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P2 S AT A= A QI I (1 BB T 22 R O e, DO . FRATHEI AKR1Cs T g2 5 4-OHA 194 51k
PRS0 L7 20 . AR Sl AR A NFAZ 2R A p TN A5 5] 4 Fh HA TS PR AKR1Cs R A AY, R FHZOGIEAI AKR1Cs X
4-OHA MIMEALRICR , FHEKIN AKR1Cs BN H 756 HAp AL 18 5 4-OHA fR2IR . 2558 % i 4 Fh AKR1Cs 75 [ 37 B e A Ak i 5
4-OHA, H:1 AKRIC4 BEPLH# A 5 4-OHA, 54 1L 3% LT 7 100%, HRJE AKRIC3 il AKRICL, 561630 R 30% A4,
AKRI1C2 X 4-OHA YR JFEVERAR, Fe bR HA 20% 247 . [AIBHM I AKR1Cs 80 H B B A7 20N K 5, ARZek il
U 43 A 75 29 3100 ) 75 X AKR1C3 Fl AKR1C4 119 55 PR30 , 1C, {73 %) 4 47.4 umol/L F1 54.68 umol/L, ifif X AKR1C1 #l
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AKRICAPHACHT, WA /R T 4-OHA LR FHZ5RCR A BARR RN . I, ZAR0F5E B T 4-OHA 5 B A e 2 i 44 25

MPERAIF B T B SR, oA Ja M AR 25 AT % 25 Wi A= IR AR FE B A3t 1 R

XA AKRICs, fE3EnlM, HAME, IC,
HESEKS  Q554+2

LRI e — ™ E S Lo B O g B 2 A5 K
A=A P R DA RS 2 — 1 RO R B A AR IS
R, AEFURERS e K2, B
50%~60% K FL Ik JE B JE T HE R K B
(ER+) . A bBEmsR Cfr) SBay 72 SaiG
57 FLIR B R R0 T 4 28 5 ER+FL IR 09 A 8807
5 #8IE A (4-hydroxyandrostenedione, 4-OHA)
VE R 58 AR T A S AR D5 A AL 0], Tz
TR 44 )5 ER+FLIE @, BARIFM RS
itz . 25200k, RIVEFAEHR /N . 4-OHA FF & AL
PSR (RTa44: ==MbRE) REARUARIT AL
WS ER+FLIRIE , (BAAAE RS SO ) T2k
(B, 1 R A TR DO AR R B e, AT TR,
IXLEHERRR T T 4-OHA FEIG IR b im0 . R 5 22
i 4-OHA (RIS, LIBIWE & 4-OHA i 55) BYHr

DOI: 10.16476/j.pibb.2019.0204

EYE W

HRAE 4-OHA MY Z5 RS, 4-OHA 76 A\ Hn]
REAATE LA EZA =0 (), 4G 40
%) L T T e it R Ak ) —AH A A S 17 738
B 3FEIRJE . 4-5 b R AR —ARACHT . AN 4 Fh
i 8 B B (AKRICs) J@ F [ B i Ji g 8 %
(Aldo-keto reductases, AKRs) B FKjikz— ',
£ 45 AKRICI (200.(30)-HSD) . AKR1C2 (type33a

# PITg RN R F M E B g sh 3 4 (16169, 16248), i MHITHAA
SIHEEIIH E  (02-00040055, 02-00040108), V4 Ry ERI KK T
ST H  (2018-ZRZD-004) 1 P4 i1 48 K 2% A 41 7 Il 4 i H
(S201910723092) ¥¢f).

s SRR RN

Tel: 15196645714, E-mail: wrl.cdibcas@aliyun.com

Yk H . 2019-08-31, #2252 HHY: 2019-10-31



<1210+ EMUEEEYEER

Prog. Biochem. Biophys. 2019; 46 (12)

(178) -HSD) . AKRIC3 (type2 3a -HSD) .
AKRI1C4 (typel 30-HSD) 4FpiFAI. X SEREFAT A
NADPH #8151 64 3- . 17-F1 20- i 5L 340 J57 g 136 14
WHA 3a-. 17B-F1200- 1) F2 He Ak 24 17 15 42 AL B
PET DL R R N S L 2 gE O
AKRI1Cs 2 511 Z [ S AT A e A G i i) 422
BT Z R R MBI PE S, RN AKR1Cs X
4-OHA W FEAEH] .

470 AKRICs EAY, FIEH IO T 105 G ik
) pl5-pl4 I, CDSJFHI#4°H 978 bp, HEH T
oI 20 34~42 ku L BT LR R 5 B
g —Ek, MU ZE DN 84%, HTE i

Stereoselective reduction
of the 3-keto group to 3f-OH
(with 3a-OH as a by-product),

followed by 3-O-sulfation

Direct conjugation of the
4-OH group with glucuronic
acid or sulfuric acid

Fig. 1 The main mode of 4—~OHA biotransformation in vivo

1 HRSH%

11 #

KW ¥F % (Escherichia coli) DHS5a. BL21
(DE3) Bz 254t [ At st 44 A Y Ho AR AT BR
/) pET28a 2 BUHR A AR B AT FR A F
Rt fE LA T AY TREARALA S K
AKRICI~AKRIC4 CDS J¥ 4 , Jf # @ 5| T
peDNA3.1 A b, DRAF AL % ; T4 LR
FR 114 PN ) I [ Thermo 23 7 5 TURL/ N &
W B RARAARHE (dbnD) ARRAR]; BEARHEER
DNA [f[ i 7] £ 1) H OMEGA A Fl; EH T
Jo & AR i A DNA 43 B s bric i A b s e Ua 4
MBARARAF; 4-OHA, KPR (flufenamic
acid) W9 H YWk TR A R 2w Mk
(phenolphthalein) . XA 2 (DHT) W3k [H i

#ik " AKRICI, AKRIC2., AKRIC37E£54H 4N
A RE, REENEMEARES, Hif
AKRIC3 EFLAR A ZURITT I IR A b R ah wb AR w
fm, AKRICATEMFAEUh R R RN 7 ARG
PRIk . R RIS . 4tk iS4 Fh AKRICT ~
AKRICAEHE ML, FHZOCEEEMETE.
FE 4 FOEEXT 4-OHA WIEALIRIRAE T, o3 I A BRI il
FRAGE I 00 3 2% R, FE UE B AKR1Cs 2 75 4 1k
4-OHA F IR Ji SN, A [) it S 89 A A 807 2 15 A
FE22 5, DT i) A 4-OHA AN [a] FH 265 05 A7 e A it
ZRIER, WhIF A 4-OHA B 2542 AL F AR 3 .

Reduction of the
17-keto group
to 173-OH

Tautomerization of the enol
function at positions 4 & 5 and
reduction of the 4-keto group,

resulting in 4B-OH and 5o-H

[5]

TR R A BRAF ;96 FLIB bR . Ni-NTA 3
JERERING . IPTG. RIB& R . |aHRWAH LigE
T/ THARRAF; NADPH-Na4 #1NADP-Na iy
H 7 [ Bio-Froxx 23wl 5 HA iR 248 7™ 43 Hr 4l
1.2 XWAHE
1.2.1  FRkgARA

4 B RN FARI5 1 (R1D, UEfR
AKRICI1~AKRI1C4 H ) Bt pcDNA3.1 AR E N
Bt EAT PCRY 44, 1558 H MR B

Table 1 Primers used in this study

Primer Sequence Restriction enzyme
AKRI1CI-F attgcgagatctatggattcgaaatatce Bgl 11
AKRI1C2-F attgcgagatctatggattcgaaatacc Bgl 11
AKRI1C3-F attgcgggatccatggattccaaacac BamH 1
AKR1C4-F attgcgagatctatggatcccaaatat Bgl 11

Universal primer-R tagaaggcacagtcgagg Xho' 1
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PCR 7 WITE 1.5% Be i Ik, VIR Rl H Y
25y 15 pET28a 2R A4 [R] 1 #E 47 XU U1 5 B 1) ™= )
Wlls, FH T4 1% 3E0 5 pET28a # AR 7% 4%,
FA R 16°CHEK . W42 W5 A\ DHS o KA I
BZ A, BRI R 2R IR0 2k e PRE 3 A BHM: 5
B, P RIEEFRPEUTORL S HEA TR 3600, XLl
VIS UE R B se ke % 28 AR A R A FR A 7
HEAT I g6 L A O A Y R 43 O 4 44 N
pET28a-AKRICI., pET28a-AKRI1C2. pET28a-
AKRIC3. pET28a-AKR1C4.

1.2.2 AR FRE Lt

W ¥ b 1) F IR B A E. coli BL21 (DE3)
i, PRECR TERE RN £ & 50 mg/L KARE E LB
WFe s, 37°C, 220 v/min 53R Wk H, LA
1 : 10040 5)] 100 ml TB 5 FE b K E 5, 37°C
1 9% & A4,,=0.4~0.6, Jin A 0.1 mmol/L [¥J IPTG,
25°CIE T RIB 12 h, BOWUEE IR . K 8E i i 4
R T (500 mmol/L NaCl, 20 mmol/L
PBS, pH 7.4), #EATfBA B 2%, B LIS UL
#47 SDS-PAGE 431, FIWr H 1Y 2 H i (1) R 8B
B HbnsE A AT L E ik Rk,
fii 1T Ni-NTA By i W0 8 2647 gl fb, 0 B
12% SDS-PAGE H 3k A5 il 2 AL 850 2R L) S BCA ki
ATER I Tk B A
1.2.3 56 EE ) 2 AKR1Cs 5 4-OHA, DHT
1) 52 I 8505

200 pl 2 W 1& % : 100 mmol/L PBS & i
(pH 7.4), 5 mmol/L #ifR%#%, 0.2 mmol/L NADPH,
24 ug AKRICI~AKRIC4 & (i, [F5E PR
50 pmol/L. TEUK L kEEHECHl 4TSS, 37 BRI 37°CK

@ M 1 2 3 4 (®)
bp bp

5000-
3 000—

2 000-
1 .000—

750-

500+

%0, 5. 10, 15, 20, 25, 30, 60, 90, 120 min.
SR . A 600 ul 0.5 mol/L HCI, 60°C/Ki&
15 min, 21k . vKIEEEE A 2 ml 6 mol/L
NaOH (% 10 mmol/L B ), 37°C/K¥4 30 min, i
& NADP =5 . R 43 1 B 150 ul 1796 fL
M, Gl SR, A Ex360 nm/Em460 nm
DGR EE . LA 25 B /KA NADPH fifi %5 1 % |,
LA DHT % 4-OHA fBH X 18 .

A 3 o i S £ S o A = g S
NADP (0 ~200 pmol/L) {G# NADPH, LA NADP
WAL bR, SR B AR R il bR it £k
REIEETRE, Rk NADP A= i, 1T

1.2.4  #HIFIXFAKRICs b8 J5i4-OHA . DHTH)
AU

Ve $% K BR iy AKRIC1~AKRIC3 (1 Il i
FI 0 DLESEE A AKRICA FIMAI ) 1, JEA R B
RA R 1.2.3, FEHIPEIFIEE R0, 05, 1, 5.
10, 20, 40, 80. 100, 160 umol/L. i 514, #&
W et 307k A 1.2.3.

2 GRE5HM

2.1 AKRICsFRIAFHERIHE

AKRI1Cs JEH [ PCR 7 W) 28 1% S NEA &I
WEEE, AL 1000~2 000 bp 2 A1 A 455 441 (I
2a), R/NSWHIAST . H LR L) 5 3 5
Ak, PREEBHME FeRE L WG IE (K12b) . A
Rl A, XY, i) S Edar By
FERK/N—B 25545, WP RAEIER), BESEA
AT, T8 S i HE T

M 1 2 3 4
N 7
N o

Fig. 2 Agarose gel electrophoresis of AKR1Cs fragment and double enzyme digestion verification of recombinant vector
(a) M: DNA marker; /: AKRICI fragment; 2: AKR1C2 fragment; 3: AKR1C3 fragment; 4: AKR1C4 fragment. (b) M: DNA marker; /: pET28a-
AKRICI after Bgl/ll /Xhol digestion; 2: pET28a-AKR1C2 after Bg/ll /Xhol digestion; 3: pET28a-AKR1C3 after BamHI /Xhol digestion; 4: pET28a-

AKR1C4 after Bg/ll /Xhol digestion.
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22 AKRICSEHMWEZRIER &K

HIPTG AR IAEH THE, £ Ni-NTA B
NEAHR G 5B FUZ AT B alifb )5, B s ST
SDS-PAGE Wik &% Bl sz ik e 5 (K13), 35~
45 ku Z B A B 450, 5 AKRICs (94T i = Af

.-

MM HBEAR, AL 0% UL L, A
20 mmol/L PBS, pH 7.4, 500 mmol/L NaCl #1715
BT 22 BRIK e, 22 5 {fEFH BCA 5 250 5 26 11 ot
B T I SRR I

— 30

— 22

B s : :

Fig.3 SDS-PAGE analysis of recombinant AKR1Cs
M: Protein marker; /-3: Lysate/ flow-through/ eluted-fraction of AKR1C1; 4-6: Lysate/ flow-through/ eluted-fraction of AKR1C2; 7-9: Lysate/ flow-
through/ eluted-fraction of AKR1C3; /10-12: Lysate/ flow-through/ eluted-fraction of AKR1C4.

2.3 AKRICs3{4-OHAR R R

HRAESCHRAGE ), 4 AKR1Cs 25 [ i A 1
e fL DHT 38 7, A3 3a/B-HSD i 7%, JE ik 3a-
eSS o — W (3a-diol) A1 3B-HEfS e — % (3B-diol)
P Hid AKRI1C2 Hil AKR1C4 1R BLAS 5 1Y 3
HSD i P4, AKRI1C4 i {355 = 19 3-HSD i 14,
THE MR E, LI AKRICA M f ;i
AKRIC1 fil AKRIC3 ) 30 -HSD i T %% 55 ,
AKRIC1 [ 3B-HSD it 15 T 30-HSD i 1 . A 5255
4ER %P AKR1C4 5 DHT 2 W il SR ae e, Hik&
AKRIC2 fl AKRIC1, fH & T %% 1k %0 R # 7E
60%~70%. T AKRI1C3 (1) Jiz 0 3 2R 1 #% Ak 850% B
ik, XF DHT ML R A 30% 247 (Kl 4e-h) .
DL b4 5 ok aE Y S5 RS, BRI R A
FEIRBEAAY 44l BAT I S S 1

[FIAE, FEARR R R 2504 T, BEf1X 4-OHA [
AL R LR 0E (Klda~d) . BEEIHE HER ,
AKRIC4 L3 38 il 4-OHA, ¥4k %, LR

100%, F Y AKRIC3 Fil AKRICL, #A0%CR K
30% Zcf5 ., AKRIC2 %} 4-OHA 6 itk e fik, %%
SR A 20% 247 . #8030 min B, AKRICI
FI AKR1C2 %F DHT 9 5% 4L % ZR BH 2 %5 F 4-OHA,
BRI 2 > DHT A9 5% F1 ) 5% 5 1 AKR1C3
X2 A0S W 0 b 2 3 A 25 AN K, F A
AKRC3 X| 4-OHA Wi J5LfE )] 5 X DHT —#, A8
3a/p HSD 1% P ; AKRIC4 i85 DHT By 3 FAR B
JUAT il B AR S, i AKR1C4 38 Ji 4-OHA
DAY B TRL 0N, PR 4R AKR1C4 £ 348 it DHT
F1 4-OHA B} ir 2 B 1 30/3B 16 ME L RS TA] . 4 Fb
AKRI1Cs 75 [ 5 WU %F 4-OHA FOHEAL B S R M
AKRIC4>AKRICI=AKRIC3>AKRI1C2, Tfi fi# 1k
DHT i J5 25 )l AKR1C4> AKR1C2>AKR1C1
>AKRIC3. IXFEUEHITEMEALA R R, A8 R IE
Jir AH [ B Ak 2= S, (H R T A S R T 25 R
AKRICs [RJFERTE AL S T RE T B8 A& AR el s
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Fig. 4 Effect of reaction time on conversion efficiency of AKR1Cs

(a)—(d): Conversion efficiency of AKRIC1-AKR1C4 for 4-OHA at different time; (e)—(h): Conversion efficiency of AKR1CI1-AKR1C4 for DHT at

different time.

2.4 HWHEFIZFAKRICs{E X 4-OHA R Z N

HRAE SCHRARGE ), B BKEERE X 4 Fh AKR1Cs
AR IR, Hdh 5 AKRIC4 # 35 F1 ) B ok
Ay T3 K i 6% 4R S 4 B ) AKR1C4 () 30-HSD 1
P, FKIRA AKRICI~AKRI1C3 08 A 357,
{HIEXT AKRIC4 SE M 18555, %) AKRICs 3a-/3B-

HSD &P EA AR R GRS FRA TRE R UK IR
i AKRICI~AKRIC3 (7 #1 5 , DL By Bk b
AKRIC4 415 . LLDHT IR, 8 He 4 I1Cy,
AN FK R Y3 AKR1C1~AKR1C3 % DHT HiA
JER W, HA X AKR1C3 FT AKRICT F& 91 il 50 R
FEAL, DL AKRIC3 #I6il/E H fei® , %F AKR1C2 (1)
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MR 2 (F5), S53CHRas R ™ —30. R,
KRR BEIM ] AKRCI~AKRI1C3 Xf 4-OHA [k J5
SR, AEAEN] S IO DGR, HASIRIREEI AL
R 2 5% 5 DHT #fl, 5 AKRIC3>AKRIC1>
AKRIC2, fH Bk IC, {8 I & , ik #E I
AKRICI~AKRC3 %} 4-OHA )38 JF 2 v 5 %} DHT —
FE, K3 30/B HSDYE:, (HAKT X DHT AYid A

(@ AKRI1CI1-4-OHA
100+
N
< 80F
2
2
g 60+
Q
g 40
2 .
& 20f IC,=77.37 pmol/L
0 . . : . :
2 3 4 5 6
Ig[c (flufenamic acid)/(nmol-L™")]
(b) AKR1C2-4-OHA
100 |
2 el
E’ 80
s >
Q
g 40 b
g
=20 JC,=82.24 pmol/L
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Ig[c (flufenamic acid)/(nmol-L~")]
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100 | °
= sof
z
Z 60f
B
g 40+
E 20
) | IC,;=47.40 pmol/L
0 . . . . .
2 3 4 5 6
1g[c (flufenamic acid)/(nmol-L™")]
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100
S sof
2
2 60F
B
g 4or
E‘ 20
=TT IC,=54.68 pmol/L

2 3 4 5 6
Ig[c (phenolphthalein)/(nmol-L™")]

WK 5d. sh firas, By Bk X AKR1C4 i J5
4-OHA F{ 31 1 2% % 5 DHT #H 3, L 1C,, W A% T
DHT, H 4Bk A% 100 umol/L i, JL-F584:
] AKR1C4 X} 4-OHA (438 JFU s B, 100 il 2 SR
=X DHT. Hi ] AKR1C4 %} 4-OHA f) ik Jif b,
H 3/p HSD % 1,  HLXF4-OHA W] i 5 fhii [ F—
Fh 3ol 38 HSD T, Sy By Bk Tl .

(e) AKRIC1-DHT
100 |
L]
xX L (J
S 80
=
2 60 -
g a0f o
g
M 20T 1, =36.97 pmol/L
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Fig. 5 Effect of inhibitor concentration on AKR1Cs enzyme activity

(a)—(d): Inhibitory effect of different concentration inhibitors on 4-OHA catalyzed by AKR1C1-AKR1C4; (e) - (h): Inhibitory effect of different

concentration inhibitors on DHT catalyzed by AKR1C1-AKR1C4.
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39 it

TATHWFGE &I, 4 Ff AKR1Cs £ [ I 5 Xf
4-OHA MRS A/ IR, X AR5 45 Y
FEEMERAEA ARG, XFARRMEY, R
HB A [R) 08 G 3 AR - L A0 SOk T R 3E L X 4
DHT fiff {4 B i A [7] B2 4 19 3a/3BHSD i 44, oo
3a-HSD i P£ K/ &8 AKRICA (+++++) >
AKRIC2 (+++++) »>AKRICI>AKRI1C3, 3B-HSD
15 PE KN B 5 AKRIC4 (+++) >AKRICI
(++) >AKRIC3>AKRIC2; [ XA I7 B 0 5 AN AE
A5 (10) -3-fil FE W R 2 e (Tibolone) Y
W JEARREARTR], {4 AKR1C4 F1 AKR1C3 HA 30-
HSDEPE, H AKRIC4 (+++++) >AKRIC3 (+);
4T A 3B-HSD I 1, &M K/NR AKRIC2
(4+++++) >AKRICI (+++) >AKRIC4 (++) >
AKRIC3 (+) " BRItz 4k, AKRI1CsAS[F]E AL
IRBUHABE R BTG M, W AKR1CT HAT 200348 5 1)
RE . B A2 % AL R K S Y 200 - WU A T
AKRIC3 B 178-HSD, ¥k — i (AD). So-
T £ e T L E R S5 A JECOh 2 (T) . DHT.
3a-diol " . A AN [F] S A ) AKR1Cs Xif 4-OHA [1)
AR ISR 25 5, RS A B TG PR A OGS,
15 4-OHA & 5 450 Ff i A G, ATRER = A=A
1E 3oL W el 3B- ), AT RE A 178-72
5, BRIEA R — DR

AT 3 8 AKR 1Cs X 4-OHA 1 DHT )
WEALRCR , LASAW I D Ia5n , #1250 4 Fh
AKRI1Cs[iff V.U %F 4-OHA HA 30/3-HSD 11, iX
55 % 45 ¥4 FH AT () AD B Ak 38 SR 25 AN TR . 4 Fb
AKRICs % H R R BEIL 5 AD 1) 3 {5 7,
BORH T30S 4, SOTRGEIE N T e i 3t4e
5K, AN gy HAEROA R, AT AKRIC3 76 17 fi 4t
ADMALIRJFE N T Z )5, 4 SRDSA12H54, 5473
AR TR, AKRIC1/2/4 A B8 X 3 0 7= A= i JiAE
el 5 AD A, 4-OHATE4 0 2T —41 8%
B, BS54, SRR i I Cas i, AR T
HAELEMAFEE , 1% AKRICs 7E 3 v & A2 b JEAE
FHERAE T AT HEME . 6] 4-OHA Hh 4 i 2 5L A7
e, A BT AKRICsTTTgE, MLk )m =4+
& AR

FEN, 4% AKRICs i} 4-OHA AL SR A
G, i 4 FhEEAEAS Rl 38 B 42U g ek i th A 22
S MR AR E, 4-OHA AN At H 5 =X

B 7= HE AN R R WSO IR, 7 AR AR B9 28
TERTHE T 4 FpEg A7 ik, BAELBCR B )
AKRIC4{UAENFIE PRSI RS, XN—ERE L
filt e T M4 4-OHA 11 IRACHE At v T JILIA
5F, BOMANEE FUIRATZY . 4-OHA BEW I Ik B 450
W, JRIRUR RSV O A LA RS B I 24507
X, RSB HETEIRIE, DIEE 4-OHA 4
2ikAE, JTARHE T R 9K 25 gk
T IZZ5 AT A= D RTR AT B (1R REL i

2 % X M
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Expression and Purification of AKR1Cs and
Its Catalytic Reduction Effects on Formestane”
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DLuzhou Maternal & Child Health Hospital (Luzhou Second People's Hospital), Luzhou 646000, China;
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Abstract Breast cancer is one of the most common malignant tumors in women, aromatase inhibitors (Als) are
an important adjuvant therapy of breast cancer. Formestane (4-OHA), one of steroidal Als, is used to treat
advanced breast cancer and inhibits irreversibly aromatase activity. Several previous studies have found that aldo-
keto reductases AKR1Cs are involved in the metabolism of many steroids and their derivatives. In the future they
may be targets of therapy of hormonal diseases. We presumed that AKR1Cs may participate in site-specific
metabolism of 4-OHA, affecting its therapeutic effect. In this paper, four active AKR1C isoforms were obtained
by prokaryotic expression in vitro. The catalytic efficiency of AKR1Cs was detected by spectroscopic methods,
and the effect of inhibitors on the catalytic reduction of 4-OHA by AKR1Cs was verified. It was found that four
AKRI1C isoforms can reduce keto-groups and double bonds of 4-OHA. AKR1C4 can rapidly catalyze the
structural changes in 4-OHA with a conversion rate of almost 100%, followed by AKR1C3 and AKRIC1 with a
conversion efficiency of about 30%. AKRIC2 has the lowest activity towards of 4-OHA, and the conversion
efficiency is only about 20%. At the same time, the inhibitor showed a significant dose-effect relationship with
AKR1Cs. Non-linear regression analysis showed that the inhibitors had a strong affinity for AKR1C3 and
AKRI1C4 with ICy, values of 47.4 pmol/L and 54.68 pumol/L, respectively. The inhibition of AKRIC1 and
AKRI1C2 is relatively weak, and the /Cy, values are 77.37 umol/L and 82.24 umol/L, respectively. The above
results indicate that 4-OHA can be rapidly metabolized by AKR1C4 which is expressed in the liver only which
may contribute to the fact that 4-OHA and its many conjugated metabolites is not very effective after oral
administration. Our data support the advantage of parenteral administration of the drug as a depot-formulation or
as a preparation for transdermal delivery and also provides a new idea for further research on nano-drug carriers
and derivatives of the drug in the future.
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