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Abstract 
Objective: The aim is to observe the protective effect of baicalin on trinitro-
benzene sulfonic acid (TNBS)-induced experimental colitis in mice and ex-
plore its mechanism. Methods: The mice were divided into 4 groups: ethanol 
control group, TNBS model group, baicalin low-dose group and baicalin 
high-dose group. The model of experimental colitis in mice was induced by 
TNBS enema. After 2 hours of TNBS enema, baicalin was given by gavage, QD 
× 7D. The animals were sacrificed on the 8th day to observe the extent of co-
lonic mucosal damage, and the Peroxidase activity, Malondialdehyde (MDA) 
and glutathione (GSH) contents were measured. Results: Compared with the 
TNBS model group, the body weight, gross injury score and histological 
changes were significantly improved; MPO enzyme activity and MDA con-
tent were significantly decreased in the low and high-dose baicalin groups; 
and the content of glutathione increased. Conclusion: Baicalin can alleviate 
TNBS-induced colitis in mice, and the mechanism is related to the antioxida-
tion of baicalin. 
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1. Introduction 

Scutellaria baicalensis, also known as Camellia root and Tujintea root, is a peren-
nial herb belonging to the labiform family. In the middle period of Chinese medi-
cine, Scutellaria baicalensis was classified into the heart, lung, gallbladder and in-
testine, and has the effects of clearing heat and dampness, purging fire and detoxi-
cating. Scutellaria baicalensis is a commonly used traditional Chinese medicine. Its 
effective components are flavonoids, of which the highest content is Scutellaria 
baicalin and its aglytin. Studies have shown that baicalin has the function of 
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scavenging hydroxyl free radicals, superoxide free radicals and alkane free radi-
cals, and plays a significant role in antioxidant and anti-inflammatory aspects [1]. 
Ulcerative colitis and Crohn’s disease are non-specific chronic intestinal inflam-
matory diseases of unknown etiology, and recent studies have found that their 
pathogenesis may be closely related to oxygen free radicals and lipid peroxidation 
[2]. Therefore, we speculated that baicalin may have a certain protective effect on 
inflammatory bowel disease. In this experiment, we investigated the effects of 
Baicalin on the activity of Peroxidase acid (MPO) and the contents of 
Malondialdehyde (MDA) and glutathione (GSH) in the intestinal tissues of mice 
with experimental colitis, and Lipid peroxidation the effects of Baicalin on the 
levels of MDA and GSH in the intestinal tissues of mice with experimental coli-
tis. In this study, the TNBS method was used to make an animal model of ulcer-
ative colitis in recent years, to investigate the protective effect of Baicalin on tri-
nitrobenzene sulfonic acid (TNBS)-induced experimental colitis in mice. 

2. Materials 

Baicalin (Nanjing Qingze Pharmaceutical Company, purity: 99.1%, batch num-
ber 050213), 2,4,6-trinitrobenzene sulfonic acid (TNBS) (Sigma Company, batch 
number: SLBP0899V), sodium pentobarbital (Sigma Company, batch number: 
20160516), 2,4,6-trinitrophenol (bitter acid) (Taishan Guangdong Overseas Chinese 
Reagent Plastics Co., Ltd., batch number: 20151001), MPO, MDA, GSH assay kit 
(Nanjing Jiancheng Institute of Biological Engineering), balb C mice, beth Rui (Hai-
nan) Biotechnology Co., Ltd., Animal Certificate No. SYXK (Qiong) 2023-0030. 

3. Methods 
3.1. Animal Grouping and Model Establishment 

Forty mice were randomly divided into 4 groups: ethanol control group, TNBS 
model group, baicalin low-dose group and baicalin high-dose group, with 10 
mice in each group. After fasting for 24 hours, the mice were mildly anesthetized 
with ether and the catheter was carefully inserted into the colon. To induce ex-
perimental colitis in mice [3], 1 mg TNBS was dissolved in 50% ethanol to make 
1%TNBS ethanol solution, and 0.1 mL of the solution was injected into the co-
lonic cavity by catheter. The ethanol control group was injected by the same 
method Add 50% ethanol 0.1 mL. After the infusion, the mice were put back in-
to the cage and weighed once a day. 

3.2. Method of Administration 

After 2 hours of TNBS infusion, baicalin low-dose group and high-dose group 
were given baicalin 30 mg·kg−1 and 60 mg·kg−1 by intragaxed administration, qd 
× 7, ethanol control group and TNBS model group were given equal volume of 
normal saline. On the 8th day, the animals were killed and the colonic tissues 
were taken to determine the following indexes. 
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3.3. Colitis Injury Degree Gross Shape Score 

The mice were killed by decapitation, the colon was immediately dissected, the in-
testinal cavity was cut along the mesenteric margin, and the normal saline was 
rinsed. The inflammatory colon injury of the mice was observed by the naked eye. 
The scoring criteria were as follows: 0, no inflammation or ulcer was observed; 1 
score, local congestion, no ulcer; 2 points, ulcer without congestion; 3 points, ul-
cers and inflammation in one site; 4 points, ulcers or inflammation in 2 or more 
sites; 5 points, ulcer length > 2 cm. 

3.4. Colitis Histological Score 

Colon tissues were taken, fixed with 10% formaldehyde solution, paraffin- 
embedded, sliced, and stained by HE. The inflammatory colon injury of mice 
was observed under a microscope, and the scoring system was as follows. 0 
score, no inflammation; 1, there is very little leukocyte infiltration; 2 points, a 
small amount of leukocyte infiltration; 3 points, more white blood cell infiltra-
tion, increased blood vessel density, intestinal wall thickening; 4 minutes, the 
whole layer of the colon has leukocyte infiltration, goblet cell loss, increased 
blood vessel density, and intestinal wall thickening [4]. 

3.5. Colon MPO, MDA and GSH Measurements 

After the mice were killed, the colon tissue was prepared into 10% homogenate, 
and the supernatant was taken. The activity of the MPO enzyme and the content 
of MDA and GSH were determined according to the kit instructions. 

3.6. Statistical Methods 

Analysis of variance (ANOVA) was used to compare the groups, and single factor 
analysis of variance (ANOVA) was used to compare the groups. p < 0.05 indicated 
that the difference was statistically significant, and p < 0.01 indicated that the dif-
ference was significant, p < 0.001 indicated that the difference was very significant. 

4. Results 
4.1. Effects of Baicalin on Body Mass of TNBS Induced  

Experimental Colitis Mice 

After the administration of TNBS, the body mass of mice in the TNBS model 
group was gradually reduced, and by the end of the experiment, the body mass 
of mice in the TNBS model group was reduced by 3.49 g on average, which was 
significantly different from that in the ethanol control group (p < 0.01) (Table 
1). And give 30 mg·kg−1 and 60 mg·kg−1 baicalin, the extent of weight loss in 
mice was reduced. 

4.2. Effects of Baicalin on Inflammatory Injury of Colon Tissue in  
Mice 

As can be seen from Table 2, both the gross damage score and histological damage 
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score of mice in TNBS model group were significantly higher than those in ethanol 
control group (p < 0.01), indicating that colon tissue of mice had obvious inflam-
matory damage. After administration of 30 mg·kg−1 and 60 mg·kg−1 baicalin, both 
the gross and histological damage scores of mice were decreased, and the differ-
ence was very significant compared with TNBS model group (p < 0.01), indicat-
ing that baicalin could alleviate TNBS-induced colon tissue inflammatory injury. 

4.3. Effects of Baicalin on MPO Activity and MDA and GSH Content 
in Colon Tissue 

After the TNBS enema, MPO activity and MDA content in the colon tissue of 
the TNBS model group were significantly increased compared with the ethanol 
control group, while GSH content was significantly decreased (p < 0.01). Ad-
ministration of 30 mg·kg−1 and 60 mg·kg−1 baicalin significantly decreased the 
MPO activity and MDA content in the colon tissue of TNBS-induced mice, and 
significantly increased the decrease of GSH content in the colon tissue of TNBS- 
induced mice, which was significantly different from TNBS model group Signifi-
cant (p < 0.01). See Table 3. 

 
Table 1. Effect of baicalin on body weight in mice ( x s± ). 

Group Dose/mg·kg−1 Before administration After administration Body mass change 

Ethanol control group - 18.6 ± 1.01 20.2 ± 1.03 1.5 ± 0.20 

TNBS model group - 18.8 ± 1.10 15.5 ± 1.00 3.2 ± 1.11*. 

Baicalin lowdose group 30 18.9 ± 1.00 17.6 ± 0.94 1.4 ± 0.34** 

Baicalin high-dose 60 19.1 ± 1.01 18.7 ± 0.70 0.5 ± 0.12** 

Note: Compared with ethanol control group, *p < 0.01; Compared with TNBS model group, **p < 0.01. 
 
Table 2. Effect of baicalin on experimental colitis injury in mice ( x s± ). 

Group Dose/mg·kg−1 Gross injury score Histological injury score 

Ethanol control group - 0.31 ± 0.15 0.5 ± 0.12 

TNBS model group - 3.5 ± 0.12* 3.1 ± 0.76* 

Baicalin lowdose group 30 2.6 ± 0.12** 2.3 ± 0.26** 

Baicalin high-dose 60 1.3 ± 0.11** 1.3 ± 0.21** 

Note: Compared with ethanol control group, *p < 0.01; Compared with TNBS model group, **p < 0.01. 
 
Table 3. Effects of baicalin on MPO activity and contents of MDA and GSH of colon in mice ( x s± ). 

Group Dose/mg·kg−1 MPO/U·g−1 MDA/nmol·g−1 GSH/μg·g−1 

Ethanol control group - 1.1 ± 3.17 6.9 ± 2.81 174.1 ± 22.41 

TNBS model group - 44.1 ± 8.11* 17.1 ± 2.94* 58.1 ± 24.02* 

Baicalin lowdose group 30 25.1 ± 6.90** 12.0 ± 0.07** 111.2 ± 28.4** 

Baicalin high-dose 60 17.1 ± 7.01** 8.6 ± 1.09** 135.5 ± 34.2** 

Note: Compared with ethanol control group,*p < 0.01; Compared with TNBS model group, **p < 0.01. 
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5. Discussion 

When the body is formed by excess oxygen free radicals or the ability of the an-
tioxidant system is weakened, in addition to the direct damage of tissue cells by 
oxygen free radicals, it can also trigger the chain reaction of polychain unsatu-
rated fatty acids on the cell membrane, and produce lipid peroxidation products 
such as MDA [5]. Lipid peroxidation reaction and the resulting end products 
such as MDA can lead to DNA damage, protein denaturation and crosslinking, 
loss of enzyme activity, and loss of enzyme activity. The Lipid peroxidation reac-
tion and its end products, such as MDA, can lead to DNA damage, denaturation 
and cross-linking, loss of enzyme activity, damage of cell membrane structure 
and release of inflammatory mediators [6]. In this study, experimental colitis in 
mice was induced by TNBS, and the results showed that the body mass of mice 
was reduced, the content of MDA, the end product of lipid peroxidation was in-
creased, the content of endogenous antioxidant GSH was decreased, and ulcers 
and inflammatory cell infiltration were observed by naked eye and microscope, 
and the inflammatory damage was obvious, which was consistent with literature 
reports. Baicalin is a kind of flavonoid compound extracted from the dried root 
of Scutellaria baicalensis Georgi, a plant in the labiaceae family, and is one of the 
main effective components in scutellaria baicalensis [7] [8]. In this experiment, 
after the treatment of mice with high and low doses of baicalin, the increase of 
MDA content in colon of TNBS-induced mice can be significantly reduced, the 
decrease of GSH content in colon of TNBS-induced mice can be restored, and 
the inflammatory damage of colon of mice can be alleviated, indicating that bai-
calin can alleviate the damage of colon lipid peroxidation induced by TNBS and 
reduce the consumption of endogenous antioxidant GSH. MPO is an enzyme 
with a high content of neutrophils, and the detection of MPO can better reflect 
the neutrophils infiltration during the acute inflammatory period (within 1 week 
after inflammation) and is one of the important indicators to evaluate the degree 
of inflammatory injury [9] [10] [11]. 

6. Conclusion 

The results of this experiment showed that the MPO activity of mice in the TNBS 
model group was significantly increased, while the colon MPO activity of mice 
treated with high and low doses of baicalin was significantly decreased compared 
with the TNBS model group, indicating that baicalin could significantly alleviate 
TNBS-induced colon inflammatory injury. The results of this study confirm that 
baicalin can effectively reduce colon inflammatory response, which may be related 
to its scavenging of oxygen free radicals and antioxidant effects, suggesting that 
baicalin can be developed as a potential anti-inflammatory bowel disease drug. 
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