AN B ERAL UPLC i EIEZE I MKW IERN KRB R

BRI, Bk, KRZZ, EWNA, RIEM, &2, KRIE" (R HZaRAR, I ARE B 2R Bk S5,
% Bl 528244 )

HE.BH  E AL R R ALK R 7 B E W% 28 504 3% (UPLC) 8 B3, BT Rt £ &, BT LR A
WERREAREY ., FiE A2, 2-BA-=(3-T AR FErdah-6-5u8t ) 4 (ABTS) 5 1, I-= R A 2- ¥ Aph g o
(DPPH) B g K & e 5 4 4545, R R UPLC 3R 5 12 JLAARFE R B 3042 (69 F6 35 M 8) 35 s B 38, b AT AL AT, 45 6
Bt KR E M (GRA) B & R % (Spearman ) 447 32 3 = )2 547 4k & s = . = )2 (PLSR) 447 2 30 A AL 3 L X & #4747
Ko R 12 AR RF R RRBRY LA EEAFE I IRAS A G, ERF MEF P T RAFFREHAK
AREH M AL TR FAERBAF LG LR MRS, G AMRAME LR R SR AN EEL S 5 F R 6
LR KB T A KM A B I R B SR A TE B TR B BT S R R A

KB A L AA IS S 52, 2- B R - (3- TR Rk 658 ) — 4 351, 1- 2R R -2- Ak A kX &
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Establishment of UPLC Fingerprint of Different Parts of Gossampim Flos and Study on Spectrum Effect
Relationship

YU Xintong, CAO Qian, ZHANG Lanlan, WANG Kaidong, CHEN Zaoshu, PAN Ling, ZHANG Zheng " ( Guang-
dong Provincial Key Laboratory of Traditional Chinese Medicine Formula Granule, Guangdong Yi Fang Pharmaceutical Co. , Lid. ,
Foshan 528244 , China)

ABSTRACT: OBJECTIVE To determine the antioxidant activities of Gossampim Flos waterextracts , establish UPLC fingerprints and
study the spectral effect relationship. METHODS Based on the scavenging rates of 2, 2-diazo-di (3-ethyl-benzothiazolin-6-sulfonic
acid) diamiammonium salt (ABTS) and 1, 1-diphenyl-2-picrohydrazyl radical (DPPH) , the fingerprint of different parts (petal, calyx
and stamen) of 12 batches of Gossampim Flos were established by UPLC method, and similarity analysis were carried out. Grey corre-
lation analysis (GRA), Spearman analysis, stepwise regression analysis and partial least squares regression( PLSR) analysis were used
to study the relationship between antioxidant spectrum effect. RESULTS Eight chromatographic peaks were identified by fingerprint
identification of water extracts from different parts of 12 batches of Gossampim Flos. Mangiferin, quercetin, rutin, vitexin and other
compounds were the main active components of Gossampim Flos and its different parts for antioxidant activities. CONCLUSION  The
antioxidant activity of Gossampim Flos and its different parts are the result of the combined effect of multiple components. This study
can provide a comprehensive reference for the basis and quality control of antioxidant active substances of Gossampim Flos and its
different parts.

KEY WORDS: Gossampim Flos; antioxidant; fingerprint; 2, 2-diazo-di (3-ethyl-benzothiazol-6-sulfonic acid) diamiammonium salt;
1, 1-diphenyl-2-picrohydrazine radical ; spectral effect relationship
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barica (DC. ) Merr. | ) T4, &5 FH 1% 25 & [ U5
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AR R B LA A i A e . H
AT A RN [ Hh 8 3 B RO Bt e R T 1
AR R 0 5 L T B R (PR O 8 1 el 2 )
BEROE R, I HEAT B A AT PR P . 2,2-0K
R - (3-LHE-R T e e k-6 -1k 11 ) — ik ( ABTS)
FEAACTI PR T AL o B 1 H i 3,
AU 5 440 ) A R, W O A R
1, 1- R0 2 - BL AL B i 56 ( DPPH) & —FP g
FICFC B 3L, 2 A B S B R R L F D
X4t 4y, al il DPPH 35 iR A Z2 41 (a3 2k .
FHE S T BT AR B Ak B 53 FE AR 2 16 1 4
FETRTHIBE TSR, s AR A8 S HAS [ 3437
FRGBRAR 3% (UPLC) 8 80 1E , IF 48 sr i 5
Wi ABTS [ i 251 DPPH [ p & 1915 PEAHIE & |
SR PRSI TR B o3 M L 0 B2 R 2 43 AT 3% 2 R1 I 4y
8- Nt I B3 ¢ T S s VT e S A R 2
PR P A DG W TEROC R, B AR AR AEAS
[F) R B A RE T i ) o R A, o S S P AR T
PEGE 1) PR AR

1 # #
1.1 s

Agilent 1290 R RN (L5 (SE[E Agilent 23
) s UV-2600i 158 Sh-0] W7 566 RE T ( H A By AL

Fz1 RAABEFERHEER

Tab.1 Origin information of 12 batches of Gossampim Flos samples

F]) s Milli-Q Direct FU#H4EK 2245 (£ ]E Merck A7) ;
XP26 I Ji 5y 2 — K- \ME204E #1J7 43 2 — K
(1 Mettler Toledo 23] ) ; TC-15 2548 1 28 (¥ T
HIHT B Faetl) ) s 1118 T s i i vh 24 by iR L
(AL H e i AR D 20U A PR A FD) o
1.2 KAL544

JEOJL 25 R (HE 2. 110809-201906, 4 fF
97.7% ) . ¥ B # (4t 2. 1111607-201704, 4§ FF Hy
98.1% ) . 4t 3l # (#t 5. 111687-201704, 4fi Ny
94.9% ) T (k5 :100080-20201 , 4 iF 2y 92.2% ) |
Mz 15 (452 111538-202007 , 46 B K 93.5% ) | 54
Fe (5. 111809-201804 , 21 i 2k 97.2% ) ( h [H £
AR B AT B ) 5 4R SRR (L5 wkq19021413,
4R 99.9% ) YESR T (HES : wkq0001217 , & &
H1=98% ) (VU148 4t i ar AE W RHE A BR A | ; DP-
PH ABTS H f1 5635 BR 88 71 i & (TR M AS B8 A
BHEABRA T 5 HAIR 32 2 A 2, 2K A B 2K .
12 HEARMRAER H 4 DAL, 28] R — Il 254 R
ON T PIN A AT v 24 05 A R A R AR R A
[ Gossampinus malabarica (DC.) Merr. |, £5 & EH
2 HL)2020 AR — A AR AL T SR fF R & 1,
W 12 HEARKFALLG I (R AEHE AL eSS 70 2, 1 ARAR
TEAEI (4’5 : Bl ~B12) L (45 E1 ~E12) S
(%i*5:R1 ~RI12),

No. Place of China(in Chinese) No. Place of China(in Chinese)

Y1 Yunnan Yuxi( z# E¥%) Y7 Guangdong Guangzhou( 743 M)

Y2 Yunnan Yuxi( z g V%) Y8 Hainan Ledong (¥ SR 4R )

Y3 Yunnan Yuxi( z=# E¥R) Y9 Guangdong Guangzhou(J" 75 H|)

Y4 Guangxi Nanning(J” PR F) Y10 Yunnan Chuxiong( Z R4 )

Y5 Yunnan Kunming( 7% F& W) Y11 Yunnan Chuxiong( 2RI/ )

Y6 Guangdong Guangzhou( 7”4 M) Y12 Guangdong Guangzhou(J” 43 M)
2 HEEHER 1) Ve fif 5l KRR Ve it #5808 &, A
2.1 ALK A A E N E E70% LT B 5T £ VK B2 43531 4 0. 024,0. 060
2.1.1  TAEWMIE % 4r 3 EC ABTS %4 % f1 0.096.0. 120 .0. 180 .0. 240 .0. 300 mg » mL ™" Ve

K, S, 04 fifi 251 %5 1 mL ¥ 50 mL 5o i IR A 3
5], REEHUE 12 h, 45 ABTS L3, i A AT FH G K &
P B 2 % B, 15 ABTS T/E W, FREL DPPH %
2 mg, KEHFRE , E 50 mL BT, K 2
BRI e A 2208 , 19 DPPH TAEW

2.1.2  RAESMAEIEE FREC Ve X BEIE 5 R
WHRE , B 100 mL i, INARF G580 70% £ B
it 2 2 B 20 B T BT R E R 0. 301 mg + mL™!

T E 2GR 2R 2024 4 11 H 55 59 55 22 )

X} BT o

2.1.3  ABTS Al EBRRI MG e s
50 WL AR VA +950 Wl ABTS AR ; %F
HEAE .50 pL #5307 (I A I T + 950 WL Jo/K %
250 pl JoK OFF +950 pl ABTS TAEHK . 4%
AR MIEA], IR (25 C) #OLHE 6 min, T
734 nmif £ AW A WG BE, 43 BN Ay A g A
Ao ABTS H HEEBRFH AT 1 I
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ABTS A LG FR (%) = (A — Ay —

A/ Ay x100% (1)
2.1.4 DPPH H iAW BREMM E W€ %

400 LA HER AR +600 L DPPH LA ; X
WEAS :400 WL 25 FBAL AR AW + 600 L (AT 534K
80% H ;25 (1 : 400 pL &R B0 % 80% H i +
600 wl. DPPH T /E ¥, ¥ b3k A iR 51, % iR
(25 °C) #HEEHFE30 min, 12 000 r + min ™' B> 5 min,
T 517 nm PALLSIEWICIE , 730K Ay A gy T
Ao DPPH H HERTEBRAHR A 2 1157

DPPH [ B WEBR (%) = (A, - Aye -
A )/ Ay x100% A (2)
2.2 12 #AAMIE R HE T B B ALLEA M E A E

FEU2. 1 TR exd 12 HEARMAE 250 K H A
BRI KSEH 1T ABTS \DPPH 5 B AE 1 B9
ZERL 3% 2; % ] GraphPad Prism 8. 0 4%t 3 2 i
TR R Ty 22500, B R W 1, RARAEZ5 4 SN [F]
BRALIERR ABTS [ FE 1 8 158 55 IR W 24541 > 4E
e > I~ RS, S M b AR S HoA B 3%

R2 ARBILEELT B #ALFER ABTS DPPH ft /) 8945 R

P25 (P <0.05) o Bk DPPH [ dyBERE J758 55 UK
NHERE > 2hF ~ 4645 > {63, S HERE AT LE , AR LAY
e & 22 5% (P <0.01), 25 b B A7 2 % 1%
25 (P<0.05),

T —

lzj

100

100
75 754
50 50

251 254

Scavenging rate of ABTS/%
Scavenging rate of DPHH/%

0 - 0-

Herb Petal Calyx Stamen

2L, D P <0.05; SR 2 P <0.01,
P <0.05, compared to herb; 2P <0.01, compared to petal.

B1 AR REA R BALR R 2,2-8 &-— (3-T &R &
Wl -6-F B ) — 4 (ABTS) \1,1-Z R 25 b g i &
(DPPH) A M HE H Z &R, n=3,x%s

Fig. 1 Resulis of one-way anova analysis on ABTS and DPPH

Herb Petal Calyx Stamen

scavenging ability of Gossampim Flos and its different parts.

n=3,xzxs

Tab.2 Results of ABTS and DPPH removal ability of Gossampim Flos and its different parts

Herb Scavenging rate/ % Petal Scavenging rate/ % Calyx Scavenging rate/ % Stamen Scavenging rate/ %
No. ABTS DPPH No. ABTS DPPH No. ABTS DPPH No. ABTS DPPH
Y1 98.83 85.12 Bl 85.52 65.92 El 98. 30 82.57 Rl 89.71 9. 19
Y2 100. 42 79.40 B2 79. 46 57.05 E2 97. 60 83.30 R2 87.45 90. 35
Y3 99. 89 87.74 B3 94.25 76. 50 E3 96. 41 84. 45 R3 84.90 90. 66
Y4 99.58 89.29 B4 83.73 69. 87 4 91.52 85.91 R4 84.71 90. 66
YS 99. 15 88. 10 B5 96.43 85.58 ES 87.03 84. 86 RS 87.65 95.85
Y6 96. 50 94. 64 B6 86. 61 73.50 E6 84.33 83.19 R6 88.04 94. 50
Y7 72.43 38.21 B7 77. 68 48.50 E7 61.88 47.39 R7 76. 96 92.22
Y8 99. 47 88. 10 B8 94.25 78. 10 E8 86. 43 81.94 R8 80. 10 95.12
Y9 99.26 89.29 B9 95. 44 81.84 E9 87.03 86.85 R9 89. 61 94. 40
Y10 99.26 90. 00 B10 94.74 75.53 E10 87.62 80.90 R10 80. 69 85.37
Y11 91.52 71.07 B11 82.04 66.24 E11 71.46 69. 83 RI1 85.69 95. 54
Y12 79.85 61.07 B12 79. 17 65.92 E12 74. 15 94. 05 RI12 88.73 93.88

Average 94. 68 80. 17 Average 87.44 70. 38 Average 85.31 80. 44 Average 85.35 92.73

2.3 UPLC #5 4t Ht sz

2.3.1 @i @i%4E oy ACQUITY HSS T3
(2.1 mmx 100 mm, 1.8 um); i 3 M1 N & B
(A)0. 1% W5 (B) , BEEEVEME (0 ~5 min,5% —10%
A;5 ~7 min, 10% —13% A;7 ~9 min, 13% A;
9 ~15 min, 13% — 22% A; 15 ~ 20 min, 22% A;
20 ~30 min,22% —5% A) ; K P Kk 257 nm; 7R
$70.3 mL » min "R A 30 C5 AR 1 L,
2.3.2 WIS o mIBURLARER e
JRR TR AR TR T SRR R
RS IR AT R RS R RE , DA 73 %8 50% FH e i ik
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JF M B 43 R 0. 107 ,0. 050 ,0. 077 0. 043 0. 026 .
0.038.0. 040 0. 114 mg - mL ™" [IEE X R A Tk
2.3.3  flEEmndl s BOR R ORAE A2
MBI (i =507 ) 29 1 g K& MoE , B R
FEHETE I, m sk 50 mL, R E 5T &, 0B g
30 min, A, FRRRE BT, K R 2 30K ) 5T i, 47
A) gt MU UE T, B0 A A3t VA T
2.4 FHEFEHFE
2.4.1 KEBESRE  HUE— ARMAEZ P (Y1) it
AR, 2. 3. 17 TN (i S ki S ERE 6 K,
PL3 S R 5 g o 2 I (S) TR LA 0%
o[ 22 2 2024 4R 11 155 59 4645 22 1)




A B B AR [ A0 AR 6 06 1o BLAY RSD 1 1] 23 31 A
0.17% ~0.53% 1 1.50% ~ 1. 87% , W% J7 Pk
WL AT

2.4.2  EHEMESE  OREARIUR — AR 1 25 44
(Y1) ,#%52.3. 3" T | J5 i P AT il 45 6 O it o
W42, 3. 17 IR AT AR E , DL 3 5 R
IR Z M (S) | THEAF AT WA O B I ] A
X T AR ¥ RSD Ji [ 73 51 4 0. 88% ~ 1. 05% Fl
1.01% ~2.66% , M5 ik AL R T

2.4.3  FUEMSER  BUR—ARMAEZG (YD) i
AV, 0 Tl A8 )5 0.2.4.6.8.,12.24 h #242.3. 17
TN ORI E , DL 3 S R (ki S
WA (S ) , THAAAT A UG A T D B EsF ] AR X e i A S
RSD YB39 4 0.81% ~1.27% #12.07% ~3.45%,
TIPSR IRIRAE 24 h WEA B IREE

2.4.4  ARQURITERYE S AU S s 12 4t
ARHRAELIAS B LA TR A 4% 2. 3. 37 T T J7 34 il
R A VR, $ 2.3 1 T (A% Ak Rk R
E LR TR A, 3 AT 25 (35 45 SR 3 A
BEVEM R 48 (2012 i) ), #E4T 2 )G RCIE L A S IT
Be , 20 AR R I S 3 B R 4 SR 3
W2 ~3 55X R IEAT EEXT, FR A 1 Sig 0l
JFILZRIR, 2 5 W o s R, 3 5 I D 2 1, 4
SRR T 1,5 SRR 6 ST,
7 SR MR T, 8 S R . PR it

WAEMEOL R 4 5 [ 5 S HERSRRAL R K5 5
Lo T A0 o USR] ES AL 1) X B 4 SRS 2 B
W FIRLBE Ay B4 R I3 30 12 HEA AR AL 25 44 A
UEE g 0. 734 ~ 0.995, 78 ¢ #1 {6l BZ 4y 0. 834 ~
1. 000, 76 A L) & 2y 0. 947 ~ 1. 000, 4 75+ L)%
90.921 ~0.999 , K HIAS [ b YA AR A8 L HA A
HROL A2 BT AL, B BB BRUE
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X —JREXT Y — 259885 B — ARG E - 1635 R - 2 1 - JRULASHR2 - B
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X - mixed control; Y —herb; B - petal; E - calyx; R — stamen; 1 — protocatechuic
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acid; 2 — neochlorogenic acid; 3 — mangifering 4 — vicenin I1; 5 — vitexin;
6 —rutin; 7 — isoquercetin; 8 — quercetin.

B2 AMWEEELEBAR S E RSO 6
(UPLC) 45 &0 %

Fig.2 Mixed control UPLC fingerprint of Gossampim Flos and
its different parts
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Y - herb; B - petal; E - calyx; R —stamen; M1 — common control fingerprints of herb; M2 — common control fingerprints of petal; M3 — common control fingerprints of ca-

lyx; M4 — common control fingerprints of stamen.
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Fig.3 UPLC fingerprint of Gossampim Flos and its different parts
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R3 RMAKET B ALA L IFN G R

Tab.3 Similarity evaluation results of Gossampim Flos and its different parts

No. Similarity No. Similarity No. Similarity No. Similarity

Y1 0. 995 Bl 0.998 El 0.999 R1 0. 996

Y2 0.987 B2 0.999 E2 1. 000 R2 0.994

Y3 0.984 B3 0.998 E3 0.999 R3 0.988

Y4 0.971 B4 1. 000 E4 0.997 R4 0.998

Y5 0. 995 B5 1. 000 ES 1. 000 RS 0.999

Y6 0.914 B6 0.997 E6 0.998 R6 0.986

Y7 0. 854 B7 0. 834 E7 0.947 R7 0.976

Y8 0.992 B8 1. 000 E8 1. 000 R8 0.99%4

Y9 0. 980 B9 0.997 E9 0.998 R9 0. 995

Y10 0.954 B10 0.996 E10 0. 996 R10 0.921

Y1 0. 896 Bi11 0.999 Ell 0.997 R11 0.992

Y12 0.734 B12 1. 000 E12 0. 996 RI12 0.998

M1 1. 000 M2 1. 000 M3 1. 000 M4 1. 000
2.5 EBXFAIR PR ICAT 0 XTSRRI 1 1) DTk s G, 45 2R LR
2.5.1 JRERPESN  KEKBBE b E2 4~ 5 RBRBEBOR, RIIZAE I S AT 1k

G RE LB P M ELE 81, VA — Ak 35 AR
i, TR SRIR AR BRI (IR JEE MR 45 R 3R 2 (] 5%
R AR/ NEATHE R S0 A, AT 1 7 45 36 0 ke 2455
SUIRA /N o AR S oo A AR 26 BT S T T
VR BEIF A, 4 S AT W [ AU P81, R
FHEHER S B HEAT VA — AR AL B, 3 HOCHR L , 7%

R4 ORI KIET B AL S E S ABTS 7 Ik 3 i K Bk Z

Z IR SRR R, S Z WU 7R RIR /N, AR AR AE 2y
A B AN RS B 470 8 AL 16 MR A A — E 25 57, DL AR
PEREST BTk f5e K B9 (3 e 50 00 O - ESR T 1 (2
) MR (FEAR) T (6% (HEkT 11 (B
B8, BT A X etk 5 AR D et S A 4R SUE
TR

Tab. 4 Correlation between the fingerprint of Gossampim Flos and its different parts and scavenging rate of ABTS

Peak Herb Petal Calyx Stamen
number Relevancy Ranking Relevancy Ranking Relevancy Ranking Relevancy Ranking
Protocatechuic acid 0.78 3 0.94 2 0.93 2 0.70 5
Neochlorogenic acid 0.76 4 0.87 6 0.90 4 0. 66 7
Mangiferin 0. 65 8 0.89 5 0.91 3 0.56 8
Vicenin I 0.83 1 0.77 7 0. 88 7 0.82 1
Vitexin 0.82 2 0.74 8 0.73 8 0.78 2
Rutin 0.71 5 0.94 3 0.93 1 0.74 4
Isoquercetin 0.71 6 0.96 1 0.89 6 0.75 3
Quercetin 0. 66 7 0.89 4 0.89 5 0.68 6
RS AMILKELT F MM LE L 5 DPPH & IR % i X B E
Tab.5 Correlation between the fingerprint of Gossampim Flos and its different parts and scavenging rate of DPPH
Peak Herb Petal Calyx Stamen
number Relevancy Ranking Relevancy Ranking Relevancy Ranking Relevancy Ranking

Protocatechuic acid 0.74 3 0.93 3 0.93 2 0.72 5
Neochlorogenic acid 0.70 6 0.88 5 0.91 3 0.67 6
Mangiferin 0.63 8 0. 88 6 0.91 4 0.57 8
Vicenin I 0. 80 1 0.77 7 0.88 7 0.81 1
Vitexin 0.79 2 0.74 8 0.72 8 0.76 3
Rutin 0.73 4 0.93 2 0.94 1 0.74 4
Isoquercetin 0.71 5 0.96 1 0.89 5 0.76 2
Quercetin 0. 64 7 0.89 4 0.89 6 0.67 7
£ 2136 -
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2.5.2 WiBRE M oRH SPSS 26. 0 i ff, Z21E
TR, A R AR IE S A, SO it A Al
I PESEPRT 12 AR 2508 B AN [R) B f) (2335 0
AT B IR s A AR L 655K Origin 2018 %K
PEHF 2z AT AL IET, WL 40 72 ABTS B i FETEER

RO ALK AT B HALIE LUE 1 G 90 A TE T oy AT K AT

R T SRR AE 2GR B AR A S IR G
(P <0.05) , 2219 A 5 AR5 b S4B &
& IERIOG (P < 0.01)  HE5HH 5 AE A 22 J 25 171
TSR (P <0.05) 4R T 11 i B2 S5 RS 1 2. 3% 1
MF(P<0.05),

Tab. 6 Correlation analysis of fingerprint and antioxidant activity of Gossampim Flos and its different parts

Peak Herb Petal Calyx Stamen

number ABTS DPPH ABTS DPPH ABTS DPPH ABTS DPPH
Protocatechuic acid 0. 401 0. 330 -0.548 -0.469 -0. 140 -0.175 -0.088 0.153
Neochlorogenic acid -0.280 -0.309 0.356 0.352 0.259 0. 280 -0.348 -0.529
Mangiferin 0.705") 0.372 0. 155 0. 148 0.8111 0.326 0.520 0.284
Vicenin II 0.502 0.415 -0.039 -0.047 -0.382 -0.312 0.617% 0.127
Vitexin 0.7173) 0.093 -0. 626% -0.536 0.7593) 0. 285 0.268 -0.219
Rutin 0. 6284 0.098 0.236 0. 120 0.578% 0.599% 0.341 0.192
Isoquercetin 0.222 0. 067 0. 401 0. 305 0.128 -0.062 0.313 0. 164
Quercetin 0.498 -0.126 0. 366 0. 240 0. 309 0.137 0.619%) 0.128

PRI, D P <0.05; 540% T W ATH, 2 P <0.01; SHIATFFHIEL, 3 P <0.05; 52 THLL, Y P <0.05; S5t TF A, P <0. 05,
Note: VP <0.05, compared with mangiferin; 2P <0.01, compared with vicenin II; 3P <0.05, compared with rutin; YP<0.05, compared with rutin; 5P <0.05, compared with

quercetin.

Correlation coefficient
1.00
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Fig. 4 Visual heat map of Spearman’s analysis
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AT AR B E R, e T ~ 8, [y
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