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ABSTRACT
Background: Ulcerative colitis, an idiopathic, chronic inflammatory illness of the intestinal 
mucosa is primarily fuelled by inflammation and oxidative stress. Aim: The present study aimed 
to investigate the anti-inflammatory and antioxidant effects of Plantago ovata husk in mice with 
Trinitro Benzenesulfonic Acid (TNBS)-induced Ulcerative Colitis (UC). Materials and Methods: 
BALB/c mice were exposed to TNBS intrarectally, causing ulcerative colitis. All mice received diet 
supplemented with Plantago ovata husk polysaccharide for 6 days, and their clinical symptoms 
were identified and evaluated. Following sacrifice, analyses of macroscopic and microscopic 
damage, intestinal oxidative stress levels, and antioxidant enzyme levels were performed. The 
colon's histological characteristics were also examined. Results: In comparison to the induced 
group, the highest dose significantly reduced the ulcer index, the histopathologic damage, and 
levels of NO, LPO, and MPO in tissues. Furthermore, SOD and GSH levels were increased restoring 
the balance of oxidants in colonic mucosa. The healing of injured tissues was also evident from 
the histology analysis. Conclusion: In higher doses, P. ovata husk extract significantly lowers 
mucosal damage and inflammation in mice with UC. P. ovata husk extract showed moderate 
protective effects and can be beneficial in treating Ulcerative colitis.
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INTRODUCTION

Bowel disease is a recurrent, enduring, and sometimes fatal 
gastroenteric inflammatory illness. Although, the exact aetiology 
is undetermined; those who are susceptible have an aberrant 
mucosal immune response to commensal gut flora, which 
causes intestinal inflammation.1,2 Ulcerative Colitis (UC), one 
of two idiopathic inflammatory bowel diseases, has a persistent, 
non-specific condition, it occurs only in the large bowel, and 
the inflammation is confined to the mucosa. Despite the fact 
that the cause is still unknown,3 it has been hypothesized that 
an abnormal mucosal immune response may be responsible for 
causing inflammation, that draws neutrophils and activates the 
release of nitrogen species and reactive oxygen along a number of 
proinflammatory cytokines.4,5

Among the drugs that are most commonly used for treating 
UC, mesalazine is considered a common and safe first-line drug 

for the treatment of mild to moderate UC.6,7 For patients who 
do not react to mesalazine, further treatment choices include 
corticosteroids and immunosuppressants.8 Similarly, moderate to 
severe colitis was treated with additional therapeutic medications 
such biological and microbiological agents. In spite of the 
standard treatments for UC, frequent negative side effects and 
ineffective clinical results have been reported. In order to prevent 
this, it has been discovered recently that polysaccharides derived 
from numerous plants, animals, and microbes in nature have 
benefits such as safety, high therapeutic efficacy, non-toxicity, 
cheap cost, and good biocompatibility. These substances, which 
aid in immune system regulation, can be taken orally to reduce 
discomfort and improve patient compliance.

Researchers have found that polysaccharides including 
pectin, rhamnogalacturonan, chitosan, fructan, psyllium, 
glycosaminoglycan, polysaccharides from fungi and bacteria, can 
safely and successfully treat inflammatory illnesses like UC.9,10

Plantago belongs to the family of Plantaginaceae and is generally 
recognized as isabgol or psyllium. Psyllium is a combination of 
neutral and acid polysaccharides with galacturonic acid. In the 
current investigation, we seek to determine if polysaccharides 
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isolated from Plantago ovata husk can treat mice induced with 
ulcerative colitis.

MATERIALS AND METHODS

Isolation of polysaccharide

Plantago ovata husk were acquired from marketplace and 
polysaccharides were isolated based on the procedure by Washi 
et al., and Pawar et al.11,12 In order to completely release the 
mucilage into the water, the husk of Plantago ovata was immersed 
in distilled water for 48 hr before being boiled for a short period 
of time. To filter, the substance was forced through cotton cloth. 
The polysaccharide was then precipitated (by adding an equal 
volume of acetone to the filtrate), separated, pulverized, sifted, 
dried, and their physiochemical properties were analysed and 
furthered for other experiments.

Carbohydrate Estimation
Stock

Sugar concentration of 60-90 µg/mL was obtained from 
the stock solution (100 µg/mL of glucose in distilled 
water). To 1 mL of this solution, 1 mL of phenol (5%), and  
5 mL of H2SO4 was added. The absorbance was measured after 10 
min at 490 nm. Distilled water (1 mL) with 1 mL phenol (5%) and 
5 mL of H2SO4 was considered as blank.

Test

About 10 mg of the obtained polysaccharide powder (Plantago 
ovata husk) was melted in distilled water (100 mL). To estimate 
the polysaccharide, absorbance of 1 mL phenol, 1 mL Plantago 
ovata husk (test) solution and 5 mL H2SO4 was measured after 10 
min at 488 nm.

Sulfate Modification and Estimation

To obtain functional polysaccharide from the obtained husk, 
sulphate is introduced and determined to estimate the change 
in the physicochemical properties and activities of the obtained 
polysaccharides.13 Five milligrams of Plantago ovata husk powder 
was digested in 5 mL of hydrochloric acid (1 mol/L) and incubated 
for 6 hr at 100°C. A volume of the cooled mixture containing 
exactly 0.4 mL was taken and transferred into a test tube along 
with gelatin (0.5% w/v, 5 g/L), TCA (3% w/v, 7.6 mL) and 2.0 mL 
barium chloride (10 g/L, 1% w/v). Absorbance taken after 15 min 
was considered as A1 value. A2 values were determined using 
gelatin (5 g/L, 0.5% w/v, 2.0 mL). A linear regression equation 
was used to determine the sulphate concentration.

Experimental design

Thirty-six female BALB/c mice, purchased from the NIN, 
Hyderabad, India, were acclimated, fed with unlimited water, and 
kept in a Standard Environment in Accordance with CPCSEA 

guidelines and approved by the Institutional Animal Ethics 
Committee (IAEC) of xxxxx. Animals, aged 8–10 weeks and 
weighing 28–32 g, were arbitrarily allocated to different groups.

Induction of colitis

Mice were separated into 6 groups. The polysaccharide powder 
(Plantago ovata husk) at variable concentration (100, 200, and 
300 mg/kg) was mixed with commercial mice feed was provided 
for mice up to 7 days. In order to cause ulcerative colitis, 
Trinitrobenzene Sulfonic Acid (TNBS) was utilised as an agent. 
The mice were given access to water and starved for a day before 
being inducted. Following anaesthesia with isoflurane, a catheter 
was used to inject 100 µL of absolute ethanol and 5% TNBS 
(1:1) intrarectally. For greater TNBS dispersion, the mice were 
held vertically for 2-3 min after treatment. The mice received 
the medication for 7 days, after which they were sacrificed 
with a larger dose of isoflurane. The colon was subjected to 
histological examination and used in subsequent investigations. 
The experiment groups were illustrated in Table 1.

Water and food intake were monitored. Presence of obvious 
blood in stools, stool consistency and body weight were observed 
daily for each mouse throughout the trial (Table 2). The Disease 
Activity Index (DAI) was considered as given below: total score 
[body weight decrease + stool consistency + rectal bleeding] / 3.

Macroscopic evaluation and scoring UC

After euthanasia, the complete lower gastrointestinal tract was 
resected. The colon was recognized, dissected, and longitudinally 
opened. Using normal saline, the luminal content was eliminated. 
For the purpose of determining the Colonic Macroscopic Damage 
(CMD), the length and weight of the mice's colons were obtained 
using the calculation given below.14

CMD = Weight of the colon (mg)/Length of the colon (cm)

According to Zeng et al.15 description, visible changes in the distal 
colon were investigated and graded from 0 to 5 as per the degree 
of colonic injury (Table 3).

Evaluation of Nitric Oxide (NO)

NO production was evaluated by measuring nitrite (Griess 
method).16 Briefly, colon samples were weighed and homogenized 
with liquid nitrogen, supernatant along with 1% sulphanilamide 
(Merck) solution and 0.1% N-(1-naphthyl) ethylenediamine 
dihydrochloride (Merck) solution was dissolved in 5% phosphoric 
acid. Nitrite quantity was determined, as μM, after the absorbance 
was measured at 492 nm.

Evaluation of lipid peroxidation status

Determination of MDA, Malondialdehyde, a by-product, when 
polyunsaturated fatty acids in cell membranes is broken down 
is an indicative test of lipid oxidation. The colon sample (0.3 g) 
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was homogenised in 2 mL of cold KCl buffer (1.15 M, pH 6.0). 
Lipid peroxidation status was estimated based on the Ohkawa et 
al., with some modification. To 0.1 mL of homogenate, 1.5 mL of 
TBA (0.8%), 1.5 mL of acetic acid (20%) and 0.2 mL of SDS (8.1%) 
were added, incubated for an hour at 95°C and then cooled in ice 
for 10 min. To this, 2.5 mL of n-butanol pyridine (15:1 v/v) was 
added, centrifuged (15,000 g, 30 min., 4°C) and the absorbance 
(532 nm) of the supernatant was recorded.

Evaluation of Myeloperoxidase (MPO) activity

Colonic tissues were weighed and processed in an ice-cold 
Potassium Phosphate buffer (50 mM, pH 6.0) containing 
Cetyltrimethylammonium Bromide (0.5%). After that, diluted 
H2O2, O-dianisidine and Potassium Phosphate buffer are added 
to the tissue homogenate and measured spectrophotometrically 
at 450 nm at an interval of 30 sec. MPO activity was determined 
and expressed in U/mg of tissue.17

Evaluation of Superoxide Radical (SOD)

The colons were homogenized with PBS and supernatants 
obtained by centrifugation at 5000 × g for 30 min mixed with 
PMS (0.06 mM, 0.2 mL), NBT (0.08 mM, 0.2 mL) and NADH 
(0.25 mM, 0.4 mL)18 was measured at 560 nm after incubation.

Superoxide radical scavenging ability (%) = (1 − A1/A0) × 100

A1 - absorbance of reaction solution with the sample and,

A0 - absorbance of untreated group.

Evaluation of Reduced Glutathione (GSH) level

As per the method established by Khan, R et al.,19 0.5 mL of 

sulphosalicylic acid (4%) was supplemented to the homogenised 

sample and incubated at 4°C for an hour. The samples were 

centrifugated at 3000 rpm for 20 min at 4°C. About 0.4 mL 

of DTNB (10 mM), 0.4 mL of filtered aliquot, and 0.2 mL of 

phosphate buffer (pH 7.4, 0.1 M) were added to the supernatant. 

The mixture was immediately read at 412 nm.

DTNB conjugate formed/gram tissue using molar extinction 

coefficient of 13.6× 103 M−1 cm−1.

Statistical analysis

Mean±Standard Deviation (SD) is used to express the experiment 

findings. Significance was set, if the p value is less than 0.001. 

One-way ANOVA was used in the statistical analysis (GraphPad 

Software Inc., San Diego, CA, USA).

No. of animals/  
group

Sex Concentration Group Name

Group 1 6 Female N/A Control
Group 2 6 Female 50 μL of ethanol Vehicle Control  
Group 3 6 Female 50 μL of 5% TNBS + ethanol Induced
Group 4 6 Female TNBS-induced mice

with 100 mg/kg of polysaccharide powder 
(Plantago ovata husk).

Treated

Group 5 6 Female TNBS-induced mice
with 200 mg/kg of polysaccharide powder 
(Plantago ovata husk).

Treated

Group 6 6 Female TNBS-induced mice
with 300 mg/kg of polysaccharide powder 
(Plantago ovata husk).

Treated

Table 1: Experimental design.

Score Body weight decrease (%) Stool consistency Rectal bleeding
0 None Normal No bleeding
1 1-5% -
2 5-10% Loose stool Slight bleeding
3 10-15% -
4 >15% Watery diarrhoea Gross bleeding

Table 2: Disease Activity Index (DAI) score used to evaluate the TNBS-induced colitis. DAI index was calculated as total score (body weight decrease + 
stool consistency + rectal bleeding) divided by 3.
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RESULTS

Carbohydrate and Sulphate estimation of Plantago 
ovata husk powder
Carbohydrate

Based on the absorbance of standard and test, the standard curve 
was plotted and found to be in lines in the range of 60-90 µg/mL. 
A correlation coefficient of 0.9980 shows that the concentration 
and absorbance have a very strong linear connection. 
Polysaccharide content in husk powder was determined using a 
regression equation derived from the standard curve. The total 
polysaccharide content in husk powder was 50.88% w/w (Table 
4).

Sulphate

The amount of SO4
2- in Plantago ovata husk powder was 47.22%, 

which demonstrated a positive linear correlation in the range of 
12-120 mg.

Clinical observation

Animals were observed for daily clinical signs and symptoms. 
None of the animals exhibited overt toxic effects or obvious 
clinical indicators of illness. No animal showed signs of mortality 
or unexpected illness.

Body weight of experimental animals

Compared with the induced group, treated group showed a 
significant increase (p< 0.0001) in body weights at the end of 
the experiment (Figure 1). The animals in the induced group 
exhibited a decreasing trend in body weight and a slight decrease 
was observed in vehicle group mice reverts to normal at the end of 
the experiment. In mice treated with polysaccharide, the weight 
loss reverts back to normal at the end of 7 days. In addition, no 
difference was found in water and food intake between the group.

Scores (DAI)

The clinical signs of the TNBS mouse model include diarrhoea, 
bloody stools, and weight loss. All of the aforementioned 
characteristics are evaluated as part of the DAI, along with the 
level of inflammation. On days 5 and 6, the score in the induced 
group reached a maximum of 12 compared to control. The score 
fell to 1.83±0.68, 1.0±0.9, and 1.0±0.5, respectively, after giving 
Plantago ovata husk powder in doses of 100, 200, and 300 mg/kg, 
as shown in Figure 2.

Macroscopic damage and scores of UC

After TNBS induction, the colon's weight increased and its 
length decreased in contrast to the control groups (0.071±0.004). 
When compared to the other two dosages, CMD scores were 
considerably lower (0.110±0.003) at the maximum dose of 
Plantago ovata husk extracts (300 mg/kg) Figure 3 (a).

According to the level of damage, ulcer scores were calculated, 
as shown in Table 2. There were no macroscopic ulcerations 
in control or vehicle groups. However, the score significantly 
increased in UC induced animals via TNBS, reaching 4.06±0.89. 
When Plantago ovata husk extracts were given, this score 
decreased to 3.6±1.03, 2.86±0.75, and 1.83±0.75, respectively, as 
shown in Figure 3(b).

Effect of Plantago ovata husk extract on Oxidative 
stress and inflammatory markers

Figures 4, 5, and 6 respectively, show TNBS treatment and 
induction affects the levels of the inflammatory and oxidative 
stress markers (NO, LPO and MPO). Nitric oxide levels 
significantly decreased in the treated group which was given the 
extract of Plantago ovata husks compared to the induced group. 
Nitric oxide levels were 1.4±0.14 in TNBS-induced animals 
whereas they were reduced to 1.1±0.001, 0.8±0.02, and 0.6±0.02 
µM/mL in a dose-dependent manner (100, 200, and 300 mg/kg).

MDA levels were increased by TNBS. P. ovata extracts 
demonstrated a dose-dependent suppression. While 200 and 
300 mg/kg showed a considerable decrease in MDA levels 
(0.079±0.001 and 0.055±0.011 µM/mL), 100 mg/kg showed a 
mild decrease (0.1±0.005 µM/mL).

MPO levels in induced groups were substantially greater 
(1.37±0.06) than in the control group (0.199). The elevation of 
MPO levels was significantly reduced in the induced group after 
treatment with the Plantago ovata husk extract, with mean values 

Estimation Replicate 1 Replicate 2 Mean±SD
Carbohydrate 49.41 52.35 50.88±2.07
Sulphate 50 44.43 ±3.91

Table 4: Carbohydrate and sulphate estimation.

Score Observation
0 No damage.
1 Localized hyperemia with no ulcers.
2 Linear ulcer with no significant inflammation.
3 Linear ulcer with inflammation at one site.
4 Linear ulcer with inflammation, the size of ulcer.
5 Multiple inflammations and ulcers, the size of ulcer 

>1 cm.

Table 3: Scoring Ulcer.
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of 1.06±0.25, 0.77±0.15 U/mg of tissue, and 0.48±0.062 in a 

dosage dependent manner for doses of 100, 200, and 300 mg/kg.

Superoxide Radical (SOD) Scavenging Ability

As shown in Figure 7, the SOD activity increased in the Plantago 

ovata husk treated groups in a dose-dependent manner, with 

mean values of 23.28, 32.52, and 46.47% for doses 100, 200, and 

300 mg/kg, respectively.

Effect of Reduced Glutathione (GSH) level

In comparison to the control group (0.76±0.003 mM), the level 
of GSH in induced group was considerably lower (0.48±0.016 
mM). However, as shown in Figure 8, providing Plantago ovata 
husk at doses of 100, 200, and 300 mg/kg elevated GSH levels to 
0.50±0.01, 0.53±0.002, and 0.55±0.010 mM, respectively.

Histopathological evaluation

Colon tissue in the control group exhibited normal histological 
structures, including the typical arrangement of the epithelium, 
submucosa, and lamina propria, without any immune cell 

Figure 1: Body weight of animal - Plantago ovata husk powder reduced the 
loss of weight whereas the TNBS induced groups showed significant weight 

loss.

Figure 2: The effects of Plantago ovata husk extract on clinical parameters 
of UC. The DAI index significantly reduced with increase in the dosage. 

Results are expressed as mean±SD. Treated groups showed high significance 
compared to induced group (p<0.0001).

Figure 3: (a). Extracts from the husk of Plantago ovata have an impact on colon size and length. When compared to the induced group, the CMD of the treated 
groups demonstrated great significance (p< 0.0001). The results are given as mean±SD. 



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 4, Oct-Dec, 2023 1145

Hu and Wang: Anti–inflammatory Effect of Plantago ovata Husk Polysaccharide on TNBS Induced Ulcerative Colitis

infiltration (Figure 9A). When 50% ethanol (vehicle) was 

administered intrarectally, the colonic mucous layer was damaged. 

No other discernible tissue injury apart from the mucosal layer 

was observed (Figure 9B). As seen in Figure 9C, tissues of mice 

which received TNBS, experienced a marked damage in tissue 

structure, erosion of the epithelium, and an increase in immune 

cell infiltration. With an increase dosage of Plantago ovata 

husk extract, treated groups displayed a gradual healing of the 

damaged tissue architecture. On treatment with 200 mg/kg, it was 

seen that the number of infiltrating immune cells decreased and 

the mucosal injury was repaired (Figure 9E). The highest dose 

(300 mg/kg) resulted in reduced tissue damage (Figure 9F).

DISCUSSION

UC is a recurrent, chronic condition that harms the intestinal 
mucosa and corticosteroids are the chosen possibility for patients 
with severe UC. Since it is related with irrevocable adverse effects, 
new therapeutic strategies are being developed with a suitable 
treatment approach with minimal/no adverse effects.20

Plants have the ability to support the mending process naturally 
and with fewer adverse effects.21 In the current study, we found 
that, as compared to untreated control mice, the administration 
of P. ovata husk extract had an effect on the colon's microscopic 
and macroscopic appearance, tissue oxidative stress indicators, 
and inflammatory parameters. P. ovata husk extracts contain a 
lot of phytochemicals with potent antioxidant activity. These 

Figure 4: Effect of Plantago ovata husk extracts on nitric oxide levels of 
treated groups at different doses. NO level of treated groups was significantly 

decreased when compared to induced group and also showed high 
significance compared to control (p< 0.0001). # - Indicates the comparison 

between control and induced, * - Indicates the comparison between induced 
and treated groups.

Figure 5: Lipid peroxidation estimation between control, vehicle, induced 
and Plantago ovata husk extracts treated groups. LPO level of treated 

groups was significantly decreased when compared to induced group and 
showed high significance compared to control (p< 0.0001). # - Indicates 

the comparison between control and induced, * - Indicates the comparison 
between induced and treated groups.

Figure 6: Myeloperoxidase estimation between control, vehicle, induced 
and Plantago ovata husk extracts treated groups were studied. MPO level 
of treated groups was significantly decreased when compared to induced 
group. Treated groups showed high significance compared to control (p< 

0.0001). # - Indicates the comparison between control and induced, * - 
Indicates the comparison between induced and treated groups.

Figure 7: Effect of Plantago ovata husk extracts on SOD level of control, 
induced and treated. Results are expressed as mean±SD. Treated groups 
showed high significance compared to control (p< 0.0001). # - Indicates 

the comparison between control and induced, * - Indicates the comparison 
between induced and treated groups.
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phytochemicals work by either scavenging reactive molecules or 
by enhancing antioxidant molecules and enzymes.

Weight loss, diarrhoea, and bloody stools—symptoms of colitis—
were noted and scored after intrarectal TNBS induction. Body 
weight, food consumption, and water intake all fell noticeably 
after intra-rectal TNBS delivery. These results agree with the 
findings of this study22 that the use of P. ovata extracts greatly 
lessened the colitis-induced loss in body weight. These findings 

may be explained by the restoration of cellular production and 
metabolism in animals treated with P. ovata extracts.

These results, in addition to the elevated scores for ulcer and 
colonic macroscopic damage, strongly suggest an inflammatory 
environment and significant tissue injury. When P. ovata extracts 
were administered, the diarrhoea was more effectively managed 
while tissue damage, inflammation, and excessive nutrient 
loss were all reversed. It is clear from all of these results that 
Plantago has potent anti-inflammatory qualities because they all 
decreased the scores.23 Our findings that P. ovata extracts have 
anti-inflammatory properties are consistent, but with another 
species of Plantago with a different type of cell and different 
anti-inflammatory response.24

The most effective protection against mucosal damage and the 
suppression of inflammatory and oxidative stress was achieved 
with treatment using the P. ovata husk extract at 300 mg/kg. 
In physiologically normal circumstances, the tiny molecule 
NO has anti-inflammatory actions; nevertheless, in abnormal 
circumstances, it is recognised to be a pro-inflammatory mediator 
and causes inflammation.25 By generating highly reactive 
chemicals like dinitrogen trioxide and peroxynitrite, which 
damage the colonic mucosa and lead to the development of ulcers, 
Nitric oxide plays a crucial part in the pathophysiology of UC.26,27 
The results of our investigation revealed that P. ovata extracts in 
doses of 100, 200, and 300 mg/kg can decrease NO production 

Figure 8: Estimation of glutathione in the control, induced, and groups 
treated with Plantago ovata husk extracts. When compared to the 

induced group, the GSH level of the treated groups was considerably 
higher. Compared to the control, the treated groups demonstrated strong 
significance (p<0.0001). # - Indicates the comparison between control and 

induced, * - Indicates the comparison between induced and treated groups.

Figure 9: A) Control B) Vehicle C) Induction with TNBS D) 100 mg/Kg E) 200 mg/Kg and F) 300 mg/Kg. The black arrows indicate the mucosal and tissue 
damage, Neutrophil accumulations in vehicle group and great disintegration of tissues and cells, Neutrophil accumulations in induced group. Red arrow 

indicates retrieval of tissues in treatment groups as dose dependent manner.
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in UC induced mice. There are a few papers demonstrating that 
several herbs can decrease and enhance NO production28,29 in 
certain situations.

Oxidative stress is demonstrated by lipid peroxidation. 
Free-radicals produce LPO, which degrades the membrane's 
constituents through oxidation, especially polyunsaturated lipids. 
Cellular death and DNA damage are outcomes of this process. 
When lipids are broken down, LPO is generated, and MDA is an 
indicator of this.30 In colon tissues, a dose dependant increase in 
MDA level was observed in treated group. This outcome of LPO 
might be because of the flavonoids in the plant which are known 
to prevent the response in LPO.31

A tissue level neutrophil infiltration is directed by 
myeloperoxidase.32,33 When the body is functioning normally, 
MPO is released from azurophilic storage granules.34 Release of 
this enzyme enhances colonic mucosa scraping MPO, a sign of 
enhanced infiltration, when an inflammatory shock causes the 
production of reactive species.35 P. ovata husk extract was found 
to reduce the level of MPO in a dose dependent manner. MPO 
activity decreased in response to a dosage increase, which may 
have reduced inflammation and oxidative stress, thereby proving 
the ability of the husk extract. The histological analysis of colonic 
tissue reveals that P. ovata husk extract inhibits neutrophil 
infiltration in colonic tissue.36

Superoxide dismutase is an enzyme found in both the 
mitochondria and the cytoplasm that regulates the tissue's 
redox balance and prevents vascular endothelial damage.37,38 An 
essential physiological element that keeps the mitochondrial 
energy metabolism functioning is the electron transport chain. 
The interruption of cellular redox equilibrium was brought on by 
a raised level of reactive oxygen species.39 Superoxide dismutase is 
essential for neutralising harmful free radicals because it converts 
O2 to water.40 In this investigation, it was discovered that SOD 
levels were lower in the mice in the TNBS induced group, which 
indicated uncontrolled oxidative stress. Treatment with P. ovata 
husk extract showed a rise in SOD levels, which can help to 
restore the balance of oxidants in the colonic mucosa.

GSH is a crucial member of the family of antioxidants that 
scavenges free radicals and changes H2O2 into H2O.41 GSH protects 
cells and tissues from the production of free radicals during 
stressful situations that result from the injection of acetic acid.42 
The transport of amino acids, the detoxification of electrophiles, 
and DNA synthesis are all significantly influenced by GSH.43 
Therefore, decreased levels of GSH indicate the development of 
oxidative stress and the loss of the equilibrium between pro- and 
oxidative enzymes in cells.44

Histological changes brought on by TNBS administration, 
including ulceration, epithelial erosion, and goblet cell depletion 

in the colonic tissues were restored after administering P. ovata 
husk extract. Oxidative stress induced by TNBS may be the cause 
of these damages. TNBS also induced infiltration of immune cells 
causing inflammatory alterations. In the vehicle group, ethanol 
delivered intrarectally caused damages to the mucosal layer as per 
our histopathology findings.45,46 When compared to the induced 
group, the degree of ulceration is less severe at dose 200 mg/kg, 
and normal goblet cell histology can be seen at dose 300 mg/
kg. The indicators of recovering colon tissue and a decrease in 
immune cell infiltration in treated groups point to the therapeutic 
effects of P. ovata. Our findings imply that the P. ovata husk extract 
can decrease the development of TNBS-induced colitis in mice by 
controlling the provocative response and reactivating antioxidant 
enzymes like SOD and GSH. To fully comprehend the mechanism 
behind P. ovata husk, further investigation is required.

CONCLUSION

The findings from this study show that Plantago ovata husk 
polysaccharide can treat ulcerative colitis induced by TNBS. 
The DAI scores, colonic macroscopic damage, and ulcer 
scores were all decreased by this polysaccharide. Moreover, it 
enhanced antioxidant enzyme activity, decreased immune cell 
infiltration, attenuated lipid peroxidation, and lowered oxidative 
stress. These findings significantly support Plantago ovata husk 
polysaccharide's protective properties and suggest that it may be 
useful in treating ulcerative colitis.
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ABBREVIATIONS

UC: Ulcerative Colitis; TNBS: Trinitrobenzenesulfonic acid; IBD: 
Inflammatory bowel disease; CD: Crohn’s disease; DAI: Disease 
activity index; CMD: Colonic macroscopic damage; MPO: 
Myeloperoxidase; CTAB: Cetyltrimethylammonium bromide; 
NO: Nitric oxide; MDA: Malondialdehyde; LP: lipid peroxidation; 
SOD: Superoxide dismutase; GSH: Reduced glutathione; SD: 
Standard deviation; ANOVA: Analysis of variance; CMD: 
Colonic microscopic damage; LPO: Lipid peroxidation; ROS: 
Reactive Oxygen species; GI: Gastro Intestinal.

SUMMARY

•	 This study examined the healing properties of Plantago ovata 
husk polysaccharide in mice with TNBS-mediated ulcerative 
colitis.
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•	 The polysaccharide prompted curative effects against 
ulcerative colitis through their ability to reduce the clinical 
manifestation of the disease, suppress lipid peroxidation, 
inflammation, and oxidative stress. It also enhances the 
cytoprotective antioxidant enzymes.

•	 This study indicates the beneficial effect of the Plantago ovata 
husk polysaccharide in the treatment of TNBS-induced 
ulcerative colitis.
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