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Research progress on rapid detection and separation techniques of aristolochic
acids in traditional Chinese medicine
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School of Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China

Abstract: Aristolochic acids are a kind of nitro-phenanthrene carboxylic acid compounds widely existing in Aristolochia species and
Asarum species. Because of their irreversible nephrotoxicity, the US Food and Drug Administration ordered to stop importing,
manufacturing and selling raw materials and medicines containing aristolochic acids in June, 2000. Subsequently, countries and regions
around the world have suspended the use of medicines containing aristolochic acids. However, at present, some drugs containing low-
dose aristolochic acids are still widely used clinically in China. In view of the toxic and side effects of aristolochic acids, it is of great
significance to carry out risk assessment to ensure the safety of clinical medication and people’s lives. Therefore, the principle,
application, advantages and disadvantages of rapid detection and separation technologies of aristolochic acids in recent years were
summarized in this paper, in order to provide scientific basis for risk control and safe use of traditional Chinese medicine and their
preparations containing aristolochic acids.
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Table 1 Characteristics of traditional detection methods for aristolochic acids
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Fig. 1 Schematic diagram of fluorescence sensor

RS D b T

(2) Bi: HAl, —EansobGBaiy
SRR TR PR R Wl 5t (4 B AT T2 AT . Wu
S0V B B G D) B A 1) 8 41K [ 7% (Lys-AuNCs)
VE NI D S8 TR 1, K600 ] 78 )LD N 52, [
RN 117.49%, 25 FuERf, [FIAS 0T 5 SR8 iR 1 ks
B RUFRERE . thah, fERIMT IS, Lys-
AuNCs il 85 AREAL AR AT I HR B 3. POl 455
PERG I SR 1o DAL, 4RFEDOAL AR N R 2k
YRRl 1 AR M 7 — 4 =0 B faf 5 7 i
Liu PR THE R T — Mo BB G [FRQ2,5-
TR R T BRIR)-1,4-7K LH-ALT-1,4-5 2 0),
PPE-OB-PEG ] 1EAZOGEEAS, HT SRR 1K
Forill o 45 5 PPE-OB-PEG (17 )i 5 5 5 FLAR TR 194
FERITE i B, H5 S YR 1A EAEFTE 208 1

BT, 6 YRR T A HA R ke R
7 D AR TR FE )9 1.00X 1077~8.00 X 1075 pmol/L
i, PPE-OB-PEG [%% 65 5 B Y iR 1 MR
B4R, PPE-OB-PEG W eAE KA N H T H
TSI RS R T D SRR T BRI, &h AR,
TE B AR 24 vp I oA R T BRI Ak A BK
W 7. NSRRI LR ATE T — il & 58
AR T I 2OEE RS (CQDs-OVA@AUNCs), Hi
///ma
R

-!E:_ °

LB

N

A

[ [ [ ]
.,

&1

‘-‘ B R

J&W) 7 ] )
n

IR 75 5 SR IR 1 AT € kil %
%ﬂ$%mﬁﬁﬁﬁ?ﬁWTﬁﬁ%®@%I&M
BRI T E 2 Rrlld e Kot 5 S e 1R
BUR AR o

(3) BERMBEAL: RIERES Bk
ROt MrEMLL, B Z I mr s
WNPOCAL A B REUE R ey Wi RSP
JRACAN R AR 1] BRI 122240, {HL[R]IN A7 (L — L8
JRIRRAE, K2 BRI oA BEASAEBEAT R I 70 b i 2 23
W T2t sk, HKIREMIE R
TR RHE RSP B T 54 WOt T AR E , BEif
P ECCVA R HEAT 0 A
1.2.2 ELISA

(1) MR R B . ELISA J&— Pl fa s 243
Brorid, 2T BN R AR TR -UA IR BT =R
VAR, KB S DU BT SE &, AR
A AT WS 5, R HE I B e
e AR LT T, SERURHRRI A (1) 2 A I 43
2526, ELISA #0 NR B dh 2 it %4 ImPRZ W
AT S5 M 00 558 S FH 4005 (4 < b R 127300, o
(K] ELISA 52 [l 3¢ 4+ Mg B¢ % W i i% - Cindirect
competitive enzyme-linked immunosorbent assay, ic-

ELISA), A& R R & K WK 2.

s
fighriiik

A

[ 2 ic-ELISA & [FIE
Fig. 2 Detection principle of ic-ELISA



FEH 20226F 107 $£53% B 198  Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 19

* 6203 -

(2) Bifl: ik, ic-ELISA #) 2 N AT
2y O YRR ARSI 0 . BRSSPSR T L
AR T B ST FE TR ic-ELISA J7 3%} v 24 K Ho )
AR SRR 1 3T T S ENE, SGREIN ic-
ELISA NS HATR 1 & &5 T 5 80 i
% INNATRE R T SRR 1 R Ediik 5 D
AR 1 R R A TR X R, % T 5 A TR
R R TR, ANk FRMERE
SRR AME o Li 55P2R FH S e A4 B Rl 5 1R 75 1%
e 75 B — P A S vk L BB ) B T R A
2A8, FFEESL T I 24 R T SRR TR T ic-
ELISA FluE ZEHTik40%. ic-ELISA X 5 AR 1
BRI, ey AT X AR o A AR R A A
IERRBR 2> 509 0.25. 0.5 ug/g, PIHRALE 5 min P 7] 3k
RRIEE R . %07 VEN] I S T 2 B SRR IR
T (P EISAAG I AN K S L 7 02

(3) WHEMBEAL: ic-ELISA Kk EHE
ERREUE, BRI ng/mL 2%, HHHBTHUR
EeAA (e S AR 0 T A5 G B v B e R 3
LG R M i CUnoRe (aiyk . VAR it -

sk (CED

Fi 24T 77 1)

JEHTI

JREEBE A ) ML, ic-ELISA X% 20 Bk 4
PR, AR ] N AR EE K AR, T AT ],
BEAR ALY, (HHPERDIR . WAGAR P 5B, 2ok
BAFEELE M TN AT, XSRS 7
FR A o HIR, HUARI RCAAR X 5 Bt R ic-ELISA
SAFAETUE LS % V) AR 5 W 0T A2 A8 SR RE Y B
B SRR E B2 R A g ST,
1.2.3 CGICA

(1) BER A FE: CGICA J&— M LABEEE %
P L B BE BUR BRI R AR & 2 5 g Kk
T RUASNS W T (B 3) B, HoRG I R B Ny
PR SR I BRE S A b, R s AT R A R
MESHAGRE, WRERTP S AN,
WP s & EAF SR E R, T
AARA; BRSPS HERNYIR, Shrduidkl
AR NN, T 48657, CGICA L&A T
AR AU, S R N T 2 A I B8R R
T e M MBS RIE  itE ASIHE AR BRI 10 4
K CGICA N AR J 28 Fh 204 B0 % 501 S o 1
(RIS 00,

| I

Rriflize (T2

SEREAE o

e ‘

3 CGICA ~EEMUIE (A) FHHRE (B)
Fig. 3 Schematic diagram of side view (A) and top view(B) of CGICA
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Table 2 Characteristics of new rapid detection methods for aristolochic acids

I PR I T i SR P Az Ak
TOCARIRE R R ROAIR BRI WA AR R ARG WS
P AR AR T RS- AR E
ic-ELISA LN ) PN T A B KR R TAIR B A . EREWFEI
B NGy PUARTTRE S # DI R
FI R A AE OB BiLAR B3 5%
CGICA SEREMAT I AN E BT SE P B E A I
Foy BRAEFTRL PTG RE SR
NIRS OINTIREER. BRI, RGP IR ER . S

g MR, ZHEFEIN KN

SN AT




FEH 20226F 107 $£53% B 198  Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 19 * 6205 °

2 ODRERIBEEERLE

Ly YRR TR B R AR Y™ B R ] 1% SRR IR
245 S ELAFR A I R R o DB ES B SRR IR P 24 1Y
BE, EWAMRZ I FE BT T2, A
SN T HAR 2 RO B DL, e SR
AR, KB ERFABHER. Tk, CIRERS
JERS IR 7 1 AR (K U7 VA R BN A M A% Csolid
phase extraction, SPE) Fl i llm 5 i 4 A U2
(supercritical fluid extraction, SFE).
2.1 SPE

SPE & — Rl L A IR 77, XA A 23 3E4T
MBI PRt S B, SR R TR Ap A e e 1

BEEN— ﬁﬁ&oﬁi% & JE-AHHES (metal
oamme
L 411:'

.—.

S REIBUS Sy
(molecularly imprinted polymers, MIPs). B4 KE 1
KL #4 RS (macroporous adsorption resin, MAR)
SERPRLIZHAE S WEE B 77 S T v 24 o B SRR TR P ]
FHAEBGI RS, KRR 10 B w8 AR M A
2.1.1 MOFs

(1) MR oy B E LR MOFs AEHE BT
FIZSUARE, G < B T SN DL A AT
JRBC AL B RS, 277 B R AE Y, MOFs #4K}
PEON TR, A BB RN F LA S5 48 W] D A5 I ) J i
iseallTR Hﬁl@:ﬂ%nnﬁﬁﬁ%%@%#i
S TAER], AR I . Ho &
BRI S,

organic frameworks, MOFs) .

v v
- GBf
VarAZ]

B 5 MOFs nEE&EREE

Fig. 5 Schematic diagram of separation and enrichment of MOFs

(2> N JTHER, HORZ I MOFs
FARERL ] T o 24 vp Ly SRAR IR 1 70 B & 4R FJT . Shu

SEISOLE = REF B E] MOFs Mk L, /45 T HR
TR TS IR GRRL RIUHX 5 iR 1

=R P A EE R SR B R DX
POREAMR B R, S T B A AR, AT e 1R
Moy EEEH AP L YRR 1. Zhang S0 T
JE AL A T LA REAL I UiO-66-NH, Fll N-H L4
Wk R i B BRI T MOFs EA M KL JE#E I
%WEW%W%WMN,M%E%,Wﬁ&%WE
o ERR, rTHTH AR B RARRR 1S

£E . Fang S8 T ORE B4 3 5 %%@%%L
B IR MIPs [# 52 T MOFs #k} ZIF-67, 75 H
fE-7K (95 :5) KZHT 39 ‘C. 138 min KX 552
AR T R I 34.25 meg/g. KHH T A

R, 2 BRE. BRGNS RE S, AR
AFEFEEAIH 73 55 0.043 mg/g HYLRTER 1, [IfcR
ﬁQMWhMM%% W] MOFs # BLA] 52l 73 25
*%E‘l,nﬁ: /\
G)@E%%%EKE;Mmhﬁﬂﬂﬁ%w%
EU&%%@%%%%mﬁﬁ&ﬁﬁﬂﬁ%mﬁ%%
, AR G, SEEHLIEEE MOFs (1)) LA IR
W Y AN, BT DA EARERAAR S, X H AR
3 WD 2 I LR v PR R B R 0 R v o 3 M 3 B A
fE. {H MOFs MAEMEKFH AT E, 5T, &R
BT S X R URE S AR RIS . BeAh, SRR
13201) MOFs #1k}, HARMAIFLIE N 5% BE —L87E
G RO R T A VLER &R ARSI,
IXLCBR B T 2 AR LR T AR B ZE
FLIE, X5 SR = A 5, I%Lﬁ%ﬁﬁmm



6206 -

FEH 20226F 107 $£53% B 198  Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 19

X HARI L Wl L& BRER T AN FLIE PR R <)
AE PR, (HIX— IR FEA LA A (R0,
2.1.2 MIPs

(1) Mk fer SRR 3 B2 i Th
REPEIAAR . SZIBRFRIAILL H AR 7 s 4 # SR 1

NBRAR A R 2 MIPs [1—Fp 5k, HREE N 2B
BHUS, MIPs Hiaxr=A: 5 H bR s g i el
KNS TERFID) R AN RS, 6 MIPs HAA 4514
PRI B E AR 2 A P BRh #4211 o162,
K 6 BoR T MIPs il % id 2.

+ .
T I B
L T 1k B TR
%%ﬁlﬁﬁﬂ
Ve MR
MIPs

E6 MIPs fl&REE
Fig. 6 Schematic diagram of preparation of MIPs

(2) B Hil, BEpRshEEE MIPs |z N
T h BSR40 B LRI T . Xiong 5F10%0@
IR T EE A AT AERREYE MIPs, X 5 5
BRTR T R BRI PR RS I PRI A 7
BfE /1. KR8 SPE 4 &8 & S fa R R 1 B gk
B2 1, RN 79.03%~99.67%. 5K it 35264z H
K5 FERIEA R T -7 458 SiO2 KI5 1E
BEEME (Si0,@MIP NPs), H I H X & gass
P 1 v (PP B BB RHZE B PR IR B AR - K Si0@MIP
NPs HTIbs e 24 )1 A B H 5 GRAR IR 1 BB, W]
AR LSRR T £Br, EUEN 73%~83%. fifi
MELFZESILL FesOq NEUA, il 4 1 W% MIPs, F44
HRHT SR T WA, S8R, Hxr55%
AR 1 BA SR A R, N2 SRR 1
(15 B SRR T — i L%

Xiao Z566LET RAFT JUiE R GHA LD &
% 1 SRR 2T e EN 4% T MIPs, 7E45 251
TEER, WEBH 7 MIPs X 5 S BRI R ik £ 14 7
B EYERE, JEREE I M A E SR Ik B
I3 B E R T YR TR 1. Wang S5O71R H REHUMEAR 73+
1,10-FEMEMR-4- 38R £ 1 43 BNE S AT RL, &5
REP A NS SRR 1 MM /5 (812
mg/g), [FINF, XD YREe R 1 R I H AL = e Sk

WHIREST, I MRAD ARG E ) b B8 SR T e
2 1o

Ge S8l B BP0/ N IR R0 2 o R POLASEAR
il 2% T I MIPs, FE44 LA Ay [ AH 2 I B 55D,
T 25rp D yss iR 1 kB 5. SRR,
YRR 1 & HE 0k 16 fiF, REWERM ) B 5 ks
2 1o {850 OOV 1) R W& Rl A TF T —Fil s H
MIPs M H R 25 ARV FF AL h s 2 SR I 5 g
AR T IJTHE, REIR, ZJTTERENE S T YAk
R 1 Mss e, HEAEERER. HIER R
(HF o

(3) BEMIMM B S5 : MIPs HAT R E MmN
s, AFEINE . T SRS, IR, MIPs 458n] %
i, W HFRYR, AE s B ik
FEPER MIPs, M0 SZELNT HARYIR A R0 3. 1t
Ah, MIPs I8 HAREFIRBIPE, MIPs S84 7118
Bl RSP RN EEaws, Hik, feissss
PEIRAHFRYI R . {2 MIPs HRARFFAERIZ I, 4
RE TN Ee ARM A R PR, A RE 2 5
BB TR 1) 73 B EER s MIPs A il FERRAR 231 Ak
AMFLH S A el 7 EH#E K RIA s MIPs & —
ANEEASER R G, AR F7E MIPs
I B8 HLEN 2 FL N R Rt v AN 4 FH 700,



FEH 20226F 107 $£53% B 198  Chinese Traditional and Herbal Drugs 2022 October Vol. 53 No. 19 * 6207 °

2.1.3 BRYLKE

(1) RER F 20 B w AR SRR . Bk i —Fh by o
JZ 5% 2 2 5 A 1T BRI R s AR A TR B 3 A
B A E T30, 0 N BRERRGKE R 2 RERR A K
BN, BRYPRE T H AR HTIH o 25 5 4R 52 2 Pl

39 o
L0
5}‘,}-3‘.__*_.“ 3
§ & ¢%// 
n-mAf AR
ST o -
»3 g7 -
ixl
S : ’¢Qdﬁ‘57
{"ﬂ \
1.4 Z} S A TLAE

ARF (rom, 0 SO SRR
R BB, Be5b, AL (LA,
SATRVALIGAR) BB, S5 R0 FI0 L
FNFIRADRE LI, A RV I ks
I L5 L7 358 S P L 7.
5 ‘,a::g{,‘*i

i HEUAH FLAF S J

)'JJU/

El7 BARESBESERERTEE

Fig. 7 Schematic diagram of separation and enrichment principle of carbon nanotubes
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