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Medicinal Herbsand Compound
Remedy Containing Aristolochic Acid

Shoei-Sheng Lee
Drug Research Center, College of Medicine, Natidiaalan University,
Taiwan

ABSTRACT

Aim:

The main purpose of this project is to study theerliand nephrotoxicity of
Aristolochia contorta (Ma-Do-Ling) and the compound remedy containing
Aristolochiaceae herb, Bu-Fe-Ya-Gia-Tong. The subadoxicity was assessed by
their ability to create changes in the clinicalnsigblood and urine chemistry and gross
anatomic examination after oral administration loé trude extract of the selected
medicinal herbs. In order to accurately control #mount of herbs given to study
animals. HPLC-UV was used to quantitatively deteation of aristolochic acid | and
aristolochic acid Il in study herbs. From the résubf this study, we wish to
understand better whether the herbal medicine @tédlochiaceae will poss the same
toxicity as aristolochic acid and provide safetformation for not only educational
but also for regulatory purpose.

M ethod:

HPLC-UV was used to quantitatively determinationaoistolochic acid | and
aristolochic acid Il inAristolochia contorta (Ma-Do-Ling) and the compound remedy
containing Aristolochiaceae herb Bu-Fe-Ya-Gia-Tong.

The subacute toxicity was assessed by their aliititycreate changes in the
clinical signs, blood and urine chemistry and graeatomic examination after oral
administration of the crude extract of the selectaddicinal herbs. Since the
biotransformation of aristolochic acid is affectgdthe expression levels and activities
of several enzymes, including CYP1Al, CYP1A2, anQQ\, we quantitatively
analyzed the amounts of the aforementioned enzpmesent in the cytosolic fractions
of rat liver and kidney of the experimental animals
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Results & Discussion:

BALB/c mice fed with 7.5 mg/kg aristolochic acidsglayed significant increase
of BUN and Creatinine, therefore it was adapted cags animal models for
toxicological test.Aristolochia contorta (Ma-Do-Ling) contained aristolochic acid |
and aristolochic acid 1l 24.2 and 2j)y mg" respectively by quatitative HPLC
measurement. The results of oral fadstolochia contorta of 310 to 2236 mg/kg
(equivalent of aristolochic acid | of 8.32 mg/kg@0 mg/kg) to Balb/c mice revealed
no change in BUN and Creatinine. Therefore thisrdps not considered renal toxic.
The results of oral fed Bu-Fe-Ya-Gia-Tong of 2 g/agd 4 g/kg (equivalent of
aristolochic acid | of 7.5 to 15 mg/kg) also rewehho change in BUN and Creatinine.
GPT increased slightly iAristolochia contorta and Bu-Fe-Ya-Gia-Tong fed groups.
However, the GPT increase only occurred in a fewsdand the liver toxicity of
Aristolochia contorta and Bu-Fe-Ya-Gia-Tong should be further invesgdat

Keywords: Chinese herbs nephropathy, aristoloctit, @hemical analysis
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mM DTTZ% 0.1 mMPMSF. RIPA lysis buffer (0.5 mL lysis buffer per 0.1 gtwe
tissue, 25 mM Tris-HCI, pH 7.6, 150 mM NaCl, 1% Me- 1% Sodium
deoxycholate, and 0.1% SD8) 2. - ¥2 7 {8 2 e &k 4'C™ 210,000 g =
304 4 » P~ jiik iF 5 cytosol fractiore
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P450 1A2 polyclonal antibody (AB1249, Chemicon)
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"L R K R A %o Peif £ 2k 3 & methanolbz f3 > 12t 2 ¥ 530k o
7 ~HPLC 2 LC/MSIMS i %
(- ) 4.1 HPLC-photo diode array
HPLC,: ¢ * LC-10AT dual pumps (Shimadzu, Kyoto, Japan)
# f= SPD-M 10A UV/VIS photodiode-array detector (Shimadz
Kyoto, Japan)% Rheodyne 7725i 5 ul injection loop (Cotati, CA,
USA) - T i@ % 3 % Class-LC10 High Performance Liquid
Chromatography data system (Shimadzu, Kyoto, Jagét)Pentium
Il 400 PC Compatible Computgriz * 4 47 % $L % Luna 54 Gs
column, 250 x 4.6 mm (Phenomenex, Torrance, CA, JJSA
(7)) 42 mip k1= B e B ¢ B F# % (UPLC-Triple
Quadrupole Mass Spectrometer
UPLC-Triple Quadrupole Mass Spectrometet * 2_4& I ;% 4p
B 17 & % i Waters Acquity Ultra Performance Liquid
chromatography (Waters, Technologies, MA, USAjz 3 Binary
solvent manager pumplzg p B FLE AT R - Z K
Fr et P B F ¥ & 5 Quattro Micro triple quadrupole mass
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spectrometer (Micromass, Watersksfic & 54 (ESI) 45 % =
F BRI EEAPCH) A % o
2~ R A 4T
WPk 18 2 AR R &3 304 2 3,000 rpmees 15 4 48 0 B b iR 4
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NaHPO, (pH 7.4)% 75 uL of sodium 3—trimethylsilyl—(2 2,3,3H,)-1
-propionate (TSP) in fD (& % Jk & 0.1 mg/mL)> 2_ {5 B~ 825uL 4 » NMR
tube-
(- )NMR % 47
2 3 v * e IH NMR 5 Bruker Avance 600 spectrometer
(Bruker Biospin, Germany) 4 jf| programicT™
One-dimensional 1H NMR spectra were acquired uaistandard
NOESYPR1D pulse sequence (recycle delai#990°-t,-90°
-acquisition; XWIN-NMR3.5) with a recycle delay tavof 2 s, and a
mixing time of 150 ms; The 9@ulse length was adjusted to ~1&5t
-1dB and { was set to (8s, which provided an acquisition time of 2.72s.
For each sample, 128 free induction decays (FIDewellected using
32k data points within 10 ppm, and the total datlecting time was
11s. Then FIDs were multiplied by an exponentiaighng function
corresponding to a line broadening of 0.3 Hz, ahd tlata were
zero-filled to 64 k data points. The peak pickingsult and peak
intensity were determined using Bruker Xwinnmr31gomatic peak
picking protocol.
(2)FH A
LA RN ] e K,ért H,O . 5. (peak) % 2 (4.5 3] 5.0 ppm)t- #-
> #c 150 B 5Lz e 0.04ppm~e B = ] & e (bin)e #13 © A& ff =]
EENETARES 37/ 8- o8 SERER AL LR R s R S 8 2P S
- Bh(plot)e 4% — B &7 ey Bh(data pointip 2. T &% 3
H e &ecBE(B 3T TR (identity line))» o pFad ok B-dicdy BiE
FRFLAIT T AN BERCORE - AEFERBEREIFEE YR
I Fe i 183§ ey (Quantiles normalized data)™ 32t &) crficdy
(Mean scaling dat&) = % -T 32t & cadicdx (Robust mean scaling
data): f PFE 4 973 W &7 R FE T 6 0T 3214 (Robust
mean shiftjk 3+ & #& &k & T 35 o
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— BRI G o B EAEIT R TR AAL A

W

s
o

LR HTRET A BRI Epg -
AL F L Pk > Vg P - A PR -

PR Te A & A8 % 2 B8 4] B2 & 2

AKX FHRUAFERRE LN T8 SR T T EERE S

2g/kg % 4glkg 3 Balb/c ] B > 4 p % 12 % chEgg2 T o g
BRI EARE S AP R F] S B B Z R 5B 4 4g/kg -
B APl TSR A AR e AR 2 T A Rl L
¥R B M I e o
5 3°5-7 10% iR BT H E
%4t 2g/kg 2 oty MIREE  MOT R e P g > Cre T B 3R
ﬂv%z%w%4wmm?$ CEFPR e I R 0 e T AE 10 X
NP L PL AR CPT aRiA$T X2 5= X 5852233
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B s 4g/kg E_ﬂi WPt R ment Do e 2 {Senfkd BEE B
. AT W F BB E R RIS LT
BUN 87 <3041 P8 2w e % > Cre B vg i030 &5 22 44 P8 e 4p in2
GPTR| A _fjd® - % By — LA8$f > w2 fsfrx i 4 o
BN = WA
(- B % HPLC-UV 4~ {7 %

Aristolochic acid 12 aristolochic acid II# 7 — & carboxylic
acid F sk 2 pKa 2% 5 33 % 3.2¢ F i & 7 50
(reversed-phase) i¢ * & |24 5 4p > 7 % A5 = ¥ k& % (tailing
peak)’ ] pt é/]?ev‘ < FHns T R R RIS IR S G 18

BT LBEAR o KA o v)]?m% M EBARITE S DA
DAL .»&/,}%frffi?F"*(Lee et al., 2001)> ~#= 3 11 Chan% A #73 = 1
HPLC if i Zdednif i 7 A 47 d 303205 2 A9 &P 2 2472 %
F oo ANIE A B E PR A o 5 ACN )2 buffer pH# g i
fsTHE I Z Hd4p e i 0.7% acetic acidz acetonitrile &= >
57:43(vivy #ri¢ * 2_ /A 474 4 % Luna 5u Gg column, 250 x 4.6 mm
(Phenomenex, Torrance, CA, USAFigure 15 #dif b g2 T 47
## 3| e aristolochic acidk# &4~ 17 Bl > A PR F e 5 F b
T X P ek 4T Bl A T 2 Figure 20 B VR T 0 A%
i# = aristolochic acid E aristolochic acid IF 12 22 = &[ ¢ cqH {5 =
PR

(=)= B &+ F %%+ ¢ aristolochic acid b aristolochic acid Il=: i»

AT TR 25 TARERE A d LY E A HPLC & F
3| 2 aristolochic acid B aristolochic acid Ife @l @ = > £ B~if £ 5§
B L T g k&R -HPLC & 472 2 2 A 47 VM B R R 5 %
Bt o &4 47> % ¥ Aristolochic acid 12 Aristolochic acid 1z -
PR BAR RSD<0.24% > £ p F2 £ R4 RSD<0.97% - £ &
M2 AT 2 R RPIFES R £ 7 Table 1o S0k & RIE # [
% 5ugmLt 2 100pgmL™ > Aristolochic acid I% Aristolochic acid |
2t &M A 1t Figure 3 (14 & 4 #1F) > — e L W2 w jF il s
0.999 Bojg #t e i B2 P A I > el = ,};Jx % 40000 ppmz.
e B ES2Z " BNy B SRR S 7500 ppmz & &
AR B T R AT iR iR (F o 45 0 iR K 47 Bl om > Figure 2> 12

FH PR UV kg X 2 2R R R AT RIGE 70 o TRAT R R
WiE 2 B E SR v 73 aristolochic acid 12 aristolochic
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(=

acid lle b EHITHERT > #ad F2 R REFEF= AL
17o5d LA RBRERS AN LI SRR P P77 aristolochic acid
| 2 aristolochicacid k. )k & » £ -5 v ® &P 2. 287 4 5 >
2% A Table 2-

?\t\'. «:>>

)R 3 UPLC/MSIMS A 45 i 2

3l sir iz

AP ZZRBEE 0 cRBEALAPFF T HFRY AF LI Y
FtyE o itk o FHRY A 2 F I PP H
R ?@‘E‘l'ftl’mﬁyill’ 0

A G PENLS S B e AALZ AAIL A 30D g
AT AkARARY 2 e m4ssE L T [M+NH, ) A8
TR R 0 RIERLT P oBS BT 2 E o B AAL 12
2 AAIl *r 333 58T A% miz 5 359 [AAI+NH ) 1 %
miz % 329 [AAI+NH ;') 2 #5355 18 » 3 § 45 Jfrw 25 2
fars [M-H) 3usisg 53500 303 f038 T 2 385 2180 o o2
3 gy H ¢ A 7-m/z=359% m/z=329%4 %] it i AAl 2 AAll
2. g e

d 4 47 AAL 22 AAIL B Y B F 7 24£60-COOH 2 1 -
A AAL 22 AAIL 2 i f2 a4 dic (pKa) 4 5] 3 AAI £ 3.2-3.4 AAIl
3335 4 B AT AR IT E ALY 2 F T MR TR
b2 BARR B R ER SR A L FaRE R B E R
Boo B ABFERA FAFZEHRES ~ F BPRA TR
BUrR R EEEE > LT RFGEZRPEITIER > T LR
PRMFRAG T AT ARIELR R o AT SEPd AAL A S
(m/z=359) R #F 54 4 2 Ay 33 (m/z=298) > &2 AAIl = 3+

(m/z=329) £ &# s A2 4 2 33+ (m/z=268) iT: T &4 17FF
MR AT ENEL L HTHRY M SRR ERET > U ER
B g 20 B3 GEE o
3.2 K 47 i 2 2 B
Kite % 4 ¥ + #B37 b fedé IR 7 3 197k ~ 0.19%
FadsX -k A4p3 ¥t AAL & AANL #3 aglag B (Kite et al.,
2002y Chan 4 7= i 1 i 7 0.2% e~ 7 0.2% M 2 1mM 73
fede-kia ™ AAlL 22 AAIl 5. (Chanetal., 2003y ~#* 3 ** ESI
ﬁ B o0 2 50 pl/min i F B ik (infusion) »t R Y 0t R
LSRR VM Y g 1%6PA - T 7 10mM R
#‘nﬁ'lr'r'ﬁ&?frfﬁ7 Cs wi’uw“éﬁ;g_ BN TR F P OAR
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"7 1% & KA BREF TR f BRI A -F RS ST IS
A2 A EREP RN RI LN 2L 0
(deprotonation 2 3L %LsE & » & * 3 G BARAEF 2 i A4EK
IO I = F’a?ﬁ":‘ T B [M+NH,") % 2t 8 5 3% & 4% 2t
B riEBPT G HNT 7 w B AREE T 2 RApIB R 0 RS
RT3 2R % o

3.2 1% B3 % 2 E B

d 233 EREarES% 0 T ow s 4e® 2 R A00%0R ¥
[M+NH, ) s 8i3 #isacni®® > a4 g™ 73w 5488 K3
BUREEET o s w RGBS FE 2 10 mM fE L A%
(ammonium acetate®? 10 mM ¥ f 4% (ammonium formate >
@RS AR ek %‘rﬁ'iT LA AGRR SRR
?OpRA%G R AP B R I 2 U ELs R BT s a4 (Figure 4)
Flm B S EP10MM T Bhds it S B fp2 B iRz R -

3.2.2 7 #4pi5 B 2 E B~

x% * 10 mM ¥ a4t ShiE 0.3 mi/miniE i T oo A R g H
TRRE e HITIEITAEARY 3 BT RS P RERORE B
%%T’%“buﬁﬁﬁﬁmp%w% R ROE 2 A R ELaR
B wEPo v kiriEi2 3 4 (Figure 5) -

3.23 B Ri3 R 2 fakk &

d 3~ AAlL 22 AAII ‘*%ﬁ.v‘ LG ﬁ”"" -COOH £ F] » AAl ¢
AAIl z_ s fa3g ¥ #ic (pKa) 4 %] 5 AAI @ 3.2-3.4> AAIl : 3.3-3.5;
TRATFHAEIT IR 2F T4 o BRTIERR Y 2
kR ERF RS NAAFLEEREE BTR o S
¥ A A B s (matrix effecti? ¥ UPLC-MS/MS i s ia B ry
BoBEEUAFRESFINFEATLAREERELITE R
* o2 10mM ® ﬁ’xﬁ%&zpni’ » iiEk & 0.3 ml/minik —J:’T > bb
# pH 3.0~ pH 4.0> 12 2 pH 5.04 & i* #& #5% i i 2 UPLC-UV %
B 2 s drat o PSS > R pH .00 A R Ak

EERFanEfME R HEd Hie 203010040 22 AL
# (Figure 6) - Bif * H#4p 2 R P HIF R L5 10mMM 7 i
40 pH 3.0 (3% A)Z & % (33 % B) > 0-2 min: 34%B > 2-10.5 min:
349%-36%B -

3.2.4 A FTIE Y 20

ESIAw T oo gt iE 0.3 mi/minyz 2 SRz 0.4 ml/min

T IMELR AR o d i@ 3 ESI A T g ok g B
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#q—mﬁ’fgi‘g’ - N ESI AT Ry PriEd i 52 2 42: 0.3-0.4
ml/mine @ 2% 2% &1 > nik 5 0.3 ml/minig i T > o475 g3 1t
ARRFCE 0 FORGE OB MEL > i * 0.3 ml /mini® 3 K 47 ik 2
Arig H 2 iRk o
3.3+ k Sl Boif

A 45 B2 g3 (AAl D m/z=359: AAIl : m/z=329)
73 33 #F4 (daughterion scary 2B~ fsp 2.+ 5 &
u) % AAl 1359 -> 298 298-[M+H—C02 )~ AAIl : 329 -> 268 268:
[M+H-CO,']) » #-2 3% 5 T & A 47PF 4 2.2 F 33 5L e (7
BRI R LIS 33‘&»1’# o ERGE IS RTIEE T RE
A * EHF BT R (selected reaction monitoringSRM)
DR s M RAPFE TR AR L B ER
B2 FHKES -
3.3.1 3% 2 E B

B EERZHE4p0 A B3 0.3 ml/minz 0.5 mli/min#s 4p
i T ot ESIE APCIEL B B - F S5 8T 030 & kA
Biri T > ESl 2 g3 gl kg~ 3t APCI ™ 233 285 (Figure
7)) Flm A F k1 ESISF 4w ieis ?Fg i® kﬁﬁcF%ﬁ’fbti (EER- S
(1)# %447 /& (cone voltage V)

BRdsh T RTREES T AT 2 RiG4 s
5lm MR G4 o A T RAPRATIEET LR B2 RS
487 AT MELRE R RS 0 H3Y AAL & AANL o A w1
15V ~ 20V ~ 25V & 7 iE B~ o i 5 A [F (Figure 8 #riF o
TR SAL TR AAN B LR R o 2 P 20V
ME T T B BosE ,#ﬁﬁ?AmTﬁ+ﬂ%n2m/wwﬁw?
15V ~ 25V 5 P B dip el 5L 0 Fld ik ST R OuEH oo
AAl & AAII 9% B~ 20V -

(2)*f wmgE B TR (capillary voltage kV)

WM R A2 AL - BRRT AP
AERTHEY A FE RV ERZSFRF LB RS Y
TR SR LR R 2 B - # AAL 112 AAINL & B
2.8 kV~3.0kV~3.2KkViEi7iE B o £33t AAl & AAll » § =
%’7"‘F_"f§4":’>0|(VFE 25 R g o Fla L g;g;‘;/&
e o 5 H 30KV A BiE o

3.3.4 &% £ (collision energy eV)
ARFNERNRBAFREIECRFZTLE O XTI F A
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REF - &AL FRI/T NI RIPFDERY T §
BEw B4 D 20eVEE - AAlL & AAIl 22 33 I 3d >3 B3
AR DB T G A B SRMAEN T A0 1R 2 3 S 2 g
BAepess o Flm pdg Fa £ eE B > 4w E 3 8eV - 10e £
12eVT™ 2 3555 B o F S % o o AAIL 2 B 10eV i 7 5

< B > @ AAl 2 ELR 'J*vv“ 12eV:iE Fld + (B > £ ¥ #4 AAl 3 4
FLAE 8 b:'E"_jL 15eV B » HA 5 P AT % o Flm a R F o £ ongEB
F oo A ulEE AAl E 12eV AAIl % 10eV-

3.3.5 2 3 # % %88 & (desolvation temperatureC )

REIBBFME F ORI R S g D4R
o AR AR TR Fom g o BB PTGt o R SR
E:;pa@ » & w3 3500C ~ 400C ~ 450C ~ 500C ™ » 3 AAl %
AAIl 2 3+ 555 B o %M X2 A FMER S
B ULy e g F o a5 R R & 500C B - AAl 2 5| B
FHAE o AAI 2GR G LT E R RERERT w5
ArZ AT A AR FRETREFR S RT LA F 6R
3 B is B A50C it 5 AAL 22 AAIL 2.3 73 8 A8 A iE & o
3.3.6 #t+ JrE & (ion source temperatureC )

WS RIS Bl AR AY BRI RAMFNE
enh it P BEARIERF > RHEFERFR A Y
w3t 80C ~100C 1 2 120C T 2. 2743 5 - F k25 &
T SEFE AL ORUE R GRS 0 LT MR Ak d o 1 80CHE I A
i A HEHAAAN 2 80C T P A2 st LI G 0 Flm Kap
TR R K =t 80T o
3.7 —i 2.\’?]:} 8 n:# (desolvation temperatureC )

| 2. EPMECESP Lff\//‘ui #% B4R AR 0 R S R f
AP A e engE i T%"ﬂ/ o i £ ik 4P TR 0 A B3 AR F % i iE
*+ 800L/hr~ 900L/hr~ 1000L/hr~ 1100L/hrif ¢ T 2_ & $7 3 20 55 o
SERBT O EFI BB G IR DM A P PWELRR TG T
LAk d > B E BB @ 1100L/hri® 5 2 73 ) 5 Mond 15 1% o
3.3.8 #F kI %k 42 RS

B RE &4z BREEAR 5 B8 N R 5l

DRI R I R4 Fanpegts B 5 3mm > 4mneE Smm o vt
P B35 o B R A 0 F HEEHEN A L SmnfF o AAL & AAI
2B UBLID A Mg TR o BEOR A R R AT R o A
ERmEgEIE > RS EPRERENEZ 4T i3I RE K
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=40 B pEAE o (Figure 9)
345 iz £ F7iE 2

FERPRETHRE FHBAAF AR HRiFER LA pH
3.0, 10 mWF Eeds-kiai% » Bt 2 % » ik 0.3 ml/min. # &+ 3%
B8 5 10-2 min 34%B > 2-10.5min 34%-36%B- &t & % Sl »
Argear 104 dap i é‘wv\

5ok i iffw F R v?%i*%?%’ﬁt(ESI) 6 e d
;¢ (positive mode - ;’»_‘? MAEEF R T ORI (selected reaction
monitoring: SRM) 1 jpl4F * 33+ (parention % & {7k {4 &
4 2.+ 33+ (daughterion : %gtb Hrtrr&im g mdr o m T
B 8P 5 &4 T B (cone voltage 4 %] 52 AAl 20V »
AAIl : 20V zide 3 v £ (collision energy ~ &) 5 AAl @ 12eV>
AAIl : 10eV: £ g 3 T & (capillary voltage : 3.0kV » % B~4i
% /& (extractor voltage : 3.0V > RF Lens voltage 0.0V ; &+ /7
& (ion source temperatuye80°C > 2 ;% #| 18 & (desolvation gas
temperaturé 450°C 3 73 & % #8/:# (desolvation gas flow: 1100
L/hr > % 548 % §870 @ (cone gas flow : 50 L/ml» 33 ke % 5
éaF’*&mﬁA mme £idg % # %87 :# 0 0.13 nL/min; LM Resolution L
13.0° HM Resolution 1: 13.0° lon Energy 1: 1.0 Entrance: 1 -
Exit: 1> LM Resolution 2 13.0> HM Resolution 2 13.0> lon Energy
2 :1.0> Multiplier : 50 > Bif it #F 2 T #7180 2 B3 & 47 B A o7 >0
Figure 10-

* 7 8 % UPLC-MS/IMSzE = — 2 p-i ~ g ? Facans 45
20 B FAALSAAN e3>t 100 s E R el s g >
Bt 37 B Lg% 2 frvﬁfﬁl ¢ AAIL 2 AAIl ehz & &~ F70

’IH”\%M FeE @ T zlwwffw AT A FTRER 5 10 4 40
foeo Rt A gty o @ % LC/MS 12 2 LC/UV ZE 45 T ébug
EHferr stz 2 5 Z@HI0 11443 60 Ao\&%u }
FE AT TR A ;a#&x—ﬁnw Wi e 475 A&
AR RO S K ATIEE 2 TSR Sl 1Y 2 (80 $1T AAL 2 AAL
AT R 4wk i 0.14 ng/mIZ« 0.26 ng/mlr'v’m’é BT o g A
i i m% 2 95 LCIMSIMS # § 4p it > = e i3 4wl f
AAIl 2 ng/ml ~ 0.25ug/ml # % 2 AAIl 2.8 ng/ml ~ 15ug/ml # % &
BRI > AL AT E R ATR BT P W @;gw Z.3 5% 10 &
(Kite et al., 2002; Charet al., 2003; Leeet al., 2003; Yuanet al.,
2007)-
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MY RARFIEATR 0 LCIMSIMS & 453 2 gt At Bl
® AAL 2 AA N 2Lk R 247 0 RFPNF AT P RIS RS
THERTIPIPHE R R a BRI e 2
PR RN A 2R ERGLER AR Y N Y 2 2 AT e

= ~ 3R 2 47 (metabolomics analysis)

i fﬁf%ﬁﬁ(Metabolomics)%t BEBFTFT 2 E > vENMBE DL T

oo mmATA S i > T2V e E e et BB A S en

55‘(] 4’\'* BRI Bk R R «pri' B R iang o

Poav REHEA T B J&mlu\%’%aﬁ » NMR 2 MS:NMR £ 3 & &% a2

MEZ LRPEFEL MSET B3R F ﬁ’ﬁfr)i:m%@&«’ TEE G R

A SR ek A R 2 Pﬂ@»;}ﬁ it AFT Y H AE T B RS NMR 4,\1;:m &

E o] BUBR » #-0rinid 350 NMR Fglpﬁﬂif‘fﬁtlsw # PCARYT =&

A}iqt;}ﬂ%%z\.& °

Figure 11% 7 %4 72 b & £ 5 TR 2 vpfd < BUR PCAR >

%zg%;;a’;— R 2 & FAp RT3 P A& Figure 128 1. +:§ BN mévé‘ﬁ—‘ri

ez BURRAHPeLEErg 2R 0 e 2R RV AT H

?‘* Mg = g0 Table 3% 13 = 4 2 NMR gL » 2| H 7 i ehit &

+ 4 Bt Table 40 gl i § & 4 e ged B4 42 4 FodpdRdp # (Zhang

et al. 2006; Lenst al., 2005)o

g3 R A ER A PR F R O e S R

%&Lﬁuﬂk 2 ’“v\%l‘}j'\ﬂhﬁ FEEEFE R REEFTST o B3 RS

I
=

-:mIL

e A £ 8 &"ﬁ&%ﬂr}n« A7k X #7182 PCA Bl 4 7+ > Figure 13 %% &
TERZ A SRGRY AP E AT P A g fpRt e F A
fﬁﬁ%ﬁj%i\ﬁ"‘&zﬁﬁﬁ- TR e

oA S S T RREEURIREF R AT 5 EERE D 2236
mg/kg @p % *+ aristolochic acid 17 £ 5 60 mg/kgy# » *+ 4815 5 8 % ff\m‘z
R e didles PRLE > LE 10X {2 > 1118, 2236 mg/kot &
aristolochic acid Iz & ﬁ = 30, 60 mg/kga‘i 2 PR PSR R R B ] e
Jaﬂ’mﬁaﬂmﬁﬂﬁﬁﬁwi+@ﬁﬂo°
2~ @42 B¢ CYP1AL: CYP1A2%2 NQOlz & 4 {7

¥ fedp A g 5 SR [ ¢ 2CYPA50 isozymes CYP1AL - CYP1A2
NADPH:CYP reductases> peroxidase 4~ prostaglandin H synthase
(cyclooxygenase) 12 2 — it cytosolic nitroreductasésDT-diaphorase (NQO1)
% xanthine oxidas‘é‘]ﬂ,;fi £ A5 Eepe e 4 (Arlt et al., 2002; Stiborova
et al., 2003; Stiborovat al., 2005a) Stiborovas 4 # # 1 EZR > 325 NQO1L
ARG eR P f F B EAR 2 F I ahd & i 4 2 - (Stiborovaet al.,
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2003; Stiborovét al., 2005b): @ CYP1ALl~ CYP1A24t 5 & gps o i+¢ 2. %
Lo PFEA G 04 4 (Stiborovéet al., 2005a) 5t A FH P > A g
B = 2§ 2_cytosolic fractions &+ it = 1 & S F 1 ahpk 2
(CYP1Al1l-~ CYP1A2% NQO1)j| * SDS-PAGE Western blottingg 7 = & 4
o BRZHEAREETI 2 pRE o

FIPp o 5ok > NPT RR A RRISEHE - &S S TR TERF
SR EA MR T ES HEROFTHRPS 0 & Y Wistars B F 4 o e §_F]
% aristolochic acids mixture (90.9% aristolochic atidnd 5.7% aristolochic
acid I~ B¥7A2 4 T3 P32 P& > 2T IEEFE T T rdr o TEA
1ML P E-ABPIREEFE BRRPES) REA SR FRF o

KR k2SS 7 uEp s CYPLIAL 2 CYPlA2 &k s 5 TR
(aristolochic acids mixture , 90.9% aristolochiadadcand 5.7% aristolochic acid
) 2. = &(Wistar rat)yi#+2 §- ¢ 123 P hgm 35— 2 £ 305 1 % NQOL- &2 #%
piFY s P RAR AT Y DA REICG B ERFA(Fig 15)e A ] &’
(BALB/c) %32 ¢ » 2 45 4k s 5 KRk > CYPIAL A RID1P %sp
(CYP1A27‘ %'Eééf’siti’ifﬂ‘)’ mE Fla B ELRERBTZ A RA G X«P
e BB ERfoAL B FA- R o NQOL Ai+d & JLenfia) 7™ & <
RE%E-R> 2 4aFY NQOL chi ME R AK K » Frafies § TR

"ﬁ PR (SR )3 % 017)(Fig 16)-

AL PRFRABKERET B EARE Y RT AP BT S

]L | Rz ¢ F (X2 53 )RR i P& - Stiborova® £ 7 3% ) i
Foo s NQOL 5 #4 ?éﬁ'—f"f”’s"'—"ff'g"“l 7B ESpz Bl R
- 0 NP R S dp 1 NQOL &) & %’““ i I B HFF g AT
w%’éé%ﬁiﬁ%1~£a%m%
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|

w Hi

o
ﬁ“;

B8

d 7 mlfaif%&% Z% &7 0 v PR 7.5 mg/kg aristolochic acig|
REET L EBUN 2 Cref dg= 3 ¥ 5 5 st end B 2T 50
H2d N cHPLC T B % %87 5 £4¢ #Fh kv AAl 2 AAll 93
> w5 2682 1.6 ug mgtc A ERBE Y AAl 2 AANl s B AW L 37
%2 0.2pg mgte 11 5B &4 ¢ # s % (Aristolochia contorta) 310 F] 2236 mg/kg
(#4p § >% aristolochic acid Iz & = 8.3231] 60 mg/kg)y PR %= Balb/c | Re%
o rdRleEM AT > A BUN 2 Creatininesndicie ¥ 2 + 2 » ko1
B RE T 2B EAT T 54T R Lo A A MRRMES ) BAT R
BE(z B T2 785 S8)RE S 2 gkg 2 4 glkg &7 REGR R
aristolochic acid I £ 3 7.5, 15 mg/kgy % 12 % &ye g2z T » £k & 48 % |9
oE 2. BUN S IR At $E B 2 eI % > creatinine™ & &y 5 ILE §F 2
it GPTaRAe » G W W e NP & ent 2 5 e F] GTP
IR F AN St e TN S LR S B B2 T4 g
U

o

A

W E

\wkm ‘%’; 9

TREETARISCTHBERET &I ;S EAREC B F
M2 TA4pG L8 $ S LB nFE 0] FRF o

ALV RRT ArkiEd ¥ FEL R €3 % %HP.CCMPI6-RD-044
ﬁff—"-l‘fip ;E\EEI’ it 2‘\‘;}‘1‘%,5'11}:!‘? VIR = 1’
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Figure 1 Chromatograms of the aristolochic aciaht%adszu(A). Mobile p%se: 0.7 % acetic
acid /ACN (57:43, vlv); Stationary phase: Luna 5 €lumn, 250 x 4.6 mm,
temp., ambient; 1 ml/min; UV detection, 254 nmylSample.
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Figure 2 Chromatograms of crude extractidf# [+ #4 ;F (A) and & % 4+ (B). Mobile phase:
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Figure 4 Comparison of signal intensities undengiammonium acetate and ammonium
formate as the mobile phase buffer in (+) ESI M&sueement.

8000000
0 Al
6000000 |- B ALl
=
5
£ 4000000 |
2000000 |-
. M-

ACN MEOH

Figure 5 Comparison of signal intensities usindedént organic solvents as mobile phase in
(+) ESI MS measurement .
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Figure 6 UPLC-UV chromatograms of (a) bu-fei-a-tamg and (b) ma-dou-ling obtained
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Figure 7 Comparison of peak areas of AAl and AAjtained in (+) ESI and (+) APCI MS
measurement.
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Figure 8 Effect of cone voltages on peak areasAdfaid AAIl in (+) ESI MS measurement.
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Figure 10 UPLC-MS/MS chromatogram (SRM) of AA | aAd Il obtained under optimum
conditions. UPLC-MS/MS conditions. Chromatograpluienditions: A: pH3.0,
10mM ammonium formate, B: ACN. 0-2min: 34%B, 2-10v6n: 34%-36%B.
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Figure 13 PCA score plot of NMR spectrum of miceneirsamples at day 1 to day 10 after
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Figure 15 Expression of CYP1A1, CYP1A2, and NQOf1hm liver and kidney of rats treated
with aristolochic acids mixture. Protein extractemhi homogenized tissues were
separated by 10% SDS-PAGE and analyzed by Westetiin using either the
anti-cytochrome P450 1A1 polyclonal antibody (s@88 Santa Cruz),
anti-cytochrome P450 1A2 polyclonal antibody (AB224Chemicon), or
anti-NQOL1 polyclonal antibody (sc-16464, Santa ¢ruz
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Figurel6 Expression of CYP1Al, CYP1A2, and NQO1lthe liver and kidney of mice
treated with aristolochic acids mixture. Proteitragts from homogenized tissues
were separated by 10% SDS-PAGE and analyzed bye¥vdslotting using either
the anti-cytochrome P450 1A1 polyclonal antibody-9828, Santa Cruz),
anti-cytochrome P450 1A2 polyclonal antibody (AB224Chemicon), or
anti-NQOL1 polyclonal antibody (sc-16464, Santa ¢ruz
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Table 1 Intraday precision and interday reprodlitybof peak area for AAI and AAIl of
HPLC method.

Intraday precision (% RSD) Interday reproduciii(to RSD)
Conc AAI AAlI AAI AAll
5 wug/ml 4.23 2.94 1.92 2.01
50 wg/ml 1.12 0.96 1.28 1.62
100 yxg/ml 2.04 1.93 3.69 3.93
Table 2 Contents of AAl and AAIl in preparationsitaining AAS.
Compounds A 9% e 9 (ug mgh) 5 4 4 (ug mgh)
aristolochic acid | 3.749 26.839
aristolochic acid Il 0.169 1.638
Table 3 34 peaks in urine samples significantlfedént between group 1 and 3 at day 5
ppm p value rank(34) ppm p value rank(34)
0.96 0.026989893 26 3.72  0.001025426 5
1.28 0.018496001 20 3.76 0.000737163 3
1.76 0.003989003 8 6.72 0.008358383 14
1.8 0.045127244 32 6.88  0.020929284 21
1.88 0.030939305 28 7.2 0.025886107 25
1.96 0.006199618 12 7.24  0.006326223 13
2 0.034027113 29 7.32 0.023294434 22
2.04 0.000871499 4 7.4 0.036595317 31
2.28 0.048822945 34 7.44  0.046850044 33
2.36 0.009898769 16 7.48  0.003982053 7
2.4 0.017640085 19 7.52  0.000671998 2
2.6 0.003887738 6 7.56  0.005237988 10
2.76 0.02379303 23 7.6 0.016311661 18
3.12 0.029426248 27 7.84  0.025729419 24
3.16 0.009895902 15 7.88  0.005624164 11
3.44 0.014161552 17 7.92 0.035122285 30
3.68 0.000656347 1 8.48 0.00499013 9
Table 4 Postulated chemical contributed to thesdiaation
ppm Chemicals
1.36 Lactate
1.76 Ethylmalonic acid
1.88 Acetate
3.72 Glucose
4.04 Creatinine
4.16 Lactate
7.52 Kynurenic acid
7.6 Kynurenic acid
7.88 Hippuric acid
7.92 Kynurenic acid
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