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Abstract

ABSTRACT

Aristolochic acid I (AA-I) is mainly isolated from Aristolochia plants and is
structurally similar to nitrophilic carboxylic acid, which is nephrotoxic and potent
carcinogenic, and is mainly found in herbal medicines such as Aristolochia, antennal
vine, and viburnum. Therefore, it is important to protect people's health by degrading
the aristolochic acid I in herbal medicine and transforming it into a non-toxic product,
as well as detecting aristolochic acid I in herbal medicine. L-cy converts toxic
aristolochic acid I into non-toxic aristolochic acid I by reducing the nitro (-NO2) to
hydrogen (-H) on aristolochic acid I. However, this degradation process is subject to
many factors. However, this degradation process was affected by many factors,
including the molar concentration of L-cy, the volume ratio of L-cy to aristolochic acid
I, the reaction pH, and the reaction temperature. In this study, the optimal degradation
conditions under the influence of the above conditions were explored and finally
applied to the actual samples. Currently, for the detection of aristolochic acid I, the
most commonly used detection methods are such as high performance liquid phase, but
such methods are not only time consuming but also require professional personnel to
operate. Immunochromatographic rapid test strips, which have the advantages of high
specificity,rapidity and high efficiency. In this study, we developed immunochromato-
graphic rapid test strips to achieve rapid and efficient detection of aristolochic acid 1.
In order to ensure the validity of the test strips, we developed a method for the detection
of aristolochic acid I. In order to ensure the effectiveness and longevity of the test strips,
the performance evaluation of the test strips and the comparison of the results with
those of high performance liquid chromatography were carried out.

Firstly, AA-I was degraded by L-cysteine, and the AA-I standards were quantified
by high performance liquid chromatography after 1, 2, 3, 4 and 5 h of degradation, and
the degradation effects were investigated under different experimental conditions at
different time periods. By comparing the degradation efficiency under different

conditions, the best degradation effect was finally established at 0.15 M L-cysteine,
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volume ratio of 3:1, pH 6 and temperature of 60 °C, and this condition was applied to
the actual samples.

Second, the development of nano-selenium immunochromatographic rapid
detection test strips. At present, in the field of immunochromatographic rapid test strips,
the most commonly used probe is nanogold, and this study innovated on the probe by
introducing selenium nanoparticles. Colloidal selenium is faster, simpler and more
economical to synthesize compared to colloidal gold. The colloidal selenium prepared
in this study was prepared by reducing selenite (H2SeO3) to selenium particles using
vitamin C (VC) in the presence of stabilizer. In the preparation of colloidal selenium,
the stabilizer selected in this study was polyethylene glycol 8000 (PEG8000) sodium
dodecyl sulfate (SDS), and several orange colloidal selenium solutions with
characteristics such as uniformly dispersed, spherical shape were successfully prepared
by changing PEG8000, SDS, VC and H2SeO3. Later, PEG8000 0.25 g, 0.1 mL 0.1 M
SDS, 2.5 mL 0.32 M VC, 2.5 mL 0.04 M H2SeOs were finally optimized to make 50
mL of colloidal selenium solution. The nano-selenium was successfully coupled
with monoclonal antibodies, and after multiple optimization, nano-selenium
immunochromatographic test strips with a sensitivity of 2.5 ng/mL were prepared, and
the detection was completed in 10 min.

In addition, the performance evaluation of the test strips was carried out, mainly
focusing on the specificity and stability. In this study, the rapid detection of small
molecule toxins such as aristolochic acid II (AA-II), T-2 toxin (T-2) and aflatoxin B
(AFB1) was carried out using the nano-selenium immunochromatographic strips, and
the results showed that no cross-reactivity occurred. In order to investigate the stability
of the test strips, experiments were conducted under two conditions: 4 weeks at room
temperature and 8 weeks at a constant temperature of 25 °C, after which the test strips
were again subjected to experiments, and the experimental results showed that the test
strips could be re-detected after long-term storage, and the sensitivity was consistent
before and after storage. Therefore, the test strips prepared in this study have been
shown to be specific and stable.

Finally, this study compared SelCA with HPLC for the determination of

aristolochic acid I in Chinese herbal medicine. Sixteen herbal samples were tested for

\
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the presence of AA-I toxin using the prepared test strips and verified by HPLC. The
results showed that the results obtained by both methods converged. It can be shown
that the nanoselenium immunochromatographic test strips prepared in this study can be
directly applied in the field for the detection and analysis.

Key words: aristolochic acid I; degrade; selenium nanoimmunochromatographic test;

chinese medicinal
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1.1 DU ERRVELA

1.1.1 D545

YRR (AAs) RMFEIERMAK IR ALEY, T2 AT SR RHEY
Mg MRAR L RN, & AAs BIFLZ ™ R I Z P EE, EAEE
T T 2. SR, BEERFAF RS, 5 AAs 15 AAs LGP 21
B RN BUR RN ECR AR A RIS R N O ) 2 ik, SEOL 2ROy H:
2 AR IR, BARTL S AA-T S EIR S R gk ksl fR b,
LR EME RS, (AL DRI, IR R, fRiE, AAs 7]
Y RISFIARFIZER: Ty TR 1 (AA-D. YA TR Ta (AA-Ta). T YI44TR 1T (AA-
ID. BYATR T (AA-IID. YR Tva (AA-IVa). S HEATR IV (AA-IV),
XSSP X ) AR T e S MR = R N 2 R, Bk, fEHTE
AAs PIRTINAT 73 AT I, 75 2255 FEA [RI R A 2 (R IR DX ), DA DR RE 68 1R i iR 0 A g
MR D FU R IR, TR R 2, TR TR T AR 5 K. AAs
J AT AN & I 08 SR AR ) RN - R A A A B A S sy, IR A ) —
B N ELZTRPRLH T8 9T 2 M, Bl nieme s 185 « aRbER 5, Brikz 4,
OH LR TR B A2 B R P S AT S TRIT IR E L SRR TR
PP PR S e B 1) R S AE ke, — SR AU R B, AAs M H R B B R
PUWREE LB BEIMLE PRS2 MAYENE, A 200, SR, IXLEER sy
e g R E HHESREES, RFETSMHZEMN0. 52, SRR K
HATAYIAE & 2= 5 I R S b B T R B B H AT = e RV 2 [ 65
AAs PR BN DA RS RUE , HAEBRTEE AR E F IR Y AAs
TR, OAE AAs BIELZNSR AT L B ECERTS, HEAA AR o [ R
MAHATEED, 25 AAs EZPHRHEAR & AAs 2.

AA-T (1.1 Z—MEFBANRENANRE, %Xy CyHINO7, 41
B 341.27, #5SKZN 260°C, 1E 286 °CLLEA AT/ AP, & & AR FE-1-38
MR, S5KIEAE 3. 4. 8. 10 A/l v 42, T 52k . AR, 2SR
B B 7 HBRARRSL, AA-LER DIARIEAF ) H aeBlar o —oR IR
ik C-HIEN AW Hd, —uRRIENZERE - MRETRANRIRENL
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LERIRF L. FEMDERYERT B, AA-T BORXECAEK FRig iR, (HILREE AV 2 A LA
F RV, X HE R ESETEE. RN Z SRR AT . YRR
MR 152 5 SRR SR A AN At o JE A T & Bl = N & R RIRMFE N 8
FYRPL, 2T, AA-L R BAFERNAENR, AMICSI Rt e

ErE N EAEE RN T B BURFIEAR A gy,
COOH

OCH,
B 11 SRR T A4 i X

Figure 1.1 Chemical structure formula of aristolochic acid I

1.1.2 ORSRINEE

LSRR B (Aristolochic acid nephropathy, E#8 AAN) & —Fh ™ &E 1) 'H
W, VAP . BN AT B S BT XS T [ 44, AAN EEH
KI5 S R TR 1 R sl T A S SR TR LIS e ol ie, A
A & SRR A E e S 2T A R — 80, X2 AAN AT I
BLF R 2 — 12, TR Xt 5 b A B T s 20 d vy () L X 22—, Herp— ol
BERRA “ TR 7 1 B0 B 2% 32 A 1 0 A R R IR AT AR A
2B () AL AR ), DR SR AR PRI AR G L a3 i SR 1 S5 R T A 52 TR,
PR, 1200 FE AR AE 30 2 50 & 1) 5%, AE BRI T BE A B 2 I E
W, (EEERESASBIRERD . R & MR, RASFEEIEE
gl I8 p T ) e R M X O A AR TR T2 B X, PRI 2 A AT AR
IR T R, 6 Hh e R R AN AR g A T P R L0200 I GRS TR
B A — A WP VR I S AT 4R, IRT 1992 4RAE EER I 8, 1200 R
FE YRR B B I 2GR T RAIE A, gy Ak Xk TR E R A
o R, Jadkod, AP HA, EEL e, EE. EE, PE. sHE.
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RIS A 5 ] 5 XCER A N B b 7 IR R g 223N BARR ST ik A )
P AN AR A, (HESE b, — YT B R PR RO T RE I AR S
RN B ARAL , IXLEEE M B v R 2% AR oA R 52, JUHRERE TR
RS T, seAh, BT 2a T AT AR SRR N, VP2 Nk AT
T SEFASE FH BE 250 i, AN 1 AR B AR R B2 8 498 2R 5 Bl S R X () B 24 g 52
&, BT R TR YT LB S e i B s AR 0, SR, 7R B2 1 7 ) 7
R, R RR 2 P H & I ) o] BE B fa LB B I AR ) B e
i, YRR 1, vl DAEZMEY R ORI, KRN S H S SRR A2 )
B A T ARG, S DhRe Rt

FIREE ERE (UTUC) & —FheE WL 2R AL, il T8 d . MRE
BUE R B, AR, EERE D SRR R I B TR U BRI Y B
U AEE R FE R AN M A I A, X R, DR TR R R 5 IR B b B e 2 B AF
PR ORIREST, il T AAN BB ey 1 IR AR ) 238 oo, s 2
U NRITIR, BEIEAH AR, DLAGAINERE (COXD MIFRIAIGIN, N lEZ
SRR, RAERMNEF, fRERZE —HAERANA 5, KIET COX
I AR A DU IR BRI 51 & HIAE AL DR TR I B AR, COX fTAEIIRTZIIR = AN 3%
FRANL IR, XL FRAE A FA P GE . A O S o 3 A P A S5 I R
dE S BEAE R, AR UM RS @ COX At B AL W g i 1 e Ak AT 21 iR H2
(PGH2). 4 )5 PGH2 i8I A Rl S BEAC A EDTE AT S IR R 2R AW, 7 sl
iR % E2 (PGE2), HiFIRE D2 (PGD2), HiFIEE F2a (PGF2a), HIFIIRE 12
(PGI2, HiFIFFZ) FIMKEZR A2 (TxA2), fEXLERTHIARERMLEY T, KT
FlA1, PGE2 2B M COX-2 @AM =), i &l LA 3 5 Hifhls,

YRR B A A BURIE A, CHIESSIEmG UGS 40 o A L3N P52
= A P AR N0 Rz b, B SR TRIL Re I AU T A SRR I IR S X
e, IS DNA KAINE R, TERHRE R DNA IEY), XLEinayAy
Fe ke T R B AR, WAV EE D SRR IR B B B IEH 2R
FE e paltBl FRE ORI, YRR IR T I AH EIE 2 R B P B DNA &
VIR SRR IR 19995, p53 s — i B L ) IR R SR R, B AE NS E R4 &
KREEWIER, p53 HEFTRAL L 2 P iE 1 AR 2 A OGUOT R b Rz i AR %
bR S R S SRR R e R R LIRS A R 2, X R MR IS p53
IS BRI B DI O, 3t — DM KB, 105 YRR IR i AH OC I JR % b R
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p53 R RAE T R4, SEHILLEREY., GHRRREREERHASEZER
MZi)a, 3 pS3 HEFHH) DNA 4560 5k 3 MR 1) pS3 S REAH LU A7 TR 58
GV, XRHZIMEYI R e 5 5 SR TR IE 1 pS3 TR H K, IXLERATA]
Reox FEON MR 1) K A8

— IR, A H SRR RNN 2 FEE N E M, A, A
Wikt 04 11 BH A2 — P o S2 A 4 25 A0 2 1 0 0 B B AR 90, gid it — R A
RS S B HEAT R, b ULK. mTOR 1 AMP 346 85 (3 i 52 e rb i o6
BT Y AA-TIEE Z Mo TSI SRECE 0, Hh a4 TR 3 R
%, BARCRUL, AA-T £51EZRAATITEE I, S ECEAEUR BLAN LR A T
TP, W — i B AR AR AR, s B RN AR AN 2 A
I FORMERF BN, AVECEAIAEK. RE . NIEmRRL. SpeiiTr s
FANTTIHEAELZEN, AR — DR 2 Iae iR, 7540 M AE 3 A
HURAS N ER 185 2 R EEERPY. 7/ R EH D R IR Bm s A, RN
ORI E g BRI B PR TR AR, RIS R R R R R AR R T A 2
TE BRSNS R AE R A I N IR BE T4, BFFER I, WS B B TR R E T
SCEER, AR S, AW T AR Tt B T ez D e
ATR 51 R I B Y,

L YR8 g A 2 R R BN B O N R B AR, (RS
HREMZ, WHSEFERPHD RS PG (A S DRI T &M AR D
S I 2 B /N TR S PR B A ORI, R RS A X 8 B LISSS61, B SR iR 5
AR SR dh /N bR 2 BB LA R BT IR OC,  fEAB I/ INVE Rt R
T/ NE BN A YRR, SORESHH R Re 2 A SR /NS B i 5
FIE 2T A 2 TR A SR E BRI 2R (AR 2, DAL, 5 T 5 P 98 RE A R PR A7 706 T 5
LRSI B B IR ke o 2 O B AR FT,

1.2 PREFRE

AT T 044 I 1 24 f) 4 3 DA RN B BRI 25 Tie K R R, EABAE
+5eE. 3 20 4 60 FACFREEE RN FERIE T L PRRIRIG K 2 T IhEe
T DLR B 1994 4E LU B KT & B, ok W E K. X s H R iR
ST AER, JRERH T LRI . AFEEE . DEE . W, R P A
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(WHO). HE R IER 7ML (TARC) FIMEPH— L8 [FH K864, 75 2012 4F, HBR
FERERFFEHLM (IARC) Xt AA-I. AA-IT D, 5o 4% N BEEAT 1 V-ME, IEE AT
I EAFSE AN T 2B BUEMI0), 2015 FiR (T EZG80) Wt 7 S5 JE 3
2y, SR, 2020 SRR IXEE25 W) 0 S EARAEREAT 1 B Horh, 2k g
TIREE S AA-T (& BEAEER 0.001% (B 10 mg/kg), H. T ¥RE AR Al e
WAESL & A BRI M AT . Ak, KBRT FER. KIDE, HA
B SRACE AR O 2 HI A S0 o IX AR S B T R 2 R S A
Az A (R R A Sy A B 37

1.3 #M753%

HAr, K& E S aY SRR 1 riEa 2. P afEmsuime
W AMEE (HPLC-UV). B4NE Ik AL SR E (CE-ED) L FE X )%
W RS (ELISA) S0, iX U ik AE AN Rl A sk s, 75 EAR s
FRIGUIATIER: . 24, TREE LB R 2 5 YR TR 1 HIAH SR IR .
TRE O T 38 T R E 2 4o it A0 A s n 7 o 1 SRS R 11 HPLC A
W7k ZIERA A T 5, AR 58 0.3 mg/kg #1037
mg/kg. XK T BEAEIAR, RetEAa Rk S FRAA R T LR ALt S R
BRI Er &, IMEREE 7 AT B (e BRI AR i 22 4

1.4 LB SReiA
1.4.1 L3}t EEg

LR (L-Cysteine CAS Reg.N0.52-90-4) A& —FhJo 2 [ R4 IR 5
M A B EMEM R, AR SWRAEGER (B, T8RN 121.16, &
TN CHINOLS, #8858 220°C, N 1.197 glem® (19 °C) , A H/MIEIKE
¥, L-PamrtbzgmunE 1.2 frosl™,
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Figure 1.2 Chemical structure formula of L-Cysteine

1.4.2 L-3 B SERHI AL A

L-P IR 2 —FPER M . S AR T = R, R s B A o] sk
D20 2R EEER . —, EAEVBNEFRERNAEHRDIGE, 5 EARN
e PUEAIER . AR = REM VMG 55 35, MR, L2k
TR EA MRS SR, PR AE S B o S BORE T ke s LR, R,
EAE SR R 5 HAR 7 TR s, R EARS FHESEEARSH
/NGy F 2 [ A AR SN 2 A Z R4k, LRIyt iz N T A4
24 AR DL R A

PaAkiE, L- PR nT LOE b 5 s Bn] DU A B 10 S SR IR 1 3 N e
(1) SRR RERLTO0), 1% I A 1.3 FiraRtel,

COOH o
NO, < lilm
—_— TR

COOH

B 1.3 SRR 1 FER

Figure 1.3 Degradation of aristolochic acid I
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SN BT IC TR « A BT A A T, B AFAE S PUARARILEC R H AR o
T, W RE SR BTG 4R N M AT R 3 o WERAERTINZE FAFAE H AR
T, M S588WaE 3 ARE BT, IWmHEAT I 73 A A0 T BT 26
T38RI & A 2 o R I VAR AR A% Hadd B A AR 1 RE L T
BB BRI, W 1.4 s,
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Figure 1.4 Schematic diagram of the structure
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A AR TR PR RO ERDUAR, T T R B S R R A S
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HA CLaBab,

EEXN T o T 0 S B SR AT AR Sk, ORI SE S Ui AT . AERXRN T,
PUSBICE AR EDEAE T 2 b, o —FUWRIREE A C &b, R EERE Ein
N GURRLFARC I — P, AIFE s 2 558 AR T 0. IX R4t
SR TR 7 7 B BRI G R R E TR — (/N T o T PR R R IR P S
=N B R 2 BRI TIROMAFE R S, B2 SRR ISR
e P G HEPURG G R . Al S5, PR o bidE, HitA g
SRk (BRI C =90 4id, mARRESHRYURL &, SRS C
20, TR U [F B T 4o C 2R 19,

1.5.2 Bkl

AR (Selenium nanoparticles, SeNPs) J&—Fur MM KL, HEil & 5
ERTANRE (HaSeOs) Zeidid Jif s NiAS 2B, ML TStk &4, 99Kaik+
BAB/NIRAS . REFFIAEVAHBEU LR 2 T 5EM 0 F865 A, RS,
B MBS A 2 S AT, BN, W RIE AN L-Pih iR 55
I JF T LA S A € 77 AT DA 0 18 755 g oK AR 1 TS KN, i — AR A
AN [E s P RN REOR, BRIEEZ A1, oRAIRL 738 B L . LR 52 D)
S DRI 45 52 VR 87 A g KR — P 2% 17 B LG 75 I #A B 9 KA R
&G G g R AL, AR 7E DR UE R B R RTHR T i 2% 1K 4K 2% 1 Ak
AFEAR, XAEAFE T AR 7 1) S E MRt (SelCA) BA B m & BF AN
AT,

1.6 D5R50ER | HOPEMEASIRMA & B KR RER

1.6.1 SE15488 1 PR MBERTR R
Priestap Z5UVSHRkE | L HATR T FIEM N, BIXFH PR IERE R, A& Bh



B1E NS

PP IR A B H BRAE pH=7.0+ 37 CCHIZKIE T EAT, A e 75 H B SEAR K
B2 1. Wang SR L-2F B BOR A ' 0 5 SRR TR 1A IL B A 1 A 9 2
POCMI L FERIRIR T AT L. Sy IR T4t , At (\NO2) R RiEHAMEN
REER R, L- 2RI r] 0 R 3R AT 30 S5 A 5 JRAR R 1 2R 26 Ky 1, 5
JERR TR 1 G544 b A 2 AT A SR IR R, A2 i JE 4R KR (Aristolic acid) P71,
SR, 2SN, Oy 1 S I MR, T LIS AR FEAML AL SR T ik
SKHL

1.6.2 PRI B EITENMRER

Mees 2N 8 Al 49 K KL T AT B HUIR I BRANIE 5 AT R BT 1) 4%, I HLSRit 4%
R RAF. Zhang SFEMHRE T —Fh G BT E, T 25 e E 10 5 0 HOR A 44 K Fi
Wi, 27 VER U MR SR FR IS, FRTE 2R IAEAE T IR L, 2
FEFCOENE . B H EE TR . PR R AR AL LT Y R, XL 2 T e
G K ok T 2 7 FE L EH - Wang ZEPVIR T —FhIE Tl g Kokr 1 (1) G )% 2
Frorimizs, MR LSS e e SRR oA = K5 K, BAOPRaE =R
N AE ] LU I BRI SR A R 5K 4 . SeNPs, 314 H 541 MEL F 5w Bk 45 4 LA
Hil 2R Ak . ZIRAUR M RBER =, TR 150 pgkg LR IFEMHDIE &,
H HAE Gy A s AR A AT S 2] 1000 pg/kg F1 800 pg/kg HIF MY & &. [F
I, RIS B AN SEURER . GUR BRI [F) 205 K A58 YRR
R, T ORIEDR S SR HER M . BRIk 4t 1ZRAKE T — AN B M5,
B K AR e R A7 ARIE LI 45 R BoR, RIE7E IR R 1 4, Zik4i%k
VRS CRRR B AT 00 S SR HE R P o 3X — R ORI 7 (8 7 FH 3 A JERRIR T
fEFH AR . Zhang SFP2HRDT T AEFRRBEAEE N, AP MR IE J5 AR R AH A BBk
TERGR KRR (AR, HF LR T AR T2 B ER, Mg RE7R, £ 30
REEKE RS, Ko FEMES FEXEES @S i EAE B
TIERGE A UGN K URL o X g KRR A 1% 4540, BEARZIN 103 91K
Wang 558Ut F] -8R i 58 R AR BRA'E Dol 25 1 134 J557), JF45n SDS #1 PEG
VERFER, UL KA BURL 0 AN R 1 o ZR R T H T =R X w6
Fe % (CLE) Btaill, BT DAERE IR A K % 3 ng/mL [ CLE. Ih4k, &Sk
IGIGAE, 1ZARARSRARAT— BN 18] J5 4K TH B ORI . 31X — R IIA CLE [P
AEBR RS PR T AT REME, AT RO AN BRSE W Il ATk A5 212 R . Wang 55



B1E R

it

O3] A Al g oKL 7 2 1 Rk o, SEBe A AT & PO HAR RS e e A A 8
PR
Ry, A AN S0 2 2 BT IR AR AT AA-T 35 32 2 5F ATATHY .

1.7 MEENSAR

1.7.1 #EB

AA-l R—MEEYR, BEAEREREME. SURHEMEEREME, &% AR
BRI, EEDod e 7y A B o e i R 6 EH | i 24
EIR (FDA). BRIMZG & T m (EMA) FEBREER T (JARC) Mi&A
L Sn B TR () 77 22 A Ve e, (EALHE Hh [E7E PA B — L S [ AT L A
EH DA R R 25 P, B e 2g 4 n] DUE T BB A SE . K]
b, XPHELZ R AA-T SRR, RIS R R B

XPHELZG R AA-T SR I, T AR AR5 R 9 7 TN T

ST AA-T IBRAR, ALK L-cy B IRITIETS,  BARZ B R, (H
A AT P A S B 2, AR I TR] YK AA-T B C B, vl ORIE R
BEAR AA-T BTy R840

T AA-T BRI, A& GeA Rl 7 v B e e A, RSk 9% ), (HTE
PEAR . DUk s BT A S, B BV BIHBAG I . Bk . S0k, EDaEED
FHZEAR 55 o ASHIT F0K 35 IR T30 5 2L 2057 3038 1 4R KA UKL AR R b 04 LA
Hl G BRGNS, FTBEN FE N AA-T BB HEATRI, A R AR AT & Ak
fE R

1.7.2 fAIRAR

A TESE RN AT -

(1) e mR 1 B sk a et

(2) R IR) Bt A 2 A1 L FH T S B it

(3) PRIERT I JEAL TR T AN K G e JE M1 4R 2% AT 1

C4) B ] ARO T P K G2 S AT 1 AR 3 L - St it AR 38
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2 I YURSR T AR AR PR DR AL L BOHs HLRE A T S bR i B

F 25 DR 1 FEMEMR ARG H R T Sehrtt
oana P R

2.1 5|8

YRR IR — PV 2 Y A B EY), TR T S RREHEY
A7, REZERM-TH, e BEEEEAE0EN, JFH OE R E o L
(IARC) FI4 1 KBUEY), #U X NARAE A BRI, DR 12
—FPAE F AR S A B AL S, BT ORI R S, B
ANAE L LR B A A PR

LBt e BA MR a2, Ao S My I i i, R E A
FECHE B RS H AN TR AR IR R MR, WS O
25, B ERIFIA AL S Tz S TS, @ AT SR B AR T SRR 1 R ) T
FLRTR 1 AR —, W EMREN &M, —MA Loy FIBERIKE. 5
YRR 1R AR G, TR pH.

KREMEZENRN, HAAE 0-5 h Z WAFZFAX B IR TR | MR
e, ELARIR T BB AR S A, B fE B T SRR B AR . BT AR TR 1
(1 EL R B B T2 R AR A RN AR O H , AR S50 %) 5 SRR TR 1 B A A s 1) & =
K H HPLC %€ .

2.2 FEMNHFERESMR

2.2.1 EERFIFAH
JLP 3% A

222 FENHFMEE
JLF % B

223 EERFIEHAR
JLF % Co

11



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

2.3 LA
2.3.1 L-¥RSBEHI &

FREX L-cy ¥R, WfE, #I 5 mL L-cy /KIGW, BT 4 CUKFERAE. 24 L-
cy /KIEWIRFEHERL 0.15 mol/L, BT 4 CUKFEIRAENT, &7 Wiairl, Mz
KH WK L-cy SR EE A 0.15 mol/L.

2.3.2 D5EER 1 HOPERR

T A TR 1 PR BRI T

(1) R T EEAEARBER], B S BE bR i bR AR R B2 AR v
A TIA . A —E LBl s, g s,

(2) RAWEEAERARBER], B Eia B2 AR Ak i BB Dy AR B2 AR vhE ot
fF HPLC X 5 YE48 1R 1 britl i TARMGEEA TR, 21 5 SRR IR 1 Anifk i 6.

(3) BT B et , MA—E & L-cy Wi, B THIBH L,
S DA I8 BT B ST HE, BN — € 2 5 SR TR 1 bRk .

(4) N 1% KoCOs ¥, FAFH pH 4%l % 7% pH {E .

(5) fE—EiRJE FRAT M SN, BUEAE 0. 1. 2. 3. 4. 5hEHIER
VR T

(6) RH HPLC W& FFff 2 5 SRR 1 S &.

2.3.3 SRS 1 NI ZS 8RN W
2.3.3.1 D5R5AER 1 HIERTIBIBOE1L

EORELM N C18 (4.6 mmx250 mm, 5um) EREH:, JiiE N 1.0 mL/min,
PL 30 °CHEIRIERE, 20 uL ERITEML T, R MIAE LN G 1%0KES IR
IKVEWN 60:40 (v/v) 70:30 (vAV)s 75:25 (viv) 80:20 (v/iv), MLELH I&IE],

2.3.3.2 FriERhZR 94T

K REAE AR, W o A FE AR VA b i R A B ARG B (AR i, IRTSAE
V. 53— %4 50, 100, 200, 500. 1000 2000. 5000 ng/mL fIFE
VAV, S HPLC Sf Bk — 200K B ) AA-T R B I BGIEAT R I, 45 R AS ) 45 51
I K AA-T FE SR SR ORI AL bR, HPLC H TR E N AL R
AL ARHEIN LR, 2 ST AR RN 3

12



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

2.3.3.3 L-¥ SR ERERKKL

LWEEWF%%%i%i%M?=

(1) 2 5IFREL 0.0061. 0.0303. 0.0605. 0.0908 g L-cy [EA&¥y K, VAT 5
mL 4K, R R EE 4 508 0.01. 0.05. 0.10. 0.15M L-cy %W, BT
4 °CUKFHIRAT -

(2) BUEE TR BRIEEAt (S mL), 45NN L-cy 3%, B T-0 9
e b, (DL E R SR, FRI—E B B YRR 1 AR

(3) fE—EWE FIAT IR S, LR 0 1. 2. 3. 4. 5h JaBI¥EH
VE Rt 458 o

(4) XF HPLC ME M2 5 SRR 1 IS &, o SRR 1 M7
B S 8] 1 AR A 00

2334 L-¥RERE5 D50 1 (SFHEEREKE

L2 &R 5 AR LE AR Ak S 5620 RGN R

U)W%@$ﬁ%ﬁ%@%<hﬂ%/%MWUJw&ﬁ BTG
s b, I DIEE R E SR, R — e B S RIR L hrE .
B, N L-cy W05 598 Aﬁﬁlimaﬂﬁﬁﬁﬁkiﬁtt PN 3 1. 2: 1. 1: 1.
1: 2K 1: 3

(2) fE— iR E TR, BEME 0. 1. 24 3. 4. ShEHIER
VB R it #5104 o

(3) RHF HPLC ME MM 5 SRR 1 IS &, o SR 1 M7
Bt S [A] A2 A 100

2.3.3.5 F%f# pH BRI

B A pH B ER AL SR 50D 3R U T

u>m%@¥ﬁ%%%ﬁ%wmu,ﬂ%MAmeﬁ BT HE 14
e b, DL @R E SRR, TN —E B S YRR 1 AR

Q)MAKH%%F%&&%%M,ﬁﬂ%pHﬁ%%mzﬁmpHﬁo

(3) fE—E W TIAT AR S, HUREME 0. 1. 2+ 3+ 4. 5h Ja IV
VERFE ST

(4) KM HPLC M€ M2 5 SRR 1 & &, xSRI T Mk

13



52T IhYURAIR T BRI EI AL LA BCKE 3L B T S bR i R A

I s 8] AR AL 170
2.3.3.6 FEEIRERMKI
R f 5L P AR AL S 36 S5 R U
(D) BUSHF T BB (5mL), 28NN L-cy /KigW, BT Wi/
WP b, I DIAER RSB R, BRI — & D YATTR 1 brvEd .
(2) IMA—E =M 1% KoCOs 3 -
(3) TEAENRE T IATREAR IS, BUAR 0. 1. 2. 3. 4. 5h GV
VEFE SR o
(4) K HPLC E R Ja YRR T & &, id XD R 1 1R
I s 1] P 28 AR 1 IO
2.3.4 BRI FE R AT ERER
2.3.4.1 HEMmATALIE
RN SO TR RE A o R R TR, 7vE N S s B kR i
FIENUBRE, By T R AR BRI 100 H e 7ok, B B B aSss, 22 1k,
] 0.5 g SEFRFES NN 2mL HEE, PEIES] 6 min; 2 )5, FIFHE N TE O
BAE, 20min 5, BB EHAER EIFWRAE 0.22 um JEE_ It JER TR, FAH
FEFRE 10 15, SRIGFE MBI
2.3.4.2 ¥RHMER
BEARALUT I 2544 8 T A0 B 5 AL, R HPLC BEATAGE I, 15 HRE S [

[B] (4 B A 1 O o
2.4 SLIWEERS S
241 tRERNSEERS S

2.4.1.1 AEIFEhHEEL G189 H iR 5]

M 0.2 pg/mL AA-TARIES S EGE &, R ELGI N 256 1%k
BERR K AW 60:40 (v/iv). 70:30 (v/iv). 75:25 (v/v). 80:20 (v/v), *#H HPLC
K,  H &R A 4> 5008 33 miny 23 mins 18 min. 16.8 min (& 2.1 fi7). N T

14



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

528 ARG TN R ] X o e R0 SR BB I [) AR A A 52, R AT g 228 P DA et ] J Fr) 97 231
HEL, A SCRBUR BT L B8 255 1%0KBRBR KT 80:20 (viv). qikHIHE
A LU, AEAT I SERRARE fn i, 2 SRR F, ET HBIXCL
WG DL, oA AA-T Bk &

16.864
40+
=)
< 304
E
S 20~
2
(92]
104
I
0 I | I
0 10 20 30
Time (min)

2.1 il a]
Figure 2.1 Peak time

2.4.1.2 FREMZREN

AR 0.1 024 0.54 1.0+ 2.0+ 5.0 pg/mL AA-T F77E S AE N %3, A HPLC
NF AT R, CSRUET AR, 2 AA-T BbsdE iR E (B 2.2), S EE)T
&N y=257.8x-5.924, R*=0.9991, iFEZ TAEME& LM R, £2 5/
seg e, DAEARUE 2R 45 & HPLC A0 H AU T AR T 5 H AA-T B BARS &

15



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

1500 Y = 257.8*X - 5.924
R?=0.9991
]
e 10004
£
]
5
~ 5004
©
[¢B)
a
0 | ; |

Concentration (ug/mL)

2.2 hRiERIZE

Figure 2.2 standard chromatogram
2.4.1.3 L- ¥ B EBR R B K X AR R R0

43 3A 1.5mL0.01. 0.05. 0.10. 0.15M L-cy ¥ 5 0.5 mL 8 pg/mL AA-I 5
HEMEEAT IS, 5B 2.3 Frax. A 0.15 M L-cy ¥ V0 B 7R I B i 250 R o
4F, HAE 0-1. 0-2. 0-3. 0-4. 0-5h WF[AJEE, 2 7F4M# T 697.8+ 1084.6. 1383.4.
1538.3. 1596.5 ng/mL, [&fAEZRSHIA 34.9. 54.2. 69.2. 76.9. 79.8%; 1E 0-1.
1-2. 2-3. 3-4. 4-5h I (B B, 0 AlFfR 7 697.8+ 386.8. 298.8. 154.9. 58.2 ng/mL,
PR IA 34.9. 19.3, 1501 7.7+ 2.9%. BHETIERIY Loy VAR EIKE
M, PR, HREAE SN BT PR SR RIS . X2 R S Ak
FEED S, NN . MiEH 0.10. 0.15 M L-cy ¥R & 1B RACR &
£ 0.01. 0.05 M L-cy ¥ M & BB R Z R4 K, 7] Re A AT [ B
BIAE, BER SRS, MR RS s it R, R L-cy VU
BIRE N 0.15M, TSk,

16



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

—— 0.0l M L-cy

 0.05M L-cy
0.10 M L-cy
0.15M L-

1500~
1250
1000~
750
500 s
250

0 T T T
0 1 2 3 4

Time (h)

Concentration (ng/mL)

1y

K 2.3 Ji BRI A 2

Figure 2.3 Mass concentration degradation curves

2.4.1.4 FFAELXTBERRAYF NG

FIH 0.15M L-cy &5 AA-TARE M DA FEER LE AT )OS, 4551 2.4
fizme 2RI 0.15 M L-cy AR N 30 1 BRI BRSO e 4 B AE 0-1. 0-
2. 0-3. 0-4. 0-5 BB, o alf#f# T 697.8+ 1084.6. 1383.4. 1538.3. 1596.5
ng/mL, PEMEZRTHIN 349, 54.2. 69.2. 76.9. 79.8%; TE 0-1. 1-2. 2-3. 3-4.
4-5h BHAIEY, 40 IRE T 697.8+ 386.8. 298.8. 154.9. 58.2ng/mL, [&fRZE4) %)
9349, 193, 15.05 7.7+ 2.9%. HEIF1FH12 0.15M L-cy V&5 AA-T bRtk
IR LR RN, PR R bk R, ELBEE SO IR HEAT P A AR 3R BRI AR b
3: 1R 2: 1 BEARISIAER R 20, "TRE= KA L-cy ¥ EKER
L, AR 3. 120 1 ISR N ER AT LLEAT 78 00 I B, AN AR 5T B s A A
LU B A AR o WRE JE B IR SE SR AR AL I FE R 3B L-cy WWVRTUERIREN 0.15 M,
AR 3: 1, TPk,
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552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

1500
1250
1000+
750
500+
250

0 T T T T
0 1 2 3 4

Time (h)

1y

2.4 ARBLL B it 22

Figure 2.4 Degradation curves of volumetric
2.4.1.5 pH X FERRHIR D

FIH 0.15 M L-cy Y5 AA-1 brdEs UARRRLE 3: 1, IIAAFRER 1%
KoCOs AT, I BRI pH A, AT I, 453 2.5 fior. H
PRI 4350, A H 0.15 M L-cy . AL A 3: 1 H pH N 6.0 I, FFAECE
BUFs 78 0-11 0-2+ 0-3. 0-4. 0-5h WA B, 20 HIR&fE T 829.1+ 1273.7. 1575.8.
1779.5. 1849.9 ng/mL, FEfEZHR 758 41.5. 63.7. 78.8+ 89.0. 92.5%; fE 0-1.
1-2.2-3. 3-4. 4-5h B[] B, 2l BEf# T 829.1+ 444.6 302.1. 203.7. 70.4 ng/mL,
BRIy BN 41,5, 2220 15.1. 11.8. 3.5%. HIKIAT/S%0, N 41F pH Mty
FRZEMHFF N 6.0, 5.5, 6.5, 7.0 ZpH N 6.0 I, Rtk pH Mkfh.
FEJa SR SEER A R, a4 L-cy VR EIRIE N 0.15 My ARFR LN 3: 1,
PLK pH N 6.0, #EAT#E— A4k

18



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

2000
2 17504
E
S 1500~
= 12504
2 1000~
1
5 750
S
2 500+
=
S 250+
0 1 1 1 | 1
0 1 2 3 4 5
Time (h)
2.5 pH FEfifth 2

Figure 2.5 Degradation curve of pH

2.4.1.6 BE X PEERORAT

FIH 0.15 M L-cy 5 AA-1 brdfEdt DUARRLE 3: 1, IOIA—E&ER 1%
KoCOs VI, FKSE pH IRARIN E P& ARV pH B, DAAS [B] B3R B2 1R AT 7893
B, G5 2.6 fizn. HERER, MFIH 0.15 M L-cy Wl AELEA 3: 1.
pH 7y 6.0 HiRJZ N 60°C, MEMRURERLF: £ 0-1. 0-2. 0-3. 0-4. 0-5h INf[A] B,
Ay PREARE T 1149.84 1712.3. 1864.7+ 1910.5+ 1942.4 ng/mL, [EAREZR 73518 57.5.
85.693.2.95.5.97.1%; 1£ 0-1. 1-2. 2-3 3-4. 4-5h If [B] B, 70 HIB&ME T 1149.8+
562.5. 154.2, 45.8. 31.9ng/mL, [EMEZEE3HIA 57.5. 28.1. 7.6+ 2.3, 2.1%. &K
WEFERIN, R BRI T 0 I, PR S SO AR 25 3 TR o A STRAR 7T
e U B0 B A R I B, (HR IR B I 60 °Cox 7 AR 289K CHIEE A3 5
64.8 °C) o 5 M F IRl 2% B 5 YU B 4 B VR AR 2 3 BT[] ad 4 T 2 i SEZ o 45 SR HH L
LN TP
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552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

Room temperature

1750+ —— 40°C
15004 \ -~ 50°C
1250 \ . 60°C

Concentration (ng/mL)
=
=
1

-

0 . . . . —
0 1 2 3 4 5

Time (h)

B 2.6 T 5 B fige h £k

Figure 2.6 Degradation curve of temperature
2.4.2 SEPAFRBIER

WAL B S I SEBRtE i (RIS YR8 A RALRSEBRIE D AE NG, F
F HPLC A, 155045 H J5 46 SEBRAF S IR S PRI FE 43 711 H 3261.2+ 2567.2+ 2580.6
ng/mL.

FIH 0.15 M L-cy 5 AA-L brifES DMERRLEE 3: 1, IIA—EEN 1%
KoCOs W, FHREE pH iR 4RI E PR ARV pH B, DL 60 °ClJE 5 S bt i it
TR N, GRWE 2.7 . SEhrfeam S 5% (il 2.7 A, ££ 0-1. 0-2.
0-3. 0-4. 0-5h i B, 2 5lB&f#E 1 419.1+ 610.7. 661.2. 675.9. 689.7 ng/mL,
AR 51.40 749, 81.1. 82.9. 84.6%;: £ 0-1. 1-2. 2-3. 3-4. 4-5h i}
B, 4SBT 3382 191.6. 50.5. 14.7. 13.8 ng/mL, P& 51K 51.4.
234, 6.2, 1.8 1.7%. SEFRFEMAIE (WK 2.7B), 7E0-1. 0-2. 0-3. 0-4. O-
ShETIEE, 43 BIBEfR T 338.2. 489.7. 528.2. 538.5. 546.8ng/mL, F&fFZR45 7))
9527, 763, 82.4. 83.9. 85.2%; fE 0-1. 1-2. 2-3. 3-4. 4-5h A/, 235
BT 338.24 151.5. 38.5. 10.3. 7.7 ng/mL, FEfRZRHIKN 52.7. 23.6. 6.1,
1.5+ 1.3%. SEBRFEmAnE (W 2.7C), 7 0-1. 0-2. 0-3. 0-4. 0-5h A B,
ISP EAR T 349.7+ 495.5. 540.0+ 551.6+ 560.7 ng/mL, [FEARZES> 5N 54.2. 76.8.
83.7. 85.5. 86.9%: fE 0-1. 1-2. 2-3. 3-4., 4-5 h WFEIBL, 0 HIFEAR T 349.7+

20



552 YRR T MRAR AR PRI DAL LUK H R T SRBRAE A

145.8. 45.5. 11.6. 9.1 ng/mL, [EfEZF5358 52.7. 23.6. 6.1, 1.5. 1.3%.

B TR, =M SRR A SN AT, PR AR SRR BRI, HLPE MR I E
F 5 FRUE S ARL, (ER AR T HRAE S o X2 BT SEBRRE i TR 2 B 2 R T S ML)
BT, BERHEME L-cy #1477 RN, SFEURNEFK.

Y00 T00
=) =
- 800+ - 0~
E 700+ £
4 1
2 coo g soo
£ Seo+ $ o
F 400+ F 300
§ 3004 € 200+
2 2004 z
H H 1
o 100 S 100 {
u T T T T 1 0 T T T T 1
0 ] 3 ) 4 s 0 1 2 3 4 s
Time (h) Time (h)
’NW
- o0
E .
]
B S00
£ 400+
E 3o+
£ 2004
-
S 100+ .
&1 i
0 T T T T 1
0 1 2 3 4 s
Time (h)

Bl 2.7 SERRFES IR (A)SSES; (B)AFE; (C)RALE

Figure 2.7 Degradation of actual samples (A) Aristolochia; (B) Mangosteen; (C) Amanita vine

2.5 1+

Lcy fHI AR 17 20 2 FYRIERME— FA A IE R0 (%) EEm
RN BB AT, 12 TR, ST Loy B
W5 AR, ATy 7TLLS A SO AA- BN 32
M KR
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A FAER TR G K& I, — TR T Re g PR It BRI, R A
T BN e T A AR, R T AA-TIRFE AR, sk LA F BRI
MO CRETH AR I e BAR S &, &5 R e R A HPLC W€ . B 48 HPLC &
SRERBAKISTE], (AT A T HIERTE], 75— @R L, B T 1% 70 5
55 R 5] o

TEREMREFEF, L-cy ¥ AA-T E-NO2 &5 N-H, fH15H N AA-1 B NT
B D YRR IRIR, (H2 Bk Nt FE ey 5, SECEEE N BT EOR I SL
W AEma e, A eedid R SIS PR RR 2, MR E T A LIS AT T = IREAT
S, HWRZERL. ERA Loy lERESEY, KIMREREBREN, K
R, A SR R A 0.15 M, &l TR T Loy i E
B fERAARRRLERS, ARAREEA 20 1 F 3. 1 fERONGER E3EAH KKK
Al AR 3: 1 RBSGE T 2: 1, wlRea R AR O ) B E; eIk
T EEIS, VA 2R 50 eI BN SEAS I s2 e A2 BT R IR T 60°C,
AR SRR 5T v R N SEIR R, 2 T B REIE NG 25K o AW TR F (a2
T IR, (BRAEZ JGWUERIART, FETRIN (A, 20 SEIRIGE R 72 . (ESK
o, OV AR 2 HEE A T BT R B, KR SRR AR T 200
ng/mL, KMIHEZFEEE T,

FEM TE SLBRAE e, R ISEBRAE il R 5 B T8 258 78 5 A I [R) B SIS T b v
i R RBIR R, AT RS T SERR R R U2 5 Lcy KA T RN, BUE &K
JREme 1 OISR . 2R HPLC g SEBRpe i, U6 50 [A] LA SEi, T A
— B EAC RN JE RN R A TR AR

KT BRI RN R, A TORESCER, KR ERR (Cys) A
AT AR rIsEM Y, BT (BREEE) MM, XEESE ERER
IRR AN (RS 4 8 R T kG 32, EFRARIS LT L-cy Al 540K &G, dIiigh
KEGHE S RIS . (HIESERREREF, RIY L-PME BRI IR AR SR
LSRR 1 IWIR G E— R, W2 MM A N Tn . M e RO R 4
SR, AT O RER N =3 KA T AR AN TR FIX
—IG, FRPLE AR HPLC Aill, S558KM AA-T & &IFR KA,
MK SRS B T, MK SRR Rt R A T RE . RN 1%
RGO TV 220X, Hean el S s I HT S U N BRI IR
E A, WO IR 2 K AR, FIH HPLC faill, (K105 ] i) S50 25 FAH
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.

2.6 KRB

KRERINRFE T L-cy FEfE AA-T PSR AE RN S, T8I SEL, R4 T
7£ 0.15M L-cy. HFEE N 3: 1. pH A 6+ 5N 60 °CHIZEAT: R B 5 B i if
T 25 A2 B B S FRe b o BLOR SEBRAE i 16 S B RICR U bR i A, (HAE—
EFESE L RELEAR AA-T A5 R A,
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