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Effect of Luteolin on 113—Hydroxysteroid Dehydrogenase in Rat Liver and Kidney
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Abstract: [ Objective] To investigate the effect of Luteolin on mRNA expression, protein expression and enzyme activity of
11B-Hydroxysteroid Dehydrogenase (113—HSD) in rats. [ Methods] Twenty—four rats were randomly divided into 4 groups and
orally administrated with vehicle (1 % CMC—Na solution) or Luteolin (5, 10 or 20 mg/kg daily) for 14 days. Gene expression of
11B-HSD I and 11B-HSD II in liver and kidney was determined with quantitative RT-PCR method. Protein expression was deter-
mined with quantitative Western Blot method. The enzyme activity was expressed as the production rate of metabolites of prednisone
and prednisolone. [ Results] Luteolin significantly induced gene expression of 113—HSD I and inhibited gene expression of 11—
HSD II in liver tissues, significantly inhibited gene expression of 113-HSD I and induced gene expression of 113—HSD II in kid-
ney tissues. Luteolin obviously up-regulated protein expression of 113—HSD I and down-regulated protein expression of 113-HSD
II in liver tissues, down-regulated protein expression of 113—HSD I and up-regulated protein expression of 113-HSD II in kidney
tissues. Luteolin significantly induced activity of 118—HSD I in liver and11B-HSD II in kidney. [ Conclusions] Luteolin could
change the activity of corresponding enzyme through affecting gene expression, protein expression and enzyme activity of 113-HSD
I 'and 11B-HSD II in liver and kidney tissues in rat, and affect in vivo activation of glucocorticoids and hormone level in liver and
kidney.
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[ i 0 R E AT A A ER NSRRI A A et LN )
MR AR T TR e RS BRI IR A4
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HIAFAEAR S S Z= M pLH o TSR R (P B IR
29) TEIG IR b A 43 3R v A A 24 3l 2 ki, 78
PE 1R PR P S e IV E R A [RT s, AT DA A ank
B ER L L B R A AN R RN 5 S RS
P 5 R R UL JE S B, I R 38 A 52 A 18-
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P 1) A A 57 3 v 1 o I 0, KRR RE 2R AT RE
I FZ A 11B-HSD A T 52 Man A B o 25 A AR D 1%
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Fig.1 The structural formula of luteolin

TR EESLR sh O SR sh i e IE S
SCXK (8)2008-0002, & & 15 4% 5 : 0090790, )
Y= IR 20~25 °C, FXHEEE 409%~70% , 51K
10~15 W/h, A4 12 W CIRIEIA 1R =1 1E] B
YOKHEE, BRAE SR S R E S R, £ 5 TR
(S50 o ) 7 BR 2% ) ) A IR 25 S 56 o) i) A B S
S0 ). 24 HOREBENLST Ry 4 4, FREE IS 45
1 % 3R W 2T 4t 2 B W (CMC—Na) B 2 B 3 -
CMC—Na B2 WAL b & =0 5 41 (5,10, 20
mg/kg ) HEE 14 dJFAFE KB, 37 RUUR B S50 K
R E AR, VKGR A B R K sh e 2= e, T
WA IRAEE .
1.2 ZgyFnit 5

KB R FRZ (Fi> 98 %, 415 . XC071225,
POL/NEAEPIRHE A R A D) s e (B> 98 %,
5 :200-020-5, £ [H Sigma 23 7] ) s K SRS B (&
1> 98 %, It : 200-021-7, 3 [ Sigma 2 7)) 5 Hb
FERMS (B 1> 95 %, #5:200-003-9 , 3 [F] Sigma
OS] ) R WL AE R A (IS - MKAA1662, 36 5]
Sigma—Aldrich IN]) s BCA 25 e B 2 iR ) &
(HEsm 28 2 RAEY R AW ) bt A 18-
HSD I—#i i A 118-HSD IT—#i(Abcam A 7] ) ;
BTN GAPDH —#T (3£ [F Santa Cruz A F]) 5 230
Pt (RO A TRARA R Fhifa
T P91 (3£ H cell signaling 23 F] ) ; Western — $11 i B
W . Western — §1F BE WK . Western — PT 91 £ bR
W R & (G m KA HE AR .
Sl oSS R LR (R S WA i by S s o VT [
1.3 HPLC %/ 37 FALEIE
131 MEAEELH  Waters 5 SR LY
(600 UG R A6 BE 22, 717 B [ shUERE RS | 2489 A&l
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2 MR I % , Empower {838 T /E 3k ) , 55 [E Waters
Nl A% A Nucleodur 100-5 C18(5 wm, L.D.
4.6 mm x 250 mm) ; FEVE < 40 °C 5 5 ARG 7 K
240 nm; FLBIA : (A) L 0.2 % R/KIF IR (AR
55:45),(B) 2 ; i : 1 mL/min; JEEERSTE] : 35 min,
132 A H AL K% PO BN IR 520 21
13100 wl, B 1.5 mL 3R B H A N R
VW20 WL, 5 1iE 30 s IR 2] o A 0.1 mol/L NaOH
VA 20 WL, W THE 1 mine il A ZFR Z 1§ 600 pl.,
IRTHE 1 min, 12 000 Xg .0 10 min, WH 5 R E
=T B LA, 40 CF N, 5k L4l 20
20 WLV, %€ 1 min, 12 000 Xg 250> 10 min, B
W 10 pLEFE
133 ZikMiE  HPLC L L@ RAE, ks
Y ZR 2o ME RSB0 VR B | IRl USR A L TR
LA B8 B 18] N A AT R N AR A B . R
SRS 14 43 AT 0 e B A R MV PR P e 1k R
H B AT HPRORS A RE R B A B ok, R, &
05 UF 285 S 7, mT i Uk JE P RN R A T 1) vk
M7E .
1.4 X BCAZEAIRENEIRF &N E R
EARRE

B B0 5 mg/mlL 19 25 BRI G 2, AR
FRER K B R 22 R FE 500 we/mL, FE AR 5011
BCA i /] A 5 B il i& & BCA TAEW , 7077 18
A1, BFRESTE0.1.2.4.8.12,16.20 wL %
96 FLAR F AR HE S FL A, A BEER KRR 2 22 20 pL,
TNIE Y ARFURE 5 3] 96 FLAR AR S L, i B E:
IKANE 2 20 pl, £ FL A BCA TAE# 200 plL, =
TRACE 2 he T 562 nm il E MR, DASR IR B R
B AR, WG (A R DAL bR il bR v f 2R . AR B
B RT3 I B SO B R B
1.5 KEFFERBET &

KU Bk it T %2 SR BT, 37 BB I |
I FH oK o A BER K b s, o3 R IS X A0 4 R L
B4, FH 4 CRTERRA IRV A EOR , 42 1 2 IR R L
A FERE W, TRV th il A3, A1 7% 2
BB, 4 C, 16 000 Xg B0 20 min, B TH R
4 °C, 100 000 xg #3250 60 min, F FHE# . H
UUTE FH A B R PV R e — K IR B3 5T IR T
4 °C, 100 000 xg #A H & .0 60 min, 37 5 W, UL
VE 2 £5 1955 20 % H i 9 Tris—HC 28 Ml i,
I3%E 80 CIETFE &

1.6 AR

R T AR B i A /5 1) W e i BRARL Y
AR S, TR [ RO AR BE |, WS 855 75 st 1]
FIHORLAA I B K BB rh s A flohr A1 Gl )
S

FETCRE AR B 451 I B R &R VAT 200 pL.
IS /L 19 R SRR AR5 3 20 L, il A 2.79
mmol/L & JE MAPRAER 20 WL (S JEY)) F10.1 mol/L
W W2 h 2 vh ¥ (pH 7.4) 140 wL, 37 C/K I i
% 5 min, Sl A 1 mmol/. NADPH 20 wL J3 3h
IV, 25 min J& , #% 1: 3 (R I A H B 600 WL 28 11
S o

B IO B 451 W B IR R BARFR 200 pL.
B3 /L B9 R BUE BOREAAR 5 W 20 L, JInA 2.77
mmol/L J& JE ¥ T AR 1 W 20 L (2 WS4 ) Fi1 0.1
mol/L W R £k 2% v ik (pH 7.4) 140 wL, 37 CKBH
5% 5 mine JITA 1 mmol/. NADP+ 20 wL 5 8 )%
N, 45 min J& , 4 1: 3B I B BE 600 L 28 1k
SN o
1.7 KRAEAEEAREMRIGHEm

FEN [R) 2R R B 1 T SOk A il ohom Ak e
P TEMF R R R 237 CKIBIEE 25 min J5, B
U A S S OR R R IR B R 25 3R
T TE 1~ 5 ug/p LY I, BE AW R
AR =Tk S AR T i) A e R R P i, 2k
FE 5 e/ L B IORE A B R R SR e AR R

TEAS [ 25 1Mk B 1 B ARoR AR il o A TR Je
A TG, TEWR B AR 2 28 37 COKVA TR 25 min J5 , %
ZACI W A B 5 S OB R B R OC R
ZE IR KM TE 0.5 ~3 pe/nLIB N, BEE & H K
JE 38, AR 7 Tk e B 1 AR AR A A T
Te BERE 3 ug/wL FITECRLAR B P vk B A i fE I E
HAWRE,

KB/ ES SORE R L 9% R 200 L, fin A 2.55
mmol/L F%) PN bR i ZE K W PR UETR 10 wL A2 H i 600
pL, % 1 min, 12 000 Xg &0 5 min, B
10 pL AT B fORAR HPLC 23 #T o
1.8 ZERRAEEEPCR%

FREL 100 mg 4123, I A 1 mL Trizol 271 7 vk
AT RS BT 1.5 mL B0 R BRENR A 10
T, R CE S min, 1A 200 pL =& b, HifE
IRAT15 s, B IRAUE 5 min; 4 °C, 12 000 xg B0 15
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min, % FJZ/KAMH T 5 — 1.5 mL B0 F, A
400 pL SN, FFIRA 10T, EEEE 10 min;
49C, 12 000 Xg B30 10 min, # 13 , & AT W14
FETIIED Ch RNA) AT 1 75% . FE 1 ml,
YL, BRI 4 °C,7 500 Xg B0 5 min; 77 L3, A
VR 75% W1 mL R ZEWR2~3 W 7 A L
1, I CE 10 min, f# RNA T4, il A DEPC 7K
20 wL A RNA, I 5E RNA 3k & % 4l 5 I T 2%
Y6 % 5 RT—-qPCR 52 %5 . #% Takara A9 PrimeScript
RT reagent Kit a8 71 & Ui B 452 4F | SR FH 2¢O 2 &
RT-qPCR % W & K B4 41 20 113-HSD 1 Al
11B-HSD 11 ik, LA B-actin N NS M, 5|4 7 5]
W1, cDNA ARG 55540 37 °C 15 min #f
F7EE SN, 85 °C 5 s AT 56 SR 1% U,
RV G & 2R, B -20 CIEAFE . RT-PCR ¥4
R W25 B RO 4544 R : 95 °C 30 s—95 C
55,60 °C 34 s, LEMHIR 40 K —95 C 15 5,60 C
1 h,95°C 15 s, Light Cycler 2.0 Real-Time Detection
System (Roche , Hercules, CA, USA) . EHPCRY"
95 A5 3 2% S5 W CT A, CTAE 2 R4S F b 48
[R5 Y6 A5 5 BRI 2 1Y U I 28 7 (R A1 R,
— R LA A2, CT (E /N
1.9 REENF

H 0 B2 B 3k 4% 22 (Western blot ) ¥ 45 I K
EUITF ¥ 11B-HSD 1. 11B-HSD I & A3k, R
B 100 mg 204, i A 1 mLRIPA 24 % A1 10 wL
PMSF, 7E VK 213, SR Ji 4 °C, 21 200 xg &0 30
min, ¥ FIEHEB E 1.5 mL 550485 1 15 5] 5 ke
it 5 3 2 BCA R P R R I 37 0 7 2 A R
WeRE o WU AT S 0 J5 1 35 R 400 L, 2R
JE AR IAFRLE 1:4 A SDS-PAGE %5 11 b REZE vhii
(5%)100 pL, 100 C/K ¥ & 5 min, i HA 1 5¢
SRV BRJEFE ST -80 CUKAR A7 75 F s 2K

SRV M Tk B A P UK, TR R B TP IR T
JRE AT IR, 455 1k FEL K, B PR S AR , B B2
B, BCHS B, i AT HL AR A% (100 V 3% % 60 min) |
PVDF B F 56 76 H B 2300 10 min Hi& 4k B2
R a8 45t A1, FH TBST WS e — 7, I A
Western — $¢ #i T W % Lb 01 # B 1) — BT (11—
HSD 11:800, 113-HSD II 1:1000, GAPDH 1:500),
4 Cit . [l —¥t, PVDF X2 TBST H , F 4%
5 min, ESE 3K, IE VR AR AT —P s BT,
T Western —H0H B4 L A9 B 1) — bt (5F
PUEL 1:10 000, FHif 1:4 000) , TK IR 4=
221 he HUE PVDF AR, FH TBST %8 3 UK, &K 5 min,
B Ja AT Ib 2 R ROV (ECL) o B4R ik AT =
WHLK, T EREE USSR, KR A5 Marker 5%
WX, B H Y SAFALE . SEN Western fb2F &
SERI S |, 43 5d F GAPDH — i Fl2E4t B = hi ik
1T GAPDH & H K
1.10 #iEAE

SR 274 H B S B A X Sk

W X JEHE F FH Tmage J 3420 B 45 24 88 1
S IR BE AR B 45 IR BEAE A LR O i 3 H i
H X K EAE = BHE AWK/ S E
F (GAPDH) [ K BE{H ; H W& A A XS ik & =
FE S B AFR IR AL/ 1 A AR X A

KU B o R TR 54T HPLC 438, AR
PAn e Gt Bk e ke e ik B, LIAR
W QR e My TR e A IR ) AR B st/ 2 o B[] o
B AN B I 2590 A B R (pmol s mg ! e min™!)
TR

BT A B s UL E FTRR ME 22 (mean=SD ) 7R o
Bty R B 2R Oy 25007, P < 0.05 A 4e it
2 S, B A BRAK Sl SPSS 17.0 SR 2 3 44
(SPSS Inc,Chicago,IL,USA)o

&1 SlUFII%
Table 1 Sequence of primers

Gene Primer
113-HSD I 5'-TGACCAAGGTCAAGGTGTCCA-3'

5'=ATGATCTCCAGGGCGCATTC-3’
11B-HSD 11 5'-GACCTTAGCCCCGTTGTAGATG-3’

5'-GGCAGGTAGTGGTGGATGAAA-3’
B—actin 5'-GGAGATTACTGCCCTGGCTCCTA-3’

5'-GACTCATCGTACTCCTGCTTGCTG-3’
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2 % R

2.1 BFSALARIMKEEYERREEKE

KEGTHIA THF AR ZEE 25 14 A5
T 4T SRR S BRI JEAS 42 me/ke, 5 SR
W EL, A FHAR B B 2% IRk JE AT A 20
0.5 h 4 h & JE Pk BE ¥4 25 B AIK, 17 0.5 h JF4H 4
WICHA e BN B 25 T . 5 PR SRR JEARMH L
AR R B RRE e 42 0.75 h 4 hik
JE AU FE 34 25 THi L 1M 0.75 h B 2% e s e vk
JEI B 0 (86 2) o ARBRFER m L =5 gl
A TRVRE B TH a0 U JE A e 1) i 24 e e i, HG e e
Hh R TR JE A TR 14 I 2 0 A S T (TR 2)
22 KAEEEXMARASHAF1MB-BERXE
EER SR ERIENE N

ARBRFZR B TIPIE 118-HSD TR ik,
5.10.20 mg/kg 2H 5% FRZHAH LE , HEIE 118-HSD 1
R IR0 LT T 29% . 20% F11 70% ; 4 i BT HE
11B-HSD I %L %35 ,5.10.20 mg/kg I HFHE 18-
HSD 11 5 K 2 35 43 1) HE % B 4 F5ARR 45% . 419 F11
70% . AR B F T ] IE 118-HSD 13K %
k(P <0.05),5.10.20 mg/kg 21 5 %} FELHAH EE , 43
FIEAR T 17% . 23% 1 26% ; & 755 11B-HSD 11
f R 2238 (P < 0.01),5.10,20 mg/kg 4143 531 L
X R LH T2 429% . 46% K1 41% (&1 3) o
23 AEEEWNKBRHSHAF1MB-BEXE
EER S EEE BRI RN

ARFRFLZ NI 42 118-HSD £& 3Rk
HEAE B EFW ., 5.10.20 mgkg A BRH R H K
U414 118-HSD 1 & 1 3R ik Ft 55 26% . 49% .
66% , 11B—-HSD II 2K [17% 35 %1% 24% . 34% . 56% ;

x2 AREBHRFAEER (10 mg/kg) 14 dFOREFER B (42 mgkg) , FEHEAFLERMREGERMEIRE
Table 2 The tissue concentration of prednisone and prednisolone following a single oral administration of prednisone
acetate (42 mg/kg) to rats intragastrically administered with luteolin (10 mg/kg) for 14 days (ng/g, n=3)

ih 0.5 . 0.75 . 4.0 . F p
Control Luteolin Control Luteolin Control Luteolin
Prednisone
Liver 28.1 £9.6 10.7 £ 4.9” 147 +2.7 20.2 + 8.6 145 +2.6 5.6 +3.8" 5.06 0.01
Kidney 15.6 £ 0.7 171 £ 3.9 233 +6.8 56.6 £ 1497  19.7+3.3 37.8£11.97  3.78 0.02
Prednisolone
Liver 100.8 £ 19.6 154.5 £24.9" 2252 +412 2859 +32.1 143.8+61.7 111.3+28.3 2.59 0.04
Kidney 10.1 £ 4.8 8.6 £3.9 146.6 £ 11.6  105.7 + 25.4" / / 1.31 0.05

1)P < 0.05 vs control. Data are mean + SD; 2)P < 0.01 vs control. Data are mean + SD

200 (A)Prednisone

3
£ 1504 - Low Dose (5 mg/kg)
Ex & Medium Dose (10 mg/kg)
i:/ - High Dose (20 mg/kg)
£ 100 - Control Group
g
5 F =440
g 507 P =001
&)

0

0 1 2 3
t/h
n=06,x=*s

600 7 (B)Prednisone

- Low Dose (5 mg/kg)

400 & Medium Dose (10 mg/kg)
- High Dose (20 mg/kg)

- Control Group

Concentration/ (ng/mL)

200 F=2284
P =0.04
0
0 2 4 6 8 10
t/h

B2 KREBLETAREBEZE(S, 10, 20 mg/kg) 14 d/FARAFIEL BH (42 mg/kg) , % B (A) 5k Rtk (B) MZ5RE
Fig.2 Plasma profile of prednisone (A ) and prednisolone (B) following a single oral administration of prednisone acetate

(42 mg/kg) to rats intragastrically administered with luteolin (5, 10, 20 mg/kg) for 14 days
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2) E8 Control

EB Low Dose (5 mg/kg)

E3 Medium Dose (10 mg/kg)
D High Dose (20 mg/kg)

Lo
=
;

—_
W
1

F=218.56
P =0.00

o
n

Relative expression
(folds of control )
o

St
o

11B-HSD I

118-HSD 11 A

Relative expression

(folds of control )
=)

2.04 E3 Control

2) 2) B3 Low Dose(5 mg/kg)

E3 Medium Dose (10 mg/kg )
[ High Dose (20 mg/kg)

=17.07
P =0.00

118-HSD 1

118-HSD 11 B

Rats were orally administrated with vehicle (CMC—Na) or Luteolin (5 mg/kg, 10 mg/kg, 20 mg/kg) for 14 days. Liver(A) and
kidney (B) were harvested and then 118—HSD I and 118—HSD 11 mRNA were analyzed. Data are expressed as fold change over the
control group (mean +SD, n=6) 1)P <0.05, 2)P < 0.01 vs control.

B3 AEEZMARAF(A).B(B)AR

1118-HSD I #0 11B3-HSD IT & F R iX WM

Fig.3 Effects of Luteolin on the gene expression of 113—HSD I and 113—HSD II in rat liver (A) and kidney (B)

2.0 2) E&A Control
5 ~ 2) ok B3 Low Dose(5 mg/kg)
z E 1.5 B Medium Dose (10 mg/kg)
Oé g [ High Dose (20 mg/kg)
$ 2 1.04
- w
= 3
23
= =057

0.0~ T

11B-HSD I 118-HSD 1II

113-HSD I 113-HSD II
eeeSSee Sh..aLaE
GAPDH GAPDH
12 3 4 5 6 7 8 1 2 3 4 5 6 7 8 A

4 |ll2.05 2) A Control
£ 3 £ Low Dose (5 mg/kg)

s =1. B Medium Dose (10 mg/kg)
% E [ High Dose (20 mg/kg)
: 3
2 3 F=139.33
e
& ~0. P =0.00

0.0-
113-HSD I 113-HSD 1T
113-HSD I 11B-HSD IT
daaatntetetela i X1 LL I T |
GAPDH GAPDH

1 23 45 6 7 8 1 23 45 6 7 8 B

Rats were orally administrated with vehicle (CMC—Na) or Luteolin (5 mg/kg, 10 mg/kg, 20 mg/kg) for 14 days. Liver (A)
and kidney (B) were harvested and then 113-HSD I and 118-HSD II protein levels were analyzed. Data are expressed as fold
change over the control group (mean = SD, n=6). 1)P < 0.05, 2)P < 0.01 vs control. 1,2: control group;3,4: Luteolin 5 mg/kg;

5,6: Luteolin 10 mg/kg; 7,8: Luteolin 20 mg/kg.
B4 AEREZXAR(A).E(B)AR

1118-HSD I #1 113-HSD II & AR LS00

Fig.4 Effects of Luteolin on the protein expression of 118-HSD I and 11B-HSD II in rat liver (A) and kidney (B)

B 40 21 11B-HSD 11 £ [ 3R ik I+ & 47% . 55% .
84% , 113—HSD 1 £ H &5 KK 32% . 37% 47% o
RN 11B8-HSD &5 [12 35 1) 52 W 77 7 Ve B
WA, MR A . R, KRR
XFJF 113-HSD 145 [ #& ik 2 W 8 i o & 3,
XF 11B-HSD 11 8 1235 52 B 8 1) T i 34 X
118-HSD 11 2 1 33k 22 BB 1% _E i, x) 18-
HSD 1 H &R 2B T HER(E4),
24 REEEZEXWNKBRIFESAAH1IB-EEEE
B B S A 1 AU B2

55 e B b, R R R R e KU
113-HSD I B i P34 BT 7 i AR rh R i 2

it AR X 36 M 4 0 ok (1173 £ 20.1)% | (121.3 =
4.4)% .(144.4 + 14.5)%, ™ &0 =415 PR IR
ARG X (P <0.05); 5 113-HSD 11 fiff
TR BT T e AV L o 7 A X 3 A
M (153.9 + 33.3)% . (1559 + 33.9)% . (164.5 +
10.9)% A% . L= R S 2 55 PR 0 A ) 22 S 8
BHI2HEE (P <0.05) ., Hib, AREZE EIE
SHF 11B-HSD 1.'% 11B-HSD I i% 1, Al A
JB RS A o o AR R N BRI T
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Rats were orally administrated with vehicle (CMC-Na)
or Luteolin (5, 10, 20 mg/kg) for 14 days. Liver and kidney
microsomes were isolated and then 113—HSD I and 113-HSD
II enzyme activities were analyzed. Data are expressed as fold
change over the control group (mean = SD, n=6). 1)P <0.05,
2)P < 0.01 vs control.
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Fig.5 Effects of Luteolin on the enzyme activity of 11—
HSD I in liver and 113-HSD II in kidney
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Table 3 The effect of luteolin (5 mg/kg, 10 mg/kg, 20 mg/kg) on the metabolism of prednisone (2.79 mmol/L) and

prednisolone (2.77 mmol/L) in rat liver and kidney microsomes, respectively, after 14 days treatment

Activities of enzymes (pmol™+mg™ +min™)

Treatment
11B-HSD I(liver microsomes ) 11B-HSD I (kidney microsomes )

Control 383.8+9.0 22.6 +2.7
Luteolin (mg/kg)

5 4502 +77.2 353+ 7.7

10 465.5 + 17.0" 36.4 +7.8"

20 554.3 £ 55.5" 37.2 £2.5”
F 3.96 11.54
I 0.02 0.00

n=6, 1)P <0.05 vs control. Data are mean + SD ;2 )P < 0.01 vs control. Data are mean+SD
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