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Determination of six alkaloids in crude and processed Coptidis Rhizoma with
quantitative analysis of multi-components by single marker
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Abstract: Objective To establish a quantitative analysis of multi-components by single marker (QAMS) for the simultaneous
determination of six alkaloids in crude and processed Coptidis Rhizoma. Methods An HPLC method was established to determine the six
alkaloids (jatrorrhizine hydrochloride, columbamine hydrochloride, epiberberine hydrochloride, coptisine hydrochloride, palmatine
hydrochloride, and berberine hydrochloride) by the external standard method (ESM). With this HPLC method, the berberine hydrochloride
was used as the internal standard (IS) to determine five relative correction factors (RCFs) of the five other alkaloids, and their contents in
all samples were calculated by their RCFs at the same time. Compared with the content results determined by the ESM and QAMS, the
feasibility and accuracy of QAMS method were verified. Results Within a certain range, the RCFs of jatrorrhizine hydrochloride,
columbamine hydrochloride, epiberberine hydrochloride, coptisine hydrochloride, and palmatine hydrochloride to berberine
hydrochloride were 1.131, 0.999, 1.011, 1.076, and 1.025, respectively, with the good repeatability in different experimental conditions.
There was no significant difference between the QAMS method and ESM method. Conclusion The QAMS method is feasible and
accurate for the simultaneous determination of the six alkaloids in crude and processed Coptidis Rhizoma.

Key words: Coptidis Rhizoma; relative correction factors; quantitative analysis of multi-components by single marker; berberine hydrochloride;
jatrorrhizine hydrochloride; columbamine hydrochloride; epiberberine hydrochloride; coptisine hydrochloride; palmatine hydrochloride; quality control
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2134 O B R (Ranunculaceae) 1% J& Coptis
Salisb. A #53% Coptis chinensis Franch.. —ffil}
1% Coptis deltoidea C. Y. Cheng et Hsiao B{ 2 i
Coptis teeta Wall. [F0 L 5ht, 45 ScpkioiE, Hik
Ay BN E IR R BRI R
5L O S R A R 25 BAE A DI SR,
HAFEEM, FEMAEERIEA R —4Y
WA R P4 S, anB% /N BERR B AT B I BT ¢
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PEF I B4 Brbl, A L BB 2 A4
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At 1843 ) FRY AR AR TE DS, PRI e A% 1 DAL [) 2
TR At o (1 o A2 7RSS, aTE R
AN R TR DT S SIS B 1 TR 25
IR T, R, A0 FES AT
TR, EL R HIE. ASRSESEAM
R B s a0, Bl R . RS
T T 7R3 S 9 e v e 2 1 s i s U ) rp
HEM I — I 2 PO VER (P E 250 2010 fF AR
KM, AR 4 FAEREEAT T E. [
B B T 6 ol A Pk B A R T % 2 M
U AR 0 2 O 1 5 3k R IR A
Wk 6 MM S, AT ChEZ)
JIVESE TR bR BT RIS, AN 520 JL Sl SR 5 1 PR
il B AR R S AR R 1 o A A
1 NE5RY

OB D5 (Waters 2695-2998,  Agilent
12008, 533 LC-20A); KQ5200 HHE F ik v ge (B
TR A28 AT R A ] D5 CPA225D B TR (+
Jiorz—, HEEZELZ R ATFD; BS224S BUHL R
o (iy 2z, FEESEZ R AT,

X BRI 57T (4165 110732-200506) &1
FR/NEEDE (LS 110713-200609) H A [ £ 5 25 4
R WF B fits o B Fh IR 29 AR Bk (i 70 2K
96.17%) RIRALPNPT Ok (748 96.41%)
FRAC/INBERR (TR0 8L 90.38%) hIR B (it

P H91.92%) FHE PRI 25 RS e 25 40 & e it
Ll Rk al, il ok o Hral.

W% Coptidis Rhizoma 25kt (65 2008004
080803 080805. 080804. 2008005. 20120905
080810 2008008, 2008007, 2008006), HIERF
Coptidis Rhizoma decoction pieces (fit5 20080501
0808003 . 080802. 080801. 0801101, 0809021 .
0803180, 060401. 2008007. 0801005, 08031801
080101), {Hi35i% Coptidis Rhizoma stir-fried with
wine (H#it'5 071224. 080301. 080301, 071124,
080805. 080301. 08032101. 080401. 080804 .
20081001), ¥i¥% Coptidis Rhizoma stir-fried with
Evodiae Fructus (fit'5 20080301, 080313, 071201.
080301, 080805. 080301. 08032101, 20080401
080804 . 20081001 ), 2 3% Coptidis Rhizoma
Stir-fried with ginger juice (i#t*5 080301, 080313,
080804.08032101.071130.080401.080301.080803
080805+ 20081001, LA b 244 F M il it 44 e A B
AR A A $EE; =& Coptis teeta Wall F1 = ffi I
1% Coptis deltoidea C.Y. Cheng et Hsiao CHEIE)
R, 4% 34k, L L 2yd 88 dyr i b s 2 K 2k b ]
BRAE T D S0
2 FESHR
2.1 —NBIFHEFER
2.1 ORI BC R RS BRI R 2 AR
ERIRAEPNET Ol SRR /NEEDR . ERRRIENL. R
1 2 L VT RN AR R/ NEERR A5 T R, ) 50% SRR
A 11.13 pg/mL FHIRZARIE. 15.2 pg/mL FEH BT
B 52.77 pg/mL IR /DNEERL. 100.93 ug/mL #H1E
BOEGL. 75.32 pg/mL HER YT, 284.2 pg/mL #
T /N BTG PR TS 5 o T I A o
2.1.2 AU M RZ) 0.2 g, K
T, BHIEHEIEY, KA 50% L E- 3R
(100 @ 150 mL, %2, FRE Fii, A A0 #E 30 min,
A, FRRE R, H 50%ZM-EhER (100 : 1) #b
SEIRRI R, $25), PRI, RS E ISR 2 mL,
H10mL &, MEWRRZIE, Y, g,
JiNES o7 TEIEC
2.1.3 @i @A Gemini-NX Cig (250
mmX4.6 mm, 5pm); WEIAHR 2E-0.25 mol/L £
B2 FE AN 8 mmol/L -+ K AL B4 ( SDS) KV (2
KT pH (R 9.3) (36 64); FEii 35 C; AR
JitiE 1 mL/min; ASPUPEK 270 nm; HEFERE 10 pL.



* 326

¢ %% Chinese Traditional and Herbal Drugs 38 47 % 25281 201641 A

FIREAESATT, IR, ERRAEMYT k.
SRR/ NEERN . EhTR AR ERTR VTR ER IR /N
BEDR o> 2 R AT, S4B EIe PR B >T7 500, 4
SRS R

214 VGRS RER AN B AR I
B 2. 40 8. 164 32, 160 fi5, AaWLELIE A X L
TR ALFRRERAS 10 L HEFE . DLERE oI AR AR
SHERATE PR AR R, 159 R 2R, ShIRAE N
O ERERR/NEED.. R TOENN. ShIR Ly TR L
PR /INBERR 1) R U LR R S e Sl &5 SR LK 1.

A 6

1 2 3 4 5 ‘I'lk‘
PP A Y i

t/min
I-ShMR 2RI 2-Bh MR AR O 3-3hmR R /NBER  4-FhMR e
R S-RERETT  o-h BN
1-jatrorrhizine  hydrochloride 2-columbamine hydrochloride
3-epiberberine hydrochloride 4-coptisine hydrochloride

5-palmatine hydrochloride
E1 BEMEBES (A) MEEHR B) & HPLC Eif
Fig. 1 HPLC of reference substances (A) and Coptidis

6-berberine hydrochloride

Rhizoma sample (B)
F1 6 MEMHIKZEXRREMEERE
Table 1 Linear relationship and range of six alkaloids

R EIEpTE Ll ng R

e Y=1736070X—873  0.00696~0233 09999
HBAEMIT OB Y=4568 233 X—4 886  0.004 75~0.152  1.0000
HBEEE  Y=3901944 X—5559  0.00330~0.528  1.0000
R FOE Y=3662281 X—12180 0.00631~1.01  1.0000
HRO LT Y=3817810 X—8464 0.00471~0.753  1.0000
HRIR/NRERR Y=3901944 X—5559  0.01780~2.884  1.0000
2.1.5 KPR BERRARL. SHRAFMPI

Bk SRR /NEERN. ERIRDOENR. ThEg S yT Aidh
P /N ERERTE 5 0 MRV, R IR ERE 6 T, A
SRR IR ShERAEYNET il EhIRANEEDL.
PRI . IR ELTLYT . SRR /NEERR T~ X4 U [ AL
RSD # KA 0.59%- 0.37%- 0.44%- 0.20%- 0.28%-
0.14%. LW BT PR JE

2.1.6 FEMEAE AR ERE 6 4y, MR
I 10 7k A A s ORI E AT HPLC e
WAS SRR 25M 0. SRR AEINB Ol SRR /N

RN SRR VT ERMR/INEERR I A
IEAR RN 0.50%. 0.45% 1.13%- 2.38%- 1.68%-
7.20%, RSD KK 1.00%- 0.91%- 0.76%- 0.49%.
0.69%. 0.36%. FWIZEELMERL,
2.1.7 FEtEREe WU — RS, AT 0.
2. 4. 8. 12, 24 h MEUEIAN, &5 5L h iR 24 A0
AR O SRIRER/NEERL . HhR &, £h
PR ML Ih YT SRR /NEERR F) RSD MK YK 4 0.81%1.0.96%
0.57%- 0.40%- 0.43%. 0.15%. UtWAER IR BE
24 h MNESE
2.1.8  FEmIcRE RS R PR IO O E B
MM ARL 0.1 g, KE%RRE, L6, MARE
X ISR f, AR T A T S R L AT
HPLC W52, TR, o5 REmAMRm. ShiR
T b SRR D EEDR . EhIRRPOEm . R
T YT R R IR /NEERR P34 [RICRAK KR 99.65%
98.59%. 98.49%. 98.66%. 98.64%. 98.63%, RSD
KM 0.03%+0.15%-0.21%-0.12%+0.28%- 0.23%.
2.2 HEXRIEEFRIHE
221 AR IER FURE DLER RN EERR A N bR
(S), Al SRR/ NEERK (berberine hydrochloride,
B) X ERER 25435, (jatrorrhizine hydrochloride, 1)<
ERFRAE B &% (columbamine hydrochloride, C1)-
ERIRTZ /INEERS, (epiberberine hydrochloride, E). #h
MR # %M, (coptisine hydrochloride, C2). #hRE L
7] (palmatine hydrochloride, P) [#JAHX 4 1E Al
(far)s EER UK 2.
222 AMRSER TIOEMEESE 5T 3R
VAHOE 2240 Waters 2695-2998. B4id: LC-20A Al
Agilent 12008 HY S Z0BUAH (Ll AR 3 A {154
Gemini-NX Cig (250 mm X 4.6 mm, 5 um), Xtimate ™"
Cis (250 mmX4.6 mm, 5pum), BETASIL Cjg (250
mmX4.6 mm, 5 pum) FEAT TAFSER E 155,
AR BRI SRERZGARGR.  ARERAENT . R
ANEERR . ERIR VLN SRR YT S AR
RSD /T 2%, iR IEfEiE. 4Rk 3.
223 RISy kg R e A R AR R A
(rgs) JETE, WA ERFR AN EhERAEM BT S
R R NEE . SRR ICIENL. ERMR N YT AR R /N
BEBRIN ros 45 R 4, RSD<5%, FWIFI rs E
ATV 3E 7 W AT

Fiss=tRa/ IR (s)
k ALY, s Xt
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F2 EEEVEE fo BN ESER
Table 2 Determination of £ of alkaloid in Coptidis Rhizoma

HEAARR /UL Joi Jeici JBE Jeic2 Jerp
1 1.109 0.998 1.001 1.062 1.022
2 1.121 0.992 1.008 1.073 1.018
4 1.135 1.009 1.009 1.073 1.029
6 1.129 0.988 1.008 1.070 1.037
8 1.135 0.992 1.009 1.070 1.032

10 1.134 0.986 1.009 1.071 1.023

20 1.134 0.990 1.009 1.070 1.016

FIME 1.128 0.994 1.008 1.070 1.025

RSD/% 0.880 0.770 0.310 0.330 0.750

F3 HEAKRERFEREEE

Table 3 Reproducibility of relative correction factor

i’%% &%& @Aljltl,*f fB/J fB/Cl fB/E fB/C2 fB/P
SEIGE 1 ISpE Xtimate 1.112 0.989 1.012 1.079 1.022
Gemini 1.100 0.994 1.012 1.077 1.030
Thermo 1.108 0.995 1.010 1.076 1.026
S E 2 Waters Xtimate 1.128 0.994 1.008 1.070 1.025
Gemini 1.128 1.003 1.005 1.065 1.035
Thermo 1.158 1.001 1.013 1.076 1.027
Agilent Xtimate 1.138 1.001 1.021 1.081 1.018
Gemini 1.135 0.956 1.015 1.076 1.023
Thermo 1.132 1.022 1.016 1.080 1.014
= 1 Xtimate 1.148 1.006 1.007 1.078 1.025
Gemini 1.141 1.005 1.005 1.073 1.023
Thermo 1.146 1.020 1.012 1.078 1.026
SEYIAE 1.131 0.999 1.011 1.076 1.025
RSD/% 1.500 1.700 0.470 0.410 0.540

F4 FREMLEFFIEIEHENIFH r

Table 4 ry determined by different instruments and columns

i%% & @A%&ﬁ VB B/C1 VBJE 'B/IC2 /P
SEEGE pess Xtimate 0.368 0.478 0.585 0.681 0.871
Gemini 0.355 0.467 0.569 0.663 0.866
Thermo 0.359 0.477 0.593 0.693 0.871
SEHGE 2 Waters Xtimate 0.362 0.473 0.582 0.676 0.872
Gemini 0.354 0.467 0.570 0.662 0.868
Thermo 0.358 0.476 0.592 0.694 0.869
Agilent Xtimate 0.353 0.471 0.582 0.685 0.861
Gemini 0.325 0.450 0.560 0.669 0.847
Thermo 0.344 0.469 0.586 0.695 0.860
b Xtimate 0.364 0.474 0.582 0.675 0.873
Gemini 0.351 0.464 0.567 0.658 0.868
Thermo 0.353 0.482 0.589 0.689 0.871
SEHME 0.353 0.482 0.589 0.689 0.871

RSD/% 3.200 1.700 1.830 1.950 0.870
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HO 5 A R B R LML)l R R R, e R
T2 ot V) )£ VA R A T N AR £
AN, W B P R R 2 AR B R R AR YN BT B
IRRF/NEENL . ERRFOE . SRR VTR R
ANBER ST i JFas /N BERRN 29 MR B . JE BT O
Bl FRNEEGR . FOERR. YT RS IE R T

TP ARPE OBk R ANEEI . SO
EL S VT L, SRS RE R DI E 3 UK, HOEI
FETR S 25 S B34 R JL ML Wl 1) P B AR o K —
M2 V5 AMRvEAS B R BEAT LERL, 2 By ik
P A )i 25 8 AE. 3% LAY, b i Wl — 0 2 7F
0T B 2R KA K 2 R TR VE AR T
FUEFATI, BRI 5,

x5 BEERHESS—NEIEE5MREMNSEDE S LE
Table 5 Determinatin of Coptidis Rhizoma by QAMS and ESM
ikt HRAN%  HRRIEMBICH%  hIRE DR % R RSN/ Y% BRODT/% RN %
IRk VL AR W IRE AMsik —WZIRE SMEE —ZIFE SMRE —ZRE ARk
WIERAH 043 0.44 0.51 0.50 0.94 0.94 2.00 2.01 1.56 1.56 6.66
WER 035 0.36 0.43 043 0.79 0.79 1.67 1.67 1.30 1.31 5.65
Lk 0.41 0.42 043 043 0.79 0.79 1.60 1.60 1.34 1.35 573
W% 043 0.43 0.49 0.49 0.88 0.88 1.78 178 1.56 1.55 6.47
A 035 035 0.40 0.40 0.73 0.73 1.46 1.46 1.25 1.25 5.6
AL 0.92 0.94 0.20 0.20 0.17 0.17 1.20 1.20 0.54 0.54 3.90
Py 0.97 0.99 0.17 0.17 0.11 0.11 1.33 1.33 0.55 0.55 6.11
3 e () s RAE R /IME AT R B, i 2l kAl R A

PGS VR T S RN ST T
52, SCHR B )RR I 22 H PR I R - SR TR
TR FTEARERT T, RIN 50% & 55 AP
WIREERER, R, STH T RS 50% 5 o it
X TG v AR YRS R Ay B e, 45 R R
50%ZE-#RR (100 @ 1) ARIGE I 6 Fh A
TS U o

(rREZig) 2010 FER—H O HOESIE T 4 Fh
AR B, ASCHR O A O T EE S 5 Rk s
Bl LB A=W, HPLC ¥ [ e s (4R, Heh s
AR 2168 Groenlandicine. Z5HR A% AEVHEH CBEE s
2 AR T 2 2 U R R, AR 2
PSRRI M . R, ARSI LR T
WA RS, FENL T 50 3 BE RO FRIE - # HAS
SERY 6 R AN E ) HPLC J5 i et HAG I
Kk g b, 2% CHRAT PDA 2% =8 A M
(AR P 3%, 6 R ADHdAE 270 nm /% 345 nm
AEFAAT B KR, {025 EE B 208 AE 345 nm R G
W, TMAE 270 nm T, MR R 2 H AR AR T
DRI, AR K 2 270 nme

7k FoR A T s 4 5 R EIE B B AR
. ARG i s b A (Grubbs)
VLK e ik (Dixon) Ky EGE%) B0IE 6 A AE ) H

F BRI 20% B PR E H TR BR3¢

T R IR ot AN A% B R A S b T R R Y

2ybt, R AR AT R ST %
AHEERN 2 3 P R U o e DRI AR b 2 5

BOR, HAMRB R, A0 WRIE T 2RI R 2

s (HILARPHEE OBl R/NEERR. T ST RAIRIE

s PO o — 3. 7Rl 33 A A PR

JEIS, ARB H AN, B, InELX 7).
AWEGT 6 T AP E J5 ik, 5 ([ 24 )

2010 FEp—EFOE R E AL, FFaTh 2k

I3 BRI T o 2 R 2 T R R AR AN L

ST rh 2 U PR R R, 0 B KA O

77 it PR JoE A o LA R X

S E 30k
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