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Abstract: Alkaloids are a kind of nitrogen — containing organic compounds and widely distributed in Chinese
medicinal materials ( CMMs). The significant pharmacological activity and therapeutic effects of alkaloids
have been confirmed by a large number of research literature and clinical application. Due to global
antimicrobial resistance, alkaloids have attracted much attention because of their antibacterial and antiviral
activities. Quantitative analysis of multi — components by single maker ( QAMS) can be used to determine

multiple components of CMMs at the some time in the case of a shortage of reference materials. It has been
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well developed and validated in the QC and evaluation of CMMs for more than ten years since it was put

forward. Based on the investigation of QAMS theory and literatures in the past decade, studies on the QC of

CMMs and related preparations containing alkaloids by QAMS were summarized and discussed systematically.

In addition, some possible problems were analyzed and interpreted, in order to provide reliable basis for more

QC of CMMs and reference for the continuous use and in — depth development of this method in the research

of CMMs.

Key words: Chinese medicinal materials ( CMMs ) ; quantitative analysis of multi — components by single maker

(QAMS) ;alkaloid ; quality control

Hh 2 B A AP 2 1 2 AL RS2
— FIXE 2 ;2 IR E IR R A A A
Tl A E R N TE G R AR T — I 237
F A A S R 2 vk S
WG 5 e BRI AR R T AN FESE , OC
T QAMS WFFEIEARTE L w fAf EE ARG S, . B
HEOTE T B AIGH U S, QAMS 1413 I3 FEl A in
iz ALY R R ] e R
BT R AR T AR

W IEF 2 112 ( Chinese medicinal materials,
CMMs ) {1 8 BERE PR Ry, H 8 25 A 24 B MR A 7 AL
C B I 5 SCHR AN R FHUESE . TR 254 5
PR R R 5 R S B — 0w LA A 4 i 3R
H 2L [, 22 I3 e o B A 4 o A 8T B
FHITI AR 5T A BT R 22 R [ 2D
E T3V TR B S O T e b AR I s A
DAAE S B A 7= RE F I A A 9 ) A

WH5E R T QAMS 3k (1 B I BEfilh, 5 5% i HL
PR SCHEZEZR ST n] BEAT £ 1 [ A2 e B2 1 FH iy
S, B AEIZ TR AR DG AR 24 4 Jo e 45 o I v 4R
s 2%
1 EWMWERS RS mEIT

AWy A W) SR AR W R 1 1 R AL
Yy (INEIERR R B B R 4EE R ) ST A
RGP G Y, — BB A B IR I IR G
oy, A LB 5, T AR T B R NEERE R
2 RHEE XU AR R AR S AR ) D LAY
RIS A . AR R R P
FIRCE AL DT 1 A 58 R, R AR RS &
P G5 R 5 3 A B AT 0 28, R O B TR
A AR FR A 8 28, Hh RN A R AR &R &R
AWy AE TR 2 TR o A )T R TR AR AR W ) 2
A Wy KR B 2 B — 28, BN AR e 2 R
SERRE UL 1, LA T T R 2 R i o3 A e 2 B

QAMS A Al B o figp phe ok — Ml R, A SCE G ek TR 2,
R1 EYHEIERENER
Tab 1 Classification and structural characteristics of alkaloids
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Tab 2 Distribution of alkaloids in CMMs and corresponding pharmacologic activity
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Fig 1 Establishment,validation and Application of QAMS
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Tab 3 Application of QAMS in determination of alkaloids in CMMs medicine
2! |
B 4k W () P HIGHRE R T Kl 7k
‘ fin =1.6692.f,, =4.7301,
1 BEAL 2 Mk R (2)  JRBT R (3) , BEm(4)  /DEERR(1) Fu=0.7138 HPLC - UV
174 =%~
2 moAR ARG (2) , AR (3) /NEEBR(1) S12 =0.4995 . f,,, =0.4392 HPLC - UV
ARZELETR(2) EAATA(3) IBA(4) | Si2 =0.7014 f, 5 =0.7581, 16]
. o EET(5) MR fia =1.2727 f,,5 =1.3448 HPLC=PDA
. fin =0.3354 f, 5 =0.3091,
4 IR AR (2) , AL AE(3) /NRRLLHR (4)  /NEERRI(1) HPLC - UV
Fia =1.0060
BRI (2) K EBR(3) , ZARBE(4) S =0 12U =0- 694
B n2,éfﬁn3,évj 4), R - _ [18]
5 HhHA JNEELTE(S) . LI TT (6) /NBERR(1) fi 0-§597 JSiss =0.4556, HPLC - UV!!
fi6 =0.8375
6 K ZHIREN(2) , 5T (3) JNBERR (1) L, =1.2068 1,5 =1.0028 HPLC — UL
. ZREE(2) ARMBTC B (3) , RANBER(4), Sin =1.128,f,,, =0.994, [20]
! L IR (5) , B IT(6) /MR fia =1.008,f,,5 =1.070,f, ,, =1.025 HPLC - UV
. AEUNBE I (2) , 2RI (3) , F/NEE(4) ; Sfin=1.351,f1,5=1.094,
/- NEE - [21]
8 ko IR (S) , LT (6) /hEREBA(L) fia =1.304,f,,5 =1.361,f, ,c =1.451 HPLC - UV
., ZHARB (2) , F/NEERH (3) , FEIERN(3) , Sin =1.128 f,3 =1.008,
gl . _yvi22
? REA EIIT(4) BT Sfiya =1.070 f,,5 =1.025 HPLC - UV
10 KR IR (2) , L ETT(3) /NBERE (1) S12=0.911 /1,5 =0.934 HPLC - UV!?]
) ) ) ) fip =2.4537 f,,, =0.9783,
11 INBE R BT (2) , R2268(3) , Z5HR 68 (4) /INBERE (1) HPLC - UV
fis =1.0035
FERIREWL(2) , SHTETR (3) fi,=0.959 f,,5 =1.002,f,,, =0.973,
12 Bk SR AR (4) , SERFRITEE(S) B DR (1) S5 =0.663,f,6 =0.658, HPLC - UV
LA BN (6) , BARER(T) S =0.790
. T, T, Si2 =0.9655,f,,; =1.0518,
13 pNURA) S SEEHERRL(2)  RTSE B(3) MTHEE(4) SRR (1) : HPLC - UV
Sisa =0.9529
14 Tl ST (2) PO (3) FEL(1) for =1.1037 f5,, =1.1039 HPLC - UV
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EHERFE ), EAEARFE3), % fi2 =1.463,f,,3=0.687,f,4, =0.717,
15 HEHAR JEB i (4) , YT (5) , PUE/NEERS (6) 2%(”1‘) S5 =0.686,f1,6 =1.273, HPLC - DAD!28!
/NBERR(T) , BIER(8) - fin =0.239 f, s =0.206
. FUBSELIA(2) , FE3E(3) , o fin =0.517,f,,, =0.310, (297
16 P MARGE(4) , /NEERK (5) BUERL(1) 14 =0.790,f,,5 =0.540 HPLC - UV
B (2) B KHR(3) A8 S = 11736, /30 =1.1979,
17 0o L3I0 (4) R BEK 5 3k (5 3B 1) Sfun =1.0471 fs,, =0.9242, HPLC — QTOF —
- RS K (6) B m(7) for =1.2901 £, =1.3078, MS[30]
U3k I (8) T 3k Ji (9 ) Son =1.2859 f,,, =1.0948,
fin=2.798.f,,, =1.000,
W %?E%ﬁ)ﬁi@) ,"?LM%%W@), Jasyne ©=0.793 .f « =1.402 [31]
18 i 5 EH(4) BL(S) D B(6) MLE (1) Jia ’ Jis =1 , HPLC - UV
fije =1.566
2, =0.8455 f,,, =2.9032,
19 HfE T EAE TR BP9, T wame) VT S HPLC - UV
fur =1.3610
FUHLRIE (2) BLEB(3) fi2 =0.789.f13 =1.872,
20 F N - FILEFEERL(4) , 93 0(5), A Sm(1) Sia =0.408,f 5 =1.533, HPLC - UV
PEEAH(6) , =M A8 (7) fis =0.953 ,f,,, =0.409
21 i DB N (2) NMEZE (1) Si2 =0.8547 HPLC - ELSDP
- BRI (2) , MARBR(3) , ] Sfi2 =0.71,f1,5 =3.98, . (350
22 T [l B (4) JEBT R B8 (1) =353 HPLC - UV
23 Al SR L (2) H B (1) Joy =1.03 HPLC - UV
24 RIEHE RABINR(2) , RAH(3) RAEBUHH(1) 10 =0.02534,f, 5 =1.849 HPLC - UVE"!

QAMS A 7E & A= Py B2 v 245 3l 570 vh o 13 5
PR 2 v 1 R AR AR, 3 A O vh B AR etk AL
FE ST BRITE RN S, L NS 53
b A5 41 43 [|] ) RCF, K¢ RCF 1E 0% BOR B 1F
ML S B, QAMS 76 75 A 9 1 2K v 24 11 5] o
AR IT B4V I B 2 Fh R A4 AR
R U R TS AR, £ ST QASM XTI

e 2 22 A3 HEAT RIS 1 A3 A il A 4 T
Fhay b 4 ) JoT it B8 085 I DR 24 1 A 80 a2 4
P, T A R e 2 5 Y o s R R, H
B, QAMS HEAE & A= Wi 2 v 24 1l 5] v 1 g FH
B, R B R R R TR — ke
TFIE QAMS BRI E R LA AR 4 v,

F4 QAMS EREWWEM S HFAFIFI KA

Tab 4 Application of QAMS in traditional Chinese medicine preparations containing alkaloids

o ; g WZY .
5 2K D5 W43 (S ) (H2) AR IE T 22 3Rk
Rk FNEETR(2) , BERR(3) T Sip=1.102,f1,5 =1.038, [38]
1 BXINIE BT (4) INBERR (1) o =1.026 HPLC - UV
U T (2) , ZGARBH(3) , N fi2=3.025,f,,3 =0.966, . (39]
2 BUEDEER LT (4) INBETR (1) 710 =0.965 HPLC - UV
N BT =1.018,f,,, =0.986,
3 g FNEER(2) , FHEM(3) | NEERR (1) S S HPLC — Uy[40]

BT (4)

fun =0.968
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. FNBERR(2) , B (3) , i Ji2 =0.9655,f,,; =1.0518, [a1]
4 Epuaiipl BT (4) JNEERF (1) F10=0.9529 HPLC - UV
5 FkH R O (2) LT (3) /N (1) o =1.02.f3 =1.00 HPLC - UV[*
6 SN RRER(2) /NEERR(3) MET(1) Si2 =0.9176f,,5 =1.0434 HPLC - UV#]
_ . LR (2) , AALMLR G (3) , e Son =2.087,f3,, =1.365, [44]
7 RJEEC Ty ORL LB (4) WS (1) fur =0.931 HPLC - UVI#
BRI (2) M (3) Jin =0.789.f15 =1.872,
8 HIESIHT T EEHFRERR (4) , ¥ S (5) , AT Sm(1) S =0.408 ,f,,5 =1.533, HPLC - UV#!
A (6) , =P 5T (7) S =0.953,f,,, =0.409
. PHRREEHH(2) , 25 FERRECHN(3) | San =0.9895 /3, =1.0475, o)
O PHRIIREL  imsepsmka) g Gs) OO 0047, = 1.0612 HrLe -y
BOERL(2) T3 BT (4), A fi2 =0.3705.f, 5 =0.7560, R
10 EHFHL S AEET(S) HEHRZE (1) o0 =0.2214 1 4 =0. 332 HPLC - UVI¥
U H(2) BT 2k (3), for = 11736/, =1.1979,
‘ R JRR(4) KR ) fun =1.0471 5, =0.9242, HPLC - QTOF -
11 NGRS L3R5 (5) R BER SR (6),  B3kBH(1) fol =1.2901 f,), =1.3078 Ms4)
B LR (7 ), RS SRR (8) o= e ’
73 JET(9) fo =1.2859 f,,, =1.0948
12 A 1k A i R TR (2) BRRASHE (1) o =0.859 HPLC - UV!*]
JNBER(2) , BEA(3), Jon =1.02,f3,, =0.428,
DA (4) , THEE(5), fan =0.536,f;5,, =0.863,
13 FETEL FIERER(6) , WNEER(T), K#EE(1) Jon =1.35,f,,, =0.783, HPLC - PDA %]
j@ﬁ@&*(s) S KE®(9), Son =117 fy,, =1.50,
RERWEE(10) Fron =1.00
- BRI (2) , AR (3) . Jin =1.357.f,,3 =0.542,
14 T FRBCTHR (4) , PHIRR BB (5 ) MSEC) S =2.410,f,,5 =2.465, HPLC - PDA'*!
0 By A =0.8551,
15 R PG (2) JREEBG) S i 1) S HPLC - UV

IR (4)

fi3 =0.9503 f,,, =0.7605

4 HW5iTe

4.1 QAMS 3%k fr Al o By % U Bl L RCAR 3 7
QAMS LT W bR I BE B 35 FE 5 A B XF
HRE RS2 MR BRI A — 7 31 11 PR i
3P G I 285 7 AL b ) SR R AR R B
I [A] ( relative retention time , RRT) % (4,304 & 11 AR
XTHE1IE A F- ( relative correction factor, RCF) 115 f
I 5 kDRI 00 R 3 € 335 WA 1) 2 67 ARV A G
1T NS RE a0 R 4003 T PE R
FarE M5 QAMS ki FH Y S

4.1.1 HofTEARfFm 20 o & i8% P2y

7%, G P P R Ay DU 73 C B WA, i A7 AE 24>
b (L U, DRI A 0 g 7 €5 1 058 14 1 0 2 7 2 PRIE
QAMS L ERGI E R AT §E . FIR RRT L E 2445
[El 25 i ((SEE 20 i) (R 25 L) A g ARt
R 24 i) 45 ) SRR AT SR T (L Pl €0 3 A i
L Wiz H A — 2 RO Y (B AL A 7 —
BEPEREIE S, P EOTI 0P8 B I ] -5 S0 £ B4 1 (8]
BREBK, GG HEA S H Al ig e
(7L FEZAT LR Pifh,

(1) B R SRR P B I [ 2 114 ) £ B i) 22
T (Aty, ) SR OO B (o, )" BISR A0 00 A
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53 5N Z YR B8 5[] Y 2 (8 B8 OR B I ) 1 LU AE e
fr, HATR %, WNELEas 40 de sy T — 3 A
4 A L B I A Tk 8 A SR X R R
{EFIR B R 1] 22 76 AN 3] 5 RS i RIS [R] 233
FE A EE 52 P B R A X O B 7 X 4% 1R 4
SIEAT DL, XK A 8T 4 Fh s A 4
RS 6 PR Ay, T EEM RE
IR AL 5 TR v, MR, AN R Xt i
FiR T R Aty, 52 M0 8 KT 6 H Al 3 Al 43 JC FH 2
SR, UL 45 B SR AN T L e R 3R 45 5, TRl
FE A (L B 2 B AR R XS Aty 5 1, ™
AR FE R, 7S RV G LR, R AT B R X R
AT RE AL, LA E 7 H AR

(2) PNEESE R 0 RUbR 223 SRR
FH S P Ak 2% 153 6 S TR] €8 3 ASORUAS [R] 48 3 A I
(R B I ) ELAT 2R R DG F X ZE 98 A5 1) e vy b
2L LN B IR AN IR A 4 Ry, Db
BN AN G 25 R ) IR S@ 23 F & 1Y DRS origin
AR AT U 488 P A2 L T30 AR 1 06 114 £ B o 1], &5
SR I bR P A2 L 000 % B o 1] 445 SR o 2 5
0 AR TR 04 e A o R ORI €25 A 1145
P, RUBRZ ML 16 A 082S 53— 22 9F v (1)
I FHARTE 45 /0 | 8 A 450 R HEAT AR - 4 46 L — T
ZVTHT 43 5 R R S R B 3R R A i /N BE
HEAT T RS IE, 28 SLSCR A T ARG OR BR (B 7, 45 o
I R AT $ R AE A [A) R GE s 5 A T i £
T i 53O B s ] ] 0 ity 28 9 A G PR R 4F B x> 0.
999 , #5 FH4E A Fof I B 43 19 58 AN IR0 % FAE 4
TE LB T L U 25 R MR8 e 2 82 P T

PR, (e A 22 Foe (v 5 1. AEDFSE T R AR
P TR B JE] | 7853 S8R Rh 5 i T 68
T o 67 1) T A 1, R AR — P T SRR S i RIS
WNEE, AT A5 G A W B 58 SO AIE | %) R R i
TR BhAfRIN
4.1.2 4eATiHH AR ERF (RCF)  HRHE—
ZVFETHR A 3 XL IE T2 S 51500 o %
T, NI B AR BOMERA E  ELE R YR B AR X
AR, — MR 2 ik alipbRik

% /i 15 (average — relative correction factor,
AVG - RCF) ZERPCHI N 29 FARFIN B 53 BT A%
HEVA TR, SRS [ VR B AN [RIR R i Sk NS 5
TR e A 3% BN f,, = f/f, = (€, x A,)/
(C, xA) T BB £, BCOFEHE, B b & 5t
M RCF, X AR NS YIIER R, C ISP
WREE (B8 ) A, R RN 2R 43 (W TR, € SR R 0 2
SYIVRRE (BE) o AR A 1 T 2 248
Z S RCF, R IGIE 25 ) 52 B8 DU 43 vk
W BRI RS SR SO T &
W AR R fE A AT S R 8 R
FRARRR KA ZE . U, A R A I H T vk
B RCF, BV} ¥ (linear regression — relative correc-
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