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Effects of processing of Crataegi Fructus on a-glucosidase activity and chemical
components
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Abstract: Objective To explore the differences in a-glucosidase inhibitory activity and the changing rules of components in extracts
from different processed products of the dried fruits of Shanzha (Crataegi Fructus).. Methods Raw Crataegi Fructus: Crataegi
Fructus slices are placed in the oven to dry to constant weight (60 ‘C, 16 h). Stir-fried Crataegi Fructus: Place raw Crataegi Fructus
in the oven and heat until the skin is yellow and the flesh is yellowish brown (80 ‘C, 20 min and 100 °C, 15 min). Bumnt Crataegi
Fructus: heat raw Crataegi Fructus until the surface is burnt brown, the interior is yellowish brown, and has a burnt odor (120 ‘C, 20
min and 150 ‘C, 15 min). The raw, fried and scorched Crataegi Fructus were crushed to powder with a grinder, passed through a 60-
mesh sieve, and stored at —80 “C for later use. The inhibitory effects of extracts from different Crataegi Fructus products on
hyperglycemia were evaluated by a-glucosidase activity inhibition model in vitro and animal model in vivo. Based on UPLC-Q-TOF-
MS/MS combined with online databases (GNPS, MSDIAL, PubChem, etc.), the chemical components of different Crataegi Fructus
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products were identified, and the effects of processing technology on the chemical components of Crataegi Fructus were clarified.
Results The results of in vitro enzyme activity study showed that the a-glucosidase inhibitory activity of Crataegi Fructus extract
was significantly enhanced after stir-fry (P < 0.05) (ICs0=28.31%2.57 ug/mL in raw Crataegi Fructus, ICs0=12.67%£1.01 pg/mL in
fried Crataegi Fructus, 1C50=928.33+131.02 pg/mL in burnt Crataegi Fructus, IC50=265.50£31.50 pg/mL in acarose); Animal
experiments showed that stir fried hawthorn extract could improve postprandial hyperglycemia, glucose tolerance, and insulin
sensitivity. LC-MS combined with GNPS were used to analyze the components of different Crataegi Fructus products, and 59
compounds were identified with reference to PubChem, Massbank and other public databases and literature, mainly containing three
categories of compounds, namely flavonoid glycosides, proanthocyanidins and triterpenoids. The semi-quantitative results showed that
the chemical components of Crataegi Fructus changed significantly during the roasting process, and the relative contents of most
flavonoids and triterpenoids increased, while the contents of proanthocyanidins decreased after roasting. Conclusion The inhibitory
activity of a-glucosidase activity of Crataegi Fructus was significantly enhanced after stir-frying. Animal experiments showed that
stir-fried Crataegi Fructus extract had a good inhibitory effect on hyperglycemia. The stir-frying process of Crataegi Fructus has a
great influence on the chemical composition, which can be the basis for stir-frying Crataegi Fructus to inhibit and enhance the activity
of a-glucosidase. This study provides a theoretical basis for the mechanism of lowering blood glucose in stir-fried Crataegi Fructus
and the development of stir-fried Crataegi Fructus lowering sugar products.
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2 A (area under the curve, AUC).
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Fig. 1 Inhibitory activity of extracts from different processed Crataegi Fructus products on a-glucosidase
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and stir-fried (B) Crataegi Fructus extracts

1T OGTT A ITT #:l. OGTT Kiligh 5 B s, R
H/NRIMAELE 30 min BPA G E S, BERTHY
H, H AUC BEFETXHEA (P<0.001), ULAHAE
R v I /)~ B 250 W 52 1 B B 32 400 AL I g
BRI AOBIT A< b L PR /N RS AUC BB I T8
H (P<<0.01. 0.001). LA g5 R KA 11l H2
BV Rt o508 /N BT AT BB 320, 4] s kg
ITT fERER, SHEALMIL, 4. iR
) (P<<0.01) FIRI-REAE (P<<0.001) ¥RE &% o
JoR B AU . eAh, KHIIRAAE . 1P LR SR I
XN R IRt — e PHIE A
3.5 &, WAL RE R MEE LR
W 5 Fos, SRR L, B /N AT A
JHEAR S B R BT & B s (P<<0.05. 0.01), fE45
ZyJa BRI TR, b Iimd A RERER
(P<<0.05. 0.01). [, 2E. KIS RER 2K
B RN i (P<<0.05). MiEAEILE R EIR,
K mie 2 S 3% ALT F1 AST 3T (P<

<t = Ll 5 mgmL!
= A~ L 20 mgmL!

ZS

P+ AL S mgmL!
A =Ptk 20mgmL! B
= 40 =
ER -£4 000
) T it
£ 204/ =3000
= 4 ] ok *k sk
= 10 £
E2000
=T )
0 30 60 90 120 >
t/min <1000 "
MR BA TR 5 20 520
W LY iy
C D (mg'kg ™) (mgkg™)
T: 30 —E 3000 i
—_— I
g 20 = 2000 . .
! g
& 10 £ 1000
=, O
t T T T D 0
0 30 60 90 120 <
¢/min AT B BIR 5 20 520
WRE AL Iy
E = (mg-kg™) (mgkg™)
~ 40 £ 4000
I —
= 30 L
=} —_—
£ 20 S
£ g
g S
0 S
g 04 2

0 3I0 60I 9(I) 12IO
t/min kg AL WL
(mg'kg ") (mg'kg ™)
A B-FZ 2SS0 Co DUERNZS550: By F-REMHN 52 55505
XA #P<0.001; SHMAHE: "P<0.05 "P<0.01
"*P<0.001.
A, B-maltose tolerance test; C, D-starch tolerance test; E, F-sucrose
tolerance test; "#P < 0.001 vs control group; "P < 0.05 P < 0.01

ok

YRR AL BT 5 20 520

P<0.001 vs model group.
B3 4. USSR A M
(Xts,n=6~8)

Fig.3 Effects of raw and stir-fried Crataegi Fructus
extracts on postprandial blood glucose in diabetic mice
(Xts,n=6—8)
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Fig. 4 Effect of raw and stir-fried Crataegi Fructus extracts on blood sugar in obese mice (X £ S, n =6—8)
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Fig. 5 Evaluation of raw and stir-fried Crataegi Fructus on blood sugar related indexes (Xt S, n = 6—8)
x1 &£, BLEBRSEE
Table 1 Ingredients identification of raw and fried Crataegi Fructus
‘ _ . . % 1o
ta/min I i ZIR th
K% & WRET  ATETE Gy 10 s ¥t
1 2269 [M+H-HO]" 4553502 409.34,189.16 505 FEEE 1
2 2070 [M+HJ 4873411 441.33,203.18,107.08 -2.87  (IR,2S,5aR,5bR, 7aS,10R, 12bR)-2-hydroxy-10-isopropenyl- i
3,3,58,50, 12b-pentamethyloctadecahydrodicyclopenta[a,i]
phenanthrene-1,7a(1H)-dicarboxylic acid
3 2356 [M+H[ 4713473 407.33,201.16, 107.08 =021 (IR 3aS,5aR,5bR,11aR,13aR)- 7-hydroxy-5a,50,8,8, 11a-pentamethyl-9- 1
oxo-1-prop-1-en-2-yl-2,3.4,5,6,7,7a,10,11,11b,12,13,13a,13b-
tetradecahydro-1H-cyclopenta[a]chrysene-3a-carboxylic acid
4 2119 [MAH[ 489.3579 201.16, 177.16,107.08 -020  20,3,19e-trihydroxyolean-12-en-28-oic acid )
5 2265 [M+HF 473.3609 439.34,409.34,249.18,203.18,  —4.65  (4aS,6aS,6bR,10R,11R,12aR)-10,11-dihydroxy-2,2,62,6b,9,9,12a- )
177.16, 133.10, 107.08 heptamethyl-3,4,5,6,6a,7,8,8,10,11,12,13 14b-tetradecahydropicene-
4a-carboxylic acid
6 2482 [M+H[ 443.388 6 425.38,203.18,163.14,133.10, 068 FYER 1
109.10, 81.07,
7 2514 [M+H-HO]"  439.3556 203.17,107.08 -455  (4aS,6aS,6bR,10S,12aR)-10-hydroxy-2,2,6a,6h,9,9,12a-heptamethyl- )
1,3,4,5,6,68,7,8,83,10,11,12,13 14b-tetradecahydropicene-4a-
carboxylic acid
8 2391 [M+H-HO]* 437.3409  295.24,189.16, 95.08 =229 3HHE-10-5755-28,13- 1 B 1
9 2520 [M+H-HO]*  409.3841 205.19, 163.14,109.10 1711 PHER 1
10 2348 [M+H] 4233619 229.19,203.18,161.13,133.10,  -1.89  glochidone putative | 1
95.08
11 199 [M+H] 505.353 0 187.14,423.32 020  1,2,3,19-tetrahydroxy-12-ursen-28-oic acid 1
122 2469 [M+Ng* 593.2755 533.25 472 12-acetoxy-3,7,11,15,23-pentaoxolanost-8-en-26-oic acid 1
13 217 [M+HF 443.3875 109.10, 443.29 =316 21-hopen-3-on 1
14 2401 [M+H] 469.364 2 409.34, 177.16, 121.10, 95.08 -8.31  methyl 3-oxolup-20(29)-en-28-oate -
15 218 [MHH) 4873404 45132, 487.34 -410 18- ZRIEFE )
16 864 [MEH] 2910869 13903 000 FTIER -
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F1 (&)
KB wmn AT ATETE R (X‘j‘? = gﬂ
17 929  [M+H] 4531378 417.11,333.09, 300,09, 205.04, 419 FJLKE-B-C-P-D-MALIFET 1
163.03, 123,04
18 1062 [MEHF 2910850  207.06,147.04,130.03, 12304  -653 JLKZ |
19 1569 [MAH] 5511043 303.04,127.03,109.02, 85.02 109 i %-3-0-(6"-0-H ~REAL)-p-D- A pE T |
20 1598  [MEHF 491041 28705 957 RREH l
A 1449 [MEHT 3030506  201.05,153.01, 137.02 033 MR l
2 1868 [MEK] 4591247 165.00 806 B 1
23 1020  [M+H] 627.155 6 303.05, 465.10 -0.80  linocinamarin 1
24 155  [M+Na]* 4710903 317.03 000 A B l
% 1297 [MEHF 7572169 303.05,465.10 291 WEER-3-0-EHH-(1-2)-0-RAHH i
% 1362 [MAHF 4651046 303.05 280 BiEgH i
21 1411 [M+HJ 57191717 579.17, 85.02 052 5-hydroxy-3-[(2S,3R 45,55)-4-hydroxy-5-(hydroxymethyl)-3- )
[(2S,3R 4R 5R,65)-3 4,5-trihydroxy-6-methyloxan-2-yl]oxyoxolan-2-
ylJoxy-2-(4-hydroxyphenyl)-7-methoxychromen-4-one
8 1246 [MAHT 627.1510  465.10,303.04 813  HEE-38-HAMTT i
29 1638 [MAHT 507.1153  303.06,507.54 296 HHEE-S-O-HENET-6"- LB 1
30 1757 [MAHJ 5351004 287.05 131 ARHEZ-T-0--D-(6"-O-H ) 4 i 1
31 10130 [MAHF 6431517 319.04,643.19 109 HEE 3-0-HA MRRTY -
R 143 [MHT 4651030 30340 065  BRIEET 1
3 444 [MAH] 3551055  163.03 132 BER i
3 15 [MEHT 3912836 14902 =307 ARZHRC R 1
3% 1219 [M+HJ 2770635 149.02 -433  N-(4,5-dimethyl-1,3-thiazol-2-yl)-1,3-benzodioxole-5-carboxamide )
36 809 [M+HJ 318.0959 109.02 -597  bpfhynrpybyaibk-uhfffaoysa-N 1
37 2430 [M+NaJf 6373032  581.24,525.18,337.02, 14701, 173 HEZ B l
57.07
B 228 [M+H] 1490232 121026503 -470 AR R l
39 957 [M+HJ 250769 19204, 147.04 267 TR t
40 1746 [M+Na]* 4712200 335.09 =127 geranyl 6-O-I+/--L-arabinofuranosyl-1(2)-D-glucopyranoside !
4 237 [MHH 4542950 31327 352 L-kphi-on-Hh-3-BERE O BAk l
Iy 6.36  [M+NaJ* 3110738 185.04,149.02 -161 B 1
Ik 130 [M+Na 5274591 36511 057 fA=HE 1
4 797 [M+NgJ 4431520 44315 203 7-O-HAERET 1
45 1079 [M+NH* 4342021 85.02 -1.15  hydrangeifolin | 1
46 1306 [MANH 4482177 85.02,147.06 -112 #H pD-MmH AT i
47 906 [MtHJ 355.1019 163.03 -258 (3R 5S)-4-[(E)-3-(3,4-dihydroxyphenyl)prop-2-enoyljoxy-1,3,5- 1
trihydroxycyclohexane-1-carboxylic acid
8 203 [MHH! 5243102 18407 253 PC(0:0/18:0) 1
49 201 [MANH 5323477 26124, 353.26 -138  panaxcerol B i
50 2515 [MEH] 3593152 57.07,341.30, 71.08 228 HLRTE A l
51 2242 [M4H[ 357.2999  247.24,265.25 -122 RAWE t
52 2428 [M+HJ 331.2835 57.06, 313.27, 71.08 -387  L-palmitoyl-sn-glycerol !
5 1907 [MEHI 2142134 88.07,7006 -413  N-FohE R |
54 1974 [MEHT 3023050 70.06,88.07 278 LBk l
55 2414 [M+H] 2562634 10217, 256.26 -233 B |
56 924 [MAH]* 194.080 4 176.07, 103.05, 79.05 -6.70  cmba derivative 1
57 2556 [M+H] 4293343 411.32,393.31, 251.17 -6.06 24,25~ AE4f iy D2 1
5 2259 [M+NaJf 4953418 49534 640  saikogenin D |
5 2124 [MEHI 4963399 104.10, 184,07 065  Lyso-PC(16:0) |

SHbaTteEs & | T R SR,

Compared with processing before, the content of 1 increased; | content decreases; -content remains unchanged.
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Fig. 6 Study on components of raw and stir-fried Crataegi Fructus based on plant metabolomics.
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