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PR, B0 35 2 SD K BUBEHLIA S g PR X BRZH (20 mg-ke ' ZEHEpkme) 258 7% (15 mg kg™ H2h) Fl 4 H2h
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Study on the therapeutic effects and mechanisms of traditional
Chinese medicine compound on rats with recurrent oral ulcers

LIU Xin',LU Xuanqgi' ,MA Xinxin', WO Jiayun' ,ZHANG Deyun',
TIAN Weipeng’, LU Hongmeng®, WANG Deyun'”

(1.College of Veterinary Medicine ,Nanjing Agricultural University , Nanjing 210014, China;
2.Nutrition Research and Development Center Gambol Pet Group Co.,Ltd., Liaocheng 252000, China)

Abstract ; [ Objectives ] The paper aimed to investigate the pharmacological effects and mechanisms of action of traditional Chinese
medicine compound on a rat model of recurrent oral ulcers( ROU). [ Methods ] First,a compound herbal formula consisting of four
Chinese medicinal herbs—honeysuckle , anemarrhena, ophiopogon, and bamboo leaf—was selected, and liquid chromatography-mass
spectrometry ( LC-MS) was employed to perform qualitative analysis of the chemical constituents in the formula. And thirty-five SD
rats were randomly and evenly divided into five groups:a positive control group (20 mg - kg™ levamisole) , a low-dose group of
traditional Chinese medicine compound (15 mg-kg™" of traditional Chinese medicine) , a high-dose group of traditional Chinese
medicine compound (45 mg-kg™' of traditional Chinese medicine) ,a model group,and a blank control group. Except for the blank
control group, the other four groups were induced to establish a rat ROU model using an immunochemical combined induction

method ,and each group was administered medication continuously for 7 days. During the medication period , photographs were taken
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daily to record the recovery of the rat’s ulcers as well as the rats’ body weight and food intake. After the medication was completed,
the rats were immediately euthanized ,and oral ulcer tissue sections were prepared to observe the healing of the rat’s oral ulcers. The
content of inflammatory-related factors in the rat serum was detected using the enzyme-linked immunosorbent assay ( ELISA ) method ;
the expression of VEGF protein content in the rat ulcer tissue was detected using the immunohistochemical method ; the content of
oxidative stress-related factors in the ulcer tissue was detected using the water-soluble tetrazolium blue method , thiobarbituric acid
method ,and colorimetric method ; and the richness of microbial species in the rat cecal feces was detected using high-throughput
sequencing methods. [ Results] After the model was established, the body weights of the four modeling groups of rats significantly
decreased compared with the blank group ( P <0.05), with no significant differences among the modeling groups. After drug
administration, compared with the blank group,the body weight and food intake of the model group rats significantly decreased, and
ulcers were evident. The expression of VEGF in the ulcer tissue was significantly reduced. The levels of IL-6 and TNF-a in the
serum significantly increased ( P<0.05). The activities of SOD and GSH-Px in the ulcer tissue decreased ,while the content of MDA
significantly increased (P<0.05). The fecal microbiota of the rats was also imbalanced. Compared with the model group, the body
weight and food intake of rats in the traditional Chinese medicine compound significantly increased ( P<0.05) ;the healing of ulcer
tissue was markedly evident;the expression of VEGF in the ulcer tissue was significantly enhanced ;the levels of inflammatory factors
in the serum were significantly downregulated( P<0.05) ,and the activities of SOD and GSH-Px in the ulcer tissue were significantly
elevated( P<0.05) ; the content of MDA was significantly reduced ( P<0.05) ;the balance of microbial flora in the rat feces was
restored ,and at the phylum level, the average relative abundance of Firmicutes decreased, approaching that of the blank control
group. [ Conclusions ] The immunohistochemical combined induction method successfully established a rat model of complex oral
ulcers. The traditional Chinese medicine compound demonstrated anti-inflammatory, antioxidant, and angiogenic properties in ulcer
tissues ,and regulated gut microbiota,thereby promoting ulcer healing in ROU rats.

Keywords : traditional Chinese medicine compound ;recurrent oral ulcers ;inflammatory factors ; oxidative stress;gut microbiota
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R MR R FE N - o (TNF-o0) KRB AR 6 (T1-6) 3510 5 1550 G 300 1 P IBCRE AR 5 AR B
AR, A B H IR A AL P ( GSH-Px ) 1 M0 % 12050 & 9 18 (MDA ) &5 5 I 100 & Ol 4816 )
IS AT (SOD ) 17 1A I 7 3 70) G 24 ) I B st A= W Al
1.2 KW
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1.3 HHEFTERN

T B RAE 20 g IRATH 10 g HIEE 10 ¢ 2245 g #5 HLOIRS BIAR RS 254, Tn A 10 f AR
25 B oK 8 30 min S RTE 1.5 h, 2 U85 UK B IR A 8 AR IARERAY 258 1K FRRHIE 1 h 5 it
U8 BT 2 YCUBTR, Hhik 25 BRANTA PR 2R T, Y 4 SR i B 28 AN, 50 °C e YR AR Ry 1.2~1.25
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1.4 PHEFTHUEMETE
1.4.1 HFARAE  FREL102.3 mg BEA, 0 1 mL HEE, BIFE (ORI | PR35 120 10 min, 12 000 r+min™" &0
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1.4.2  EHUEM ARG RE S /0 ACQUUITYTM Premier HSS T3 1.8 wm VanGuard™ FIT 2.1 mmx
100 mm Column ; ¥t 45 °C ;AR 1 0.19% AR (AL SIAH A) F1 100% LJi§ (WA B) 28, i 0.3
mL-min™" ; SN # AORS I I 43 318 254 F11 268 nm, B EEVEBLERF :0~ 1 min, FishAH B FLfl 2% ;1 ~
5 min, Wi ENAH B HLBIZPERE N2 100% ;5.5 ~ 14 min, Wi EIAH B 100%;14.1 min, Ji 3040 B L i) 1 i 52
2% ,FFLE 14.1~16 min PREFZICH], LIS ETERE R FA, B4 508973 Hrist a2 16 min,

s S — 1SS0 Resolution ; 70 000 ; AGCtarget ; 16 ; Maximum IT ;50 ms ;Scanrange :150~1 500
m/z,ié&}ﬁlg‘é%fﬂ( : Resolution ; 17 500 ; AGCtarget : 15 ; Maximum IT ;50 ms; TopN:10;NCE/stepped NCE 10,
30,55,
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20 min, B AE 4 CHAFT 8 000 remin™ B0 15 min, W FIEWR, 6 BCA 0 [0 W i1 SO vk
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0.01 /R 25 i 3%

2 ZBRESM

21 HFHEFHUEUHNEESITER
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Fig.1 Total ion current plots in positive( A)and negative(B)ion modes
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Table 1 The qualitative analysis results of compounds in traditional Chinese medicine formulations
F-}JH‘ ‘EI /s " N= = -6 N N
e oo PRBINI S e iy pom ILRRE/10 AT 5%
m/z Retention Quality
No. Compound name . Exact mass o Formula Classes
time deviation
1 Cosmosiin 433.112 9 399.4 432.105 64 0.043 C21Hy 049 FIZ Flavonoids
2 Adrenosterone 257.190 0 497.5 300.172 54 0.071 CoH,, 04 2K [ % Steroids
3 Isoetin 301.035 4 438.1 302.042 65 0.084 Ci5H,,0; HEA2E Flavonoids
4 Isoferulic acid 195.065 2 80.8 194.057 91 0.090 CipH 0, 325 Phenols
5 Morphine 286.143 8 366.2 285.136 49 0.130 C;H;oNO, A8, Alkaloids
6 N-acetyltryptophan 245.093 2 393.2 246.100 44 0.159 C3H 4N, 0,4 ZHEBR Amino acids
7 Alpha-eudesmol 267.196 5 482.8 222.198 35 0.218 CsHyO 5 Terpenes
8 Quercetin 3-galactoside 463.088 3 405.3 464.095 47 0.225 Cy HyyO4y HiZE Flavonoids
9 Matairesinol 359.148 8 426.2 358.141 63 0.300 CyHp 04 RN E 2% Carbamates
10 3-0-methylkaempferol 299.092 4 473.2 300.063 39 0.308 CisH 5,04 24 Flavonoids
11 Syringin 433.1350 148.4 372.142 03 0.332 C7H,,04 KN %2 Carbamates
12 Astragalin 449.108 0 418.3 448.100 56 0.371 Cy Hy Oy, A2 Flavonoids
13 Verbenalin 371.133 8 417.2 388.136 94 0.399 C;H,, 04 2% Terpenes
AR i
14 Xanthurenic acid 206.044 7 343.6 205.037 51 0.401 CioH,NO, Wn%.ﬁ&\%ﬁ
Ketoacid , phenols
15 Onopordopicrin 305.174 6 501.8 348.157 28 0.416 CoH,, 04 =S Terpenes
16 Hesperidin 611.191 5 413.9 610.189 76 0.493 CosH3, 045 H#ZE Flavonoids
17 16-hydroxyhexadecanoic acid ~ 271.228 0 547.8 272.235 13 0.532 CigH3, 04 A HLIR Organic acids
18 Salidroside 345.118 9 384.8 300.120 90 0.581 Ci4Hy 0, 325 Phenols
19 6'-malonylcosmosiin 475.123 2 367.3 518.106 04 0.595 CyuH5 045 B HZE Flavonoids
20 Poriferasterol 369.388 2 705.4 412.370 50 0.698 CyHy0 K[ iE Steroids
21 Saccharopine 275.201 4 515.4 276.132 13 0.881 C1HyyN, Og FHEMR Amino acids
22 Docosahexaenoic acid 329.247 2 449.1 328.240 22 0.892 C»H;,0, TR Ketoacid
23 Isopentenyl adenosine 336.166 3 427.2 335.159 35 0.961 CsHy NsOy 1% Nucleoside
24 Caffeic acid 179.034 8 363.8 180.042 26 1.008 CoHg0, KN ZEZ Carbamates
25 Bergapten 215.035 2 63.3 216.042 26 1.021 C,HgO, KN %2 Carbamates
26 Miraxanthin 303.133 6 328.0 346.116 48 1.079 C7HgN,Oq FHMAR Amino acids
27 6-hydroxydaidzein 271.059 8 456.9 270.052 82 1.097 CisH, 05 HHHRAJE Flavonoids
28 Santin 343.213 0 501.5 344.089 60 1.163 CigH 60, HiZE Flavonoids
29 Dodecanedioic acid 229.14480  425.8 230.151 80 1.201 C1,Hy,0, B2 72 Ketones,
aldehydes, acids
30 Abscisic acid 263.129 2 435.7 264.136 15 1.233 Ci5Hy 04 2% Terpenes
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FEEl LI (E 2-B) . LaRg R R RIF G0 th 25 52 07 6 KRR 11 6 152 32 95 e o )R 1 i
WO —EMEAVER . IR, 25 e IR 2 R B F RS B, i A A 21 KRR E 7R 28 3 RO IR K
82 5 KWITFEA TR BHPEZ5 4L b 25 2 05 R i 4l P 25 8 O i i 4K BRI B SR 3 KITHR I E
(B 2-C) , XEeEE IR, 4500 5 A0 25 82 5 % K B e dz AT B R B i N R MR L A — 2 Y
GfRAE

A 250, r““‘ii““‘j B 15
T f 1 -o- Con;
- 200 - %12* r % -& Mod
= -l %
o g 150 = E o - ]* = LH;
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Fig.2 Analysis of changes in rat body weight and food intake
A, SERIEE U KRR TR AL B A2 ) K ROR B i AE L ; CL A 2530 1) K A E ARk
A. Changes in rat body weight after model establishment;B. Changes in rat food intake during the medication period ; C. Changes in rat body
weight during the medication period.
Con: %5 141 Blank control group; Mod : B %120 Model group; LH: P4 2541 Positive control group; Low : 24 & J7 K5 it 41 Low-dose group
of traditional Chinese medicine compound ; High: H124 % J7 = /| 5 2 High-dose group of traditional Chinese medicine compound.
* P<0.05, ** P<0.01, *** P<0.001. The same as follows.
2.3 HHEFT ROU K RiFHARBERRTH T
H WEER Bt iz 2 A A 00, IR RRIC 5%, LATPAl v 285 52 5 %o K B k1 I8t 92 R R 7 808
NI 3 AT T AR, A 2H R B I R R 2O X ST RO £0 60, R I S il K I AR 5 i A2 1 R
SR 2 A% 2H R LI i b S A4 T L v e [ g | 3T 7 o B (0 (BB 1) 15t 0 5 i I Eh I, %o R Bk AT 43 21
BT, B I R HERS TRYTHE 4 K HIZG2H R BRItz T AR R4t /b | o G (R s b 1875 7 R4t 9%
TEERA
24 HHEFI ROU XK RiRHERFET U T
Nt LR UE 24 52 5 X S R Sz BINR ST AR T, SR H&E e kW46 2552 J7 %) ROU KB
Wtz BRI AT HIFENE . S5 RANTE 4 Fro AR DR BT SR | R ZH A4l My 5 8%, TC A AE AN =
R PRARA, 528 LA LG RS2 R BRI ZH 2L IR i AR RE A LI, | e ZH A 2540 e B MR e IR s 55
BEAUZE AR LY, FH 2540 K BR A PR 4 ML A 7 T e, 5tz A1 800 B i 5 55 BRI 25 % R LA, Th 2552 5 v )
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Fig.3 Observation of ulcer tissue healing in rats
DAYO0: The day before model establishment; DAY1,DAY4,DAY7:The day after 1,4,7 days of treatment with

traditional Chinese medicine compound.
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Fig. 4 Analysis of pathological changes in rat ulcer tissue

2.5 PHEFF ROU XK RiBHBAAESTUHZ N

Nt — A T 255070 ROU K LISt 21 BUE 352 AL B2, Masson J ()5 0 K Bl it 4 2H Lt 47
WEE . BERANE 5 7R 228 0 IRZE B b B WA I H B0 B ISR AR TR 5 28 LA P, AR A
RS B A SURRIEIR | 45 20 21 20N SET AL O P HES ) A9 I S 21 4 SRS U2 Lo e, T 25 41 b K 4 4 45 52
BEVEYKAL , 5 PR AL He A, T 25 52 07 R B ) e 22 e 5 5 P 2 52 D5 (G i 2 tl:ﬁc EP%'E’Eﬁ [l il
BRIFLTAEHES A e BECE DL RS R 2552 T e B AUGHE E ROU K BB 41 SV S AR AL T
TR A

B 5 KREHBAATESTHDH(x200)

Fig. 5 Morphological changes analysis of rat ulcer tissue
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Fig. 6 Immunohistochemical staining of VEGF expression in rat ulcer tissue( A, x200)and statistical analysis(B)
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Fig. 7 Analysis of inflammatory factor levels in rat serum
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Fig. 8 Analysis of oxidative stress-related factor levels in rat ulcer tissue
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Fig. 10 Index of alpha diversity in rat gut microbiota
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Fig. 11 The PCoA(A)and UPGMA ( B) analysis of beta diversity of the rat gut microbiota
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Fig. 12 Analysis of the phylum-level(A,B)and the genus-level(C,D) of the gut microbiota structure in rats
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