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Combinational quality control method of polyphenolic extract in Litchi chinensis
based on fingerprint and QAMS
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Guangdong Provincial Key Laboratory of Advanced Drug Delivery, Guangdong Pharmaceutical University, Guangzhou 510006,
China

Abstract: Objective To evaluate the polyphenol extracted from Litchi chinensis and quantify the content of four kinds of polyphenol
therein, the combination of fingerprint and quantitative analysis of multi-components by single marker (QAMS) was used. Methods
A total of 22 batches of extract from Litchi chinensis were assayed by RP-UPLC to establish a common mode of fingerprints. For
achieving QAMS, a method was developed by selecting epicatechin as internal reference and the relative correction factor of the three
components, procyanidin A2, procyanidin B2, and epicatechin-(4p—8,2—O—7)-epicatechin-(4p—8)-epicatechin (PC-C), to
determine their contents. The feasibility and accuracy of QAMS were evaluated by comparing the contents of four polyphenols
determined with two different methods, QAMS and external standard method. Results Nineteen common peaks were identified in the
characteristic fingerprint, nine components, including the known principal components, procyanidine B2 (peak 6), epicatechin (peak
8), PC-C (peak 9), procyanidine A2 (peak 15), three trimers of procyanidine type A (peaks 12, 16, and 17), a dimer of procyanidine
type A (peak 19) and a dimer of procyanidine type B (peak 14), were verified in 22 batches of Litchi chinensis extract. Good similarities
with correlation coefficients higher than 0.9 were found in 22 batches fingerprints. There was no significant difference between
calculated value and detected value of the four ingredients in 22 batches, by QAMS and external standard method. Conclusion The
results showed that the combined method of fingerprint and QAMS for quality control is accurate and feasible and provide reference
method to evaluate the quality of extracts from Litchi chinensis.
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e 2 A AR, 24 i B A Y R
M Zdehr. 2 FBREETEATSR A . TheTR
2y P e A TR AR DL AP 25 740 (A Ak S e ),
TR I TR) 1 AT Pk B R By — il 2 VR
(QAMS) DUFEsh L — LRI 73 g b, Ear 3
f A5y Z RIA R IE R 7 (), FFaEEL f R
i ST, R P EZG ) 2015 SERR SRS
P SHEHR . QAMS i X L HE 4y
B AR RRE s B B 2 R . 4R
U S5 QAMS 4G B kA BEFHEA
i, e T gk A, AR
K, EWNAMEATSCERIRIE R 2 RO EE S H T2
5 B s o e B e Y B YRR S AT
Ik, ATIRIRIOPTAALRE . BATIEY i
AL Pkt P RO R
D220 I SR Litchi chinensis Sonn. 4 JC
7 Fl (Sapindaceae) #5F¢J& Litchi Sonn. F§J5 ¥
HHY, AHEEIFRME. AR, AR

AT [ IR A B TR SRR . 42 A
USRI RER AL TP AT 7= S N @) R AT
MRS s H SRV L AR AT ARG .
FE N2 e, AU AT 75 30 0 7 B 2 R
o, gilayes. amgse, caket 44
AWML, R RILRE. FIEH R A2, R
i E B2 ALK R-AB—-82B—~0—T)-K LA
F-(4B—8)-K LA FE (LLTFHFR PC-C)o RHFRLL
Bl 1% 6 7 1 2 Ty $ B R AT BE AR VRO, TR A
QAMS V24 22 By U h BN 21 03 EA T Fil o
N 75 B2 Wy ) T A SR PR SCHF
1 {5

Acquity UPLC H-Class #AH G RE(, Ariles
PDA J QDA, T.AEu4’h Empower 3, JE[E Waters;
CP225D Wi 73 MRV, fE[E Sartorius; Acquity
UPLC® HSS T3 (100 mmX2.1 mm, 1.8 pm) {fi%
FEo LA 22 AR AN RIFAL AN RO B A4
Bh W 1. IR 5 AN BRI AR R . 1L

x1 22 HRIEMR

Table 1 22 Batches of raw materials of Litchi chinensis

it AR AL s
20140424-1 TERUR LGS 1 IREER, e R/ sagg, 851 IIUE FNE I RHA
20140424-2 TERURSEEHE 1 IREER, e R/ sagg, 55 2 IIE FNE I RHA
20140504 B2 IS, AR RN, Bsgg, 1 R FNE I RHA
20140507 B2 IR, AR RN Begg, 552 R FNDE T REA
20140521 03 IR, RSEIAER, S, H 1 Rk FNDE JREA
20140525-1 053 IR, RSEIAER. G, 2 ik FNDE I REA
20140601 053 IR, RSEILAER. G, H 3 ik FNDE JREA
20150420-1 15 FTRRER SRS 1 IR, TRER/D, g A A JAREA
20140525-2 BT, JFIRGR, BELT, B 1 ke JRC JREA
20140605 BRI, JFARIOGR, BELr, 5 2 YOk J A JTAREA
20140620 G, WELD, BB 1 IR A JTAREA
20140622 FAJEI, BEA, 3 2 R JI JTAREA
20150420-2 e i) R IAZ JTAREA
20150530 AR R JAREA
20150420-3 B AR JAREA
20150316-2 ke I3 IR
20151021-1 AR L J7REE
20151021-2 FrhE A TR
20150316-1 BT R AR, AR g A IR
20150529 g JR I IR
20151012 TS S BT AR, SRR ot B IR
20150325 ke e IR
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JERPRE &, ] 68% LEEIZHREIEL 20 2 1. 59 ClHl
MIRI 93 min, JL2 . SIFUEML IREIRYE R T
ek, AB-8 KALWKFHAIEWLFH, WdR 65% L RED:
W, 43 Cuwkkds, AUT, WA 22 i m
S, DURAERRSE HIRME S . shi e Kad
R, R R SRR s I 3 KRR AR
PRTE IR, A AL RN BB e 2B BV SRR 3RS
KILFZZXN G, HEDH=98%, #Hts
878-200102, IE iy A eI JRARTT &
A2, JEAET 2 B2, PC-C, MIHU 43 B8kl 4
3, %4 UV. IR. ESI-MS*. NMR i, 54y
3 =98%. HEE LM taiball, 78[5 Merck KGaA;
FIR, (akall, R Rk Bk 22 R B 2 7l s
WA 288K, s HABHAK Oy 2587k, 3
Al A 223K 500 A 23 B 4l
2 AEEER
2.1 HEH
2.1.1 {344 Acquity UPLC® HSS T3 (100
mmX2.1 mm, 1.8 um) I HaAHA LME-1%
FR /KW, BEEEVENE: 0~9 min, 8%~13%4;
9~10.5 min, 13%~15%ZJiE; 10.5~13 min, 15%~
18%Zi5: 13~15 min, 18%~22%2ZJf5: 15~17
min, 22%~50%2ZJE; 17~17.5 min, 50%~8%Z,
f; 17.5~21 min, 8%ZJME; B : JoubHIH
6 200~800 nm, FMIPEAA 280 nm; A E
0.35 mL/min; A 35 °C; #EFEE 3 L.
2.1.2 Uil gAr WE R ESL; IEARPERANE
& 1.5 kv; SRPEBRAEHRE 0.8 kV; SR

270 °C; HESLHEH 30 Vs SREFHE 5 Hzs MS HH
5l m/z 100.00~1 100.00,
2.2 ARECH
221 ARSI E S BURIET R B2 15
mg, & 20 mL S, F 30% BRI R 2 20,
BNAS R A T 2% B2 X I A 45 o

SR LR R JRAETE % A2, PC-C 47 30,
25, 12 mg, FEFRE, HE[F— 100 mL =+, o
NIRAET 2 B2 AR #2592 mL, H 30% %S
fEFERRE RN, RIAGHR A X IRl 25

KW OR AR fE 2 5 mL, & 10 mL
i, 30%TREMmBE R AR, 55, AifY.
222 RIS W 2 I 2
100 mg, K ME, & 100 mL B, 30% FHEEHiE
HERBZIE, Wi,
23 FEFER
230 &MEXRFE HURA XTSI & 00c B8R
TR )5 22 )L 2R 25 304 60 90+ 150, 180, 240.
300 pg/mL, JRAET & B2 3. 6. 9. 15, 18, 24,
30 ug/mL, JRAETH 3 A2 25, 50, 75. 125. 150,
200. 250 pg/mL, PC-C 12, 24. 36. 60. 72. 96.
120 pg/mL [FRFIEG XS, IR RA1%
W “2.17 TS ZAERE T, DURERIRE (O
JIREARER, ETHIRL (4) AYPARR, HEATZERIE,
I3 AR B KRR 2k K [TV 7 FE Ly s A=kC+
b K TS I ARHE AR IE A 0 5, f3 HiZkml)e
TR Ly: A=KCo S0 SRS IE R S5 & (Rl 75 72
J S 1 R LR 2

F2 LMEIVEHE

Table 2 Linear regression equations

Xof HEL i [ 7575 Ly 57 Ly H M /ng
FILFHR A=6175.0 C—4252.4, r=0.999 8 A=6154.0C, r=0.999 8 88.956~889.560
JEAE 2% B2 A=06085.6 C—246.43, r=0.999 8 A=6072.4C, r=0.999 8 8.202~ 82.020
JRAE T % A2 A=6560.4 C—3541.7, r=0.999 8 A=6538.7C, r=0.999 8 71.748~717.480
PC-C A=6308.0 C—1699.8, r=0.999 8 A=6286.1 C, r=0.999 8 33.960~339.600

232 RESERES  HUES 20140507 AR5 A
fE 217 WG, L 6 Ik, 45REIL
AFE RIETH % B2, AL % A2, PC-C I IfA
SHA4E RSD 43514 0.12%- 0.37%- 0.12%- 0.20%.
PLER LA Z M OR B I ) R RO 2 1, 5 A7 i
(R C B I TR AT A RSD 38<<2.5%,  AHALE
B0 1.0, FF ARS8 BETEROR B, F WA Ry %

R Af.

233 e tEiEe  HUES 20140507 AR S
1E “2.17 W4T, /£ 0. 4. 8. 12, 18, 24h
YRR e, ARFILA R FAETH K B2, Rt
% A2.PC-C MU I35 {H RSD 4371124 0.07%-
0.74%-+ 0.09%-+ 0.26%. LA LA IILR B I )
TR A 2R, & AT G IR A X OR B T[] A0 0 [ A
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RSD ¥J<2.5%, HIUERIA 1.0, FFEFRaE
ARELR, REHER S HAE 24 h WEE

234 EREMEWRE  HBULS 20140507 7k e
W 6 By, 4% “2.17 T AR S v 25 7 VE AL B,
16 “2.17 AR FillE, RILKE. BIEE#
B2. JFiftT % A2. PC-C V)it & 70 %00 ) A
13.37%-0.86%- 10.44%- 5.32%, RSD 4354 1.12%.
1.86%- 1.58%- 1.33%. LA JLACZ IILR B I ] A
WETIAR A 2, & AT IR A DR B 1) TR) R 0 U
[ RSD $)<<5%, AHLEI KT 0.990, fF&FR4C
Bl AR TSR, RUAEEG IR

2.3.5  IFEEIECRIRE Bt 20140507 k%
Ty 50 mg, ‘& 100 mL &4, 3L 6 7y, 439
IIAERILAEE . JRIET % B2, ifET % A2, PC-C
X AR 730.9. 65.35. 537.9. 263.0 pg/mL (KR &
X R 10 mL, AR T % T VR
G3omd% “2.17 WA AT, THEUINRE [
K RKIL RSD, 4iRFILAE. AL EE B2, it
T3 A2, PC-C “FIIAEIRI 5 0 99.8%-
97.9%-100.9%- 100.0%, RSD 43514 1.16%-+0.67%-
1.36%- 1.18%. ZRHHTTIAMIUERG AT 2K

E 8
)

2.4 IRYENEHR
2.4.1 RS IAT R W A S o AT I HR
WS K 22 HERE SRS T N E R 2 2
A ) Hp 2t Fe sl AU WA RE K
7 (2012.130723 D, A RFRSIRIE LA B Cf
IRFEg &, R, b 19 AMaidig oy Itaig, W
1o 14 SUERIS> 31 [M—H] m/z 57720 5
Friedrich 252 438 (1) B B 54675 % — S AAAE ESI 1t
BRI 2> 1 T 3, HENDh B
LLYSVIT o e - NS

12, 16 Al 17 ST B T4 500 [M—H]
mlz 863.10. [M—H] m/z 86320 fl [M—H] m/z
863.20, 5 Gu ZPHRIEK EST 78 TN A A
JRAETE 25 = JARI > 12 7 U — 3K, L B AR
e 3% —RARALE ESI A TR NI AT
2 ANIT, HED 3 AN 3800 A BURAET 3 Rk
19 SIEF)FE T [M—H] m/z 575.10 5 Roux
ARO[ EST 4 3 TR N A R JTE TS Rk
5B 1 im tb—380, 5 B BURIEH 5 AR
i BST A8 46 AF FI0or a8 FAHLE, DT 24
Jf, AN 19 Sk A BYRIET R R AR

—

5

1 o
I 5 34567 ’ 0 11 12 1314 816 1718 19
P | | I R
e aatas {M 1"({ 20151012
L ik f A 20150420-1
i Aaaml u.' b 20150420-2
VU U WY S 20150420-3
WIS . ! 20150316-2
: L s B A A s 20150316-1
N .MA . . } o 201510212
SR EITY i-m-ﬂ L 20150325
WIS ._-’ : 20151021-1
- N~ 3 : 20150530
' *'-_-' I 20140620
: l~: i 20140605
N -.., 1 I 20140521
-. ﬂ‘" - A i 20140507
: 8 AL 20140424-2
: |_a... : 20140622
A VR N Y 20140601
-‘.._-."' ; 20140525-2
) % -.-- 20140525-1
- R i 20140504
At S WY |8 201404241
0 3 6 9 12 15 18 21

1 22 #tH RSB EHEEY UPLC B4 EE R BIELEIE R)
Fig. 1 UPLC fingerprint of 22 batches of polyphenol in extracts of Litchi chinensis and reference fingerprint (R)
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s MS Bl UV OBl (B 2) S A 20t
BYEEE: 12, 16 F1 17 SR EHETH 5 A B =
Bk, 14 S0 B BUGRE 2 Ik, 19 Sk
JEAETT 2 A T R AR R TR A TR
3) F RO HHTEORT, FRINT 19 DM ILHET ) 4 4,
I3 6 SIE (JEAET % B2). 8 Fi (FRILAE).

9 S (PC-C). 15 51§ (JRfLiFE A2).

LRI R A S RIEE R LA MNA S, HE &
LA FR G AR B I TR) S AR X B B TR AR X 0ée [
N, WK 30 22 fEan b Z R o S I IR
I ) B A A U TR R 2 e 2K, ARG O B I T) I B J
FEN5 R P A B IR E) et A A T R A7

I\ 12 i 14 i 16
I I i
I o, A
T T g 2(‘;0“‘ 400 600 800 sy !
200 400 600 800 y 200 400 600 800
A/nm A/nm 2/nm
. T " A ki \l‘\ . l | T U T u I
500 1000 500 1000 500 1000
miz miz miz
17 19
I I
FAY . W \
T — T — 1 1 T T
200 400 600 800 200 400 600 800
A/nm Amm
SV P \u‘m“x‘w
500 1000 50 1000
miz miz

2 12, 14, 16, 17 K 19 S&FIER UL UV X EASE
Fig.2 MS and UV spectra combination chart of component chromatographic peaks 12, 14, 16, 17, and 19

t/min
6-IETHHE B2 8-KILAHE 9-PC-C 15-J5fETF % A2
6-procyanidin B2 8-epicatechin 9-PC-C  15-procyanidin A2
B3 RE&xR&A HPLC E
Fig. 3 HPLC of mixed reference substances
242 ARGUAEMBEZYEGY RV MR e “
OISR S AN UEE PRI 55 48 7(2012.130723 hiv)
Xf 22 fEZ AR Z BRI i SO B4 T AHAURE T
ro LAE S 20140507 A Z MK 1A, DAPR8GEA K

22 L7522 Ty S U %o B ], 22 b 7 B 2 T
U RARARLE 23531 4 0.995. 0.996. 0.972. 0.997.
0.977. 0.996. 0.992. 0.987. 0.958. 0.963. 0.975.
0.906. 0.989. 0.988. 0.950. 0.928. 0.985. 0.983.
0.993. 0.920. 0.997. 0.967.
2.5 QAMS #iR

KRR LA VER i 5 4% 56 I AR 1 2
Rt LLSKAT fo fIITEE AN f=he/kr, X ke
ke 539 R 32 LA 2 S S AR I 2 43 6] B S R R IE S
FIENE T REAIRER (oo fEE My, L1
FILTREAE AR, TR A TP R LR R &,
FoAd A Bl 73 B 5 A O Co=fANWI(As/Cs). X
NG Wy AN C 53 A R P A Ay x (1)
R EL. PRRERL . WS RURI IR B, As A1 Cs
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®3 #8UPLC HEYEERASH (X+5)

Table 3 Technical parameters for UPLC fingerprint of Litchi chinensis (x £ s)

S 4 15F ] /min FHR R B s ) FH U T AR AR
1 2.64410.053 0.41340.001 0.102+0.057
2 3.7224+0.118 0.58240.007 0.014+0.009
3 4381+0.101 0.686+0.002 0.044+0.035
4 4.687+0.119 0.734%0.003 0.038+0.024
5 4.896+0.112 0.766+0.002 0.013+0.007
6 5.072+0.117 0.794+0.002 0.074+0.044 Ji4EHE % B2
7 5.42840.132 0.849+0.004 0.016+0.019
8 (S) 6.388+0.138 — — FKILER
9 7.5924+0.196 1.188+0.005 0.366+0.163 PC-C
10 8.26740.216 1.294+0.006 0.057+0.029
11 8.7734+0.125 1.397+0.003 0.0334+0.015
12 10.925+0.225 1.710%0.007 0.149+0.076 ARFIE R =R
13 12.60340.197 1.973+0.013 0.087+0.034
14 13.143£0.202 2.058+0.014 0.026+0.020 B MR TR 2 R AK
15 13.50340.192 2.11440.016 0.678+0.181 JRHEH R A2
16 13.916+0.242 2.17940.013 0.042+0.031 A RFIE R =R
17 14.730£0.183 2.30640.022 0.081+0.049 A RFHEE R =R
18 15.21440.244 2.382+0.018 0.058+0.032
19 15.9434+0.259 2.500+0.018 0.028 +0.030 A RGHEE R R

53 o ik e 2 LS I T BT BRI )
S PRI LA 2R B P8 S 2 B2

x4 fUHEER

Table 4 Calculation results of f

% A2, PC-C I f, W3 4. i k f
251 f i HPERE i R AR . R A BILHR 6154.0 1.000 0
Rrpee, %2 1 I . #3283 L4 R W JAAET 3 B2 60724 1.013 4
x5, RN, I HMERL, WK S, JRAET &R A2 6538.7 0.9412
2,52 QAMS HAMmENE 4 R RH QAMS PC-C 6286.1 0.979 0
=5 FHIM AR
Table 5 Robustness test of f
. f

A A FILE#H Ji4EHE % B2 JEIRE A2 PC-C
JRaAF ERESAT 2 1.000 0 1.013 4 0.9412 0.979 0
i3S 275 nm 1.000 0 1.0339 0.9452 1.003 4
285 nm 1.000 0 0.993 6 0.914 7 0.9225
FEIR 30°C 1.000 0 1.021 4 0.939 8 0.9773
40 C 1.000 0 1.064 4 0.958 6 0.9872
AR 0.3 mL-min~"' 1.000 0 1.0316 0.943 8 0.978 4
0.4 mL-min "' 1.000 0 1.050 2 0.9536 0.986 2
P / 1.029 8 0.942 4 0.976 3

RSD/% / 23 1.5 2.6




* 496 * t¥d

Chinese Traditional and Herbal Drugs

F 48 F I3 201742 A

(ARILZR 2N AR TSR o i, I
AR DT () A i o 2 A5 D0 s 23 1 AT Ll
B, 2 PO E 4 R WK 6.

A AR AN SE AT QAMS HIVHEAE
SEIR, R A5 AR, 2 BT E 0 (P>0.25),

VLWL QAMS X 7 B HUW) A T 38 Bl 5E 1Y
4R LT

2 MO AN RO 4 Fhdl o B K 6.
LA QAMS L& R, WLE 40 R BCIYIRA L Rl
Wi, HAEAERUR AT e, P isdi.

R6 FHRIREIT 4 S HNESR

Table 6 Total amounts of four compounds in Litchi chinensis extract

o . RIVKZR/ % BAEERB2% LR A2/% PC-C/% A%

i s VAN INES SMFRIE QAMS  AMEiE QAMS  AMEE QAMS  AMRvE QAMS
R 20140424-1 12.58 0.65 0.66 8.84 8.90 4.48 4.51 2655  26.65
20140424-2 15.08 0.62 0.62 10.23 10.30 5.06 5.10 3098  31.10

20140504 16.14 0.92 0.92 9.52 9.59 5.17 5.21 3175 31.86

20140507 13.78 0.86 0.87 1043 10.51 5.37 5.41 3044  30.57

20140521 10.39 0.42 0.43 1099  11.07 4.69 472 2649  26.61

20140525-1 15.06 0.96 0.96 8.84 8.91 5.04 5.10 2989  30.01

20140601 14.43 0.67 0.67 9.00 9.07 4.60 4.64 2870 2881

20150420-1 15.30 0.69 0.70 9.37 9.37 5.17 5.17 30.53  30.54

Jl 20140525-2 8.63 1.04 1.05 6.73 6.78 4.08 4.11 2047  20.56
20140605 7.73 0.89 0.90 6.33 6.38 4.01 4.04 1896  19.04

20140620 10.58 1.10 1.10 6.94 6.99 3.82 3.85 2243 2252

20140622 11.65 1.16 1.17 6.96 7.01 3.58 3.61 2335 23.44

KK 20150420-2 5.30 0.79 0.79 3.17 3.18 3.79 3.80 13.04  13.06
R 20150530 5.50 0.06 0.06 4.66 4.67 2.54 2.55 12.76 12.76
APV 20150420-3 16.21 0.88 0.88 7.82 7.92 5.20 5.21 3011 3021
Ry 20150316-2 16.32 1.40 1.40 10.84  11.01 3.08 3.08 31.64 3181
BB 20151021-1 10.06 0.93 0.94 722 723 3.11 3.13 2132 2135
R 20151021-2 7.11 1.37 1.37 2.95 3.04 5.11 5.12 1654  16.64
o A 20150316-1 24.20 0.44 0.44 1142 1143 3.85 3.86 3991 39.93
fig B 20151012 30.77 1.38 1.38 1127 1127 3.66 3.66 4708  47.08
Jl - 20150529 9.88 1.28 1.28 6.36 6.36 2.26 226 1978  19.78
1 20150325 29.63 1.38 1.38 8.56 8.56 3.30 3.30 4287 4287

3 itig RO AN 7 R A B s HAb L

ASEH R RSN 455 QAMS MM, %
T 22 A A R R RMS 2 1) 2 By S B i A
SEME N8k, i PAD fELERI, UV il BoR
280 nm k7 B 2 W RS R IE RSO K, L HH g
B, FERE, WMOERE 280 nm Al K. K
H QAMS M5E 7 B Z e ), LRIV E W%
M R Sy, Foa s e HARFA 3 Sk
IOt ORI AERY): SCERZ R SFRME R
KEIE R F,  ASZIG R B bR i e b LU H 5 RG 1E
PRIF-, A B R 22 RO BRI iR 22

ATV SEARE UV O E o 22 SR, 1145 15 ESI
BB A I 708 B HOM SRR AE
T 3 ARSI R =R 1A A R &=
IR LA B BT R IR AR it P
B WD et T 5%

KHI QAMS WIIE 22 fitah i 2 My iy 4 1~ 2
FNZH S B T AR L. 2 T i i 2 B R
Yok 4 P bR o> B E AL TC 25 2257 - 22 At B
Z PRI 4 Bl CURR RS R R i TR
P IR h 2L A RFEAE RN T, AR
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