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FF MDCK 40 i =)= 19 25 W 5 10 5 3 PR A I ) 4R

AR x4 2R, WAL, e AR  HER KR
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[(HE] BH:MLHERETRE/NME LA (Madin-Darby canine kidney, MDCK) 4l Jiil 5.z 14 25 4 17 40) ' 25 04 46 0 5
o FiE o MDCK 40 55 5% T AL U8B b, fr HOE e B i A i B0 2 o 38 MITT 3058 43 Joll 8 48 %0 MIDCK 40 Jifg 35 A7 B . 410
i B B T 40 o 4 A [R) B ek i A PR T A B, 24 b JE R AT 9E 00 3R A a0 LA T A M SR 2R T A G B 1 B R
(alkaline phosphatase, ALP) -7 & k4% JIK B ( y-glutamyl transpeptidase, y-GT) F1 3 2 ii £ E (lactate dehydrogenase, LDH) i
PEAG I, [5] B 41 il el 50 00 25 20 M R 2 45 0, 5 R B R 3.13,6.25,12.5 mg- L7 3 P Bk U 11 T 4% R (aristolochic acid,
AA) HEAT HE MR, X MIDCK 400 A 4 1 40 1l 52 43 590 4 0. 93% ,0. 93% #11 24.30% o AA 3. 13 mg- L ™" 347 X 40 i B 22 (1) 56
TR LR, S RN R R A0 B, 1 AA 6.25,12.5 mg- L7 AE 5 40 AR T 30 min S5, B W K 0S¢ 3K A 0 5
(P<0.05,P<0.1), Hp 12,5 mg- L™ s ALY DGRBS RGN T £, &AM 2 TN ALP, y-GT 1940 W %A W 2 2k
A5 {125 mg- L™ ABAE LDH [ 40306 0 35 B (P < 0.05) o #1408 i B L4 S/ , AA 6.25,12.5 mg- L™ 41 40 Jfd %22 45 440 B
R 2R R G /N BROR P K, 200 B o0 2 400 T AR A5 8 S8 4 R [R) A2 BE 1 SRFL B B R 1 o 598 . B T MIDCK 4 3 2, 7E AA
X 20 A A P AT D 9 A 0 VA B (6. 25 mg- LT T LG 1 24 5 A0 () 75 45405, 4 % ST e BCFL U B - % MIDCK 40 il
BAZER FR AT LA T 2 R A R
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Preliminary Research on Early Detection of
Drug Nephrotoxicity Based on MDCK Cells Monolayer

HAO Ran', LIU Ting'" , WANG Yi’, HU Jian-jiang’, CAO Chun-yu', HUI Lian-giang', ZHANG Yi'
(1. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China;
2. Medical Experimental Center, China Academy of Chinese Medical Sciences, Beijing 100700, China)

[ Abstract ]

canine kidney (MDCK) cells monolayer. Method: MDCK cells were cultured on microporous membrane to form a

Objective; To study a detection method for drug early nephrotoxicity based on Madin-Darby

complete monolayer. Then the cells were treated with different drug concentration which had obviously inhibition on
MDCK or not selected by MTT test. After 24 h, the cells were detected with fluorescein sodium permeability test
and investigated by scanning electron microscope. At the same time, the activity of alkaline phosphatase ( ALP),
v-glutamyl transpeptidase (-y-GT) and lactate dehydrogenase (LDH) that secreted by both sides of the cell layer
were also detected. Result; We choose three concentration of aristolochic acid ( AA) to detect it’s toxicity, they
were 3. 13, 6.25, 12.5 mg-L~". And their inhibition on MDCK cell were —0.93% , 0.93% and 24.30% . AA
3.13 mg -L ™" could not disrupt the integrity of cell monolayer, and fluorescein sodium also can not penetrate the
monolayer. AA 6.25, 12.5 mg -L~' could obviously increase the permeation of fluorescein sodium after 30 min
(P<0.05,P<0.1), especially for AA 12.5 mg -L~'. In either side of the cell layer, there showed no difference
with ALP or y-GT secretion. However, AA 12.5 mg +L ™' could increase LDH leakage on both sides of monolayer
evidently (P <0.05). In SEM detection, cells treated with AA 6.25, 12.5 mg -L "' emerged a large number of
small spherical objects in surface, and the monolayer became incomplete. Conclusion; Based on MDCK
monolayer, AA toxicity can be detected at the concentration which has no obviously inhibition on cells. It suggests
that MDCK monolayer system established on microporous membrane could be used for early detection of drug
nephrotoxicity.

[ Key words | MDCK cells; drug nephrotoxicity; early detection

MDCK 4fi jfi 7 Sy — Ff B /N L R i i, E 4 )
Z N T 250 B B9 WF 5T, a0 A b JRg 24 A
NPC-14686 , ¥ i 19t e K% HL 55 b0 1k S5 30 Wk 1k e 10 '
FEPEAE L AR SR A W ST B MDCK 40 g 34
FIT B R pEgE. X pRY SRl , MDCK IT
41 i Z2 X6 LR A B M NG R G R 2 R R
[F] , UE 5232 40 i 22 0T FH 1 op 24 5% 49 0 R 40 ' 3 M0
WFIE o K 20 2 b e EL A L ) 2R ik T R I 2R
O b RIS AE g T R M — R Al fE R 32 7
oo HERBEE SRR LAY Al AR P A, AR K A AL AR
I 2 i R R U A IR A B R S 0] A A & A
MR PN, 3 A% 33 7 =X RE 0 40 A o Ak, 97 R g8
Bt 40 16 A A= 4 i, T LA SIE B4 X A i R — ] =% A
1 il R A ) £ 40 Jo Rk 0 s e B 55 4 G 1) A
YER AR IF 58 . ASBIF 52 % MDCK 40 g 322 % 76 S FL

b, DLEAT S B 0 24 100 D SR AR R O T HL2h
PR MG AN i A5 AU 3 A7 245 9 00 2 1 A I Y T
(FR o
1 ##
1.1 #iffg MDCK Z0fid, g [ o [ P B A Ok 2
filt B 2 BF 50 e 4 e s o
1.2 RKF 5254  DMEM ( Dulbecoo’s modified
Eagle’s medium ) /5 ## 5% 3% £ (5% 5 86075, Gibco 2y
al) i A L (585 GTBO060, HyClone 23 H] ) , R 14
WETR W (ALP) 2050 &, it 5 0108162 ADO02 | y-4+ Ji ik
% KT (y-GT) 1257 & (it %5 010811ADO7 ) | L R Jiit
B (LDH) 25 & (4t 5 110111BD02) , ¥4 2 4t 3¢
T B EEIZWHE ARG BR A A, S YRR (AA, i [
rhEE R E B b 2T B A e = A, ok AA T )
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1.3 8% w2 Millicell 45 A 255 38 L ( S 5% iR P R BidHINR = (AA K HIOEH M RitE

g fE 3 wm fL42, A &% 2k K i £10. 6 cm®, Millipore
/N]) , Millicel-ERS Hi BH{Y ( Millipore 2y &), 22 H ) ,
VarioskanFlash 22 3 g il #5 {X ( Thermo 24 7], & &) ,
K2 TBA-40 FR 2 A A3 Hr il (HA) , H L S-
3400N HEF BB ( HA) o
2 FHiE
2.1 MDCK #Hif353:  MDCK 4 JH & 10% fis
A= 1LV 1Y = B DMEM 35 33 R #8552 30 /R LA
Fo LS x 10" A~/mL %5 B 3250 T4l A UK SR Iy,
A K S R o B 3 wm LA (1 58 B TR G
(PCF i) 5537 1L 4h 4351 in A 400,600 pL i) &
WLV 15 952 WA T 85 5%, 4 40 B 25 5 v BELAE > 200 Q-
em” i 26 W £ T8 B 58 5 1 40 R 202, nl JH Tk
2.2 AA X MDCK 40 Jfd 1§ 58 /E F g s2 a8
MDCK 401 LA 5 x 10* A4>/mL 1Y% & 370 T 96 FLAR
b AL 160 WL, dH A K B EE 4 REPingy, AA LU
0.5% DMSO Blj i , 2 5t i e B 43 %1 24 0.39,0.78,
1.56,3.13,6.25,12.5,25 mg-L ™", [A] 15 % 5 W b
% 0.5% DMSO (25 [ R4 . 259 5 40 A ) 24
h &, W 2s bW, LA 100 pL 1 g-L~'fil§ MTT
W ,37 CHi8 4 h 5, R L B W, 200 pL
DMSO/fL,570 nm A AL 3E A, 11525 Y% MDCK
20 6 F 4 R BB AA X MDCK 41 ifg 35 7 BH S 4
il Ko ELAT W b 400 3 B AN [R] T RE R AT N 3R B
i o

AT R = (Aypa —Apsn ) /Ayus x100%
2.3 AAXF MDCK 41 ifg 5 22 2% 06 R Ah 33 2o Pk 1) 52
A K fE PCF B | MDCK 20 g, 24 & I 20 i i
LB > 200 Q- em® B, 3 25 4106 95 00 F) 3% 55 90,
Hank’s i 52 5205500 2 Uk, R 5 76 40 B 79 i A & oK
[ B2 AA BT IMLIE 15 95 U, AA 28 J5T & vk B2 4 0
3.13,6.25,12.5 mg-L™" 24 h J5 #4728 40 %

W 2 400 i V9 ) ) 245 9, ] Hanks ¥ 4% 52 05 0% 2
o TAHAXBEFEMAIA 200 mg- L™ 15 6 %
44 400 L, MLAMN A Hanks % 600 pL,7£ 0.5,1.0,
1.5,2.0,2.5 h 43 5 W B A0 g 44, [ s A 45 o 1
Hanks AN 2 o & BORE W AE 490 nm I < I 72 W% O
JE(A) , TR 2 7€ Y 2% 40 00 s 1 il 46, 3 33 4%
B ]S P PO R BT B R (B% ) M ZEitidE it iy
HmAE(C%) .

PN BT R R = KA ] B B s 0 2Ok

FHE/ A BB F A x 100%
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HZ b BB it % x 100%
2.4 AA X} MDCK 4 ffd ¥ i] LDH, ALP,y-GT 43 i
(s K AA TR 3.13,6.25,12.5 mg-
L5 K g A S8 55 0L AP i MDCK 20 g 26 85 5%
24 h J5 W IRCAR A R %) 5 R, 4 A Bh AR AR BT AY
M 5E LDH,ALP,y-GT Ay ffdE, 45 R LA“U-L™" "R,
2.5 AA X MDCK 4l fig 02 B A2 iy m - 7] 2. 4
4 AA 5 MDCK 4 i 55 5% 24 h J5, W 2 40 A w3 ] 1)
K92 W, Hanks W 52 00 06 2 R, ) 4% 1% — WS AE
4 CHEE 2 h J5,PBS I UEG B 1% #R R[5 @ W=
WL E 1 hy S8 BE WK, ¥ VR T8, ORL TR 5 L I
R RS S THES 6 B8, ARG HTTES
SEER
2.6 Hiiteeabd ] SPSS 13.0 B, HidEs 4 LA
xxs Fn KB AT AL LS, P <0.05 A it
3 #£R
3.1 AA X} MDCK 4 g ¥ 5 1E H s AA 78
6.25 mg- L™ K DLF i f ik B Xk MDCK 41 i 7 K %%
A8, 12.5,25 mg- L™ 1 AA AT LB @ 30 461
MDCK 4fi g i 25 4, 0 & 2 53 5] 35 24.05% F
49.60% , HEEE3.13,6.25,12.5 mg-L ™' 3 i
WREHEAT T — Ry dE A 2 g, WAk 1,

%1 AA X MDCK RIS EI (x +5,n=6)

20 5 F ek /mg-L~" A il 2/ %

gEPoyi - 1.07 £0.04 -

AA 0.39 1.11 £0.03 -3.74
0.78 1.09 £0.03 -1.87
1.56 1.11 £004 -3.74
3.13 1.08 £0.05 -0.93
6.25 1.06 =005 0.93
12.50 0.81 +0.07" 24.30
25.00 0.54 +0.06" 49.53

g AL P<0.01,

3.2 AA X} MDCK 4t Jfd 50 22 5¢ 5% 3 435 1o 6 1 5%
W 25 PO BRZLAE 150 min P 958 6 R4 Rt iE i
% [ 2 I 7] 9 4 177 W, 3 <5% ;AA 3,13 mg-
L™"414E 150 min P, 54~ ) 5009 32315 i 3R R
25 N PR WS (R AE < 5% . AA 6.25 mg-
L™'7E 30 min [, BFiEd R B EH K, 555 R
FLAS A M i 25 5 (P <0.05) ., AA 6.25 mg- L™ 7
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60,90 min L &% AA 12.5 mg-L ™' 7E 60,90,120 min
B Rt Bt R X A A (P <0.1)
A B R) o5 SR i o R B IR A AN R R B Y
B JC I B gt B L AA 6.25,12.5 mg-
L YA 98 % 2 Bt 1 R A 80 A 4 R 1

F2 AA X MDCK B ERERMWETLE B(C) M (x x5)

100% P4 I, o AA 12,5 mg- L™ 410948 K0 i
% PR gE SRR, AA 3. 13 mg- L' %t MDCK 41 g
P ) 2 R o M ,6.25,12.5 mg-L ™'} AA
A 3 A AN B2 5 M R TR R B A R, H e
12.5 mg-L™" AA SEA N ™ &, W& 2,

i

.
o

%

7 1 B(C)
415 n 1
/mg-L~ 30 min 60 min 90 min 120 min 150 min
FHXE 2 - 0.17 £0.000 7( - ) 0.67 £0.55( —) 1.67 £0.95( -) 2.50 £1.73( =) 3.18 £1.89( -)
AA 3 3.13 0.39£0.13(129.41)  2.05 +0.69(205.97) 2.40 £0.50(43.71) 3.03 £0.17(21.2) 3.23 £0.39(1.57)
3 6.25 0.52 £0.21% (205.88) 6.51 +1.25" (871.64) 6.96 +1.58" (316.77)  6.91 £1.90(176.40)  6.77 +2.10(112.89)
3 12.50 0.64 +0.81(276.47)  9.25+3.91" (1 280.60) 10.61 +4.91" (535.33) 11.01 +5.15" (340.40) 11.17 +5.19(251.26)

B TOBRM BITED % C PO R E T NS 5% (I R D P <0.1,7 P <0.05,

3.3 AA X} MDCK #f i ¥ il LDH, ALP, y-GT 43 it
MUSZNE IEH MDCK 20 M 45 % (AP) FIJEJE (BL) P
539 ) LDH 36 M0 A B 25 5, 1 ALP, y-GT (1)
G352 B T, R A R A — 0 43, 2 P
B BTG 3 He (AP/BL) ¥ >3, Hirh y-GT (4% 4 53

A B B WS O IR E) TOLS AR B A E
MR O, AA 250 4 40 P 0 Y ALP, y-GT i1 il
TEMEBRA B U, AA 12,5 mg- LT 51 40 i
PN 7320 LDH 5 P4 86 i 38 T, 52 718 24 ) %ot 40 e 1
BT 5, BN LDH (4 . W3 3,

%3 AA xt MDCK #if LDH,ALP,y-GT &1 H &M (2 £5,n=3) U-L-!
I LDH ALP v-GT
3
/mg-L~! AP/BL AP + BL AP/BL AP + BL AP/BL AP + BL
25 (A% B8 - 1.53 £0. 31 14.47 £1.97 3.94 +0.56 6.35 +0. 51 15.81 +6.04 4.92 £0. 45
AA 3.13 1.90 +0. 60 15.31 £0.94 3.13+1.34 2.82 +0. 46 13.35+3.76 4.16 +0. 51
6.25 1.43 0. 36 13.84 £0. 73 3.61 +0. 86 5.91 0. 38 14.54 0. 93 4.34 £0.29
12.5 1.43 +0. 46 20.74 £4.38" 4.10 +0. 80 7.71 0. 89 16.33 6. 60 4.66 +0. 86
T2 {x A e P <0.05,
3.4 AAXF MDCK 4 i & 2252 m) i@ o H

FHL B W 8% B /R, 25 (% BB 4] MDCK @il & & Rtk 4B
Ko, I M2 4 55 %, A T s ] AR A BR 114 40 /N R 28
F3AA 313 mg- L7 4 523 0k B A M L, 40 i &%
P b DL b 25 S (40 B )2 b i RS0 R TR R i
RS VR TE0)  AA 6.25,12.5 mg- L™ 4141 i
BRI R B K 1 /N ERCR A 40 R 2 AR AR OR
SERE A 1 b 7 DR 200 6 RO 7 A L D I I R L R
2%t MDCK 40 i 3 i 1 A [R) A2 J3E 1) 2 M 843, DL
K1,
4 itig

w24 1 B R R O — B E RS 2 ROCTE
Mo, A O B 2 R R 2R F I
PR, A 58 52 B A 90 v X 3 0 1 ) S 32 S i B
SEHG AR HLRB S LU AR £ A 4 T I S I 24 ) X B AR
R AL (RN T SR N R e R AW =3 s e A [ 8
T B e Ao 0308 2, 6 B W2 W i IRME o 3T LA, 24

A ZEXTEE( x6.0 K) ;B. AA 3. 13 mg-L™'( x3.5 K);
C.AA 6.25 mg-L ™" ( x3.5 K);D. AA 6.25 mg-L~"( x300) ;
E.AA 12.5 mg-L™"( x3.5 K);F. AA 12.5 mg-L ™' ( x300)

E1 F#EBEETWE AA 3 MDCK &

Yy B2 A PE A © i AR 52 00 B — SR IR s il
BRI PRSI0 AR 45 A v 78] B2 00 3 g 0 70 6 ) 3
Bl AV 3 A i e 8 O 2 A A8 MR AR T 5 1) A 1
HIF 5 e A R A X, 2 D R A R F 5 24 40 2 1)
R ROR 2 R
R, G 2 49 % 40 i 2 75 B AT B 1R ) fe
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Ty ¥R EME W (MTT ) 3k, 5 Jit 32 3% 240 i 2k 1k v
1) 3% B 18 58 S 6 i 1 A0 U5 1 9 MTT 3d8 Jit g i
TS S0 45 M I TR B T R R 4
FIFH MTT 3056 6 57 T 56 F AR 35 09 T VB 40 i 1
24 ) S O R O ok O 9k IR SE U vk R U $E, HLAE
T DA b S e AN () 25 ) B s M ) 25 5

SRM , KT 25 W W30 25 v i R, MITT 3% o A7
R, HIE b, 25 e iE R A E N
bR IR A AT AR S 0 R 32 5 4 Fb
R JE R o AR Bodr PEBUE, T ECE N
- Bz 2 A 1 ke O K B ) B - e s Dy RE A2 L, A
5 240 ) 2 0 R R ) B B RE O R R 4k
VT 240 JH6L TR B om A, 5 2 A4 B B J22 1) 5 B A FH 0 55 , 7]
TR AN BE o 40 )2 ) e o AR SR
7E AA 6.25,12.5 mg- L™ #|& F, 95 06 £ i &
MDCK 2t i 523 (04 375 3o 58 0] (@ 3, EL 42 9050 = A
P 2 B 20 i PR 2 0 S SR M A2 B IR $E R 24 W Xt
YA A A T — R M, H A R R B 2 ) ) =
RGN AR, B2 — 2 W FEHE-FE R, HiH
B LEE 45 Al s, 3 2 A 500 4 0 4 i B )2 R T
HR IR A A /NERCIR A A, HE T BB U2 A7 450 4R B A R R
il sk R v A A A B B A B R . A, A
i PR 2 AR AR SE S A Y M Ty DR A R 9 T A R fL
JENR B 7%, AA 12,5 mg- L7 A B E T AA
6.25 mg- L™ R4 A L B4 SRt — RS T
AA X MDCK 4ff il 50 )22 38 % 7 s Pt . B ER
(2, 76 MTT {5 H, AA 6.25 mg- L™ JF A £
6 MDCK 2 it A < 0% 300 a1, A5 3R AT A1 Ak L 0
B IR 00 40 i bR 2 B 2¢O R AN PR R A
L BE WA B R B ) AA RENSHE — @R E Lol
/NG b R AN A A, B R R I i B MITT % B
R A, Obatomi''" 25854 g , 40 MO P B 1 U 2
INE Z R U AR B 2 — o ALP,y-GT & /)
L B AR 0 ) e S PR I 2 A L N
FHEW O, v RN ALP 1 y-GT 45 il 19 I 1 34
B AR T A i R 2 N T A e O
WA LI AA &A% ALP F1 y-GT (1) 43 Wb 35 1
S AAE AA 12,5 mg- L™ 51 455 25 200 Jif 4 000 43 904 11
LDH 3 5 B 21 B & 384 &5 . LDH J2 41 i 3 495 19
— Pl AR R S 0 bR AR, T 0 TR B R A A7 3
WK . A SCHRIRE AN, 32 B30 5 1 /N4 1) LDH
o I OB T ALP X 525 A R M S . A
B, X — 25 SR AR s A X T 26 O R Al M IR A
S P23 5 P R R I T, 3 M 1) T S A T
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250 B B VE AL T 4 A % 2 38 R e 40 Y
PIAMER , 51 4 Jf 45 44 | ) Be 55 5 T s, 3K
Y LA 17 o A5 38 S 0T 20 i 45+ (40 B o
P8 5 240 M D e (3 R Y 2 W ) TR TE U5, A
A AIE S 8 ST AE AL B B L i MDCK 41 il 522, m LA
FHF 259 5 w1k B R I, BBt s fe 48 5 vk
A R EHAR P IRER
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