). ¥ B
= LN =T = ERa

7t EA3ke AL YERIRAIT 2 Ao s PPTo &g
LA =T Fejsd WsE 27171 Btk
FHog FuRol i uet AR thE 2go] Ve
Ws shedl, E79 A% 29 Ax uYg AF
of oJ3PH 17p-estradiol?] F=7} 10"°Meott 10°M
2 B TroAE AR HE 7 Z718
29k, 108 Mot 107 Mﬂa 17B-estradiol®] & %7} &
olAlM ¢3ld AE F7t Zagoty stdthHan et af,
1999). & A3oix FAZE PPTE FE 0.126 Mol
o ol& jn vivo FEIME 395 IFE] EE,
ole} z+e PPTY wEmol odA ZM =] A
Folt FEE 23 % Rog AzZiEY. ojd 294
& AuA| 2] o] 7hAe) 7k o] PPTY F&d
1A, & ’el’f}ﬂ} 72 27 FolAdo webd v
5o =5 3olg 2 e 7

o e AFAIS] WA EeA S
P AL ARER Y] HAbel MR
(mesang|a| cell)/l 2] F7lshd ARl A s (glo-
merulosclerosis)oll Zaled] 17B-estradioks: dAts}a
2 TS FR3 olF AW dsE & Uk &
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