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(. K EFRMERKER - ZREARTLER, Z# HK 2440005 2. ZHFPEHRF, 2B &L
230012; 3. M FR, L/ ZM 236800; 4. REFEHKFE,RE 301600)
REBH AZFNAUIFHERTHEFPHFRSF R5F FRHE5F MEF FRESHARERY> ST —A FFE,
Tk FHERTHELZ 80% FEM BRI, €544 Agilent Eclipse XDB C i ££(250 mm X 4. 6 mm, 5 wm) , 73148 4 P 82 KA &
(pH 2.5) - VB (65:35,V/ V), i&ik % 0.8 mL/ min, A& % 30 'C, 40k ¥k A 280 nm, #4424 10 pLoAFHEZFAAR, 235
REH FFREF AL E JF R ARG B A Fe AR AR B T, SRR 9 S B R BT S AR E RS AT ER K
B FREE MEE FEE FEERFNMERES AL 1.58~50.63 pg/ mL(r=0.999) .6.33 ~101.25 pg/ mL(r = 0.999) .
1.57~50.25 pg/ mL(r =0.998) 1. 45 ~46. 50 pg/ mL(r = 0. 998) .28. 14 ~900. 50 pg/ mL(r =0.997)fC B A 5% @M EE X 7 R
%55 ¥ e H w5 A A 97, 44%,96. 78%,100. 59%,96. 01%,95. 33% ,RSD 251 2 1.79%, 1. 67%,2. 86%,1.79%,1. 35%(n = 6) ;
ML E M AR I 25 R RSD 301 T 3.00% (n = 6) R & 2R AR &3 AU &35 B R 69 R TR S F AL E TR
FARA T I 2 a9 AR 4R G B ) AR AT ARE B F 49 RSD 31T 3.00%(n = 9) o ST  Ae— il % 3Rk R 9 B AE By MR P
5HAFERE R AR E A RARL 1.48%(n=9) G EFFRETE EREH, TH T ERERS BT 5 A5 8L R
AH S BT,
KA — 0 Bk BARARE Ik FAE R B B R R RS RS R A AR AR
Content Determination of Five Flavonoids in Banzhilian Formula Granules by QAMS
ZHONG Huaging' ,SONG Hui' ,ZHANG Sheng’,HU Yunfei’*

(1. Tongling Municipal Hospital - Tongling Hospital Affiliated to Wannan Medical College ,Tongling ,Anhui,China 244000; 2. Anhui University of
Traditional Chinese Medicine ,Hefei ,Anhui,China 230012; 3. Bozhou University ,Bozhou,Anhui,China 236800; 4. Tiarjin University of Traditional
Chinese Medicine, Tianjin,China  301600)

Abstract: Objective To establish a quantitative analysis of multi — components by single — marker (QAMS) method for the
simultaneous determination of five flavonoids (scutellarin, baicalin, scutellarein, naringin, and apigenin) in Banzhilian Formula
Granules. Methods The Banzhilian Formula Granules were extracted by ultrasound with 80% methanol,the chromatographic column
was Agilent Eclipse XDB C,, column (250 mm X 4.6 mm,5 um),the mobile phase was formic acid solution (pH 2.5) -
methanol (65 : 35,V / V),the flow rate was 0.8 mL / min,the column temperature was 30 °C,the detection wavelength was 280 nm,
and the injection volume was 10 pl. With scutellarin as the reference,the relative retention time and relative correction factors of
baicalin, scutellarein, naringin and apigenin were respectively established, and the contents of five flavonoids in nine batches of
Banzhilian Formula Granules were determined. Results The linear ranges of baicalin, scutellarein, naringin, apigenin, and scutellarin
were 1.58 — 50.63 pg / mL (r = 0.999),6.33 — 101.25 pg / mL (r = 0.999),1.57 - 50.25 pg / mL (r = 0.998),1.45 -
46.50 pg / mL (r = 0.998) ,and 28.14 - 900.50 pg / mL (r = 0.997), respectively. The average recoveries of baicalin,
scutellarein, naringin, apigenin, and scutellarin were 97.44%,96. 78%,100. 59%,96. 01%,and 95.33% with RSDs of 1.79%,1.67%,
2.86%,1.79%,and 1.35% (n = 6),respectively. The RSDs of precision, repeatability, and stability test results were all lower than
3.00% (n = 6). The RSDs of relative retention time and relative correction factor of baicalin, scutellarein, naringin, and apigenin
measured by different high — performance liquid chromatography systems and columns were all lower than 3.00% (n = 9). The
relative deviation of the content of five flavonoids in nine batches of Banzhilian Formula Granules determined by the external
standard method and the QAMS method was not higher than 1.48% (n = 9). Conclusion This method is simple, reliable, and

accurate,which can be used for the simultaneous determination of five flavonoids in Banzhilian Formula Granules.

Key words: QAMS; HPLC; Banzhilian Formula Granules;scutellarin;baicalin;scutellarein ;naringin; apigenin; content determination
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2, AW R A RIR IR -3 A i . —
i MR RIS 2 E Ly AR B 2R I 5
SRR E A 2 R 2 BRI A B PR
B PUAAL BRI BB R SR BN A, R B )
JBT Ry BRI J A~ 81 ARSI IC J O R A IR A T
il £ A 25 e 5 0K 5 A A A ST A A
100, BRI T2 A A A T PR R, LA
2B 5 5 32 RS R T AR 2 R R R
M L10J B — i o3 DL 4 T PR Hh 25 B A9 45, il &2
FE b [F) 25 o et s o) B B b 24 o ok 2 B > i v 24 o o
PR AR A AR — I 22 P (QAMS ) 75 I 3 i I 7 — ol
BT, 1K B 22 A0 R A0 5 i i o i A A A
AR B S AR B SRR K R I A
AN R, SEI T 22 B[R] B e S T 2
VRN AN A AT ST A LA 85 5 NS, d ST
TR RS I 5 A T T R R T B R AR
EAEHR TR QAMS B, it — 5 2 R i 7
UL A T B HE R AR AR E AN .

1 XE5RKHE

1.1 {2z8

Agilent 1290 % ¥ AH €5 1% A% ( 55 [§ Agilent 24 7] ) ;
BT25S YL F K- RS 4 0. 01 mg) , BSA224S — CW %l
HL T RF RS E R 0. 1 me) , 33900 A 58 2 R ikl 22 {3
(db50) A BRZS 7 s Elma S120H B8 75 Y (72 [F Elma 2y
A, T 200 W, 9% 8 37 kHz) ; UPT - 11 — 10T 2941
RGN AlK 25 O LiRHE A BRA A .

1.2 iK%

7 8 K 0 R (F1E5 0 110842 - 202010, &5 &l
91.5%) , B4 0 B (L5 110715 - 202223, 5 i
97, 2%) , 3R IR (HE5 R 111901 - 202205, 7
1N 98.4%) , 4 b R 24 R E IS B 5 B e
ZEZ N IR S (4152 20021501, 265 K T 98. 0% ) , Hill Bz
200 R (HE 5k 20022406, 405 KT 98. 0% ) , 11 [
AR A IR A BR A D 5 F BRI YR Y o it i

oAt 12500 X5 A 43 A 2, K A R K 5 2 A TS 5 Uk
(J"AR—IT A R | M B4 3. 75 g A T
Bk Ro15 g, 5 43 HI S 20092183, 21082273,
19072343, 21052233, 19031893, 21007283, 21010543,
21010301,20070993, 45 A S1 - S9) .
2 AEEER
2.1 @iEEH

(A%t : Agilent Eclipse XDB C,g#:(250 mm x 4. 6 mm),
5 pm) ;Ui shAH : R KW (pH 2.5) — I E(65:35,
V/V);FiiE 0.8 mL/ min; & i - 30 °C; & P K .
280 nm; AR 10 wL.
2.2 AiEHE

MBS RS PSR MR T
BN IR A B RS PR AE I 80% FH IR i, il A A
A 5 ARk oy B R R 4 oA 3602, 0. 405, 0. 810,
0.201,0. 093 mg / mL [9TE A X B IV 48 W 5 HUAS X il
w8 W 125 L, i 80% W M FE 22 4 mL AE MR G
Xof HE S T L U KA X BELA 5. 00 mg KRG AR AE L B
5 mLZA IR, 0 80% W BEE 75, #8557 , VE N B B 51T
X FE SRV IBURE T 1.5 o, BN RS S5 PR e , B L 284
PRSI 80% HEE 50 mLL, FRAE i i, #7430 min,
TR, FRURFR E T He:, 1 80% FF B4 J ol 2 14 ot #: , #2
57,0.45 wm JEBEDE L BREL U8, AR A A3k i i T 4%
2 BE C 7 ORLAL T3 Lo AR U R , 42 28 7 T2 4%
TC2 A 1) B A T 7 0k, 42 A3 v ) 2% vk
24 A XS R SV R
2.3 FEREER

ZAGiE MRS B 2. 200 N AR A IR A X R
i A VBRI BRI IR A I VR A o, 4% 2. 1 I T (i Ak
FEDZE D SR B BT P 2 MR R TR
IV 8 5T (i I 53R B LR 0 5, S AHAR L A i o
TR BRI T 1L 5, eI KT 5 000, 40 B R
U, ELIIPH T R b ORI e T i I UL IR 1

LRI R I G S 2. 2 00T X A O 5 TR

A/ mAU A/ mAU A/ mAU
100 100 100

75 Y 75 75

50 ‘ s, s 50 50

25 2 25 25

03 t / min 073 t / min 03 t / min

0 100 20 30 40 50 60 0 100 20 30 40 50 60 0 100 20 30 40 50 60
A B C
LSR5 2. %5 3 HREL 4 MEXT S OFRFE
A X RER B RAMNBRER C WS RBRER
E1 SxEEEiEE

1. Scutellarin 2. Baicalin = 3. Scutellarein 4. Naringin 5. Apigenin

A. Test solution B. Mixed reference solution C. Negative reference solution

Fig.1 HPLC chromatograms
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i SEAERRRE 4R 2. LIUT (A SRR HEREIN SE | 350 A%
A VR B (X, g / mL) R B AR AR I TETRL(Y) Ry
AR BEATEAE IH LRI 1,

x1 KUEXRZFRER

Tab.1 Results of the linear relation test

RA )35 LM (pg/mL) r
WA Y=26.219 X+3.017 1.58~50.63 0.999
FE5E V=45.98 X- 142.38 6.33~101.25 0. 999
Mk E Y=23.426 X+17.24 1.57~50.25 0. 998
HEE Y=24.376 X +13.296 1.45~46.50 0. 996
FHRF  Y=31.567 X-678.37 28.14~900.50  0.997

K %% B0 2. 2 T YR A5 X It VS VRS o,
2. VIR A5 5 SRR I A 6 IR, 10 SRV T AR 45
PR A VB SR N R AT SR T R
B RSD 43 5 A 1. 14%, 1. 58%,0.91%, 1. 25%, 2. 97%
(n=6), RUMLEHG L RIS

A PEREG  HURE (1654 20092183) 1. 5 ¢ A%
PR, FL 60, # 2. 2000 T J7 il A A i L 4% 2. 1
TS (8 335 S S R0 2 1 sy A T R 4 R T S
B HP RS R O B AT R IR RSD 43 )
4 0.89%,1.03%,0.75%,0.81%,1.57% (n = 6) , 7 M
Ik EEER I

R MRS - B A2 MR 0 00 At VS T
ST R E 0,4,8,12,18,24 hint#% 2. 1 10 F {4
T SRR AR R, 1 SR DR THT R 45 SR B S B
BB A 3R Al 2R ORN Y R R W T ALY RSD 43 W N
1.25%,1.29%,1.50%,2.08%, 1. 46%(n = 6) , ZE Wit
TR VA Z R TS 24 h NRRE M R I

AR [l B 5 B AR (LS R
20092183)0. 75 g, ki % AR, 3 6 0y, 43 BIKG % AR
AR BRI, 3 2. 2300 5 i il A8 K A AR $5 2. 1
T A0 3% 25 A SR S, 30 3% 0 T AL, TR Jn R [ i
RO EP RS WS ISR MR AT R
B4 SF- 247 R [T R 43331 R 95. 33%,97. 44%, 96. 78%
100. 59%,96. 01% , RSD 73 51} 1. 35%,1. 79%, 1. 67%,
2.86%,1.79%(n="6),
2.4 BIEEEMHEE

BTG T 7 < 43 DK 5 W 2. 2 0T TR A5 X B i
W 5,10, 15 pL, ¥ 2. 1300 (A 4 E AR I 39K, DA
PR AT bR, 0 B A B RS R M R AT
2R BYAH X AR B B ] (RRT) , BOF (8 45 58 Fak 4 Fh
B 2 A0 G WA X T B S I RRT 43 510 1. 369,
1.423, 1.526, 1.773, RSD 43 Jll 4 0.90%, 0.68%,
0.72%,0. 48%(n = 9) ,¥J/NF 2. 00%, RHK ST
RRTAHX AR E A5 R W3 2,
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F2 HEEH.TEEZ MEENAEZ(UHFESHFANR)
B4R X 4R B Bt 1)
Tab.2 Relative retention time of baicalin,scutellarein,naringin,

and apigenin (with scutellarin as the internal standard)

#HHF ®EF O FREE O MEE FRA
Sul 1. 345 1.414 1.537 1.776
Sl 1.373 1.432 1.526 1.778
S5 ul 1.362 1.427 1.537 1.784

10 pLL 1.371 1.422 1.519 1.769
10 pLL 1.379 1. 435 1.523 1.773
10 pLL 1.384 1.431 1.521 1. 764
15 pL 1.357 1.416 1.532 1.781
15 pL 1.379 1. 406 1.503 1.757
15 pL 1.368 1.427 1.534 1.771
X 1.369 1.423 1.526 1.773
RSD(%) 0.90 0. 68 0.72 0.48

o 0 T 7 A EE A L 2. 2 T TR R R A TR
20 1T EG5% AR HERE I E |, 5300 A ) Y
S35 (Agilent 1290 FY  Waters 2695 &Y Thermo
Ultimate 3000 %) & {43 4% [ Agilent Eclipse XDB C s #F
(250 mm X 4.6 mm,5 pwm) , Waters XBridge C, #f
(150 mm x 4.6 mm, 5 pum) , Thermo Hypersil GOLD
(250 mm X 4.6 mm, 5 wm) XA BFEE AR M
B RN ER OGS0 E A 1 52 o 45 R IR 4 e R
P53 Wy A X T HF B4 45 B9 RRT 2354 1,371, 1. 424,
1.528, 1.775, RSD 43 %l 4 1.02%, 0.80%, 0.79%,
0.93%(n =9) . ¥I/NT 2. 00% , F W% AL & ) 1 (3% 1
FENLHA R E R 4R ILK 3.
®3 FAEBSYREEMAEEEITESE. FETHE MK

FEMFRER (EFESH A NR) B98I R B 5
Tab.3 Relative retention time of baicalin,scutellarein, naringin,

and apigenin (with scutellarin as internal standard) by different

HPLC instruments and chromatographic columns

ARG EN Gtk ®5F BREE mkE FEE

Agilent 1290 # Eclipse XDB C, £ 1384 1424 L1519  LS12

XBridge C s 1375 L4613 L1773

Hypersil GOLD C 2 1357 1417 1521 L1775

Waters 2695 % Eelipse XDB C 44 .38 1435 L1515 1781

XBridge C, & 1362 L4515  L7%9

Hypersil GOLD C 22 1.368 1410 1.546  1.762

Thermo Ultimate 3000 2 Eclipse XDB C, & L3910 1431 1539 L7§7

XBridge C LS4 L4 1SR LT

Hypersil GOLD C 2 1.358 1,412 1514 L.7H4

X L3710 L4415 LTS
RSD(%) L2 08 079 09

2.5 MHEXIKIEEF(RCF)MHEE
RCF V17 7% 40 SRS 3 W B 2. 2 T R IR A% BE
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WWI5,10,15 pL, #% 2. 1 TR 43 2R 3R AR 2 31k,
DLEP B4 S bR, I B 54 EP B R R O R
PR R AL A RCF, BOE A R IE R iR A X
RCF=(C. xA,) /(C, xA) 3, CoNS BY AT
T R B, A 2 BRI (i I TR AR, C FN AL 5330
R SAT BP RS R M FR TSR ER 0 T A v R0
TR B R PR R M R T SRR AR T
BT RCF 43 % 4 0. 671, 0. 787, 0. 826,0. 516,RSD
SR 2. 36%, 1. 84%,1.33%,2.05% (n = 9) , ¥J/NTF
2. 00% , % B RCF XS (45 R WK 4,

R4 EEFHF HESEZMEENEFEZ(UFESFHAR)

R EEF
Tab.4 RCF of baicalin,scutellarein, naringin and apigenin to

(with scutellarin as internal standard)

HHE R HERXE REkE OFEE
5pl 0. 667 0.784 0. 825 0. 509
5 uL 0. 684 0.797 0.831 0.521
5 uL 0. 661 0.812 0. 815 0.537
10 wL 0. 686 0.793 0.813 0. 507
10 wL 0.679 0.785 0.832 0.511
10 wL 0. 693 0.796 0. 826 0.523
15 uL 0. 665 0.776 0.817 0. 501
15 L 0. 646 0.781 0. 825 0.516
15 L 0. 654 0.761 0. 849 0.518
X 0. 671 0.787 0. 826 0.516
RSD(%) 2.36 1. 84 1.33 2.05

RCF By F &2 M4 B 2. 2 T IR A %) BE ST
Fie 2. VI T 3% SRR 5 43 30115 B8 A [] -5 WA
1% A2 (Agilent 1290 & | Waters 2695 %! | Thermo Ulti-
mate 3000 %Y ) I {4 % # [Agilent Eclipse XDB Cg s
(250 mm x 4. 6 mm,5 pm) ,Waters XBridge C ;¢4 (150 mm X
4.6 mm, 5 pm) , Thermo Hypersil GOLD #£ (250 mm x
4.6 mm,5 wm) [RFECEHT BPESR M R FTRR
RCF AYSZIR o 25 58 1 3R 4 R g i fb 5 ) A6 T BF 8 5
) RCF 43514 0. 672, 0. 778, 0. 823,0. 518, RSD 433l 1y
2.47%,2.58%,1.80%,2.27%(n = 9) , /N T 3.00%,
LAY RCF 7EA R & 20RO 35 5 A F
TR B R A A RIS,
2.6 HFRNESRIE

WO HEAE i, 4% 2. 2 WUF Jr i il A ek WA T %
2. VIT 38 S A HERE I AE |, 43 3R AR R T QAMS
DN EFE G B PR R A R AT SR
T 25 0 2 R T TR R I A5 SR Y A X e 2 X AN R i
2.20%, b3k 4R B 2 Ak 5 W i1 XA X i 22 5300 R
1.48%,1.08%,1.17%,1. 19%(n = 9) , ¥/ T 2. 00%,
P W] QAMS ¥ M5 - R 15e 75 OkE rh 1 R 4 Fh BT R 28
&Y a SRR AT 5 5 AT A R LR 6.

x5 AREUERELMAFEEETESE FESHE MK
FMAERR (UFESHFHNER)HENRERF

Tab.5 RCF of baicalin,scutellarein,naringin and apigenin (with

scutellarin as internal standard) by different HPLC instruments

and chromatographic columns

ARG &4 EOST S ¥ S MWE %
Agilent 1290%  Eclipse XDB C. 0.645 0783 0.807 0.5
XBridge €, 0.63 0761 0.83  0.527

Hypersil GOLD C, 2 0.661  0.752  0.816  0.514

Waters 2695%  Eclipse XDB €, 0.6 0795  0.82  0.519
XBridge €, 0.681  0.794  0.819 0.5

Hypersil GOLD C, 2 0.674  0.801  0.832 0509

Thermo Ultimate ~ Eclipse XDB C, & 0.698 0.798 0.827 0.511
30002 XBridge C, & 0.667 0.769 0.819 0.513
Hypersil GOLD C, & 0.659 0.752 0.845 0.524
X 0.672 0.778 0.823 0.518
RSD(%) 2.47 2.58 1.80 2.21
3 g

H i, B A0 T 200 Ffep 25 e 5 UKL AG R bR
Y, A R 25 gy R 1 5 FTBR 7 ) LTS T I B Kk
W12 14 A AR AR DS T ST T AR S 2 B B e R
{633 (UPLC) 35 Sl , 31 6 A [) 72 b ) 2 A% 3 24 47 B
AT T IR B3R PHAREDOSR & OB AR 435 (HPLC)
T 5 AN [R] 7 M~ A 2 b v 8 B A S A0 )
YANG 257030 3 WA (1 - S (LC - MS) 35 2 2
BGEGM P RER SR ST ORBRER MR
FNHE 5 2 6 Pl e i S o 1 & i o B 75 7 S5 S iE AT
TR C R B AR E IS, ST T HPLC F54C
B AR T R S I B

H T, T 5 50 B BGE R 70 R R s 2 ik &
Yy, A5 B e | B R AR 4 28, Hod DL R
P R AT o7 T 209 B S AT PR S
I E IS A, O AT AR MR
AR 2R 20 Rt , A5 A SR QAMS 530 5 - B 3
Jie 7 R v 5 R R AL S W %) 5 i, DU 4 1 b g
2 A 3 PP R A )

Tt S0 A R 2 K R — BRER KA TR R - R K
WA B — LRI, 45 B W - R K
(pH 2. 5)ME N IR S AR I FE LR L84, W IE K ) 5
B DA VA SR AL sh AR o R FH A A 4 9] G T 2
(DAD) T 250 ~ 400 nm 3% < i [l N X 5 Fp 48 Fr 1 B o3
AT, 45 P B S S SR MR
SR R R WS K439k 335, 280,276,370, 340 nm,
W 52T 5 AR I i K X 2 R 3 TE T 0R AR K
TR R AN B o 25 R R, AR T 280 nm K
fab i 1 B 4, 3k B 280 nm A SR A Ik K L b A,
S [v) 9 T RIS ) A 90 %o € 33 e 0 5% W), 45 S 0 i
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Tab. 6 Results of the content determination of baicalin,scutellarein,naringin and apigenin in Banzhilian Formula Granules by the QAMS

method and the external standard method

a 54 R HHE5E WA E FRE
Be  xs Sk —M gk ARE SMRE SRR WRRZE SMER MR RARE MRk —aSmk AdkZ
(mg/g)  (mglg) (%) (mglg) (mglg) (%) (mglg)  (mglg) (%) (mglg)  (mglg) (%)

S1 6.102  0.121 0.119 -1.65 0.189 0.188 -0.53 0. 116 0.114 -1.72 0.131 0.129 -1.53
S2 5.437  0.099 0.098 -1.01 0.171 0.169 -1.17 0.103 0.101 -1.94  0.116 0. 115 -0.86
S3 4.684  0.091 0.093 2,20 0.139 0.137 -1.44  0.089 0.09 .12 0.101 0.099 -1.98
S4 3.796  0.078 0.077 -1.28  0.123 0.121 -1.63  0.073 0.072 -1.37  0.083 0.084 1.20
S5 5127 0.121 0.119 -1.65 0.149 0.151 .34 0.097 0.096 -1.03  0.112 0. 11 -1.79
S6 4.874  0.096 0.097 1.04 0.136 0.137 0.74  0.092 0.091 -1.09 0. 105 0. 106 0.95
S7 6.013  0.109 0. 107 -1.83 0.179 0.176 -1.68 0.113 0.111 -1.77 0.129 0. 127 -1.55
S8 5.245 0.102 0. 101 -0.98 0.183 0.181 -1.09  0.098 0.097 -1.02 0.113 0. 111 -1.7
S9 4.876  0.097 0.098 1.03 0.152 0.15 -1.32 0.091 0.092 10 0.105 0. 104 -0.95
X 5.128  0.102 0. 101 -0.46 0.158 0.157 -0.75 0.097 0.096 -0.86  0.111 0. 109 -0.92
AsRE 0.702  0.014 0.013 1.48 0.023 0.023 1.08 0.013 0.012 117 0.015 0.014 1.19

0.8 mL/ min AEiE 30 CHAMF T HIENEKZE , (iE IR
3 JEE RIS By e, W TR R ASEOR B 4%: 0. 8 mL/ min
130 “CAE Ay it 2 AL

L5 L RTIR AW SE ST 0 Dy R A SRR T

B B MR AR ERAE TR 3 TR I T

WURL B 5 PR R M R AT R R B

7E .

e
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