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Abstract : A form of polycystic ovary (PCO) resembling some aspects of the human PCO syndrome (PCOS) can
be induced in rats by a single injection of estradiol valerate (EV). An increase in sympathetic outflow to the ovary
precedes, by several weeks, the appearance of cysts, suggesting the involvement of a neurogenic component in the
pathology of this ovarian dysfunction. To test the hypotheses that the change in sympathetic tone is related to an
augmented production of hippocampal and/or ovarian nerve growth factor (NGF), and that this abnormally elevated
production of NGF contributes to the induction of PCOS induced by EV. The animals were sacrificed after PCOS
induction and the ovaries and hippocampus were sectioned and compared to the normal control. The expression of
NGF was measured by immunohistochemical staining and Western blot analysis in the ovaries and hippocampus. EV-
induced PCOS showed significant increase of ovarian NGF expression. Inmunohistochemical expression of NGF was
confined to the follicular cells and interstitial cells. Hippocampal NGF expression was not significantly changed. In
conclusion EV-induced PCOS was related to the ovarian sympathetic activation which was mediated by NGF.

Key words : Polycystic ovary syndrome, estradiol valerate, nerve growth factor, ovary, hippocampus.

M OB 273830 Z7tet BEo] ks Bt 9vk4,16,17,20). <
1

Adollx] AF=228F (hyperandrogenemia)®] 71 St

Aol BAER= PCOSel| that el Aol wigks=7]7}
A0l dar wigEs]o] EA7F e PCOS WaolA

Al
= O
olo] thdA 4SS (polycystic ovary syndrome, PCOS) FHIZol ARA el BX7 o XUshhs AL S o]E 3

2 OEF, =5, A% %E% S A w2 & R ETH(12).

de zHH22). I G, gATE 2 AUt PCOSe| 71 2 A= 7ide] A5k A
T A el 57 }5&3}(14) PCOSE= 719171 14 9] A ARsE RIS Fote] &= 3o, 9)
5~10%l14 YERH(6), PCOS7F = AJeledAd el 50~60% PCOSel| 7P 7W7he RES Fed =89S stal
7F "lgke] Slej(11) H= S7Fsk2 Y+ H|9} PCOS 4 estradiol valerate (EV)E ©|-8-3F A7} thAo|c},

fz

£9] Z7te} LHE Aol & Aoz AZH PCOSY A EVe JY, A7) 4 XEY GaE8A § ol ~EZA
A 717 o017 WEkelx] ¢ron) W Aol wE w7k AR 3] Aol AREE™(13,26), BIEEE7]ol EAI7F @

Zx(polycystic ovary, PCOY’} 2=t (5), o1&

£ 92 gmel EVE 18] 2854 F 602le] Bl o)
37

el

"These two authors contributed equally to this work

'Corresponding author.
E-mail : csbae210@chonnam.ac.kr 9} fARsE FEHo] UTk2s).

403

ﬁZL& E2 YRy o zw olxe] 2= PCOS



404 AL - P - R - ANE - U5 - ok} - Aeg - P - BAE - 0EE - 9 - R

Nerve growth factor (NGF)= AIZAAIE 24 W= Al X=
EE o] o B 7kgxE], 27y AEE Schwann
A g AFEAE SolA = il B Az
(sensory neuron)Z} 72 effector ZZ]oX= A173A|ull 7] (time
of innervations) %o 7Md =& FZo| =ETHH24).
CNSollA NGFell 1178+ 417 (neuron) 3l "H(hippocampus)
o] Wol EAshH (24), 49| Z-5+= FEH (follicular wall)
S TA8= MESF A 7HAAM E (interstitial cell)ol|A] 2
AAEE | Gl Adue walg B2 whal) dkig 9
7152 d49] NGF A%t 5ol s A 93 T=th9).

A2 PCOSS] 7S & o dolriz) gso
EVE FAlsled PCOS A3k & BUS e § &jvp 9 o
2ZAE e E NGF ¥Hsls &3t} s

R

A0l YRF7E Hol ATl 190~210 g’ 777
o] A Sprague-Dawley HE 2072l S (F)AUELE Bio
Korea (Osan, Korea)ollX] 7352 A4 34432 9
sto] 1771 AN & APS AAEIT 2 A A
gty sEATEEE L] 521 ol BEZEFAFA
e} FHER o ARG 2 23£2°C, 50 +5%2] T
FEo 12774 BT E AL B AlEe A
AFEES skt
A FEL estradiol valerate (EV) FoI3} oil tHETEL
2 WAL ZF abet 10mkY wlA| sk

Chetd Ao F

EV Fo3& 4mge EV (Sigma-Aldrich, St.Louis, MO,
USAYE 0.2mLe| sesame oil (Sigma, USA)l £3lA1A 1
3] ZEFA) S oil RS sesame o0ilS 02 ml 5
FA} ST

oI EE|SIEE| ZA}

W2} Sioh 24 HEE T 10% 95 T L2UU
34 F AE ek Eo) 22S 4um FAZ uhds
X-trat™Mgeto| =of F-2Fslo] xyleneoll & vpdd H 7
D&, 90%, 75% 2 50% olergol 7pz} 224 g3}
A G 252 gIsle] citrate 95 (10mM, pH
6001 Lelol=g Wt Moo 1587 £ F AL
WAAIA 2087F A% & 50mM Tris $HF-8<1(TBS, pH
75)0% AT AR | ststa s &
32 JASH7] 913k 0.3% hydrogen peroxide-methanolef]
1027 A2 5 SR AlFsiaL AddAE d2e04 10
E7F dbSAIZ F GAFEA|Q] rabbit anti-mouse NGF
monoclonal antibody (clone 2.5s, Serotec, Kidlington,
Oxford, UK)E 4°ColA] 24A17F REGAIZITE Tris hg-l o=
A Z3}3L Histostain-Plus kits, broad spectrum (Zymed, San

S

Franscisco, CA, USAYS ©]&3le] H]QElo] ghi-8 o]x}at
AE AoA 1027 RESAIZ] F tris AR AL,
peroxidase”} Z2EE streptavidin &8-S 1087 ¥H-3A1Z )
Tris 5N S2 A& £ 3-amino-9-ethyl carbazole (AEC)
kit, SK-4200 (Vector laboratories, Burlingame, CA, USA)2
2 2SIt Mayor's hematoxylin® 2 TtHZAEAS- A8
2L, universal mount= 5433t

grmoz YA $ho] TEE 2 P A
on), AulEzo R ARIA T tis $FAL AT,

EE1oS|
=S

s
o

Bl
m

FHE Z4= 4 (Western blot analysis)

sint 22 0 2 HE] NGF Thijde] daS 245
slo] Wosha] whild AEHES ARESIGITh Hass) alfwt
%2 150mM NaCl, 1% NP-40, S0mM Tris-Cl (pH
74), 2mM Na3VO4, 2mM Na4P207, 50 mM NaF, 2
mM EDTA (pH 7.4)¢} ehaits]ga AAAIQ] leupeptint
aprotining 718+ NP-40 lysis buffers ©o|-g-3slo] & vz
S FE39H. 5% @ E L2 De Protein assay kit (Bio-
Rad Laboratories, USAYS ©]-83}0] 30mg¥ 22 42 4
2Fslo] Ao ARSI SDS 12%-polyacrylamideS ©]
& A7Ygss Sa wudEe EEAnh Eed e
nitrocellulose T2 o] FAIZl ¥, 5% skim milk in PBS-
TE o]&3lo AHAZI PBS-TZ 1587 3 AF 5,
anti-rabbit NGF & 3| (Abcam, UK)E 5% skim milk in
PBS-TO 1:2,50002 34t} Yal 4ColM ta27kA] vt
SAAY thEo 2 PBS-TE 1587k 3 A% 32 HRP
(horseradish-peroxidase)’t U= goat-anti-rabbit 2%} 3|
(Santa cruz biotechnology Inc, USA)E 5% skim milk in
PBS-Tell 1:10,0002% 3]43lo] WL Aeolld 147k &<t
2]¢t & ECL (Amershamphamacia, UK)S ©]&-3}o] Al
AlZL 5 s & & vERd ol W= Science
lab Image Gauge (FUJI FILM, JAP) ZZ2I1#& o],
anti-mouse B-actin ¥ (Sigma, USA) MEE X702 35}
o] 7zt =] UnE SAste] At

N do
N ok r
o 2

o 2

A M AIE 8t & A HHS(Reverse transcription-polymerase
chain reaction, RT-PCR)

Ao} slul 228 A& & Tri reagent (MRC Inc,
Montgomery Rd, CIN, USA)S ©|-&3}o] & RNAS F=3}
%t} Superscript one-step reverse transcriptase (Invitrogen,
USA)E 323k & RNA 1 mg SE27E cDNAS 6]
#38 AHE-E A3, Ex Taq polymerase (TaKaRa Korea,
Seoul, KOR)S ©]8-5}>] Rat NGF PCR W3S =333t}
Rat NGF 5o]% 2Zzjo]mQl F-5-CTTCAGCATTCCCTTG
ACAC-3’, R-5-TGAGCACACACACGCAGGC-3’, Z7]: 592
bpE AZsled(21) PCRE 33192 PCR HHS- & A4k
&= ethidium bromide”t F7He 1.5% op7t22 2ol 7]
P& F UVE Akt ERlsiit. A719eS 53 PCR
ALl & AztshE W=l IxE ) Fsr] 2@l




Estradiol valerateol] ]l fd=e thdA

GAPDH 2=z&}o]H F-5-CCATGGAGAAGGCTGGG-3, R-
5’-CAAAGTTGTCATGGATGACC-3’, Z7]: 199 bpE Wiz
O R o] gsto] Pt =] NGF PCR 3 271
94°C 40%, 64°C 40%, 72°C 40%Z 2857|913 GAPDH
= 94°C 30%, 56°C 30%, 72°C 30%=Z 295°7|%6th BEE
PCR WholM 7] WA ;9 vpAlet A1 2Ee 2}
94°C 5k 72°C 5= silnt. 7 W=l W= =4
Science lab Image Gauge (FUJI FILM, JAP) Z=2 1)
o1g3te] Sl

to rlo &

SHXE|

TR Bt + FFAAAE eI 5789 352
ol et FAEAS Student's t-teste} 1:]——53]5/_—3— 4
Bonferroni 89S ARS-3ISITE B pgho] 0.05 ©]sel
TE AR fog Zlow st

ol rQL' il

|__I—7l:—_| |
it oil YRz A9 PHEAE R PR o
NGF g

& QT 28y, EV

o9 7% o AL, GEUAE 2 7HEA I} s

2 i%iE}(Fig 1.

- AAH AN T5=2] NGF &

Qa7 E Hol= Aﬂiﬂ T} BV T A9 e
2 27N AR HAE N O™ NGF FA7)

Fig 1. Immunohistochemical expression of NGF in ovary. A:
Normal control group. Mild to moderate expression of NGF in
the follicular cells and stromal cells. B: EV-treated PCO group.
Strong expression of NGF in the follicular cells and stromal
cells. ABC method, counterstained by hematoxylin. Scale bars
=100 pm.

Fig 2. Immunohistochemical expression of NGF in hippocam-
pus. A: Normal control group. Moderate expression of NGF in
neurons of the hippocampus. B: EV-treated group. The intensity
of NGF immunoreactivity in neurons of the hippocampus was
slightly increased in the EV-treated PCO group. ABC method,
counterstained by hematoxylin. Scale bars =200 pm.
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Fig 3. NGF mRNA levels of ovary (A) and hippocampus (B) in
control and PCO rats treated with EV. NGF mRNA increased in
the EV-treated PCO group. Values are given as mean+ SD
(n=3 in each experimental group) normalized to GAPDH. A
representative RT-PCR is shown at left. M, DNA marker; ON,
ovary of oil control; OE, ovary of EV group; HN, hippocampus
of oil control; HE, hippocampus of EV group; *p <0.05 vs. oil
control group.
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Fig 4. NGF protein levels of ovary (A) and hippocampus (B) in
control and PCO rats treated with EV. Protein level of NGF was
higher in the EV-treated PCO group than in the oil control group.
Values are mean+SD (n=3 in each experimental group)
normalized for B-actin. A representative Western blot is shown at
left. M, DNA marker; ON, ovary of oil control; OE, ovary of EV
group; HN, hippocampus of oil control; HE, hippocampus of EV
group; *p <0.05 vs. oil control group.
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