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% E:. BH &7 HPLC-ELSD iEFISIE 10 MELRVEE R 1-BE-B-ALE MR 11-FRAE-B- LA ER . o-ALEFR. B-
FLER. 3-LWHE-0- AL 3-OWE-B- A B 6 M AL FMRE N e 7. A% KA HPLC-ELSD %, Waters Symmetry
Cig (AI5AE (250 mmX 4.6 mm, 5 um), FEE-0.5%BEMRAH BT SIAH, BREEDEN, AR R0 0.8 mL/min, A3EH 30 °C,
R AEULE 45 °C, HAHEAN,, WAABREH 1.5 Limin. 858  11-33E-p-AFM . 11-5H5-B-ZBAFR. a-AFB.
B-FAEM . 3-LBH-o-FLHMR . 3-LWEE-B-FLE RS> HIAE 0.10~3.00 ug (#=0.999 5). 1.23~36.9 pug (+=0.999 5). 0.16~
4.80 pg (r=0.999 7). 0.25~7.58 pg (+=0.999 7). 0.21~6.18 pg (r=0.999 5). 0.30~9.00 pg (+=0.999 6) LMK & R I,
6 o PEE R (RSD) 405104 99.6% (3.70%)+ 99.1% (3.62%)+ 99.2% (1.66%)« 98.2% (1.89%). 99.1% (3.42%)
F199.5% (2.32%), 10 HEPGHEALT 6 FhFLFERIN R H 4S50 35.1 mg/g (2.08%). 127.8 mg/g (2.10%). 31.3 mg/g (1.74%)-
56.2 mg/g (1.64%). 56.5 mg/g (1.61%). 87.8 mg/g (1.73%). £EI® AJFVEMIE. HEff. 70 B8UREE, SHPUE ALY Tt
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Simultaneous determination of six boswellic acids in Xihuang Pill by
HPLC-ELSD
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Abstract: Objective To establish an HPLC-ELSD method for simultaneous determination of six kinds of boswellic acids including
11-carbonyl-B-boswellic acid, acetyl-11-carbonyl-B-boswellic acid, a-boswellic acid, B-boswellic acid, 3-acetyl-a-boswellic acid, and
3-acetyl-B-boswellic acid in 10 batches of Xihuang Pill (XHP). Methods The separation was achieved on a Waters Symmetry Cig
column (250 mm x 4.6 mm, 5 pm) with the mobile phase consisting of methanol-0.5% acetic acid to be gradient elution. Flow rate was
0.8 mL/min and column temperature was 30 C. The samples were tested on Evaporative Light-scattering Detector with drift tube
temperature of 45 “C, carrier gas of purity N,, and carrier gas flow rate of 1.5 L/min. Results 11-Carbonyl-p-boswellic acid,
acetyl-11-carbonyl-B-boswellic acid, a-boswellic acid, B-boswellic acid, 3-acetyl-a-boswellic acid, and 3-acetyl-p-boswellic acid had
good linearity in the ranges of 0.10—3.00 pg (= 0.999 5), 1.23—36.9 ng (r=10.999 5), 0.16—4.8 pg (r=0.999 7), 0.25—7.5 pg (r =
0.999 7), 0.21—6.3 pg (¥ = 0.999 5), and 0.30—9.0 pg ( = 0.999 6), respectively. The average recoveries of the six boswellic acids
were 99.6% (3.70%), 99.1% (3.62%), 99.2% (1.66%), 98.2% (1.89%), 99.1% (3.42%), and 99.5% (2.32%), respectively. Conclusion
This method is simple, reliable, and with good effect for the separation, and can provide the reference for study on XHP material basis.
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1 NEE5RH

LC-20A ! =i e, fu4% SPD-M20A
2%, DGU-20A PUJC%E, HA Shimadzu 22 ;
AEG-220 B R, JiorZ—, HAREEAF;
BP211D MHEFRY, 152 —, #EE Sartorius
AF]; KQ-300DE AUHEFETEBEA, Bl Ay
HRAF-.

RO 11-BdE-B- WAL AR (kS 111760-
201502, JHHTE=98%), I H o E i 2 T
SEMTFCRE: ARG 11-EE-B-FLA IR (b5 ASB-
00002575-010, JFiE40=98%). a-FL&MKR (it
ASB-00002550-002, Jii 57> 41 =98% ) B-FL &R (4t
5 ASB-00002555-010, JFifE/50=98%). 3-L k-
o-FLEFMR (Hit'5 ASB-00002560-010, Jii & 7%=
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2.1 BREIHE

211 AR i 11-BRIE-B- AL
% (R1) 1.0 mg. 11-H5E-B- LWEFLA R (R2) 2.5 mg.
o-AFHFR (R3) 1.0 mg. B-AFMR (R4 1.0 mg.
3-LWH-a- AR (RS) 1.0 mg. 3-ZBHIE-p-A 7
1% (R6) 1.0 mg, Ki%HE, 7nlET 1 mL &l
o, I RSB R ZIRE, REAT,  EIARNT R
fits 3o 20 TR B LN B3 6 AN i il 46 VB0
AT, I B Tk JEE 4351 24 100.04 1 225,80.0+
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22 fifkEHs

By HE LC-20A = 20 W AH £ i 1, Waters
Symmetry Cig#F (250 mm X 4.6 mm, 5 pm); HEFE
i 20 pLs FEEL 30 °C; AFAE 0.8 mL/min; i3l
FHA HRE-0.5% UK IS RR /KIS, FEFPUEmt, Pelifey
9 0~30 min, 84%MH#; 30~45 min, 84%~87%
FIWE; 45~55min, 87%~90%H #; 55~75 min,
90% FIfE; 75~80 min, 90%~98%HIFZ; 80~100
min, 98% H ;0] 100 min; ATIE A ZE K
JCHURAT IS s SR 45 C, AR
1.5 L/min, 425K 2.

TEMLRAT FRES T 6 PhFLA FRIS LA H B AR
HIGAMET 5000, 7 EEERT 1.5, il Fr
A FII1E 0.95~1.05, S (o HLE 1,
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i 2 W BT B R BE A3 R 11tk -B-FL A 1R
100.0 pg/mL 11-FRIE-B- S FL AR 1225 pg/mL.
o-FLEFMR 80.00 pg/mL. B-FLAMR 252.5 pg/mL. 3-
L H-0-FL R 206.0 pg/mL. 3-LFiEE-B-FL &R
300.0 pg/mL VRGN G, 4% “2.27 TR
LA IHERE 1. 2. 4. 8. 164 30 pL, MIEH
Xf HE A RO AR, LU TIAR R 1 AR 0 £k AR b
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Fig.1 HPLC of mixed reference substances (A), sample (B),
and negative control (C)

11-FREE-B-AFR Y=1.399 X+12.90, r=0.999 5,
LRMEVE R 0.10~3.00 pg; 11-FRIE-p- LEEFL AR Y=
1.474 X+12.28, r=0.9995, Zttyul 1.23~36.90
ng; a-FLAEMR Y=1.468 X+12.53, r=0.999 7, £t
Y 0.16~4.80 pug: B-FLEM Y=1.527 X+12.68,
r=0.999 7, &MVl 0.25~7.50 pg; 3-ZMiH-a-
FAEMR Y=1.447 X+13.03, r= 0.999 5, ZVEufH
0.21~6.30 pg; 3-LMiIL-B-FLAEKR Y=1472 X+
12.90, r=0.999 6, ZMEJEMH 0.30~9.00 pg.
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3.48%- 2.62%F1 4.21%, FIHIVEEEME RIS

2.6 TREMIRIE

R E AR K (bS5 201407260 29 1.0 g, K%
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Table 1 Determination results of six boswellic acids in 10 batches of XHP

FiE K/ (mgg ")

-PIE-B-A B 1-BIE-B- LA RIR o-FLHR B-IAFR 3-LBH-0- A AR 3-LWHE-B-AEFR BE

et

20141142 3.78 18.20 4.02
20141143 4.44 11.00 3.42
20140712 3.60 12.50 3.14
20140507 3.91 11.90 3.34
20140508 3.67 11.10 2.71
20140509 3.84 11.80 2.63
20140950 2.09 9.67 2.34
20140873 2.30 13.00 3.03
20140625 3.71 11.70 2.78
20140726 3.72 16.90 3.88

7.45 7.16 11.50 52.01
5.20 4.93 8.11 37.10
5.51 5.56 8.51 38.92
5.49 5.60 8.46 38.70
5.08 5.20 7.95 35.80
5.55 5.66 8.60 38.08
4.23 4.15 6.49 28.97
5.64 5.81 8.78 38.56
5.14 5.35 8.11 36.79
6.89 7.08 11.30 49.77

HT oA EFR. B-AFR. 3-LW-0-FLF& R AN
3-ZW-B-FL A MR B R Ko AE 210 nm!™, 4k 148
PRI, B2 IELRIEER MR T 11-FRIE-B-
FUA R 11-5 I -B- £ e FL A 1R J5c K W e 38 K AE
250 nm"”, RSN, T L P KA A
REIFI I SHE 6 FhFLAMRIS Ny« AWFFCR 2RO
U R A4S (ELSD) {E[Rl— il 46 4F T X 10 ANt
BTG EE AL 6 FhFLA RIS o T T 05,
B AR HAA Sy 8 R AF, HAMR, HEMm
R LLELSD Al 48 F 5 1M S 50k & i 5
S ELR, RS AR R 2T, B T
R 2450 5 2 BT LA TSR LR, 74
WALR AL T o L — BB M
v, TR B T PH AL T 2R E . RS
K F HPLC- ELSD fE [ — (i 44 F F X fuf 6
PR ERAB R AT RN e &, BAfRin. HEm
N S B0 iy W W R i DA REA P i s 2 T S S

B3

[1] hEZd [S]. —&. 2015.

[2]  BAEEZ sbRiE (b2 s HiFEE ) [S]. 2012.
[3] MRiEfg, Salim. WHEOLRS RS UL isir R s

BRI R W ST (1], AR E 2, 2016, 11(7):
1215-1217.

oA, 5%, 8, L WmEECLBUMRIER &I
P BETE BRI BE R SEER T (7). hE TR 22K, 2014,
39(8): 1499-1501.

# . VUSRI ZYEE KGR N AL [J]. 29
PENTIFIT, 2012, 35(6): 473-476.

RBEE, 2= g, BRPHEC. PHBpUMRAE st R
(] WA Be 25 K244, 2012, 36(1): 83-85.

Mo B, ok W, SR, S UHECR AR O BB
Jib g e JLXF RAER IR ER [ BRA 5 I

(4]

(1]

[12]

[15]

[16]

PR, 2013, 28(6): 847-850.

T 4. VG B RN IR /) B AR A B I A AT R L R
MISEIHFFT D] Bl AP BE25°K2%, 2015.
MRfE X, £ U, skIER, %5 VEsALABCEIT R IR
J7 IR T[] R AR R 2524, 2010, 25(3):
409-412.

BRgom, fRigoe, FIEE S5 VUSRS ILR T ikt
BT A0 1R G AR s (7] AR S IR R,
2011, 26(1): 50-53.

ST, M, B, S VH AN A i
SMMC7721 F3-#h FIILAE P 7 A e PR 7 B 238 I 4 e 2 1
g 2. 9 Fsgm [J]. ks, 2008, 30(7): 1079-1081.
Midgal. BRI A6 (0 3% AR 11-304-B- Z LA F R ST
OV 3 (VR DL SE [D]. PB4 SEDYEE
K, 2015.

W, B, LA SRS YN 2 B R )
WL [J]. FRERFEEZY, 2016, 9(5): 616-620.
ot rER, BB, % AREA BN P AE
FRAANAE Oy« A v R SR LA ST R 0],
HhEEZY, 2016, 47(12): 2175-2181.

S ML VUSRI R I AL 03 O K U S AL 2
BOEERE R I B BE AL [D]. WFE: AR RS
K2, 2014,

THiE, il %k kP, % IR 11-EB-4
BEFL AR & ol s MR RRAS & 7T [J]. Th
=, 2013, 27(4): 389-393.

fa Bk, R, B BR, S TR AR R
W58 J ¥R M B oy Fa SC Ik iy g Sy (0], 9 o i 2
£, 2016, 36(3): 480-485.

O VUL TR ARMERFA [D]. RIG ER T
K, 2014,

XgeHt, £ M, B &, & S8R R I R
Koy Era i (1. AR R ——P EAIAR
1k, 2011, 13(5): 860-863.

+ o, B g, REE, . AETD S FELERR Y
SR (7], hE P24, 2011, 36(10): 1330-1332.



