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pharmacological effects and metabolomics in improving intestinal mucosal injury

WANG Jia', FU Rui?, ZHAO Haiyu?, RONG Yan?, LI Liang?, CHEN Yunxin?, CHEN Lihua?, WANG Huijun?,

HOU Hongping?, WEI Xiaolu?

1. Hainan Huluwa Pharmaceutical Group Co., Ltd., Haikou 570200, China

2. State Key Laboratory for Quality Ensurance and Sustainable Use of Dao-di Herbs, Institute of Chinese Materia Medica, China
Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: Objective To explore the components of Changyanning Granules (J7# 7 Bifi) and their pharmacological effects on
aspirin-induced intestinal mucosal injury in rats, as well as the molecular synergistic mechanism of metabolomics. Methods The
chemical components of Changyanning Granules were identified using UPLC-LTQ-Orbitrap-MS method. Thirty-six SD rats were
randomly divided into control group, model group, positive group (omeprazole 2.08 mg/kg + rebamipide 31.25 mg/kg), high-, medium-,
and low-dose (0.96, 0.48, 0.24 g/kg) of Changyanning Granules. Aspirin was used to induce intestinal mucosal injury in rats. After

drug intervention, the activities of diamine oxidase (DAO) and lysozyme (LZM) in serum of rats in each group were detected; The

RS EHER: 2025-04-17

HEeWB: i BARFRESEIITE (7254509)

fEEEN: £ K TEW, S5 m 2R, E-mail: 879913741@qq.com

BIEMEE . BOREE, WL, REIRFSCO, WILAESIN, WY AT 2B e A R AT B 9T . E-mail: xlwei@icmm.ac.cn
BELLY, T, BIRFFCOL, ARSI, BFSE7 A s (67 51 9. E-mail: hphou@icmm.ac.cn



FED 2025FE87 $56% H 158  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 15 * 5509

levels of inflammatory factors in serum, stomach and small intestine tissues were detected; Hematoxylin eosin (HE) staining was used
to observe the pathological changes in stomach and small intestine tissues. Differential metabolites were screened based on
metabolomics for metabolic pathway analysis. Results A total of 52 compounds were identified in Changyanning Granules, mainly
composed of flavonoids and organic acids. Compared with control group, DAO activity in serum of rats in model group was
significantly increased (P <0.001), and LZM activity was significantly decreased (P <0.001). The levels of pro-inflammatory cytokines
interleukin-1p (IL-1pB), IL-6 and tumor necrosis factor-o. (TNF-a)) in serum, stomach and small intestine tissues were significantly
increased (P < 0.05, 0.01, 0.001), levels of anti-inflammatory factors IL-4 and IL-10 were significantly decreased (P < 0.05, 0.01,
0.001). Damages were observed in stomach and small intestine tissues. Compared with model group, DAO activity in serum of rats in
Changyanning Granules groups was significantly reduced (P < 0.05, 0.01), and LZM activity was significantly increased (P < 0.05,
0.01). The levels of IL-1p, IL-6 and TNF-a in serum, stomach and small intestine tissues were significantly reduced (P < 0.05, 0.01,
0.001), and levels of IL-4 and IL-10 were significantly increased (P < 0.05, 0.01, 0.001). The damage to the stomach and small intestine
tissues was alleviated. Metabolomics results showed that there were a total of 33 differential metabolites involved in multiple metabolic
pathways after intervention with Changyanning Granules. Conclusion Changyanning Granules are mainly composed of flavonoids
and organic acids. Changyanning Granules significantly improve aspirin-induced intestinal mucosal injury in rats by regulating DAO,
LZM and inflammatory factors. Metabolomics confirms that it works synergistically through multiple pathways (amino acid
metabolism such as phenylalanine, phosphatase metabolism), providing a basis for the treatment of intestinal mucosal injury.

Key words: Changyanning Granules; intestinal mucosal damage; inflammatory factors; metabonomics; phenylalanine, tyrosine and

tryptophan biosynthesis; lysine, leucine and testosterone biosynthesis; phosphatase metabolism
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FIR/KIER (A) -85 (B), PeliZ&MH: 0~3min,
5%B; 3~40min, 5%~95% B; 40~45min, 95%B;
45~455min, 95%~5% B; 45.5~50 min, 5% B.
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Table 1 Identification results of chemical components of Changyanning Granules
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B8 i ATR O ko BERT (1) st o
1 078 CHOs 4844 FET 19105594 127.039 94,85.029 51, 171.029 71, ZETHE SEHE, W, &5, FiHE.
109.029 66 il
2 078 CeHuN:O» 0448 IEET 17511940 158.092 91, 130.097 49, 116.070 56 148 SEHE, i
30079 CiHiOs  6.069 HET  173.04550 111.04516,93.03458,73.029 51, #F& M SEHE, MR, PUERT
83.050 24
4 086 CsHiNO, -1.145 ©EBET  118.08612 118.086 12 W R SEHE, i
5 088 CieHnOu 2062 HETF  389.108 64 227.055 91, 209.045 41, 183.066 36, K 2 /£ LB M BHR ST HIL, MERMMT
165.055 71, 191.035 34, 147.045 15 % SR BEVH
6 090 CiHiOnw 2770 HE T 331.06689 271.04593,211.024 73, 169.014 22, 1-O-galloylglucose MR, AR
125.024 41, 193.013 82
7093 CsHigOy 3147 HETF 31507205 152,011 57, 108.021 69 gentisoyl glucose SEHE, MR, AR
0.93 CHiNO» —0.191 FET  132.10188 86.096 36, 45.033 55 RARER SEFE, WHE, MEMI
0.96 CisHiOn 2969 FET 32905130 153.05570 CREXFREANTR B
10 099 CsHeOs 7745 BT 133.01418 115003 60,71.013 83 ERR SEHE, T, F5. FH,
il
11 1.00 CsHpOs 3173 $iEF  295.04578  163.039 96, 119.050 19 coutaric acid Wi, &E
12 L1l CiHnOn 2370 HET 38910876  227.055 80,209.045 70, 183.066 25, /Kéh 2 H/% Z B EH B £ HE, MERH
165.055 76, 191.035 43, 147.04533 T SR E X EF
13 1.13 GHiNOs -0.548 TEETF  182.08107 96.044 32, 87.044 04 [ire=4i SEFE, WHE, WA
14 115 CisHig0s 2671 FEF 31507190 152.01149, 108.021 64 protocatechuic acid 3- SEHE, M, WA,
glucoside 5%
15 115 CisHiOn 2891 $ET 33106693 271.04523,211.024 83, 169.014 24, glucogallin HRREL, AR
125.024 43, 193.014 40
16 121 CsHinOs 3173 #ET 29504578  163.040 02, 119.050 22 cis-coutaric acid W, &F
17 123 CsHsOr 5659 MEF 19101971 173.009 78, 154.998 29, 147.028 76 1145 SEHE, R, F5, FH,
iy
18 137 CioHuOs 4928 HET  213.07680 169.086 96, 151.003 52, 123.081 46 [k Fikih SEHE
19 137 GHwOs 5329 MEF  197.04550 179.034 94, 151.039 93, 135.045 12 WA TR L/ T HE SEHE, FE
20 1.57 CyHsOs 6.003 HET  179.03496 135.045 12 W SEHE, HE, &%, FH
21 165 CoHuNO» —0453 IEET  166.08618 120.080 71, 103.054 21 KNAR M
22 168 CsHsOs  —-0209 IEET  169.04950 170.080 70, 151.038 96 R SEHE, WHRE, FE, FH.
A
23 201 CieHisOy  —0531 IEET 35411633 163.038 89, 145.028 11, 135.044 17, %5k SEHE, WA
117.033 69, 89.038 60
24 211 CigHisOs  3.163 BT 337.09286 191.056 05 4 EEBRETR B it
25 221 CieHnOw 3342 FEF 37311417 211.061 11, 167.071 47, 149.060 84, 1 2% E=4F SEHE
123.045 13
26 227 CoHsO4 6.059 FET  179.03497 135.045 18 trans-caffeic acid SEHE, MEE, FE &
27 268 CioHioOs -1555 IEET 19506363 177.054 34, 149.044 92 AT 3 R MR, A
28 277 CsHsOs 2943 BT 29101440 247.024 67,203.034 77, 191.035 06, KM 75 KByER K HERE, AT
175.039 63, 159.044 80 phyllanthusiin E
29 289 CisHisOy 2760 $HEF  341.08765 179.03490 e HE
30 3.87 CisHuOn 1850 HET 43111920 251.056 15, 165.055 74 M EHR SEHE
31 420 CisHisOs  —5.577 LEBET  361.08978 343.08047,315.083 28 HIEER 5%
32 617 CuHaOis  2.116 FETF 52113007 359.076 93,323.077 21, 179.035 10, ik HILF %
161.024 46
33 731 CuHisOn —4.626 IEET 46308496 287.055 54 ABERIHEMERE G5 S
Wik
34 704 CyHisOn 2554 HET  461.07263  285.040 34,175.024 89 Liggses BE
35 7.67 CoHyNOu 2374 HEF 45615112 323.099 24,294.098 42 EHCH IRk HE
36 7.80 CyHnOis —0442 HBT  633.07306 463.05237,300.999 08,275.019 01 i 457 4
37 784 CaHisOu 2679 BT 44507773 269.04556,175.024 81, 113.024 37 WA/ K E-T-0-H kM &%

RERR T
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F5 mwmin 7R (X109 ik (nl2) WRET (ml2) 4= 2]

38 801 CuHeOs 4041 HET 300999 11 283.062 13,257.010 41,245.00926, #EivH: SEHE, W, &5, FiHE,
201.020 17 A

39 807 CyHxOis 0863 IEET 59516626 577.154 85, 559.144 59, 433.089 94, 1L ZEM)-3-0- 2 FHE Y SEHE, MR, PUERT
85.028 24

40 808 CyHyO1s  2.147 HET 59315137 575.140 56, 503.11957, 473.109 01,  Hr G 24t 31 &%
353.066 53, 325.071 93

41 855CisHio0s -8377 BT 28705261 15347253 y N Hip 2

42 921 CagHasO1s 0252 MEF 59513031  300.02722, 271.024 66, 178.998 44 Hi i Z-3- 1L AL T MR

43 932 CiHsOs 0076 FEET  193.04955 178.02599, 150.028 69, 133.028 37 KEENE SEHE, MR, PUERT

44 978 CyH3O0 0169 EETF  611.16083 303.049 99 BT SEHE, MR, PUER,

45 10.06 CaHoOn 2370 HiE T
255.030 53

463.08820  301.034 61,300.027 47,271.024 48, St i

HfmEs, WA

46 10.07 CuHxOn 1435 EFT 46510342  303.050 02,257.043 98 BHPAT MR, AR

47 10.67 CxHx0is 0560 TEETF  595.16608 287.05500 TRTEH SEHE

48 10.89 CosHnO1s 0417 HET 62316150 315.050 81, 161.023 82 RRER3-0H%MH-7-0- £BHE, WERMT

R
49 1098 CaHaOn 1861 MEF  447.09302  284.03250,255.029 79, 227.034 88, 1125 y-3-0-Fi i b 1F R, AR, &
151.003 46

50 13.57 CisHiOr 3126 BT 301.03522  178.998 70, 151.003 68, 121.029 55  Hil & iR

51 1541 CisHioOs 3212 BT 285.04028  229.049 56, 151.003 66 TS HH

50 30.60 CHsoO  —9.085 IEET  427.38956 427389 56 PHEE iR

3.2 HYUEMER

321 KE—MCIREWEE  IERHHE, XHEH KR
H G, AR RAFs AL K R A T A1
TREEIRHA TS, FrREEE, sl
FRAERER, ATTT R R BER, BARAEEL. 1mhkH
P HEZH AT 28 ks Hh . E 2K R IR AR
AT, MRS E TR S, WA BTz i .
322 FAKRBIMES DAO Ml LZM iitE sk 2
B, SXPHEZE LR, B KRG+ DAO i
PR ETE (P<0.001), LZM &M B FL (P<
0.001); S LI, %452520 DAO 151 2 %
ik (P<<0.05. 0.01. 0.001), PFHA:XIRALFN 7 4 T
Wk, AR LZM 3R E TS (P<<0.05.
0.01).

323 FUAKRIMTE. BRI/ P JORER T
K Wil 2 Fros, SaIRAL R, AR AR R

B BAVNGHZ AR % ¥ IL-1B IL-6 F1 TNF-
o K FREZETHE (P<0.05. 0.01. 0.001), 4K T
IL-4 A1 IL-10 7K1 % 2 P48 (P<<0.05. 0.01. 0.001);
R LA, PR R AL g 28 T30k rp . &)
wHKRIMGE. BRAVNMaHLS AR 5T IL-1B.
IL-6 F1 TNF-o 7K P48 Z K (P<0.05. 0.01.
0.001), #M# KT IL-4 Al IL-10 K 5E e (P<
0.05. 0.01. 0.001).
3.24 %éﬂiﬁﬂud\%éﬂmﬁ HEEARA W 3
FiR, % ,méﬂj(fﬁ PRSI ARIER, B
1B, diaR %, N T I AR IR,
J IR IE 5 *%iéﬁj:ssumﬁﬂﬁiﬁéﬁﬂﬂﬂﬂﬁ%, ER
Mk, BEmEY 5K, DR E A RbTE,
ARFES g BHPEXTIRZL. WA ki, ml =
KB RN BN 7% A Pz fie, & BRI i
HepE %

#*2 KREAARIMET DAO F1 LZM 5EMHEEE (X+5,n=6)

Table 2 Comparison of DAO and LZM activities in serum of rats in each group (Xt s, n =6)

2H 33 HE DAO/(U-L ™) LZM/(U-mL™")
papiict — 2.934+1.01 0.09240.012
it — 8.17+1.44™ 0.03540.008"*
[ERERO B Hy I 2.08 mg-kg !+ Hi ELIRAF 31.25 mg-kg! 3.744+0.85%# 0.083 +0.042*

W 98 T ROkL 0.24 g-kg™! 52241.48* 0.041+0.021
0.48 g'kg™! 4.40+1.20 0.064+0.011%
0.96 g-kg™! 4.024£0.21% 0.07740.010%

x4 " P<<0.001;

RO #P<0.05 #P<<0.01 ##P<0.001.

"*P<0.001 vs control group; P <0.05 *#P<0.01 *#P<0.001 vs model group.
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B2 BEKXKRMFE (A B B) FM/NBHER (C) PRMEEFHKE (X+s,n=6)
Fig.2 Levels of inflammatory factors in serum (A), stomach (B) and small intestine tissues (C) of rats in each group
(Xts,n=6)
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Fig. 3 Pathological changes in stomach and small intestine tissues of rats in each group (HE, x 100)
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Fig.4 PCA and OPLS-DA plots of small intestine samples in each group under positive and negative ion modes
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A-OPLS-DA and corresponding model validation plot of small intestine samples from control group and model group in positive ion mode; B-OPLS-DA
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and corresponding model validation plot of small intestine samples from model group and Changyanning Granules medium-dose group in positive ion

mode; C-OPLS-DA and corresponding model validation plot of small intestine samples from control group and model group in negative ion mode; D-

OPLS-DA and corresponding model validation plot of small intestine samples from model group and Changyanning Granules medium-dose group in

negative ion mode; E-S-plot of small intestine samples from model group and control group; F-S-plot of small intestine samples from Changyanning

Granules medium-dose group and model group.
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Fig.5 OPLS-DA and corresponding model validation plot of small intestine samples in each group in positive and negative

ion modes
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RPLALEED Al @ (TR, REMFHEMKI L, 64 MUY I (P<0.05. 0.01), HHA
MEES1) MBS 0.902. 0711 A1 0.898. 0.602. MR, B 7Bk R B LR E R 64 22 R
RIE TR EZ BB AR, 456 P< R, Hd 23 MW i, 41 MUY TR
0.05 BHATHER, fEIE. ME T, SHEAE  (P<0.05. 0.01). Z5&FrdE%E A HMDB #4E &
e, BELZH K RAR AR K R A T B35 AR AL, X2 AT S, e 33 M E R
LR 112 AW, 48 MUY W (R 3D

®3 RENMIEADHERREY

Table 3 Differential metabolites in small intestinal samples of each group

. . . TR vs
i i pra Rl MR BT Rk
(mlz) (mlz) Ha A -
1 3"-hydroxypentobarbital CuHinOs  242.12458  241.11730 2.981 [M—H] " 1
2 ANEREERE FeSi 14196897 14297625 2.537 [M+H] 1 I
3 AR R AR TR CoHoOs 48630254 48730982 2.813 [M+H] " I
4 (2R5Z)-10-[(18,2R)-2-decylcyclopropyl]-N-[(28,3R,7Z)-12-[(15,2R)-2- CsoHi07NO9 973.803 03  974.81031 0.900 [M+H] 1 1
decylcyclopropyl]-3-hydroxy-1-{[2-O-(3-methyl-2-buten-1-yl)-B-D-
galactopyranosyl]oxy}-7-dodecen-2-yl]-2-hydroxy-5-decenamide
5 2-(trimethylammonio)ethyl-phosphate C20HaNO7P 43725738 43826465 7.163 [M+H] I "
6 R CioHzN:O  309.186 14 310.19342 2.671 [M+H]* " "
7 SHEERR (BHE CsHoNOs ~ 151.04896  152.05627 1.192 [M+H] I I
8 HhfkiEK CacH36N203  424.27476  425.28204 9.987 [M+H]" 1 1
9 (3R,19R)-19-[(3,6-dideoxy-alpha-L-arabino-hexopyranosyl)oxy]-3- CsHagO7 46034040 46134768 4.859 [M+H] N N
hydroxyeicosanoic acid
10 4-nonyl-2-oxo-2H-chromen-7-yl-B-D-glucopyranoside CuH340s 45022536 45123263 3215 [M+H] N I
11 pyrrolo(2,1,5-cd)indolizine CioHIN 141.05772 14206500 2.614 [M+H] ™ "
12 15-%E M CioHioN2 ~ 158.08425 159.09152 2.625 [M+H] " "
13 TR CsHaN4O2  152.03320  153.04048 1.398 [M+H]" [ I
14 g bt CioH1aN20s 242.08988  265.07910 2.151 [M+Na]” ' [
15 L-RRam CeHsNO2  131.09441  132.10169 3.174 [M+H] " U
16 o-ZEWNRFERR CoHuNO;  181.07358  182.08085 2.110 [M+H] N N
17 2-coumarate CoHs0s3 164.04705 182.08086 2.139 [M+NHJ" | I
18 WPk CisH3sNO2  297.266 16 29827341 4340 [M+H] ™ "
19 methyl 6,7-dimethoxy-4-ethyl-beta-carboline-3-carboxylate Ci7HisN20s  314.12600  315.13327 4.081 [M+H] " I
20 9,12-hexadecadienoylcarnitine CHaNOs 39530271 39630998 4.748 [M+H] 1 I
21 LTI CsHaNJO - 136.03819  137.04546 1.191 [M+H] ” [
22 N-(2E,5Z-dodecadienoyl)-homoserine lactone CigH2sNO;  279.18273  280.18997 3.460 [M+H] V' "
23 1-(2-methoxy-17Z-tetracosenyl)-sn-glycero-3-phosphoethanolamine ~ C0HoNO7P 579.42485 58043213 9.423 [M+H]* ™ ™
24 HAR-DL-ANER CuHiN203 222,099 83 223.10716 1205 [M+H]' v v
25 3-ureidoisobutyrate CsHioN20s 146,068 72 147.076 00 1218 [M+H] " I
26  2-phosphinoaniline CsHsNP 125.03900 126.04630 2.615 [M+H]J' I ”
27 WRME CsHiuN 85.08884  86.09612 2.788 [M+H]" v "
28  3-benzoyloxyergosta-8(14),22-dien-15-one CssHasOs 51635824 51736552 11476 [M+H] 1 ™
29  symphytine CaoH3NOs 38121263 38221990 2.710 [M+H] V' "
30 $-(1,2,3,4,4-pentachloro-1,3-butadien-1-yl)-L-cysteine C7HsCIsNO2S 342.853 78 343.861 06 0.973 [M+H]* ™ ™
31  6-methyl-N-phenyl-1,3,5-triazine-2,4-diamine CiHnNs 20109991 219.13373 2294 [M+NHq" |” "
32 (2EAE)-N-{2-[4-(diphenylmethoxy)piperidin-1-yl]ethyl}-5-(4-hydroxy- CsHaN2Os 51226270  513.269 96 4.072 [M+H] ™ N

3-methoxyphenyl)penta-2,4-dienamide
33 MR CaoH3sN3Sn 437.18110  438.18837 7.153 [M+H]' " 1"
1#n B, R T P<0.05 P<<0.01,

1 indicates up-regulation, | indicates down-regulation; *P < 0.05 **P<0.01.
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