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Abstract: Objective To establish a quantitative analysis of multi-components by single marker method for the determination of eight
xanthones in Swertia chirayita. Methods The relative correction factors (fsi) of seven xanthones (1,3,5,8-tetrahydroxyxanthone,
swerpunilactone A, 1-hydroxy-3,5-dimethoxyxanthone, 1-hydroxy-3,7,8-trimethoxyxanthone, bellidifolin, 1,8-dihydroxy-3,5-
dimethoxyxanthone and 1,8-dihydroxy-3,7-dimethoxyxanthone) were determined by HPLC method with the mangiferin as the
internal standard, which were used to calculate the content of each component in S. chirayita. At the same time, the external standard
method was used to determine the content of the eight components, and the differences between the two methods were compared to
verify the feasibility and accuracy of quantitative analysis of multi-components by single marker. Results The reproducibility of
each correction factor was good, and there were no significant differences in the contents of the ingredients obtained by using the
quantitative analysis of multi-components by single marker and the external standard method in the 12 batches of S. chirayita (RSD < 3%).
Conclusion The established quantitative analysis of multi-components by single marker has high accuracy and can be applied to the
content determination and quality evaluation of S. chirayita.
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PIREREASE, MR “H#” , 2 RRHEYE
JE %% 75 5% Swertia chirayita (Roxb. ex Flemi) Karsten
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&=, —illZPFyE (quantitative analysis of multi-
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E IS AL .
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WRE B RS, 2996 — % B FE B K DU 2% AN

Empower 3% T{E¥L; KQ-500DE AU &4 75 i
veds (R AEMESARARD + Milli-Q Y4l
K#E (£[E Millipore AF]) 5 AT2011/10 FTHFK
7 (Bt Mettler A7)
12 iR%

T Cial, [ 2548 B 2 il 0 A R A
A s HER (orfral, bigkig il ma R A
A s AHEEETERE (S wkq18050201, 4E A
AR E AR A D 5 1,358 DY £ Fnl i
swerpunilactone A, 1-F£%5-3,5- — FHA( IR . 1-%2
$£-3,7,8- = H U EENNER . 45 e IEn0EE . 1,8-—
$23E-3,5-  H A FENNER AL 1,8- —FR3E-3,7- T HI A
LI F V275 48 v 1 2 5 e v 24 o 2 AR I 2 AT 5
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Table 1 Sources of 12 batches of S. chirayita

ihe) i) W S 1)
S1 EI R 2019-02
S2 T 2019-03
S3 T 2019-08
S4 ZI R 2018-09
S5 [lip: 2014-11
S6 [lip: 2019-03
S7 S1. S2 % 50%%) 5.1 A% 2019-10
S8 S2. S3 % 50%) S A% 2019-10
S9 S3. S4 & 50%7%) b, 1M FY, 2019-10
S10 S4. S5 % 50%%) S A% 2019-10
S11 S5. S6 &% 50%7%) 5, 1M i%, 2019-10
S12 S1. S6 %% 50%%) vt 1M i%, 2019-10

2 HEEER
21 BIEEH

ok FE: Agilent Cig 154 (250 mmXx4.6
mm, 5 pm) ; s BHEE (A -0.4%F FEKE
W (B) ; BEEEEHL, 0~20 min, 20%~40% A;
20~32 min, 40%~44% A; 32~36 min, 44%~
50% A; 36~44 min, 50%~60% A; 44~62 min,
60%~70% A; 62~72min, 70%~90% A; 72~73
min, 90%~20% A; 73~83 min, 20% A; AR
= 1.0 mL/min, & 35 C, MK 254 nm, i
Ff i 10 Lo
22 BRHIHE

221 REX MRS AR AR R
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1. 1,3,5,8-PU523EmlER . swerpunilactone A, 1-F23E-
3,5- A IENIEA . 1-¥83E-3,7,8- = FH A LI . 4fE
S JRREMIER . 1,8- 3§28 5E-3,5- A SR AL 1,8-
R3-SR EIE B, h0 R RO B IR
JE43 9N 252.0. 31.5. 80.0. 16.05. 42.3. 78.0.

64.8 A1 20.0 po/mL [PIREXTHE S, #2251, I8
i, T4 CUKFEHRECIRAT, &

2.2.2 MRS S BRI SRR (i
60 Hif) £ 0.4 g, WEWKE, EREHLIM
o, RESIMNHEE 20 mL, FREFE, HERR
(ThZ 100 W, JEFF 25 ‘C) 30 min, A, K
EE, AREANERCERRE, B, i,

ISR JE R RN A5

23 QAMS EFERE

231 ZRu@EMHRE 7E “2.17 D&k
T, RS 8 AN R i I T R AF, S5AH
AR B E KT 1.5, JRA IR AR
W LA 1.

232 ZMERRFE  73olkE %R A XTI 5
W 2. 4. 8. 10. 15. 20 pL, #% “2.17 T N oyt
FAFHFENGE o DAETARAR ME AR (YD

A 1

l %3 56 78

0 10 20 30 40 50 60 70 80
t/min

1114 2-1,3,5,8-PU¥ 3R 3-swerpunilactone A 4-4%5H
JERHIER - 5-1-¥23E-3,7,8- = HUEHEMIAY  6-1-F2KE-35- WA E
mid  7-1,8- " Fe%E-3,7- HUESENET  8-1,8- 5FIE-3,5- " HI4
Bl

1-mangiferin  2-1,3,5,8-tetrahydroxyxanthone  3-swerpunilactone A
4-bellidifolin  5-1-hydroxy-3,7,8-trimethoxyxanthone 6-1- hydroxy-
3,5-dimethoxyxanthone  7-1,8-dihydroxy-3,7-dimethoxyxanthone ~ 8-1,8-

dihydroxy-3,5-dimethoxyxanthone
1 REXNE&E (A) MENEEFFMIKME (B) # HPLC
BikE
Fig. 1 HPLC chromatograms of mixed references (A) and
samples (B)
BEFEECAMEARER (X, BTSRRI, BIA
HRERFE 2. LERFEW], 8 FIES RS EAI RS
WNEPER R BT

®2 8 MIBRAL S BRI FE

Table 2 Linear regression equations of eight xanthones

D%y

EVEpR S

TR

1,3,5,8- P43z SknliEH
swerpunilactone A
1-¥55£-3,5- — F & FERH
1-$23£-3,7,8- = FH A Ll
A2 R E

1,8- ¥ F-3,5- — H A N R
1,8- ¥ 5E-3,7-— FH AR JENIIAR

Y=3.27 X 10% X+4.11 X 10*
Y=4.42 X 106 X—3.42 X 10*
Y=2.47 X 106 X+7.95 X 10*
Y=4.52 X106 X—1.82 X 10*
Y=5.52 X106 X—4.38 X 10*
Y=5.00 X 106 X—2.30 X 10*
Y=4.57 X 106 X—1.82 X 10*
Y=4.72X10% X—1.11 X 10*

28 1 Y5 Bl g r2
0.504 0~5.040 0 1.0000
0.063 0~0.6300 0.999 9
0.160 0~1.600 0 0.9999
0.0321~0.3210 0.999 6
0.084 6~0.846 0 0.999 8
0.156 0~1.560 0 0.9999
0.1296~1.296 0 0.9999
0.040 0~0.4000 0.9997

2.3.3 K% R K % WO R — R T TR
(S1) , #% “2.17 WUR il sk ft, ELLHFE 6 %,
X 10 L, eEIEHEA, 15 RSD. 4Rt
. 1,3,5,8-I05FEnIEH . swerpunilactone A. 1-#%
HE-3,5- — WS IEMIER . 1-$83E-3,7,8- = FH A FEw
B 4G HANER . 1,8- —¥23E-3,5- — H A FEn]
M F0 1,8- 3 3E-3,7- — WA JEmI B IE H AL RSD
53 A 1.5%. 1.1%. 15%. 2.1%. 2.6%-.
1.1%- 1.4%7FH 1.8%, FKEICES HIREE B R I

234 FEtEE  BE— A RE W (S,
S THIZIEH 0. 2. 4. 6. 8. 10, 12 h iEkE
10 pL, dsgUEmAR, HEASRERE. 1,3,5,8-14
FEEENIEE . swerpunilactoneA . 1-F¥£3-3,5- — H 48,

LR 1-385E-3,7,8- = F AR IEMIER . A5G e E
Ml 1,8- 2 HE-3,5- — H A SEnIER AT 1,8- ¥ JE-
3,7- = M e AR A RSD B 2058 1.4%.

1.9%. 2.5%. 3.6%. 2.0%. 1.2%. 1.2%. 1.8%,

RPN IETE 12 h FFRE

235 HEEMWRE FEERIERK (SO FEak
K6 1, % “2.227 WINPT & AR s,

M €217 DUR s %A, A nldirellE . tHEAS
PP RAF. 1,3,5,8-VUEEIEMIER . swerpunilactone A.

1-$23-35- — HAESENNE . 1-5856-3,7,8- = I S FEn)
B, s e EMNER . 1,8- —F83E-3,5- — FE AR LR
A 1,8- R -3,7-  H AR k) R 1 S 35 5T 40 L
(n=6) 4»%IA 6.271 9. 0.4681. 0.061 1. 0.136 8.
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0.206 5. 2.326 6. 0.639 7. 0.131 4 mg/g, RSD 4}J
N 2.8%-. 2.6%-. 1.6%. 2.4%. 2.7%. 2.8%. 2.9%.
2.8%.

2.3.6 NFEREICERRLE  AEERC O EERE
—HEENFERE T MR 6 1, A3 s N TR A% HE
MIAOE B, % €2.2.27 TR 5 v ) A% R i
W, F% 207 BUR GG & diFEN e, THES 2
TR, 1,3,5,8-UF2FEuld . swerpunilactone A.
1-¥4 55-3,5- — W AU RN . 1-F20k-3,7,8- = FH 4
WA 4G e AEmER . 1,8- — 5 3E-3,5- — HI A
WNERAT 1,8- F3 -3, 7- FF 420 ] () I ke[|l g %
SEME S N 101.3%. 99.2%. 99.7%. 99.3%.
98.3% . 97.5% . 99.0% . 98.8%, RSD 74 Jil N

2.8%. 3.0%. 2.1%. 2.5%. 2.1%. 1.6%. 2.7%.
1.4%.
24 EXMRERF (s BIITE

KHZ m B, R A R fa=fdfiz(Ws X
ANI(Wi X As), DATERFE NN S, BUR A IR
WA% “2.17 BUN A% &R 2. 4. 8, 10, 15,
20 WL, THEFMAE S 1,3,5,8-PUEIENIE (B) |
swerpunilactone A (C) . 1-$£3-3,5-— H & JEn R
(D) \ 1-$23£-3,7,8-=HEHNE (E) . 4%t
JeREHNNER (F) . 1,8-— ¥2 3k -3,5- = F AR BL )
(G) . 18- #H-37-—HEENE (H) 5/
PR (A 1 fa, 858 7 Ml 5 WS
(1] fsi () RSD {E4/F 5%, L3 3.

®3 TMEFEURSEERE fi
Table 3 Relative correction factors (fsi) of seven components to mangiferin

HERERF L faia foia foia fein fra feia fra
2 0.811 1.150 0.787 0.671 0.731 0.730 0.758

4 0.809 1.217 0.764 0.610 0.656 0.714 0.760

8 0.759 1.283 0.755 0.611 0.658 0.711 0.692

10 0.761 1.269 0.769 0.607 0.662 0.716 0.701

15 0.751 1.289 0.741 0.599 0.657 0.715 0.700

20 0.753 1.309 0.727 0.602 0.659 0.717 0.703
EHME 0.774 1.253 0.757 0.617 0.671 0.717 0.719
RSD/% 3.63 4.72 2.80 4.39 4.44 0.90 4.32

25 fyEEMER

251 AR FOAE A E L S804 )
%7 Waters 2695 | Al Waters 269511 2 Fift & 3¢
TRAH 3 K2 Agilent Cig (250 mmX4.6 mm, 5
pm) . Alltima Cig (250 mm X 4.6 mm, 5 pm)

A1 Alltima C15™ (250 mmX4.6 mm, 5 pm) 3
PR XS for BIRZM, FHiHH RSD, 4533
/NT 5%, R fi 15 A [F) 43S A6 15 4 3
PRI, R NEK 4.

252 AFEMERFER fs IS0 R Waters
2695 L RE{URI Agilent Cog il %5 T AFI =

RI/INT 5%, RIEFRIRE PSR & 5 fai T8
B, SR NE 5.
253  ANFEMEEXT fsi B0 SKH] Waters 2695 €4l
{XHT Agilent Cag 1R %2 T AR A 25, 30, 35 C
W) i, JFUFS RSD, Z5HREVNT 3%, KUK
BT 5 T BB R, 45 LK 6.
2.6 1FMLE D EILIEE N

MR “2.5.17 45 21 (1) OR B B [ v B304 DU
D ETEREFRIMASEEE (ris, ris=triltrs) > XT4F
WSy AT 2L, FFiTHEE RSD, &5 A& FF i % 4y
FHXTORBAME R RSD ¥J/NT 5%, RBHRHAHXT R

408, 1.0. 1.2mL/min i fyi, JFiH5E RSD, 45 BEIZEAARN S i S . SRR 7.

FR4 FEMLEEMEIEFXT fa BRI
Table 4 fg;i of different instruments and different columns

& JERRY R fas farc fap fap far faic fam
Waters 2695 | Agilent Cis 0.761 1.269 0.769 0.607 0.662 0.716 0.701
Alltima Cis 0.805 1.241 0.739 0.660 0.683 0.676 0.693
Alltima C1s™ 0.774 1.300 0.725 0.618 0.682 0.695 0.695
Waters 2695 1 Agilent Cis 0.769 1.250 0.726 0.583 0.692 0.717 0.693
Alltima Cis 0.810 1.321 0.787 0.593 0.690 0.737 0.695
AlltimaC1s™ 0.783 1.327 0.778 0.590 0.703 0.735 0.671
SERIME 0.784 1.285 0.754 0.609 0.685 0.713 0.691

RSD/% 2.52 2.84 3.62 4.62 2.00 3.30 1.53
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<5 NRMATIREXT foi BISZMT
Table 5 fyi factor of different flow rates
RFR B/ (mL min ) fas farc faD fap far fac fam
0.8 0.737 1.295 0.767 0.607 0.665 0.708 0.720
1.0 0.761 1.269 0.769 0.607 0.662 0.716 0.701
1.2 0.756 1.212 0.738 0.604 0.670 0.711 0.731
FHME 0.751 1.259 0.758 0.606 0.666 0.712 0.717
RSD/% 1.69 3.36 2.30 0.27 0.58 0.56 211
%= 6 AREMHRXT fui BRI
Table 6 fsi of different column temperatures
ER A fas farc fap fap far fac fam
25 0.762 1.271 0.738 0.593 0.694 0.716 0.706
30 0.787 1.300 0.739 0.573 0.676 0.680 0.702
35 0.761 1.269 0.769 0.607 0.662 0.716 0.701
P 0.770 1.280 0.748 0.591 0.678 0.704 0.703
RSD/% 1.92 1.33 2.38 2.88 2.39 2.93 0.41
27 FEHLEFIGEIBHEXT ris BRI
Table 7 Relative retention values measured (ris) in different instruments and chromatographic columns
& EREY I'e/a rca I'o/ia re/A 47 re/ia IHIA
Waters 2695 | Agilent Cis 3.234 3.348 4.215 3.993 3.879 4.606 4.486
Alltima Cis 2.881 2.950 3.841 3.627 3.488 4.045 4.001
Alltima C1g™ 3.039 3.117 4.047 3.841 3.706 4.246 4.196
Waters 2695 11 Agilent Cis 3.040 3.224 3.975 3.774 3.649 4.359 4.240
Alltima Cis 2.890 2.965 3.873 3.642 3.494 4.088 4.042
AlltimaCis™ 3.080 3.168 4.130 3.910 3.754 4.339 4.288
FIE 3.027 3.129 4.013 3.798 3.662 4.281 4.209
RSD/% 4.34 4.90 3.63 3.84 4.16 4,78 4.19
2.7 QAMS ESIMRENELE RELER T 25 T5 1%

B 12 HERIEIEER 52K, % “2.2.27 T
TR IR, E 217 TR G E Nt
FEM &, 43 3 R A 4b k5 i Cexternal standard
method, ESM) F1 QAMS kil g #E i 4 8 ANlif
&, JFLAZEREL (percent difference) NZ %
P10, X 2 FhOT VLR 45 BT LA, Wk 8. 45
REFRFM A RSD /N T 3%, £ ESM
M QAMS LB E M Z R, QAMS LA E
ESM %34T & 2 IE
3 i
31 ik miAaiEHl g A iEE

ARSI AR [ ORI CRE . FRE DL K
ANE R AR A 30, 45, 60 min X BB E o SER
BUSCR I gm), 45 3R 00 F H R4 B 30 min, i
M & 2 B0 Ak B, SRR B B fE .
U, ABFFIERE FEESREL 30 min FEAALR A

32 MK ICAYIERE

ALk A RE B S A KR, o
FEECT SR S A B KR, 4 R BN
BRI RIS Ko 258 nm Ak, AR RS
BITE 254 nm KbAH BRI NAE, ST B 8 Fhul
B 28 J 43 (R 8 AN, WGk A 254 nme AR Al
K.
33 MR

ZH QAMS VEE FIHARTEFELY, N SYINLE
Boaim, Wike, BN YRE. RE
RS SR P BAT DL B A, PRI AR SE a6 i P
R NANSY), B HGHAFFUSRM fa, EH%
ANFEACES . PRFRR R AR SR AR IE TR T 1 5
i, Z53EIR RSD #5/hTF 5%, UiBERT RATE
NS, BELEIEERE TSR QAMS VAT AT .

AT GRS T QAMS I 5 B X o 32
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8 QAMS A5 ESM JEME 12 HIENE RT3+ 8 Ml &2
Table 8 Content of eight xanthone in 12 batches of S. chirayita by QAMS and ESM

#t5  ERFImgg™)

1,3,5,8-105Hnl1/(mg g7

swerpunilactone A/(mg g%

1- 5363 5-— R SEmIFR (mg g7

ESM QAMS RSD/% ESM QAMS RSD/% ESM QAMS RSD/%
1 740 0.53 0.54 2.86 0.37 0.38 2.65 0.12 0.12 0.99
2 431 0.24 0.25 1.00 0.35 0.36 2.90 0.13 0.13 1.00
3 6.51 0.49 0.50 2.73 0.43 0.43 1.58 0.14 0.15 1.49
4 6.05 0.47 0.48 2.66 - - - 0.08 0.08 0
5 5.75 0.48 0.49 2.67 0.36 0.37 2.79 0.25 0.26 2.70
6 9.96 0.54 0.56 2.95 0.38 0.39 251 0.08 0.07 1.08
7 6.29 0.50 0.52 2.76 0.40 0.41 2.09 0.12 0.13 1.03
8 5.36 0.35 0.35 2.03 0.37 0.38 2.53 0.14 0.14 141
9 458 0.31 0.31 1.70 0.40 0.41 1.93 0.08 0.08 0.94
10 5.99 0.42 0.43 243 0.74 0.73 1.46 0.09 0.09 0.22
1 6.20 0.43 0.45 2.52 0.37 0.38 2.60 0.21 021 2.35
12 521 0.34 0.34 1.96 0.39 0.40 2.26 0.20 0.20 2.21
. 153637 8- =WEFMUE(mg ¢ S REIE I (mg g7 1,8- A3 5- AR ¢ 18- FEE-3.7- T HEENIT (mg g7
ESM QAMS RSD/% ESM QAMS RSD/% ESM QAMS RSD/% ESM QAMS RSD/%
1 0.16 0.16 117 323 331 2.25 0.63 0.63 0.58 0.09 0.09 0.78
2 - - - 139 142 1.94 0.54 0.55 0.54 - - -
3 0.20 0.20 022 244 249 2.18 0.65 0.65 0.54 0.16 0.16 2.03
4 0.48 0.49 219 072 073 1.72 0.50 0.51 0.67 0.32 0.33 2.76
5 0.85 0.87 291 265 271 2.17 1.19 1.19 0.27 0.43 0.45 2.95
6 0.13 0.13 219 090 092 1.93 0.34 0.34 1.08 0.04 0.04 2.45
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