5514 % 5520 0] B 2 4 T iR A Vol. 14 No. 20
2023 410 H Journal of Food Safety and Quality Oct. , 2023

Fa ! mEA Y, PR kA% R
(L T PRALB A DR BEZEISEBE, 5 530022; 2. P PP 25 ORLARIEDIIC A%, 175 530022)

W OE: BW WrZEARNEE R, R . B R ERIRThRRIE M T . AR SRR -
B R AR, X A OB 0 BTSRRI T A AT | SRR, SR A AL BRAE 1 0T R 2L 2 ARRE T
AR TR, BERLLZFARRT o ST BE I 1 SORT 1 5% R ACHT A 520 ik e 37 AR e B R It
CLZERMBEIRTETE . SR MLLZEARTILYE T 68 MG, HUEMLAIR B RZLAFARIERR 1,1- R 2- =R
JWEA FRIE T 2,2 - - (3- £ TR IR - 6- TR R BH S T 11 ph 2k i il B 43591 °4(0.212:0.05) mg/mL
(0.14=0.03) mg/mL; £IZEART oA 20 WEFE TR TG 2L AR T 49(63.5243.12) pg/mL; BEMESCIGZE R R n]
PIMCE HepG2 4NN AR S 2AGHT; FRIESCIR S R B RLT ZE AR AT — @ s TE . 8838 0 2F AR kA%
SR, IFRABIFPTRA . B EIRIE T, AT LR BIRABE I it T 27%

KR Z020K; WO E-Fisvk; ThREERL sy, DUk, BRMHE T AR e

Analysis and identification of the functional components of Cratoxylum
formosu by liquid chromatography-mass spectrometry and
study on their biological activities
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ABSTRACT: Objective To analyze the chemical constituents of Cratoxylum formosum and study its antioxidant,
hypoglycemic, and lipid-lowering activities. Methods Data were collected by liquid chromatography-mass
spectrometry, and the mass spectrometry data of each chromatographic peak were analyzed, inferred and confirmed.
The antioxidant activity of Cratoxylum formosum was studied by radical scavenging ability method. The inhibitory
activity of Cratoxylum formosum on a-glucosidase and its effect on insulin resistance were investigated; the
lipid-lowering activity of Cratoxylum formosum was tested by establishing a high-fat model of human liver cancer.

Results A total of 68 compounds were identified from Cratoxylum formosum. The antioxidant results showed that the
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half maximal inhibitory concentrations of Cratoxylum formosum for scavenging 1,1-diphenyl-2-picrylhydrazyl radicals

and 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt anion radicals were (0.21£0.05) mg/mL and

(0.14+0.03) mg/mL, respectively. The semi-inhibitory concentration for a-glucosidase activity of Cratoxylum

formosum was (63.52+3.12) ng/mL. The results of hypoglycemic experiment showed that it could improve the insulin

resistance of HepG2 cells. The results of lipid-lowering experiment showed that the extract of Cratoxylum formosum

had a certain lipid-lowering effect. Conclusion Cratoxylum formosum is rich in chemical components and has good

antioxidant, hypoglycemic and lipid-lowering activities. This study provides a reference for the in-depth research and

development of Cratoxylum formosum.

KEY WORDS: Cratoxylum formosum; liquid chromatography-mass spectrometry; functional components;

antioxidant activity; hypoglycemic activity; lipid-lowering activity
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2L ZEA(Cratoxylum formosum subsp. pruniflorum);e
BRFE AR B T — AR, BT A LAY A,
AT PO B AR A 2 B R AR A L R A AR e A, 2T
FAETV RIA 2 MW AEY), Hiacgsn, H
g T VEZS AT A, ZERERE RV AHE) 12 . 204F K
MG AAE T Bl B4 M AR 25 4 F A I %, B (A%
HE I ) (MR L) (rp AR H ) () PU 2 A 44 5% ) S50
g, HkEEC SRR G, A2 (LRI
ik, RABATIHTIERE . bk, 2, 2E8mE.
PR BRI . e AR

AT, 20 2Rk 2% o W T B IR T e i id
T B EU B Al AR ARAS B A B W AT S R S i T Tk,
2T IRFERTFE T o WA €435 B35 7% (liquid chromatography-
mass spectrometry, LC-MS)#EA74b2% o0 thr, ik
Jr G e i G L H 4 )02 08— R Ao O R R T B,
A LAHREE | RO AT AR R Sy o AR, L0
R EEAHOR . PR . POR G B R ED %, FfER
DR WAk, HARET e R D WARE . 5T I,
AT ST A ZEARR LC-MS (b2 sl iF oy F B, JF5%F
CLZFARMBUEAIG T . A BT . BRI S5 1 135 1
PEFFORGE, NS BEL ZF AR i Al 27 i R HE R
NREIE PEWE I S 3RS 25 IO 7043 ) I 21 28 R Bl A1t
Pl o

1 MR5ERZE

1.1 Y &

Q-Exactive AIRAH (15 -4 PEHIE 2 7 HHH G UG R
45 (35 E A 2A )); Multiskan Go 4 K FR{L . Thermo
Hypersil GOLD &i5%#(100 mmx2.1 mm, 1.9 pm)(3& FEFE 2R
TCAVH]); XS-205 BUHLF RO R 0.01 mg, Fii L AFRFH)
FR 22\ vl); CKX53 15 E AH 22 B fUBE (H 4% Olympus 24 w));

BJ-J1606 41 il 15 %46 (i Pl 227 AR S I Ay A PR
F]); 1-14K ¥ 85 O HLEEE Sigma 24 w]); 0.23 pm ,0.45 pm
FFL U8 B R e T A S 15 5 AT IR A
1.2 #
1.2.1 &K Al

B[ % OB KA 3 OR -o-D- Mk TR R A OBE T
(4-nitrophenyl-a-D-glucopyranoside, PNPG). a-#] 7547 fiff
(73.6 U/mg). TMERAN . 4%ZH 200 & W . 1RAIha O
Yu (e g . — B BN (dimethyl sulfoxide, DMSO)(dt 5t
RFEFEHFEAEBRAAD;, 1,1- K32 = 7Y 5P
(1,1-diphenyl-2-picrylhydrazyl, DPPH)(ZLfE 95%). 2,2°-Hk
- . (3- 2 FE -8 IF R mk obk -6- K IR ) — 4 6 [2,2°-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt,
ABTS](ZH 5 98%)( 127 sa b AE AL B 42 43 A PR |,
LOPUIR MR () AR IR B A BRA D), Bk Eh 2%
% (phosphate buffered saline, PBS, I EE4E/RAYIFHAT
FRAED); LI (iEa, f5E Merck 2AF]);, KBER(E®E
96.3%). JLZKE(F ik 96.6%). it (& it 99.1%), K
2 (i 98.9%) (P LB 24 i R E F ST B ); Bk TR
(Na,CO3)(ar#rali, 254 E b2l Hig A RA R, W
MR B (R R ) TR ESE ), AmfiT4k CCK-8
B &(H AR 2),
122 % #

LLEARRAT AR, BT AR X R
5 B v 2 W S A 24 VTR R 2 o R e B il AR AR 41 2 R
(Cratoxylum formosum).
123 @ J&

NI HepG2 4RI F it BCE e vkl A TR A
1.3 W FHE
13,1 2B Sh Ak Su s 49 ) &

X R SR VA R ) A BRSO R S, DA H SR A,
il & RUR G X A AR (ORBB R 732 pg/mL . JLAEE
118.0 pg/mL M7 % 54.0 pg/mL , K # % FIfE 154.8 pg/mL),
FH0.23 pum AL ISR, RIAS o AL i i il . Bar
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LEARZMBA 10 g, S 300 mL 75%Z EEAFAREL 30 min,
W, B, JEWEUGEET 0.23 pm BFLIERER, BIFE.
PREUGERTEE, BOHI A 400 mg/mL BIFRE, Hsehras B
B E R, 13000 r/min B0 10 min, B EIH R
0.45 um JEMERH, FHFIEMEFSE.
132 &#5%t

% Thermo Hypersil GOLD f3%#£(100 mmx2.1 mm,
1.9 pm), WA 2K (A)-/K(B), BEEEVENL(0~6 min, 5%
A; 6~50 min, 5%~95% A; 50~60 min, 95% A; 60~61 min,
95%~5% A); Wi N 0.35 mL/min; #:E K 30°C, HEEEE
A 1L,
1.3.3 JRig&t

K R W55 B R, B FHEMER, R
JE J12k 35 arb, B ETIA 10 arb, Wi HL K A-3.0 kV,
BB 320°C, BAWEFNRE 350°C; BAERSR

& 10 L/min, FHEER: Full MS/dd-MS?, Full MS 433

70000, dd-MS*Z3#E%: 35000, FAREEHN m/iz 100~1500,
REAERE S A 20, 40, 60 eV,
1.3.4 tuothssMobr

BEILLZEA S H B T M 1) [ PN M 2% B 43 A 56 S
RTINS SRR R T B A R S T A
HELT ZEAA 2 Lo B % . R LC-MS RS, I
FOTEER SR, MRS FETEFR, 58 —%
JOT T RS B A6 TSR, S o B P AT HX,
Xof B T W A TR A A W o O S M b B 1 R
B, BRI 0 TS B, T ARAR A LY R
T, MRARTE R BT 0 25 0L I 45 & SOk B ot A %t
FEAREI Ak 2 B4
13.5 HAESFEHNZ

5Bk DPPH Al 286 22 3Cik[12-15107%, R
B DPPH H my LAY 5 WA i B4 B BT AL RE 1 FREL
25.4 mg ) DPPH, i HIJC/K LI, 45T 100 mL 254
M, &, (BB 10 A5 A 5 22 BRPEX IR T i e i

BN 5 AMEBE(1.0000.0.5000,0.2500,0.1250,0.0625 mg/mL),

43I 20 L AS [ B2 a0 A 21 96 FLAk h, & FLFF4k
ZLAMA 180 uL DPPH i, JFB AT . =0 . 74
1RAY, wEEHCE 30 min, BEFRIY 515 nm B T IE.

iHFR ABTS FHEF H H3EEM:: B 3 mL 9 7 mmol/L
ABTS 13 mL %) 2.45 mmol/L i i BREATRIR &, #GE
B 12h, RNJGIERENA ABTS FHES T H 25 & ff
AR 70% B B, WATIIEEEA 0.70040.005, A
20 pL MRERL T 96 FLARA LA, Ao it B B o B S4 e i i
B 5 AR (1.0000.,0.5000.,0.2500,0.1250,0.0625 mg/mL),
AN 180 uL ABTS A HJE TAER, FHZrxtiedl . =57
H, FBRASE, BCEE 10 min, FZERFARMY 734 nm K
TR BRI

H 3 bR 38=[1-(4-4;)/40]x100% (1)

o 4, AN 180 uL DPPH/ABTS F1 20 pL iRXEEAFIE
S J5 I AE IR FE A ; 4,24 180 uL DPPH/ABTS #120 pL iz
FER A Je 2 R OGBEAE; A; R 180 pL iAW 7RI F 20 pL
RFRIR AR BIWOCRE(E . AR R | 15 BRR
SRR . ARFRER
1.3.6  a-) £ 4B B30 4] 55 Mol &

S SCHR[16]5L 80 73k, UL PNPG NEY), 4 F:
il A (LT 2EAR IR B+ PBS ) . W2 (141(PBS+HF) .
fiff 3 1 X HEZH (PBS+PNPGHF) . BH 1 X HE 20 (Bl - 96
+PBS+PNPG-+ fiff ) AT 1 30 A (i 41 (21 28 K 42 B4 +PBS+
PNPG+). #4 a- I HEHF (1.0 U/mL)A K 40 puL A
96 LA, FRINABTE KA 100.00. 50.00, 25.00.
12.50. 6.25 pg/mL MIZLEF RPN ER 10 pL, F4HTRS]
J&, 37°CEF T 10 min J&, 0 PNPG JE#) 50 uL,
37°CH LN 30 min, FJ 100 uL & 1.0 mol/L Na,CO; H 1| &2
NE, PRI 405 nm AT, MG EE(E, o H% 0T
TEPER I 2 A K (2),

o AP 28/ %=1—[ (4 FE—A REZS)(A Titi-A Ti575)
—1]1%x100% Q)

F—HEE 3 K, FH SPSS 22.0 i H G
(half maximal inhibitory concentration, ICs){H .
1.3.7 % HepG2 %a it fk & & IKIt9 % h

(DZLZEARSR BT HepG2 4 458 1 5 1

B A K 1Y) HepG2 2, 4%%5 % 5 3 /mL 450 T
96 fLAR, [FIMEEESRIR . XA s 4, SRR
[i) Jo e VA BN 21 ZE R 4R B4 (400.00 . 200.00, 100.00
50.00, 25.00, 12.50, 6.25. 3.13 pg/mL), LAF 10%fH 4 1L
A 1% H 8RS RN 5E IR 2R, % IR 2 405
A GEL IR, 25 AUIMATCAL . JC2y 9 iy 58 e85 5%
B 100 pL, HABRE 5 MELL, BHEET
37°C, 5% CO, MRS 24 h, #RE: CCK-8 iR 7] 5
TCIWE IR 1:10 (V7)) B TR, SFLmA
100 pL TAEM, JIA CO, 55754t 37°CIHIRIEE 1 h, X
AWK BEFRL T, 7E 450 nm K SRR OGRE, 840
JiL v

QLLZEARIEIINT HepG2 41 ik & 2 IRPT AR R4 2
TS E B 5

BOWECE R BI HepG2 4HIff, ¢ 5 J5/mL 80T 96 7L
M, BB A %R SRR AL 4H(100.00 50.00. 25.00 .
12.50. 6.25 pg/mL)FERIA, 4320 V4T 3 DR FL, VEL4Ni
MNBESS, 25 FIALAREERPAIE, X RRALINASE 353, 5%
SCHR[ 17 RIZH Jin AR5 BR (palmic acid, PA) 75 umol/L H)5¢
EREFEIL, WiFR 24 R, WE LB, PBSTE 2K, IMAANE
BH21 ) DMEM il FRt, 4keeitigs 24 h, FIFIBEFR
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HEAGHIN 370 R o A i 1 2, aécfrﬁ%%ﬂ%/ﬁﬁi, A%
ﬂ%iﬁﬁézéﬁéﬁﬂ’a* - PO IE.
1.3.8  &fgE M2

BOW A K10 HepG2 i, $% 5 Ji/mL /0T 96
Lz, SEEEA A IR . SCER AR A1(100.00, 50.00
25.00, 12.50. 6.25 pg/mL)FELHIZ (80 pg/mL JEREN), il
FRENHR FE 225 SCER[18-19], WA TAT 3 AL, ZHHaN;EE
&, SR HASr, HIMA BRI EE A 80 ng/mL JHEREN

Gi—orHr, BEMZER N P<0.05,
2 FERE5H

BREFRERBDEELER
LLZEARSRIBUYIRE S TE 1.3.2 A TE A0 ) 1.3.3 il 4%
T4 Hrf3 HPLC-MS B Fim K, WE 1, 3o %E
68 Fulisr, 4RI 1.

2.1

VWL, DRSETESS SRR 24 b, FEILACR R ROZ59), el

AREEHE R 24 h 5 725 BIEWCPBS W PE 2 IR, AR 200 pL, 80t

FELMA 4%ZFF [ 200 L, ZH F#HE 15 min 5372, " 70}

PBSIfUE2 K, FK200 uL, FHLMAML O THER2000L, 4 50 | J '

Yueft, 15 min J5 F22, 200 uL PBS 3% 2 YU, JILA 200 mL =40l

DMSO %f#, BEFMY 515 nm P T I0E WG (AE, LA 301 ’ \ ‘ | ]

W IE AR p jr’,, {1k [

LU ug,m_‘__J_ . WW .
14 HERALE % 10 20 30 40 50 60 70
IR S5, AT 3 Wl 5 KBS, PREA Tl min
AR AR DR IR, KRR el R B i oo
SPSS 22.0 A4 H#L[K Z /3 #f (analysis of variance, ANOVA)A T ' Cratoxylum formosum
Fz1 OFRTLEFIEHIE
Table 1 Secondary mass spectrometry data of Cratoxylum formosum
R If}ff)ﬁ "Em/f ("f) v 5k syk

1 1.63 [M-H]- C1oHz0, 191.0344 1910340 2.09 148,120,104 REER FEEK
2 1.68 [M-H]- C,Hs0, 115.0031 115.0023  6.96 117,99,73 BRI EERT NS
3 1.98 [M-H]- CoH| NO, 164.0711  164.0706  3.05 147,103 e IR
4 2.1 [M-H]- CisH,04 255.0657 255.0688 —12.15 135,119 SHRE piES
5 2.12 [M-H]- CeH;0, 191.0192  191.0186  3.14 113,85 TR LR
6 2.66 [M-H]- C13H16010 331.0665 331.0665  0.00 212,153 Beta-fiij i 11 PR
7 3.08 [M-H]- C11H N0, 203.082  203.0817  1.48 190,133 6,5 12 FHHLERZE
8 3.31 [M-H]- CisHisOsH,0  345.0974  345.0901 21.15 221.135 prunifloro XA Mt il 2t
9 3.69 [M-H]- C4HcO5 133.0137 133.0129  6.01 117,72 L3RR EEINiveS
10 3.7 [M-H]- C16H 500 353.0872 353.0874 —0.57 191,176,148 REET E NS
11 3.71 [M-H]- C;H,Os 169.0137 169.0131  3.55 125,97 WETR SRR ES
12 3.74 [M-H]- C-H,0, 121.0289 121.0282  5.78 108,93 4R AR
13 4.17 [M-H]- CsH;0;5 151.0395 151.0386  5.96 125,106 FLER LR
14 4.4 [M-H]- CsH;505 163.0395 163.0388  4.29 147,93 4- BRI ER AHLIRA
15 5.26 [M-H]- CoH;0,4 179.0344 179.0340  2.23 135,118 UL 373 FHHLERZE
16 6.18 [M-H]- C16H1607 319.0818 319.0819 —0.31 279,119 4-75 TR HR HHLERE
17 6.24 [M-H]- C1oH 1605 209.045  209.0446 191 166,121 5-¥2 HE BT AR R EEINiveS
18 8.17 [M-H]- CoHeO; 161.0238 161.0232  3.73 135,117 ICIE N R FHEL
19 10.8 [M-H]- CisH 205 319.0454  319.0454  0.00 181,137 AR pTES
20 11.13 [M-H]- Ci5H1,05 287.0555 287.0558 -1.05 251,174 pruniflorone M XL MR 24
21 1129 [M-H]- C15H,,06 287.0555 287.0558 —1.05 238,158 dllrfleclg‘(fyr)‘:;‘gﬂzoie peEAES
22 11.47 [M-H]- C30H26012 577.1346 577.1348 —0.35 451,289 JFAEE E By AN ES
23 11.73 [M-H]- C;H,0, 121.0289 121.0281  6.61 91 KA LR
24 11.93 [M-H]- CisH 1406 289.0712 289.0716 -1.38 270,202 LR B2
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=1L
2 U || M= s 2T B

S S Ii;jf J(m/f (fl‘j%) RV Fi s
25 12.09 [M-H]- CisH1406 289.0712 289.0714  —0.69 123,109 FRILAHE 2
26 12.17 [M-H]- Cy7H3016 609.1455 609.1456  —0.16 300 = 2
27 12.23 [M-H]- CyH,0y 449.1084 449.1085 —0.22 284,235 pruniflorosides A WUl
28 12.35 [M-H]- C5H,06 287.0555 287.0559  —1.39 269,151 AR 2
29 13.48 [M-H]- C21H2010 433.1134 433.1138 —0.92 271,169 kA RS
30 13.86 [M-H]- CyH 501, 461.072  461.0726 —1.30 285,133 *Egggjfﬁﬁ pUTRERS
31 14.1 [M-H]- CisH,00; 301.0348 301.0349 —0.33 150 34,55, 7- Tt e
32 14.28 [M-H]- Cy1Hy001 447.0927 447.0929 —0.45 369,303 Wit Hz o 2
33 14.37 [M-H]- Cy:H3,014 579.1714 579.1716  —0.35 271,151 2 RS
34 14.42 [M-H]- Cy5H,,0; 303.0505 303.0506 —0.33 213,125 pruniflorone O XUtk 2
35 14.65 [M-H]- Cy7H30016 609.1455 609.1455 0.00 447,285 TR pUTRERS
36 14.81 [M-H]- C21Hy012 463.0876 463.0871 1.08 301,85 St BT
37 14.91 [M-H]- C2iH010 431.0978 431.0977  0.23 283,117 IR HE 2
38 152 [M-H]- Cy7H30014 577.1557 577.1558  —0.17 269 W AT G TREES
39 15.63 [M-H]- Cy7H3005 593.1506 593.1507 <0.17 255,169 IR 2 A AT RS
40 15.96 [M-H]- CieH1,0, 315.0505 315.0508 —0.95 299,137 3-O-H Juhfi 2 % TS
41 16.26 [M-H]- C21H012 463.0876 463.0873 0.65 300,145 Eot22; St pUTRERS
42 16.36 [M-H]- Cy5H),05 271.0606 271.0607  —0.37 119,109 Tl i & pES
43 16.56 [M-H]- CysH 1,04 287.0555 287.0557 —0.70 257 HEIARZE e
44 17.17 [M-H]- C21H24010 435.1291 - 435.1291 0.00 273,167 ity &S o 2
45 17.60 [M-H]- C,1H3010 431.0978  431.0979  —0.23 398,311 SRR DS
46 18.00 [M-H]- C30H201, 573.1033 573.1034  —0.17 269,151 GB-2 XL 2
47 18.02 [M-H]- CisH 06+ 286.0477 286.0479  —0.70 211,119 FIALRER RN
48 18.36 [M-H]- 1 H,0, 449.1084 449.1087  —0.67 299,125 pruniflorosides B BRI
49 18.61 [M-H]- CyiH0), 447.0927 447.0927  0.00 429,285 ERYEAT HE 2
50 18.77 [M-H]- Ci5H,405 269.045  269.0449  0.37 156 FrRE 2
51 18.93 [M-H]- C,5H 1405 269.045  269.0452  —0.74 223 KEH Jetiiies
52 19.19 [M-H]- C5Hy00, 301.0348 301.0349  —0.33 151,107 Wit iz % S
53 20.62 [M-H]- CsH 205 271.0606 271.0610 —1.48 251,159 EUER S
54 21.19 [ -H]- C3H 50, 285.0374 285.0399 -8.77 131,107 K i
55 22.69 -H]- Cs0H,01, 557.1084 557.1084  0.00 278,135 GB-2a WUH i
56 22.79 [M-H]- Ci5H 1006 285.0399 285.0399  0.00 256,227 12w 2
57 22.8 [M-H]- C30H2,01¢ 541.1134 541.1135 —0.18 270,151,128 GB-la XU 2
58 23.58 [M-H]- C15H1606 327.0868 327.0870  —0.61 282,172 isocudraniaxanthone A BRI
59 24.44 [M-H]- C15H,606 327.0868 327.0870  —0.61 267,125 neriifolone C POE AL TES
60 24.82 [M-H]- CisH 1,04 255.0657 255.0659 —0.78 255,145 H 2 2
61 25.52 [M-H]- CisH,00s 285.0399 285.0399  0.00 151,133 RBHER pES
62 27.4 [M-H]- C15H1406 325.0712 325.0712 0.00 163,125 toxyloxanthone B SR ML i 24
63 28.67 [M-H]- Cy5H,00s5 269.045  269.0450  0.00 249,213 YRR E GES
64  28.92 [M-H]- C5H 605 311.0919 311.0920  0.00 183,119 lzrz;;‘lggfﬁg: &SI B S
65 30.1 [M-H]- C17H,406 313.0712 313.0780 —0.32 254,225 Wi # HHLEZE
66 30.6 [M-H]- Cp4Hy0; 42516  425.1602 -21.72 300 pruniflorone U SR ML i 2
67 33.89 [M-H]- Ci¢H ;05 283.0606 283.0606 —0.47 270,242 NS Jetiiies
68 36.03 [M-H]- C21H2006 367.1181 367.1183  0.00 205,149 vismiaquinone B Jelies
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22 AHFARPUEVNEE
221 HELAY
INZEB e N BT ERE AR ECY 28 1t

7l miz 256 [M-H-COJ, 4l H /7454, &% CO & C
TR, m/z 227 [M-H-2CO]J&[M-H-CO] ¢ A 4kt 2k
E—4F COo B, Bkt EH RSB ST
Cy5H 006, MR R B 4001, IE45 4 SCkiRiE™", %
HomilZsm . 24 E KA 2A,
222 ibF %— bt

KM EMEATR B, BRI HF KA
R AETE W B R Wr-PT #58/K (Retro Diels-Alder reaction, RDA)
R, (DR ZE T AREHICRE] m/z 289 MR BT )X

FekE—MoToK, HEWEE 14 34-TRIEEN B, 15
B mlz 451 BFWHR . FiETRZHRIHES T8
CsoHp601,, MRYERE B 200, FE454 SClkifkaE™Y, %z
HoWFEAEE R By s BRI ILIE 2B,
223 ZErEMLY

ILZEZE BB FH m/z 289 [M-H], W H B+ m/z 270 &
HEEFER—0F H0 A1, m/z 202 & H BB F R
F—0F C0, k—5F H,0 PR BT 4 EER
B R Rk X, JLAS R B R A A, 4> i
HA], FBIARTE], B $ SRe 8 0 SRR, 3240 F 7T LAFR
NILFER, Htw A% MILAE R, By B it —4
ik, ZE R E UL 2C.

OH
A HO-» JiTm/z 285.04 OQ:)(L j
OH
0 OHO
00O mz227.04 \mz237.04
) Ol /
.O \
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Joifas t
B OH i iz ST113
/@OH 1 HO 3 OH
OH o
o OH OH OH \
N miz: 289.07 m/z| 451.10
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Fig.2 Analytical diagrams of partial compound mass spectra of Cratoxylum formosum



5 20 3]

OCHE, SE VRO R - B T S L1 2R ) S REE AL B A i P 125

224 BERENSY

REZHEE T REEMAEMEY, h Tk R
ghipy, HATERRE, SRR, B
BT m/z 283 [M-HI R E—4rFHILEAKIEE m/z 270,
TPk LR S T i CO SR AL fAk R i 2R 7 =,
TE W miz 242 BIRR R F, 454 SCHRIRGE, HREWTH HO K
FHE, R EE LA 2D,
23 MENHEMHER

M\IE 4 DPPH H %k & ABTS FHE 1 B 3L A8 105z
SRR, ZEARTREY A B hU R AT . e
FE R BV IR PN, PSRk 6 P B 2 21 2 AR i W B 4 384
Mg, HA IR R, WA 3, 202EARIREY
BH 1 o IR 0 3K I B2 3% % DPPH H 1 3£/ 1Cso 43 51 K
(0.2140.05) mg/mL .(0.15+0.04) mg/mL, %% ABTS FHE ¥ A
HH 3L ICso 29(0.14+0.03) mg/mL ., (0.04+0.01) mg/mL,

ZLZEARIEILY)
80 I~ I I
x 70
¥ o b
% 60
w50
m I
H 40 +
Enllg I
=30 |
=¥
A 92 |
10
0
0.0625 0.1250  0.2500 0.5000  1.0000
JRE MR /(mg/mL)
120 LLZFARIRIY)
[ JERo N

ABTSPHHE T B HILE R E /%

[ T
.| 1

40 F I I

20-I

0.0625 0.1250 0.2500  0.5000 1.0000
R YR B /(mg/mL)

3 ZLZF ARSI A DPPH A A S ABTSFH 2 1 Hik
HYTERRRE 1 (n=5)
Fig.3 DPPH radical and ABTS cation radical scavenging activity
of Cratoxylum formosum extract (n=5)

24 o-BEEHERINGEM

TEI 2 B A M BE VS (100.00 . 50.00, 25.00, 12.50,
6.25 pg/mL)N, o 2 B I 4 00 1 35 A BT 28 AR i
BE BRGNS, 2R RO, W 4, 2IEERIEI
Wy . BT AT R YA X o= ) 5 B AT VS P 1 1C 5 53
W14(63.52+3.12) pg/mL. (0.04+0.01) pg/mL.

LT 2EARAR )
100 LR Sy
90 |

80 |
70 |
v

60 |
50 F
40 l
30 F
20+ 1
10 I

L
0

6.25 12.50 25.00 50.00 100.00
SRR/ (ug/mL)

%

K4 2 ZEAREE N o- S AT BEAM S M (n=3)
Fig.4 The a-glucosidase inhibition by Cratoxylum formosum
extract (n=3)

2.5 Xt HepG2 iR B =AM

CCKS8 ZER /R, 5XTHRA b, 6.25~100.00 pg/mL
FILL2E AR IR BV ST HepG2 MM AU AF TS RKIEH B %1
(P>0.05), 200.00~400.00 pg/mL % L b5 A9 £T 2F AR SR
el LA AR HepG2 A AYAETE 2R (P<0.01), 4niE 5 fr
7%, I, 3% 100.00 pg/mL & LU B Y LLZE AR Y

120.00
100.00 +
Kk
80.00 | ok
S
# 60.00 -
4
Bl
40.00
20.00 -
0 ) N N \ \ \ \
) Vv 9 Q N Q N Q
JE e B /(ug/mL)
T XA LA, *+*P<0.01,

5 21ZEARYEBU AT Hep G4 M AFIE Z K 50 (n=5)
Fig.5 Effects of Cratoxylum formosum extract on the
survival rates of HepG2 cells (n=5)



126 B il 2 A iR AR U A 4

F 14

PTG SF5Y . HepG2 A6 5 2P (insulin resistance,
IRERI A HEFE B R BN, SIEW AT, 485
HERRAE ] 24 h 5, BERYL A 40BN AR B 3% T I (P<0.01),
U AT AT ;R R HC TR ML 18 5 2 A= W I
REAR A — RN, 2 BH k1 12 23 A1 0 4 2 W B SRR FH 1
BB R, SEORIZA G, 20 ZE ARSI N [ o vk B 1Y
-2 L P A A AR AR A 2 B N (P<0.01), URHALTZEAR
PRI AT Ll HepG2 A R & R AGHT, Z5RILE 6,

—

kk
l kK Hok

B PHEFE R/ (mmol/L)
O = N W h AN d 0O o

IEFH A 100 50 25 125 625
21 ZEAR LI T BV B /(ug/mL)

H: SIEFA L, #P<0.01, ST AL, *#P<0.01,
K6 ZIZFARTRIUIA HepG24H I IRAE L A M I #E ik B S 00 (n=3)
Fig.6 Effects of Cratoxylum formosum extract on glucose
consumption in IR model of HepG2 cells (n=3)

2.6 PEREIEMLEER
SIEHAMEL, 80.00 ug/mL R AN BRI 25 f 1%
G B E TR (P<0.01), $/RIEMBINT), SHAIL] iR, 20
ZEARIRIY 25.00~100.00 pg/mL 2H W6 (H B 2 FE AT
(P<0.01), BEBHLLZEARSEBAI AT — & R L W2 2.

FR2 AFKNEEIEBEENIFSH HepG2 SAEHE I
FEBEE R4S R (n=3)
Table 2 Results of lipid-lowering action in a model of HepG2
hyperlipidemia induced by oleic acid of Cratoxylum
formosum extract (n=3)

4151 WG 4

EH 0.84+0.02
THFRAHIRIZ] 80.00 pg/mL 1.36+0.09##
L1 ZEARARE 100.00 pg/mL 0.98+0.02%*
I ZEAR$RIY) 50.00 pg/mL 1.11£0.05%*
LI ZEARSRE) 25.00 pg/mL 1.15£0.06%*

I ZEARSRI 12.50 pg/mL 1.36+0.01

LI ZEARYREM 6.25 pg/mL 1.41+0.11

W HIEH YRR, ##P<0.01; SR LR, ##P<0.01,

3 Wit5%R

2 HPLC-MS K, o 4566 3% 1 i i 11 v 40— 2%
A RIS RIE AT AT, 5 SCER B E AT, 4%

keI TS I A A, P EER Ay 17
MR, ZEAmE. REERS). HIITRLEY
11 ARz . ARz . MR EE) . BORMLEZE 59 9
Fli(pruniflorones M, pruniflorosides A, Neriifolone C 4§) .,
AUREAGY) 8 Fh(FFIEER . WIMEER | 4- 2 BEPI RS )
BRI G 3 R CRIE R KB K HBE . Vismiaquinone B)
oAb 4 20 Fifr o ik 26 g4 55 L 4RGE AT 2R R Al o 2
A—F, WA LC-MS FHRZZEARM B B A
LS

AT B K DPPH [ H3 5% ABTS FHEF 1
HHJERR S A SEIREE SR T LA, 21 ZEARERI ) R HEET IR M
iR DPPH B 31 1Cs0 43 51°8(0.21£0.05) mg/mL | (0.15+
0.04) mg/mL, &B% ABTS H H13E) 1Cs0 47(0.14£0.03) mg/mL .
(0.04+ 0.01) mg/mL. ICsq 55 FHM: 25 HLIR M AR 22 BIA K, 1
WILT 2EARARBU A B P AL TG . 2L AR T B K
B RSy, BEZE A G A B R R 0B A T
LT 0 5 I PR B RE PR, DA R A R AT, R R
AR EEL S Y BR B RS, 0T LR E
ARET, IR R A, TR S A A R R K,
BHLLE 398 i 45 5 Sl B E i 2625200 ARBFE R LC-MS #
TSR EFZ RSy, I E i E . R IR RE
9 L i A AR SR A B A RS PR,

o- 41 759 W T it R B RS B K AL A 4 R R RO
WEZ Wi s R PNTIE 7k i = %G A1k
H iR E AR 2R B T LAVE R o~ 8 28000 T Al 410 1)
Fo [RIBTAT UG a-VERTEE . WEIRBERR AL G . 75 2% 4 -6-
TR AL R 3 W] 35 2] K IfUBE 09 B 1 . ARTFSE L PNPG RIS
Yy, BT A BE X BR, 2T 2ER SR B 1A T A P
O30, 60 R ) U R B PN, - R0 8 WY AT 3 2 B
T v B A R 0T T A, 2 B R R AR, 4T
ZEARSEHH)  BEAHE X BE AT R JBOME XS o= 2 W A1 )35
Y ICso 23 1M (63.52+3.12) pg/mL. (0.04+0.01) pg/mL, %%
R L ZEARSEIY) HAT — 78 1) o~ 401 265 0 T T 10 o 3 4
{H 55 B Xof R BAT = 5 B AH EE A AR B, T BE S 4L 2R R 4R
B A o B W) AR & A 06 . AT SR 45 R
BoR, R BB L E AR A BS, & ZH N
L) 75 25 W FE T X W 3 3 0 (P<0.01), W AT 2F AR FRHL
Ynl L3t HepG2 ZH LAY IR & 2 HLHT, RS RHLHUE 2
T PR 9% (type 2 diabetes, T2DM) ) 3= 52 5 B Az JRERAE,
43 R S R RPN T2DM H93AY 7 HAT B B g P8,
AR, Bk B2 Bl 24 42 B 5 i 2 8 s i Ay B
B IR PR RO,

CTZEARAET VU BT AR BRI T 58 o 4128 AR A
WAMIFR A XS, U E N A D o ABIEgExT
L 2EARA 22 4 SRS BTG M R T T 5T, WFoE R4
FARMIBURM . BERERERRE A AT e S L A



5 20 3]

A, S WO -

P A3 T 21 2 K B P 5 T L T P 5

127

5K, WO 2L 25 AR v A I 2 23 SR DA A

HEATHEIT,

T 8 5 B R B O A A L2 AR B R H 1
Sk

(1

(2]

(3]

(4]

[5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

T EBE BT E Y S AR 5 2
1, 2013.

P EREM]. b RBlER
Editorial Committee of Flora Reipublicae Popularis Sinicae, Chinese
Academy of Sciences. Flora Reipublicae Popularis Sinicaec [M]. Beijing:
Science Press, 2013.

ERPEAEIR (PR ) &, PEARRECE =IHM]. Eif:
R EER R, 1999,

Editorial Board of State Administration of Traditional Chinese Medicine.
Chinese materia medica (No.3) [M]. Shanghai: Shanghai Scientific and
Technical Publishers, 1999.

NAWONG B, CHATCHANOK K, SUCHADA C, et al. Bioactive
prenylated xanthones and anthraquinones from Cratoxylum formosum ssp.
Pruniflorum [J]. Tetrahedron, 2006, 62(37): 8850-8859.

YING HD, YI D, GUANG HW), et al. Bioactive xanthones from the stems
of Cratoxylum formosum ssp. Pruniflorum [J]. J Nat Prod, 2010, 73(7):
1283-1287.

PIMAN P, NATTHIDA W, RAWIWAN W. Chemopreventive effect
of Cratoxylum formosum (Jack) ssp. Pruniflorum on initial stage
hepatocarcinogenesis in rats [J]. Molecules, 2021, 26(14): 4235.
NAWONG B, ACHJANA K, CHATCHANOK K, et al. Nitric oxide

inhibitory activity of xanthones from the green fruits of Cratoxylum

Jformosum ssp. Pruniflorum [J]. Aust J Chem, 2010, 63(11): 1550-1556.

DUAN YH, DAI Y, WANG GH, et al. Xanthone and benzophenone
glycosides from the stems of Cratoxylum formosum ssp. Pruniflorum [J].
Chem Pharm Bull, 2011, 59(2): 231-234.

NAWONG B, SUCHADA C, SUPINYA T, et al. Inhibition of nitric oxide

production in lipopolysaccharideactivated RAW264.7 macrophages by

isolated xanthones. from the roots of Cratoxylum formosum ssp. Pruniflorum [J].

Arch Pharm Res, 2014, 37(10): 1329-1335.

QING FF, ZHI N, HUA BH, et al. Chemical compounds from the bark of
Cratoxylum formosum ssp. Pruniflorum [J]. Chem Nat Com, 2014, 50(1):
137-138.

JUAN X, XIN HL, VAN BB. Phenolic constituents from the leaves of
Cratoxylum formosum ssp. Pruniflorum [J]. Fitoterapia, 2014, 94(4):
114-119.

WSCF. R IR B2 03 B AR WS HERTSE (D).
I K2, 2013.

B B

PEI WP. Studies on the chemical constituents and biological activities of
three medicinal plants [D]. Shanghai: East China Normal University,
2013.

SRR, IR, TR, SFOHDHL L U TSR R A A
I Bl R B Al =47, 2021, 12(15): 6139-6145.

LIANG HY, GAO HX, HE Q, et al. Inhibition effect of Ligustrum

[13]

[14

=
it

[16

(17

(18

[19]

[20

[21

robustum (Rxob.) Blume extract on the oxidation of oil [J]. J Food Saf
Qual, 2021, 12(15): 6139-6145.
dll, AR, U, GE BRI VRATAL IR R R i R
TAARA B HA TR . RIS PERIFSE (0], £ 8 40 4 R I 2% 412,
2023, 14(13): 249-257.
MENG N, QIN LX, CAO Y, et al. Optimization of extraction process of
flavonoids from Rumex patientia L.xRumex tianschanicus A. LOS by
ultramicro freezing pretreatment assisted percolation method and study its
antioxidant and hypoglycemic activity [J]. J Food Saf Qual, 2023, 14(13):
249-257.
WO, A, BORAEE, SF SR TR CRBL AFEACRIR SR
KA AAIEERFSE )], HhE 2y, 2021, 52(16): 5021-5027.
HUANG JY, HU XX, HUANG ZF, et al. Chromatographic fingerprints
and antioxidant activity of Ventilago leiocarpa based on chemical pattern
recognition [J]. Chin Tradit Herb Drug, 2021, 52(16): 5021-5027.
TN, XA, B, AR RS IA TR BT A P
FE[3]. hE BRI 252, 2021, 38(2): 196-200.
TAN XQ, LIU BM, HUANG Y, et al. Study on liposoluble constituents
from Glochidion Sphaerogynum (Muell. Arg.) Kurz and its antioxidant
activities [J]. Chin J Mod Appl Pharm, 2021, 38(2): 196-200.

THT, BRI, S RS AR A SRR P ).
2R, 2021, 56(5): 1434-1438.
WANG JX, TAO G, YANG F, et al. Chemical composition and
hypoglycemic activity of Edgeworthia gardneri [J]. Acta Pharm Sin, 2021,
56(5): 1434-1438.
DEWEZE, joatk, BEARNE, 45, ALETZEL BTN HepG2 AN S 24K
BLIIFZI ]
PANG XIJ, LU LL, LI DW, et al. Effects of total flavonoids of Bidens

. HEZY B, 2022, 33(8): 968-974.

pilosa on insulin resistance in HepG2 cells [J]. Chin Pharm, 2022, 33(8):
968-974.

AN, SR, BAEREE, 55 200 AL S e SRS AL TR
FE[7]. HEH AL, 2023, 48(3): 681-688.

SHE YP, ZHANG PP, HU 1Y, et al. Precise application of Beichaihu and
Nanchaihu in classical formulas [J]. Chin J Chin Mater Med, 2023, 48(3):
681-688.

XVEHR, FARYE, @k, 4. AT REH bR oA o R ARG
PERFSE[D). HhEEZE, 2022, 53(14): 4276-4284.

LIU HD, GAO YY, GAO Q, et al. Chemical constituents from the aerial
part of Sibiraea angustata and their hypolipidemic activity [J]. Chin Tradit
Herb Drug, 2022, 53(14): 4276-4284.

e, TR, BRTE, 45 DR RIS B RETR ] L
2%, 2009, 26(10): 1250-1252.

LIANG Y, YU SF, CHEN W]/, et al. Fragmentation pathway of kaempferol
in electrospray [J]. Chin J Appl Chem, 2009, 26(10): 1250-1252.

WfRE, BRI, SIRkAG, S5, WRORH G- BTk I s 207 A AT AR B
Yty 5 FhZ 2RO )]. 25915 HT2Ri5, 2016, 36(8): 1330-1337.
YANG DX, CHEN XJ, HU QJ, et al. LC-MS method for determination of



128

B AR

G < 4

F 14

[22]

(23]

[25]

[26]

[27]

5 kinds of polyphenols in grape seed extract [J]. Chin J Pharm Anal, 2016,
36(8): 1330-1337.

I, WER, U, . PR AR L HPLC-Q-Exactive-
MS/MS 73 BB PR AT 4[], Hh S22 203, 2020, 2(6):
121-131.

LI XN, DONG X, LI N, ef al. Rapid analysis and identification of
chemical constituents from Siwei Tumuxiang San by HPLC-Q-Exactive-
MS/MS [J]. Chin J Exp Tradit Med Form, 2020, 2(6): 121-131.

HUNEL, Rk, IR, AF. R AL S P B m gE BT A ).
WAL K2R (A ARFE ), 2006, (4): 403-406.

MA XH, SHEN SL, HAN FM, et al. The electrospray ionization-mass
spectra of Radix et rhizoma rhei anthraquinones [J]. J Hubei Univ (Nat
Sci), 2006, (4): 403-406.

ZHOU WN, PENG CY, WANG DS, et al. Interaction mechanism between
OVA and flavonoids with different hydroxyl groups on b-ring and effect
on antioxidant activity [J]. Foods, 2022, 11(9): 1302.

SPEISKY H, SHAHIDI F, COSTA CA, et al. Revisiting the oxidation of
flavonoids: Loss, conservation or enhancement of their antioxidant
properties [J]. Antioxidants-Basel, 2022, 11(1): 133.

GUO ZY, CHEN XL, HUANG ZQ, et al. Effect of dietary
dihydromyricetin supplementation on lipid metabolism, antioxidant
capacity and skeletal muscle fiber type transformation in mice [J]. Anim
Biotechnol, 2022, 33(3): 555-562.

KRISTINA Z, RAIMONDAS B, DARIUS T, et al. Different effects of
quercetin glycosides and quercetin on kidney mitochondrial function-uncoupling,
cytochrome C reducing and antioxidant activity [J]. Antioxidants-Basel,

2022, 27(19): 6377.

[30]

[31]

LEE SH, PARK SY, CHOI CS. Insulin resistance: From mechanisms to
therapeutic strategies [J]. Diabetes Metab, 2023, 12(2): 511.

MUSTAFA H, EDA B, HAFIZE SV, et al. The role of resveratrol in
diabetes and obesity associated with insulin resistance [J]. Arch Physiol
Biochem, 2023, 129(2): 555-561.

GU WIJ, WANG RQ, CAI ZW, et al. Hawthorn total flavonoids ameliorate
ambient fine particulate matter-induced insulin resistance and metabolic
abnormalities of lipids in mice [J]. Ecotox Environ Saf, 2023, 38(1):
2199168.

REEM SA, GOMAA MH, GOMAA MH, et al. A flavonoid-rich fraction
of Euphorbia peplus attenuates hyperglycemia, insulin resistance, and
oxidative stress in a type 2 diabetes rat model [J]. Front Pharmacol, 2023,

14(6): 1204641.

(W1E%3E: KRR FTAHH

(=M

; =y, BlEEAH, TEFRAE
= ARG ERAREFA L.
E-mail: 77230921@qq.com

FEEE, EEHIH, TEMRFEA
R R R A

E-mail: luguoshou@foxmail.com





