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Role of androgens in the renal production of 20-hydroxyeicosatetraenoic acid
in spontaneously hypertensive rats

Tsuneo ISHIZUKA*!, Osamu ITO*?, Ken OMATA*3, and Sadayoshi ITO*!

*IDivision of Nephrology, Endocrinology and Vascular Medicine, Department of Medicine,

*3Health Administration Center, Miyagi University of Education, Miyagi, Japan

The role of androgens in the production of 20-hydroxyeicosatetraenoic acid (20-HETE) was deter-
mined in the kidney of spontaneously hypertensive rats (SHR) and Wistar-Kyoto rats(WKY). The renal
production of 20-HETE and blood pressure were higher in males than in females at 9 weeks of age. The
renal production of 20-HETE was significantly greater in male SHR than in male WKY, whereas it was
significantly lower in female SHR than in female WKY. The differences in the renal production of 20-
HETE were consistent with the cytochrome P-450 4A protein levels. Plasma free-testosterone levels in
male SHR were twice as high as those in male WKY. Castration and treatment with the androgen receptor
antagonist, flutamide, reduced blood pressure, the renal production of 20-HETE, and P-450 4A protein
levels in both strains. The renal production of 20-HETE was significantly lower in castrated SHR than
in castrated WKY. These results indicate that the renal production of 20-HETE and the expression of P-
450 4A have gender and strain-differences, and high levels of plasma androgens induce the expression of
P-450 4A and the production of 20-HETE in the kidney of male SHR. The androgen-induced production
of 20-HETE may be associated with hypertension in male SHR.
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IE o Wistar-Kyoto 7 v b (WKY)D EA & L X T, 5
~11EBORFIHIC B W TIL#EL Tw3Y, D SHR O
B 20-HETE EEA DU, P-450 4A2 mRNA FEH S P-
450 4A EHFBOBINC X 549, P-450 [HEZK D> P-450
A7 > F e ADHEN SHR OIFE#ET S5 2 &
759, 20-HETE %% SHR O Ifil [T i CHE B 25 %E %
ed ZEWREBINTWS, UL, SHR & Brown Nor-
way 7 v b EDRFEIC X % F2 #:4X % A 72 cosegregation
@7 Tlx, SHR @ P-450 4A SEZEFIF M v v 2 BE
9, BIOM S »OR T2 L T SHR O B gk T P-
450 4A FEH R 20-HETE FEARFHL Cwi EFHFZ oh
%,

L 2 AT, SHR Tid WKY 12 b TR & I8
testosterone J2fE D _FANTHO 51510, F7z, P-450 4A2
EHECHERTHEICE S L TR D, ZOHFIZ7 > Fo
FUWREDFEETHD I EDBHS MR TRBE D, L
7235 T, B SHR 2B W TEBE» SNl Tw 1M
#7 L R oS P-450 4A FF X0 20-HETE BE4E % 35
L, &52, ZO7 ¥ Rar iz k5 20-HETE EEADH
/Y SHR OEIMEDFAE IS L T 2 /R H %,
%22 7T, SHR OB 20-HETE EEAIc BT 57 > Fay v
DOEENZHS»IZT 5728, KHFFElE SHR & WKY 125
% M & & 20-HETE BEA DO MR, S S mE & & 20-
HETE EAC R+ 2 K827 v Ray v EfigEopEs
R L 7z,

¥ & |
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5 B o M HE > SHR/Izm & WKY /Izm %2 H 4 SLC X
DAFL, HWILKRFRFBES R BB LR
T 4 AMEE L, —E80ME SHR & WKY 1213 58# T
EBFM, L7 v Fay v EH#ETH 2 flutamide
(HARMLZE, 50mg/ke/H) ORO#5 2BiH L ¢, 48[
BICFEBRIC Tz, MEE, /INEhY) B i 0 2 i (>
x Z8ERr, UR-5000) % fv> T tail-cuff Zic & 0 #HIE L
2o TRTOZ T b 3 — )V IFHALKEKEBLEE 2 R F5eR
B ERTESOAR T, BYFEBRID FfaghicHl
L CT&HfT L2,
2 . [M3F testosterone JEENAIF EE I /0 )/ —L%D
BOEE
AN PNV E Y — )L (50 mg/ke, ip) BB, T v bz
BH, IMAEE L, I4E free-testosterone Y% 7 ¥ 4 A

LTy AFCEIOBE LT, &7z, B ZIERYIE
L, BEENRZUINT L ClEIOE N2 R F IO L, B
B% 250 mM ¥ = §#, 1 mM EDTA, 0.1 mM phenylmethyl-
sulfonyl fluoride (PMSF) Z& e 10mM V) “ &SV 7 A%
i (pH 7.7) THREY 4 A L7z, REY R — % 3,000
g TSofELL, D EFEZ9,000g T 1575, T
100,000 g T 1 BEfl5a0 L7z RIR L 72 3 7 1 Y — A 43 H
% 30%2°) ¥ u—), | mM dithiothreitol(DTT), 0.1 mM
PMSF % & 100mM ) »EH ) v 248 E# (pH 7.25) 1
BIRLIc, V> 7V OEERRE L, Bradford Ha ik (Bio-
Rad Laboratories) Ik W vy ¢y 7 a7 ) v afEHEL LT
HIE L7z, B 70y —AIWEERTHEFE L, 20-HETE
FEAEEOWERA L/ 7ay s DOFEEE T—80C TRE
L7z,
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B rnY—LAEHQOu) % 10uM 7 5% R VB L |
mM NADPH O7F7E F T 30 43, 37°C T 100 mM ) >
A1) 7 MR Iml (pH 7. 4)HpTA4 > F a_X— b L7z,
0.1 M¥EREIC X D ARMEE D pH % 4.0 & Lok, WEEHE
& LT 1 uM cis-10-heptadecenoic acid (Sigma) 1%, 7
7% N UBRRHEY % 3ml OFfE 7V T2 EHHIL, %
R T CHE L 7o B2[E LTy > 7 VI B 36.4
mM  2-(2,3-naphthalimino) ethyl
fonate (Molecular Probe)20 p/ & filifi: N,N-diisopropyleth-
ylamine (Sigma) 10 x/ Z)j0z, 30 53R TGS ¥,
RIS T, > 7% 40%7 £ b=+ Vv 1 ml IR
L, SEP-PAK C 3 Z— 1V v ¥ 7 A (Waters) ICIEA L
120 REIGOHNEEZRET 2720, 50%7 2 h=1HY
WSml THZ LNBWEL, BFHRT TV S00ul THZ L
SENT NV ENY TN ERER L, IhE2ERATHR
TTEREIL, X% /=) 100 ul ZERL, 7020 ul %%
B X 5 2 — v /OK/HEIR (85/15/0.1), WE 1.1 ml/5 O
FMET Cis 1 7 4 (Waters) & F W 7z 3#i4H HPLC 312 £ 0
SEELTze Y TV DHOETREE 2 B A (B ERT)
WX D FRRANCECER L, ©— 7 HE * NEEHE DO THIRE &
W9 bZLicky, 20-HETE &&= L7z,

4. 1L/70y ME

P-450 4A X NESEHET H 2 Bactin DEEAFHIE, A
L T7ay MECEOBE L, B 7Y —AEHQ0
ug) % 10x20cm, 8.5% sodium dodecyl sulfate KV 7~
DAVT I RFATISOV, 15SEEEIOESRKENIC X 5k
L, &sic= oo —ZABICEBLSIKENC L Y BEIS

trifluoromethanesul-
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Fig.1 Gender and strain-differences in systolic

blood pressure(A), and renal production of 20-
HETE (B) in 9-week-old rats
Values are presented as mean=*standard error from 6
rats. *Significant difference(p<0.05) from the corre-
sponding value in WKY. #Significant difference (p<0.05)
from the corresponding value in male rats.

7zo Z D% P-450 4A1, 4A2, 4A3 isoform %Y 5
7w b P-450 4A1 TS 5 ¥ ¥R Y 7 v — Bk GE—
b5, 2,000 fE5AH) & 24 > Fax—b L, 351
horseradish peroxidase Z#&& L7z 2 XPifk (Santa Cruz,
4,000 f5AH) & TR A > Fax—p LT, 7, 7
APt B-actin € / 7 0 —F )L (Sigma, 4,000 %45 FR)
E TR A >~ Fa~_—DbF L, & 51 horseradish  perox-
idase Z#E& L7z 2 XPE (Santa Cruz, 4,000 {Z400) & 1
Rl A > Fa =P L7z A1 &6/ 701y % ECL*v
(Amersham) IZ X D FEH &8, Tk X B 7 AV LIEEk
L, P-450 4A EHIZDOWTIX 50~52-kD D/ ¥ %,
B-actin IZ DWW T L 43-kD O N> R RS L7z,

5. HRETEERIRE

T R L U CREE L T, EEOEE
ZE X H T (ANOVA) I K OF Duncan % 42 s /BT % F v
THRE LTzo p<0.05 ZHfiEHERNCAR & Lz,

& R I

1. SHR & WKY ooIl/E & B 20-HETE E&E=I(ZH (T
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Fig.2  Strain-differences in the expression of P-450 4A

protein in the kidney of males and females
Each lane was loaded with microsomes (20 ug) prepared from
the renal cortex of 9-week-old WKY and SHR.

WKY IZHATE L, FSRHE & b 1o I A i 23 1 o
MEZ AR TE 572 (SHR : 203+2 vs. 169+3 mmHg,
p<0.01, WKY :143+3 vs. 130+3 mmHg, p<0.01)
(Fig. 1A), & 20-HETE EE X, fff SHR TlXjft WKY 12
HARTITHEL Tz (247424 vs. 16847 pmol/min/mg
protein, p<0.01), —J/7, M SHR TiZMf WKY 12thRT
B 20-HETE FEA 2355 L T\ 72 (1077 vs. 133+5
pmol/min/mg protein, p<0.05), (Fig. 1B)

2. SHR & WKY OBfgICE (T2 P-450 4 A ZEARE

DEE

9 i D BKIC 35 B P-450 4A TR FEIR L, f# SHR
TIXHE WKY (2T L T8 D, —7, M SHR Tk
Jiff WKY 12 bR THkE5 L T\ 7z (Fig. 2), WEBIEHETH %
[-actin EHFHETIIMUER T v N ORMEDOE 2RO %
»olz,

3. HESHR & WKY D14 free-testosterone ;EE

4 SHR o Il #¥ free-testosterone ¥ & 1%, It WKY 0 &
BEECHARTEBTH>72(7.3240.32 vs. 3.57+0.38 pg/
m/, p<0.01), 7z, WEZ v b EKEBT v b DIMEE free-
testosterone J& & 1%, SHR & WKY & 3 1 HIE R 5L(0.6
pg/m) IR TH -7z,

4. i SHR & iff WKY OINF & B 20-HETE E4AS(C

%9 % flutamide %5 & FEBNTE

I SHR & fff WKY D IGHEIAIMNE DAl Z2 1t % Fig. 31
A~ L7z SHR & WKY & 1z, flutamide #5 D 5B %
BEMEIT U SSEETIRMED > o — VB, flutamide
G, REHO 3RO PHEIILE ICHEEZ RO 2 h o
7zo SHR T&, EEFEOIHEHIME X 8 Al & 9 Bl T
> b e — VEEOIGERAME I X TEREICE T L7z,
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Fig.3  Age-dependent changes in systolic blood

pressure in control, flutamide-treated, and cas-
trated SHR (A) and WKY (B)
Flutamide (50 mg/kg/day)was given orally at 5 to 9 weeks
of age. Castration was performed at 5 weeks of age.
Values are presented as mean=*standard error from 6
rats. *Significant difference (p<0.05) from correspond-
ing value in control male rats.

% 7z, flutamide B¢ 58O IHEIAME & 9 B CHED > b
O —)V B O IUE A ML 1 BB X THE EICE T U 7z (Fig.
3A), WKY T, EBREOPGEIAME X 9 B THEa >~
N o — VRO WHE ML I EER THEICET L 7225,
flutamide #5HE D PHEITIME 3 5~9 Bl 12 35\ ThEa >~
b o — VEEDOUGERAIE I LR TEHEEZ 13 7% - 72 (Fig.
3B),

9 Az 5T, SHR OffEa > b o — Vo ILHE I
JEAZ BT flutamide $55 & Z B O IGERAIMNTE KT
L T v 7z (flutamide : 179+2 mmHg, p<0.035,
tion : 166+2 mmHg, p<0.01), Kt WKY O E#EED IV 5
HMERHED > b e =V EOMEICHANTET L Twizss
(129+3 mmHg, p<0.01), flutamide ¥ 5.7 o I¥ i 38 1 £
i Y e AVBOMFE N TEEEEZRD Lo
7z (139+5 mmHg) (Fig. 4A), % 7z, Mt SHR & jff WKY
& 2 flutamide HF 5 FE L R TIZa > b e — VRt
NTHE 20-HETE EEAMET L Tz, flutamide # 5.5
Tl SHR & WKY O 20-HETE EAICIZBAEZE 1T % <
(142+5 vs. 1267 pmol/min/mg protein), FEAFETILE

castra-
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Fig.4 Effects of flutamide and castration on

systolic blood pressure (A) and renal production
of 20-HETE (B) in 9-week-old male SHR and
WKY
Values are presented as mean=*standard error from 6
rats. *Significant difference(p<0.05) from the corre-
sponding value in WKY. #Significant difference (p<0.05)
from the corresponding value in control male rats.

20-HETE £ 41X SHR TWKY IR TIET L T Wiz
(55+4 vs. 97+7 pmol/min/mg protein, p<0.01) (Fig. 4B) ,

5. SHR BN P-450 4 A ZEBRRICE (T 14E

H LU flutamide 355, EBOTE

9 S D B I8 1 B P-450 4A T EFIL I3 SHR T
HE SHR IR THEGR L Tz E 72, flutamide By 5.0 &
EBPED SHR O P-450 4A BEHHKBIZI > P u—LTh
% fif SHR O F BT N THET L T 7z (Fig. 5), NEER
#ETH 5 B-actin B HFEHC 1 flutamide # 5.0 £80z X

LB RD I o Tz,

I -

AWFgeTlE, SHR &t WKY B3 37 >~ Fa” VikE
PDOF 7 a—AP-450 7 7 F R U BIRH B X OMEH
MBS m iz ko2, 2 E T, SHR @& 20-HETE
BEAEFWKY ICHXTITTELTWDE ED WL DD
HIOD DB ST, F ORI RIET NTHEZ v P TH
D, WEZ v NENRE LIRENIZ R 2572, BFRICE W
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Fig.5 Expression of P-450 4A protein in the kidney of

female, male, flutamide-treated, and castrated SHR
Each lane was loaded with microsomes (20 ug) prepared from
the renal cortex of 9-week-old SHR.
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W HEWKY 12l X CITHE L T w7z A3, i SHR T U
WKY 2T LAETIL Tniz, ZOHE» S, SHR
D% 20-HETE BEADTUHEII IR TH 2 2 L 3¥ID
TSI o7z, F72, M SHR T S~11 #n DA
HIZBWT DA 20-HETE EANTTHE L TV 2 WG,
SHR & Brown Norway 7 v b & ORFIC & % F2 #{
BF % cosegregation fi#ffT Tlk, SHR @ P-450 4A #E& T
WIMEVVIZBHEL 2 EDME» S DY, FlDRAS
M ORFDMALE L THE SHR O B T P-450 4A FEF
20-HETE FEA2FHE L T 2 aJREHENE 2 Sz,

i SHR OB fific 81 % 7 > K u s >~z & % 20-HETE
BELEOFE R PR, AT TIZE 20-HETE ELI1Cx ¥
27 v Ruy UEFESRBORE R S S IR Lc, 7
Y Ruy UEGEOBRES P ESIC L U E 20-HETE EAEN
WKY IZHERTSHR TL D K& KT L, £ESHR T
I3 WKY 2R TE 20-HETE #E4: 134 L 2355 L T
Wiz, ZOWRFDOERT v METBE S nBIfRE, W
RIOMEZ v MEHTERS W R EERTHD, 7TV
v > SHR OB i € 20-HETE FEA 25 < FFE L T
WBZEPRENT, FEERIZ, SHR I WKY 2kb~, B
BVELEA A & [ testosterone YR D FH B B T L AR
SNTHBOY, KFETH 9 BEOME SHR o (M4
tosterone J& F X, [FEE O WKY OBEE O 2% T
BHolz, P-ASOAA2 FIRIZT > a7 ek VEFEEIND
ZEDHE ST 28, KKz SHR 2 WKY
IZBWT b testosterone D512 L D P-450 4A FEHFIH
% 20-HETE E4: & OEHNEFERE RS & iz, P-
450 4AEIZF O ERBEBOBHII VW R 2k Ecd v, 7
YRz kB P-450 4A OB HOEFIITHTH
2, 7 v R ay i P-450 4A B L RIERICITAL

free-tes-

FRANEICE S FEBL TV B 2 Enn29, P-450 4A 137 >
Fary rZEEEN L CHESNTOL 2R H %,

7 ¥ R a5 id SHR O MEFRENC 8 CEEZEE %
HoTwa Z RN TW3Y, 1 SHR T i3 M SHR
WHARTHE-FRRZIGH TS L T 55, 2O SHR O
WL Cw 3 E-FIRKIGERBIC I D EIEL Y, 7~
R a2 VPSSP EKZIC X D I SHR OIMELMET
L 7e AT OfER 1L, it SHR OFIEOFIES & OHERE
AND7 v rRuy OG5 %ERLTWwAH, JifE SHR % 938
CTEBT 2 LMERET T2 —4HT, 258 TEEL
THIMERFET Lol L OWMENDH 2, ZDOFEE
¥, SHR OFIMEDFIES L CHRICIE T > Fu s o
HETHL—/T, TOEMEOHEFICIZT > Far o
BELBZWI ERRLTWS, &51Z, SHR D Y Jfafk
BEIMEOREB L HERICEHEL TWw3 L OWED H
520, SHR O Y @efuffz WKY ICBEA LYY S v 7
Z v b T3, IM4E testosterone FEEEHY WKY (2T 438
EFIA oML, FRFCIMES LHE LY, Zhs Dk
H»n S, SHR TiE, 20 Y PAICHIFH S 0T 5 M
7 Ruy OS> S O LR ST EFRIZBEEL T
w3 Lz b,

SHR O @ MEDFIE B L ORI B 1) % 20-HETE 0
BENCOVTIE, ToRFEHICIEE > TRy, HEREL
Haz b3 % g A Ik O I IR X s 1%, SHR T
WKY [ZHRCITELTB Y, BEEI Z7uY —AIck 3
20-HETE JiE 4 &I MR TZE 258 o 22 W 10~12 8
WCBWT, Ol AMMBEIIRO - G 1: P-450 fHE 3
12 & D SHR T WKY (2 lERTEIIcHIE S e, 2o
FEE1E, SHR 0 20-HETE (5t 3 2 M58 U B2 i it o 7T
D U I AMEIIRETC B 1 5 20-HETE FE4: O BS5R
BRBT 5 HDTH S H, SHR ofi AMENKEHTICE
7% P-450 4A FEFLOBE5E % FEH U 7o it 13RS Tl 2

o AWISETILME SHR O KE 1281 % P-450 4A FEH
FBLOTTHEZ RO T, BIEEETHD 5415 P-450 4A2
mRNA FEELO M ZENHGRERAEHENRIC B W Tz 2L B
S &) DIETOFER R 2 52, [ SHR O A
FIRICE T 27 > Rasy iz X 3 P-450 4A FEHOFED
TR DOWTIEEENTH %, L, SHR OFfET
IX phospholipase A %> C OFFMEIHER L CTHB D, P-450
A FERBCEADS L THT7 7 F R BOBERIC LD
20-HETE QEEENTLHEL T 2 REMe, SENIRME T
DEEDTIHEL T3 20-HETE 5385 7 54 > & LTl
AMEIARICIERA L T 2 WJEEEEIZEE TE e\,
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HEET O SHR OIMFE IR LT < D) P-450 fHESE
BRDITONTWBE™ 2, Z16 OFERIZ—HEATVER
Vo IRERMIICED AZ T w—7T, REHRIC
IR AENENT F X ZADEEIC & B P-450 4A i
ZF OMH CEFEHREORELZED S s D LY, Ik
BRERMEMEOM T ICIER S % P-450 [HEHR O 5.
X SHR ICE W T— D EREIEH LR S B hr o727,
INS DERBERND - E AL VEB E L TIE, 20-
HETE 2SI NHEER O & 7% &, SEARME P~ v
N—T DRI BT Na FHIRIANGEIER 269 5
Jed EFz oY, FEERIZ P-450 fHE® 1 X ) SHR DR
M Na gEfit s 13 A L7, & 51z, P-450 [HESK 08
e 5. 1% Sprague-Dawley 7 v b2 B W TR I
FEERIESE 2 en6?, WRICIVAELREEDES
S5OHEIZ HE L v 20-HETE D ME N3 2 —
HPEDSRE S5, SHRICE T 2 20-HETE o FRAIE 1E
HOBRICOWTIIAHTH 25, £ OFEIEDFIE P
I I3 A B 1 2 i AHEED IR O I EHEHT O - F-50 1
RIGHEDTTHENEELEFTH D, ZORBHNIZB W T
B WNEL P 2B Y % 20-HETE (%, SHR O A
BIRIC B W CMERTIOE 2 2 LRICETWwL EFH2 5
Nns,

L, P-450 4ald /v 7 77 F T AICBWT, i
BRgTEMEL2E T 2 2 L RNHRE S 722, 1 P-450
dald /v 777 b= ATRINEET > R o5 > JBE R e
ML Twiz 2 &, P-450 4al4 137 > For R
BG LT3 HREENRB S NG, £z, 2O/ v 77T
AT ADEETIX, TrRursricLvFEIND
P-450 4al2 ¥3¥1 & 20-HETE FEEANEEIL TWwiz, 2D
RURRRBT L LIMEIZIEFEML, P-450 4al2 FHIP
20-HETE FEA R ZA Uic, £z, FB SN2 HERME
ST RNRTART Yy Ru s RS L L, BlET
O P-450 4al2 Bl L 20-HETE BEEAEEM L 2o 2h S
DFEFD 5, P-450 4al2 137 v b P-450 4A2 L[AIEICT
\Pu?ywioﬁﬁém,m/v777bVWXTi7

YRuXy oz kb P-450 4al2 FEL O FHE I E S 20-
HETE BEADTTHE L I VIMELF 2 &2 L TWwW3 &F 2
5Md, 61, 20O/ v 2777 M~y 2O AMEINRE
B L Twic, 2o,y 27 7Y b=w A L SHR O
KM OEPUZ, i SHR OEIMEOFES & UHERICH
337> Rus % 20-HETE OS5 2% L T\w 2,

AR TIE 7 > Fuar vEEEOBR S5 RBIC LY P-
450 4A BEEFIHOWMD 2B Iz, WA L7z P-450 4A

isoform OEFFEICIZE > TWwig v, Nakagawa & 1%, M
e I (40~120 mg/kg/H) D
testosterone ¥ 5-« dihydrotestosterone Z#%5. L7z & Z %,
MEFF% X7 L, &20-HETE g4 7-—7%, I
il T OELIEDS o7z EHE L T3, ZOHE
kzE, TR urrRBCIVMET Y N OB TIE
P-450 4A8 & 4A2 mRNA 2388f11L, M2 v b OB TIX
P-450 4A8 mRNA D ANMEMIL 72, mHEDY > Ko
7R L3 IBRIC, Imaoka 5 1%, EEI NI EOME
@ Sprague-Dawley 7 v b 12 {& FJ & (10 mg/kg/H) D tes-
tosterone 25 L7z & & %, BYif & g T P-450 4A2 &
HFEBRAINL 72 L3 L Tw» 31, EHAREE T B &
FEIIC 351 2 P-450 4A2 mRNA 08 (FIIE, Bz~
fﬁ?vhf%m“%—ﬁ,P%Owa%ﬁuﬁﬁf

IO 5N T?, ZOFKFITERMTIIEEL WY, bl
bmwﬁﬁf%,ﬁﬂHﬂﬁEﬁiu,%Ei&ﬁﬁmﬁ
WKY IZHEAHESHR TEA L TWwizds, HTEmZ v b
iz <, K%z kb SHR & WKY & & 12 fif 20-
HETE EAEBETLLREXLT —F—). Lo,
SHR OB T v Fasr ik nFEI L THw 3
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