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Tab 1. Effect of aristolochic acidl( AAI) on Madin-Darby canine kidney typell( MDCKII) cell survival
Cell surviral (Agy, ) Inhibition rate/%
Group
24 48 72 (h) 24 48 72 (h)
Control 0.41 £0.02 0.67 £0.02 0.86 +0.06 0.00 £3.90 0.00 +£2.79 0.00+7.14
DMSO 0.38 £0.02 0.67 £0.03 0.82 +£0.05 5.84 £3.87 0.45+£3.65 0.52 £5.50
HgCl, 0.33+0.02™ 0.51 £0.03™ 0.63+0.01™ 19.80 +4.90™ 21.20£5.04™ 23.82+1.41"
AA ] 5 0.39 £0.01 0.69 +0.02 0.73 £0.02 4.80+1.06 -4.29+£2.97 11.41 +2.98%
25 0.31+0.01"™  0.54+0.05" 0.54 +0.15" 22.76 £3.29"  19.86 £7.75"  33.89 £17.80"
75 0.20 £0.01" 0.21 +0.05™ 0.09 +0.01™ 51.66 £2.07"  69.17 +8.06™  76.86 +24.08"
150 0.13 +0.02" 0.09 +0.04" 0.05 +0.01™ 67.22 £4.22"  86.56 +6.22"  93.66 +0. 12"
300 0.12 +0.01% 0.07 +0.01* 0.05 +0.01* 71.34 £2.28"%  89.10 +£0.98%  93.48 +0.40"

MDCK Il cells were seeded at a density of 10° L™ in 96-well plates. DMSO (0.5% ), HgCl, (10 wmol-L™") and AA 1 (5,25,75,
150 and 300 wmol-L™") were added to MDCK Il cells, respectively, 24 h after the plating, except control group ( medium alone).
The cell survival was measured after 24, 48 or 72 h of culture by MTT assay. The cell survival inhibition rate( % ) = (A ,,, of control
group — As;y o Of test group)/Asy, . of control group X 100% . 1Cs, of AA ] was (63.4 £6.6), (44.8 £6.0) and (37.3 £4.6) wmol -
L' for 24, 48 and 72 h, respectively. ¥ +s, n=4. * P <0.01, compared with control group; *P <0.01, compared with DMSO

group.

Tab 2. Effect of aristolochic acid Il (AATl ) on MDCKII cell survival
Cell surviral (Ag;,.) Inhibition rate/%
Group
24 48 27 (h) 24 48 72 (h)
Control 0.41 £0.02 0.67 £0.02 0.74 £0.02 0.00 £3.90 0.00 +£2.79 0.00 +£0.03
DMSO 0.38 £0.02 0.67 £0.03 0.73 +£0.03 5.84 +3.87 0.45 +£3.65 2.35+0.04
HeCl, 0.33+0.02™ 0.51+0.03™ 0.59 £0.06 ™ 19.80 £4.90™ 21.20 +5.04™ 20.67 £0.09 ™
AAT 5 0.46 +£0.02 0.69 +0.03 0.70 £0.03 -12.24 4. 14 -4.07 £5.14 6.03 £3.63
25 0.38 £0.03 0.66 £0.03 0.77 £0.07 7.26 £6.68 -1.72 +7.64 -4.74 +£10.00
75 0.30 +0.01% 0.41 +0.06" 0.37 +0.07" 25.22 £1.57%  38.93 +8.93* 49.89 +9.67"
150 0.22 +0.01* 0.35 +0.04% 0.35 +0.08% 47.05 £2.90%  41.09 +14.82%  55.77 +9.20*
300 0.13 £0.02" 0.10 £0.03* 0.09 +0.07* 68.20 +4.70"  86.14 =4.05* 90.13 +8.58*

See Tab 1 for cell treatments. AA Il 5,25,75,150 and 300 pmol-L ™" were added to MDCK II cells, respectively. ICy, of AA Il was
(125.7 £6.2), (106.7 +20.4) and (94.2+9.7) pmol-L~" for 24, 48 and 72 h, respectively. x +s, n=4. ™ P <0.01, com-
pared with control group; *P <0.01, compared with DMSO group.
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Tab 3. Effect of matrine, oxymatrine and myris-
ticin on MDCK I cell survival

Cell survival

Group (Auo ) Inhibition rate/%
Control 0.58 +0.03 0.00 +5.41
HgCl, 0.47 +0.03 ™ 19.71 +4.72™
Matrine 2 0.63 =0.01 -7.67 +1.88
6 0.63 +0.04 -7.13 £7.07
10 0.61 £0.03 -2.97 +5.71
Oxymatrine 2 0.59 +0.03 -2.37 £5.73
6 0.58 +0.02 -0.65 +3.03
10 0.58 +0.02 -0.86 +2.78
Myristicin 2 0.57 +0.04 0.95 +6.12
6 0.65 +0.01 —12.84 +2.58
10 0.63 +0.03 -7.91 +5.26

See Tab 1 for cell treatments. Matrine, oxymatrine and myristi-
cin (2,6 and 10 mmol-L™") were added to MDCK I cells, re-

spectively. x +s, n=4. ™ P <0.01, compared with control

group.
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Tab 4. Effect of AA 1, AA II, matrine,
oxymatrine and myristicin on lactate dehydrogen-
ase( LDH) release in MDCK II cells

Group LDH release rate/%
Control 6.24 +0.45
DMSO 7.05 +0.77
HgCl, 15.43 £2.33™
AA ] 5 9.27 £0.24"
25 12.11 +1.98%
75 12.46 +0.85"
150 14.46 £0.37"
300 17.54 £1.75%
AAT 5 9.20 £0.88
25 8.84 +0.42"
75 12.65 +0. 86"
150 14.99 +1.74*
300 15.30 +0. 93"
Matrine 2 6.58 +1.09
6 6.83 +2.05
10 6.35+1.38
Oxymatrine 2 7.74 +£2.67
6 6.23 +0.27
10 6.98 +1.35
Myristicin =~ 2 6.20 +0.33
6 6.54 +0.70
10 7.44 £1.30

See Tab 1 for cell treatments. The drug concentrations were the
same as that in Tab 1, Tab 2 or Tab 3. After 24 h of exposure,
the release of LDH was measured by using LDH assay kit. LDH
release rate (% ) = LDH content in the medium/( LDH content
in the medium + LDH content in cell lysis solution) x 100% .
x+s, n=4. “P<0.01, compared with control group; ™ P <
0.01, compared with DMSO group.

JE AR B A TR, AR R TR A T
— RIS UL - A A% A G 0 s BEBESR 3D
il A SO R e e B T M . S
B R S Y T TRk 3K 10 mmol - L7
AR L ARREAZ X A A B Ak
2.5 IR Z R 43 o £ B JE A A0 48 AELRT T B R
SIEHE M IRALAH LE, FHEXS IR HeCl, 55 MDCK 1T
20 M/ 24 hn] H BESTIRH A, 40 0 T SR I A
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Fig 1.

WU 2 TGN
>

Effect of AA 1, AAIl, matrine, oxymatrine and myristicin on morphological changes of MDCK

Il cells( x130). See Tab 1 for cell treatments. After 24 h of exposure, MDCK I cell morphological changes were analyzed by
contrast microscopy. A: control; B: 0.5% DMSO; C: HgCl, 10 umol-L™"'; D: AAT 75 pmol-L™"; E: AAT 150 wmol-L~"; F:

matrine 10 mmol - L. ~" ; G: oxymatrine 10 mmol -1, ; H: myristicin 10 mmol-L.~". Scale bar =10 .

Fig 2.

Effect of AAI, AAIl, matrine, oxymatrine and myristicin on apoptosis of MDCKII cells. See Tab 1 for

cell treatments. After 24 h of exposure, MDCKII cells were fixed with 4% paraformaldehyde for 30 min, then stained with Hoechst 33258
for 30 min, examined by confocal microscopy. A: control; B; 0.5% DMSO; C: HgCl, 10 wmol-L™"; D; AAI 75 pmol-L™"; E; AAII
150 p,mol-L_l ; F: matrine 10 mmol+L™"; G oxymatrine 10 mmol-L™"; H: myristicin 10 mmol-L~". Scale bar = 20 pm.

fin. AA T 7E 75 wmol - L' i B 4 38 S HABH #, 25
pemmol « L™ st BV A B b 90 I — 5 A T 0, 440
P TF . AATLFE 150 pmol - L™ B i 31 S IR
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Tab 5. Effect of AAI, AAIl, matrine, oxymatrine and myristicin on cell cycles and apoptosis of MDCKII cells
Group G, + G, G, +M S Apoptosis rate
/ % / % / % / %
Control 75.46 £3.13 8.29 +0.79 16.26 £2.34 1.96 £0.65
DMSO 80.51 +2.82 5.20+2.75 14.29 +2.24 2.97 £1.27
HgCl, 59.57 £5.36 12.74 £1.22 27.70 £4.94™ 11.71 +1.47™
AA ] 5 79.22 +6.31 5.11£2.29 16.97 +8.92 6.62 £3.88
25 74.34 £6.65 6.35 +4.03 19.31 £9.53 12.51 £2.01*
75 70.45 £2.66 4.02 +0.20 25.53 +3.71% 28.98 +10. 60"
150 69.73 £6.19 8.56 +2.14 27.01 +2.79" 52.09 +25.22%
300 68.86 £1.63 2.97 +1.99 27.65 £0.07" 54.38 +24.71%
AAT 5 74.65 +6.89 10.61 £2.39 14.79 +4.05 3.73 £2.50
25 80.05 +2.77 3.94 +2.65 16.04 =1.03 8.65 +2.16"
75 77.25 £5.68 2.63+1.85 20.13 £6.59 29.69 £3.70"
150 70.47 +7.17% 7.08 £4.78 22.45 +2.39" 35.49 +12.08"
300 62.88 £5.71% 5.97 +0. 44 31.16 +2.73% 53.83 +6.80™
Matrine 2 74.94 +3.83 12.58 £0.95 12.48 +4.06 1.31+1.02
6 74.17 £7.73 10.23 +2.64 15.60 £9.20 3.18 +0.70
10 79.26 £11.48 11.00 £7.75 9.62 +3.56 3.47 +0.94
Oxymatrine 2 82.02 +11.48 6.67 +1.11 11.32 £0.92 1.52+1.03
6 82.79 +8.32 12.38 +5.68 4.83 +1.20 7.66 =4. 80
10 73.66 +10.74 13.01 £2.42 13.32 +8.36 2.30 £0.15
Myristicin 2 79.29 £5.34 14.59 +5.63 6.12 +1.87 6.31+1.08
6 81.69 +1.62 10.23 £1.24 8.09 +1.51 2.47 +0.34
10 76.69 +7.75 13.67 +7.11 9.64 £1.37 4.75 +0.62

See Tab 1 for cell treatments. The drug concentrations were the some as that in Tab 1, Tab 2 or Tab 3. After 24 h of exposure, the

cells were fixed with 70% ethanol, treated with RNase, stained with propidium iodide and detected by flow cytometry. x +s, n =3.

* P <0.01, compared with control group; *P <0.01, compared with DMSO group.
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Evaluation of nephrotoxicity induced by Chinese herbal ingredients with
MDCKII cells in vitro

LIU Qing', WANG Qi'*, YANG Xiu-Wei’, ZHANG Bao-Xu'
(1. Department of Toxicology, School of Public Health, 2. State Key Laboratory of Natural and Biomimetic Drugs ,

School of Pharmaceutical Sciences, Peking University, Beijing 100083, China)

Abstract; AIM To evaluate the nephrotoxici-
ty induced by Chinese herbal ingredients with
Madin Darby canine kidney type [ (MDCK I )
cells and explore the possibility of using MDCK
Il cells to early assess the nephrotoxicity of
Chinese herbal ingredients in wvitro. METH-
ODS The cytotoxicities of aristolochic acid [
(AA T ), aristolochic acid [ (AA Il ), ma-
trine, oxymatrine and myristicin were investiga-
ted. The cell survival inhibition rate of MDCKII
cells after treatment of these drugs were studied
by MTT assay, and the morphological changes
of MDCK [ cells were examined with contrast
microscopy. Cell membrane injury was ob-

served by detecting lactate dehydrogenase
(LDH) release rate. Cell cycle and apoptosis
rate were determined by using flow cytometry.
The morphological changes of apoptosis cells
were examined with Hoechst 33258 staining.
RESULTS MDCKII cell survival was inhibi-
ted after exposed to AA | and AA I, respec-
tively. The ICy, values of AA [ for 24, 48 and
72 h were (63.4 £6.6), (44.8 £6.0) and
(37.3 +4.6) wmol - L' respectively. The
IC,, values of AA ]l for 24, 48 and 72 h were

(125.7 £6.2), (106.7 £20.4) and (94.2 =

9.7) wmol - L', respectively. The LDH re-
lease rate of MDCK I cells significantly in-
creased after treated with AA [ or AA Il for
24 h. MDCK Il cells were contracted and
rounded after treated with AA T (75 pmol -
L") or AAT (150 wmol-L~") for 24 h. The
further research also indicated that AA [ and
AA Tl affected cell cycle and induced cell ap-
optosis. After treated with matrine, oxymatrine
and myristicin ( 2 =10 mmol-L™") for 24 h,
all above the parameters of MDCK [I cells had
no obvious changes. CONCLUSION MDCKII
cells have different responses to AA] and AAIl
with nephrotoxicity, and matrine, oxymatrine
and myristicin without reports of nephrotoxicity.
MDCK Il cells may be useful for assessment of
nephrotoxicity of Chinese herbal ingredients in
vitro.

Key words: kidney; toxicity; MDCK I cells;
drugs, Chinese herbal
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