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Abstract: In its prominent experimental studies salvianolic acid B (Sal B) is novel because of its
well-defined, common physiological effects, which include anti-inflammatory, anti-depressant, car-
dioprotective, DNA protective, neuroprotective and hepatoprotective activity in experimental ani-
mals. Initially, Sal B was studied for its anti-inflammatory properties, used as a remedy for a wide
range of disease conditions, but its specific efficacy on inflammatory bowel disease is still unclear.
The aim of this current study was to understand the therapeutic potential of Sal B in an acetic acid
(AA)—triggered experimental mouse colitis model. Colitis was triggered by intrarectal injection
of 5% AA, and then laboratory animals were given Sal B (10, 20 and 40 µg/kg) for seven days.
The ulcerated colonic mucosa was assessed by clinical experiment, macroscopical, biological and
histopathological analysis. The results showed depleted SOD, CAT, GSH levels and consequential
elevated MPO and MDA levels and aberrant crypt foci and mast cells were seen in the AA-induced
colonic mucosa of experimental animals. The data obtained from this study demonstrate that a dose
of 40 µg/kg showed an efficacious anti-ulcer effect against AA-induced experimental colitis. Based on
its antioxidant efficacy, Sal B may therefore be useful as a therapeutic approach for ulcerative colitis.

Keywords: ulcerative colitis; salvianolic acid B; acetic acid; myeloperoxidase; ACF; mast cells

1. Introduction

Ulcerative colitis (UC) is a widespread significant complication of irritable bowel
syndrome and chronic gastrointestinal tract immunological disorder that causes inexorable
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ulceration, tenesmus, diarrhea, bloody stools, inflammation in the intestine and colon and
mucosal tissue damage [1–3]. Inflammatory bowel disease (IBD) affected about 2.5 million
people in the United States in 2020. By 2030, it is expected that the number of people living
with IBD in the United States will have increased to about 3.5 million [4,5]. Ulcerative colitis-
related malignancy has some characteristics, including abdominal pain, anemia, diarrhea,
slightly raised plaques, and villous adenomas that become malignant [6,7]. However, the
etiology of IBD is not clearly understood. The current therapeutic approaches are known
for being ineffective at both inducing injury recovery and stopping it from continuing to
spread. The inflamed mucosa produces reactive oxygen species (ROS), which may play a
role in the observed increased risk of colorectal cancer [8]. The body’s antioxidant defense
mechanisms protect tissues from ROS under normal conditions. The over-expression of free
radicals acts as a severe contributor to the pathological events of ulcerative colitis [9]. Under
physiological circumstances, a balanced condition between free radicals and antioxidants
is maintained, which is disrupted during pathological conditions [10,11]. Excess levels of
ROS lead to oxidative stress and, thus damage to DNA due to variations among innate
exogenous antioxidants. Sal B (Figure 1) is a bioactive phenolic compound extracted
from Salvia miltiorrhiza roots; these compounds mostly have antioxidant and free radical
scavenging activity [12]. Sal B’s biological properties were documented to include anti-
inflammatory, cardioprotective [13], neuroprotective [14], osteoporosis protective [15] and
hepatoprotective effects [16]. Our current research aimed to assess the therapeutic potential
of Sal B against AA-induced experimental colitis in a mouse model.
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Figure 1. The molecular structure of Sal B.

2. Materials and Methods
2.1. Chemicals

Salvianolic acid B was obtained from Sigma-Aldrich Chemical Company (St. Louis,
MO, USA). Acetic acid, ketamine, phosphate buffer saline, hydrogen peroxide, ethylene
diamine tetraacetic acid (EDTA), nitroblue tetrazolium (NBT), ethanol (EtOH), hexade-
cyltrimethylammonium bromide (CTAB), methylene blue and all other chemicals were
obtained from Sigma-Aldrich Chemical Company (Bangalore, India) and of analytical or
reagent grade.

2.2. Animals and Ethical Approval

Male Swiss Albino mice weighed 20–25 g approximately; (8–9 weeks old) were pur-
chased from Sri Venkateshwara Enterprises (Bangalore, India). Animals were maintained in
a sterile environment (25◦C, 12 hr daylight/dark period). Mice had free access to feed pel-
lets and were able to drink water whenever they desired. The Ethics Commission of Periyar
University approved this study (approval number: 1085/ac/07/CPCSEA/PUIAEC/March-
2014/06).
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2.3. Induction of Experimental Colitis in Mice

The acute UC model was induced by the administration of 5% AA [17]. Following
24 h fasting, animals were gently anesthetized with ketamine or xylazine (80/10 mg/kg)
intraperitoneally. A 3.5 F catheter was subsequently inserted into the stomach with the tip
placed 4 cm from the rectum. One mL of AA (5% v/v) with 0.9% saline was used to induce
colitis in the colon’s lumen along with a sustained supine Trendelenburg position for 30 s
to avoid any outflow of the intra-colonic AA dose. Control mice in this study were treated
by a similar protocol but given only 0.9% saline.

2.4. Animals

Animals were randomly divided into five groups (n = 6): (1) Control (0.9% saline);
(2) AA-treated mice (50 µL/kg body weight per day); (3) AA + Sal B 10 µg/kg; (4) AA + Sal
B 20 µg/kg; (5) AA + Sal B 40 µg/kg body weight per day (Figure 2).
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Figure 2. Experimental design. Mice in the AA and Sal B group received an intrarectal dose of 1 mL
of 5% AA, whereas the normal control group animals were given 1 mL of sterile saline. On day 8
blood and colonic tissues were collected.

2.5. Macroscopic Damage Score

The colon was dissected, opened longitudinally as well as the injury score was deter-
mined by specific characteristics previously described [18]:

0 = No damage
1 = localized hyperemia but no ulcers
2 = linear ulcers with no significant inflammation
3 = linear ulcers with inflammation at one site
4 = two or more sites of ulceration & inflammation
5 = two or more sites of ulceration with major inflammation >1 cm along the length of
the colon.

For calculation of values for morphological scores, individual scores given by the
predicted values were averaged and the mean of the scores were determined and are given
as mean ± SEM.

2.6. Histopathological Evaluation of Colitis

For histopathological examination, the colon was separated from the proximal rectum,
removed from adherent tissues, and washed in PBS. The colonic tissues were fixed in
10% formalin, dehydrated with a sequential increase of EtOH concentration, fixed within
paraffin, and then sectioned. Sections were fixed on slides, cleaned, hydrated, and stained
with hematoxylin at a thickness of 5 µm. The histopathological scoring was evaluated as per
the earlier reported method [19], as follows: (0) no abnormality; (i) mild but unequivocal
increase; (ii) squatty leukocyte percolation; (iii) neutrophils in the epithelium, hardening
of the colon parietes, (iv) excess of neutrophils in part of the crypt, lack of goblet cells,
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elevated vascular density, unequivocal erosion ulcer or granulation tissue and hardening
of the colon parietes.

2.7. Biochemical Measurements

The animals were sacrificed by cervical dislocation under anesthesia ketamine/xylazine
(80/10 mg/kg) administered intraperitoneally, and the distal colon sections were collected,
stored at −80 ◦C until further examination. 1 to 2 g of distal colon tissues was collected
for further investigation. The colon sections were washed, cut into smaller pieces, and
homogenized in 10 mM of ice-cold Tris-HCl buffer (pH 7.1) to obtain tissue homogenate.
The samples were centrifuged at 4000 rpm for 15 min at 4 ◦C in a cooling centrifuge (REMI
micro refrigerated centrifuge, Chennai, India), and the colonic tissue homogenate was
utilized for biochemical measurements [20,21].

2.8. Measurement of CAT Activity in Colon Tissues

Catalase (CAT) activity in intestinal colonic tissue supernatants was measured using a
spectrophotometric technique developed by Aebi [22]. 20 µL of the homogenate was taken
and mixed with 2 mL of PBS (50 mM, pH 7.0) including 10 mM H2O2. Catalase activity
is defined as the quantity of enzyme needed to degrade 1 nmol of H2O2 per minute at
25 ◦C and pH 7.0. CAT activity was measured by using a UV-Visible spectrophotometer
(Shimadzu UV 1800, Torrance, CA, USA) at 240 nm. CAT activity was expressed as U/mg
protein.

2.9. Measurement of SOD Activity in Colon Tissues

The hyperactivity of SOD was assessed by quantifying its ability to restrain the pho-
tochemical reduction of nitro blue tetrazolium (NBT). Superoxide dismutase activity was
measured in colonic tissues following the procedures given in [23] with small modifications.
The photochemical diminution of riboflavin produces O2− that deoxidizes the NBT to
generate formazan salt, which is measured at an optical density of 560 nm. The conversion
of superoxide radical (O2−) to peroxide inhibits the reduction of NBT. In a dark room,
20 µL of supernatant, 0.5 mL of 100 mM PBS, 0.2 mL of 200 nM EDTA, and 0.1 mL of
15 mM L-methionine, 200 µL NBT, 250 µL riboflavin were added and this sample was
exposed to a fluorescent lamp (15 W) for 15 min. The SOD activity was measured by
using a UV-visible spectrophotometer (Shimadzu UV 1800) at 560 nm. SOD activity was
expressed as U/mg protein.

2.10. Measurement of GSH Activity in Colon Tissues

The reduced GSH concentration was measured in colon tissues [24]. 500 µL tissue
homogenate was added to 400 µL ice-cold H2O and 100 µL of 60% trichloroacetic acid.
All test tubes were centrifuged at 4000 rpm at 4 ◦C for 15 min. The optical density of
the supernatant was observed by using a UV-Visible spectrophotometer at 412 nm. For
quantitative assessment of GSH (10–100) in nmoles/mg protein, a standardized graph
was prepared.

2.11. Measurement of LPO Activity in Colon Tissues

Malondialdehyde (MDA) production was detected as TBARS and evaluated using a
previously reported method [25]. In brief, 200 µL of supernatant was added to 200 µL of 15%
trichloroacetic acid; this reaction solution was kept in an ice bath for 10 min and centrifuged
at 4000 rpm for 10 min. 200 µL of supernatant was mixed in 200 µL of thiobarbituric acid.
This reaction solution was kept in a boiling water bath for 5 min and instantly kept in an ice
bath for 5 min. The optical density of the supernatant was observed by using a UV-Visible
spectrophotometer at 532 nm. The amount of MDA was shown as nmoles of MDA/mg
of protein.
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2.12. Measurement of MPO Activity in Colon Tissues

Myeloperoxidase hyperactivity was estimated in colonic tissues [26]. In brief, the
supernatant was added to a solution containing 0.5% CTAB dissolved in 50 mM PBS (pH
6.5) further, incubated for 10 s in a freezing bath. The supernatant was thawed twice
and then centrifuged at 5000 rpm for 10 min. 0.2 mL of the supernatant was added to
2.8 mL of 50 mM PBS containing o-dianisidine dihydrochloride and H2O2 (0.005%), and
the color developed was measured at 460 nm by using a UV-Visible spectrophotometer.
The myeloperoxidase hyperactivity was calculated according to the following formula:

MPO activity (mU/mg) = 1000 × [X/weight of the colon tissue taken (mg)]

where X = 10× difference in absorption per minute/volume of tissue homogenate taken in
the final reaction.

2.13. Determination of Aberrant Crypt Foci (ACF)

The ACF count was measured using a previously reported technique [27]. The intact
colon was excised longitudinally and washed thoroughly in a saline solution prior to
fixation process. Then the colon tissue was fixed in 5% buffered formaldehyde. To detect
the ACF, the colon was stained with 0.22% methylene blue for 3–4 min. Mucosal ACF was
enumerated by using a light microscope (40×). The aberrant crypts were spotted from
normal crypts by its enlarged size, the clogged and deeply stained perceptive zones.

2.14. Mast Cell Staining on Colon of Experimental Animals

Histopathological examination of mast cells was examined in colon tissues [28]. The
5 µm thick colon tissues were de-waxed in xylene and re-hydrated by decreasing EtOH
concentration in d.H2O (distilled water). These sections were then stained with toluidine
blue for 3 min, washed with double d.H2O, dehydrated in enhancing concentrations of
alcohol from beginning to end series, and then fixed with dibutyl phthalate in xylene (DPX).
A high-power objective field (40×) was selected for counting mast cells in 10 alternative
fields/slides.

2.15. Statistical Analysis

All data were presented as mean ± standard deviation. Statistical analysis of the data
was performed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple
range tests for post-hoc analysis using the Sigmastat Version 3.5 software (Systat Software
Inc., San Jose, CA, USA). The significance level was set at p < 0.05.

3. Results
3.1. Effect of Sal B on AA-Induced Colitis

By comparing the colitis group to the untreated control group, physiological investi-
gations revealed significant changes in colon length, body weight, fecal blood, and general
health. Compared with group 1 (Control), the % of body weight drastically decreased in
the AA-induced colitis group 2 mice. The minimal disease activity state was elevated in the
AA-induced colitis group. However, the supplementation of Sal B ameliorated the body
weight, and statistically, major differences were obtained starting on day 5. The length
of the colon is considered being inversely proportional to the severity of AA-induced
experimental colitis. The consequential shrinking of the colon length (Figure 3A) and
macroscopic score (Figure 3B) was observed in the AA-induced mice, along with marked
infiltration of inflammatory cells, extensive eradication of mucosal layer, loss of crypts,
and submucosal edema, and these morphological changes suppressed following treatment
with 40 µg/kg of Sal B (Figure 3A–C).
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3.2. Sal B Decreases Microscopic Colon Damage in AA-Induced Experimental Colitis

The histopathological character of the colonic tissue was evaluated by hematoxylin and
eosin (H&E) staining. Typical histopathological results are shown in Figure 4. The control
mice showed clear colonic mucosa without edema, erosion, or ulceration (Figure 4A).
The anatomy of the colon wall in the colitis model mice (group 2) had a characteristic
morphology with crypts, edema, thickness and erosion of the colonic mucosa, numerous
goblet cells, and a minimal number of lamina propria mononuclear cells. Compared with
group 1 (Control), microscopic histopathological scores were considerably elevated in mice
from the AA-induced colitis (group 2) (Figure 4B). Mild histopathological changes occurred
in group 3 and group 4 (Figure 4C,D). After the treatment of Sal B a considerable decrease
in the histopathological count, intact colonic mucosa structure, milder congestion and
edema and less inflammatory cell infiltration were observed in group 5 mice as compared
with the control group 1 (Figure 4E).
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Figure 4. Histopathological changes in colons from mice stained with H&E. (A) Control mice receiv-
ing saline only, showing normal histological structures. (B) 5% AA-induced colon with ulcerative
colitis, Group 2 showed marked neutrophil infiltration, thickening of colonic mucosa, severe de-
struction of epithelial structure with ulceration and infiltration of inflammatory cells compared with
control (group 1). (C,D) Mice were administered with AA, Sal B (10, 20 µg/kg respectively), Group 3
and 4 showed mild histological colonic mucosa changes (C,D). Group 5 showed the intact colonic
mucosa structure, milder congestion and edema and less inflammatory cell infiltration (E).

3.3. Effect of Sal B on CAT Activity in Colon Tissues

Catalase acts as an enzyme essential for the detoxification of H2O2 during the reaction
mediated by SOD. In the current study, the catalase activity was drastically decreased
in AA-induced mice colonic tissue (group 2) (Figure 5A). Catalase frames the energetic
cellular defense that involved carcinogen deactivation of ecosystem factors. In this catalase,
enzymatic activity was increased in the treatment of Sal B in the experimental animals.
Mice treated with 10, 20 µg/kg of Sal B showed a considerable enhancement of CAT
activity when compared with colitis group 2. Treatment with Sal B (40 µg/kg) significantly
increased the colonic tissue CAT activity in group 5 when compared with colitis group 2
(Table 1).
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Table 1. Effect of Sal B on colon catalase, SOD, and GSH concentration.

Parameters/Groups Colon Catalase Activity (µmol
H2O2/min/mg Protein)

Colon SOD Activity (U/mg
Protein)

Colon GSH Activity
(nmol/mg Protein)

Control (Saline) 9.15 ± 0.489 8.74 ± 0.53 10.74 ± 0.72
Colitis (AA) 2.72 ± 0.213 2.31 ± 0.19 3.36 ± 0.23

Colitis + 10 µg Sal B 6.47 ± 0.331 7.78 ± 0.45 4.99 ± 0.39
Colitis + 20 µg Sal B 5.99 ± 0.361 6.61 ± 0.35 5.41 ± 0.43
Colitis + 40 µg Sal B 7.22 ± 0.443 6.78 ± 0.39 7.74 ± 0.56

Data are expressed as mean ± SEM, n = 6. Statistical analysis was performed using One-Way ANOVA followed by Tukey-Kramer multiple
comparisons test (p < 0.05).

3.4. Effect of Sal B on SOD Activity in Colon Tissues

The reduced SOD activity in the colon with inflammation could lead to a decrease in
abdominal immunity versus oxidative stress, which is directly linked to colon injury in
ulcerative colitis. The control group 1 mice showed significantly increased colonic SOD
activity while comparing to the AA-induced colitis group 2 mice. Experimental animals
treated with 10, 20 µg/kg of Sal B showed a significant increase of SOD activity when
compared with colitis group 2. Table 1 represented supplementation of Sal B (40 µg/kg)
ameliorates the colonic tissue SOD activity when compared with colitis group 2 mice
(Figure 5B).
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3.5. Effect of Sal B on GSH Activity in Colon Tissues

Glutathione is a tripeptide thiol molecule and is a reducing agent, being the foremost
low molecular weight thiol found in mammals. The effectiveness of Sal B on AA-induced
mice in the GSH content was found to significantly improved. In our study, Sal B has
considerably reduced the level of GSH content in group 2 when compared with group
1. When compared to control mice, AA treatment resulted in a significant decrease in
colonic GSH levels. Experimental animals treated with 10, 20 µg/kg of Sal B showed a
moderate increase of GSH activity when compared with colitis group 2. GSH levels were
considerably lower in group 5 mice following supplementation with 40 µg/kg of Sal B
(Figure 5C) compared to group 2 mice (Table 1).

3.6. Effect of Sal B on MDA Levels in Colon Tissues

Sal B inhibits lipid peroxidation caused by AA-induction in mice. Compared with
group 1, the AA-induced colitis group 2 mice, and leads to a significant elevation of MDA
levels. MDA is a known biomarker that plays a key role in tissue damage. AA-induced
colitis group 2 shows an elevated level of MDA when compared with untreated control
group 1. Mice treated with 10, 20 µg/kg of Sal B indicated a mild decline of MDA level
when compared with colitis group 2. When compared to AA-induced experimental colitis
mice, supplementation of Sal B with higher dosages (40 µg/kg) significantly decreases
MDA levels in group 5 (Figure 6A).
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(A) Effect of Sal B on lipid peroxidation * p < 0.05, ** p < 0.01, *** p < 0.001 as compared with control, (B) Effect of Sal B on
MPO activity. The data are represented as mean ± SD and evaluated using one-way ANOVA, followed by Tukey’s multiple
range tests for post hoc analysis. # p < 0.05, ## p < 0.01, ### p < 0.001 as compared with control.

3.7. Effect of Sal B on Myeloperoxidase Activity in Colon Tissues

The inflammatory state of the colonic mucosa causes an increase in MPO enzyme
expression, which leads to increased oxidative stress. In this study, colonic myeloperoxidase
activity was considerably elevated in the AA-induced colitis mice when compared to group
1. Mice treated with 10, 20 µg/kg of Sal B showed a moderate decrease of myeloperoxidase
activity when compared with colitis group 2. In addition, Table 2 indicates mice treated
with Sal B with higher doses (40 µg/kg) in group 5 showed significantly decreased MPO
activity (Figure 6B).
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Table 2. Effect of Sal B on colon MDA levels, and MPO activity.

Parameters/Groups Colon MDA Levels
(nmol/mg Protein)

Colon MPO Activity (U/mg
Tissue)

Control 18.02 ± 1.87 1.25 ± 0.14

Colitis 45.29 ± 2.34 18.42 ± 0.98

Colitis+ 10 µg Sal B 23.34 ±1.83 6.43 ± 0.45

Colitis+ 20 µg Sal B 15.21 ± 1.24 9.28 ± 0.72

Colitis+ 40 µg Sal B 10.44 ± 0.91 4.58 ± 0.36
Data are expressed as mean ± SEM, n = 6. Statistical analysis was performed using One-Way ANOVA followed
by Tukey-Kramer multiple comparisons test (p < 0.05). Significantly different vs. normal control (p ≤ 0.05).

3.8. Methylene Blue Staining of Aberrant Crypt Foci (ACF) of Experimental Mice

The untreated colonic mucosa of colonic tissue-stained crypts was investigated with
methylene blue staining to detect aberrant crypts. Their enormous size, oval form, and thick
epithelial lining along with a more massively colossal per crystal zone characterized from
normal crypts AA-induced colonic crypts, as shown by their gloomy staining (Figure 7A–E).
In the AA-induced mice, group 2 showed a high number of ACF compared with the control
group (normal crypt) (Figure 7A,B).
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Figure 7. Morphological observations of aberrant crypt foci. (A) The control group showed typical
crypt appearance, (B) AA-induced colitis group showed an increased number of crypts per foci,
(C,D) Group 3 and 4 showed only a few crypts, (E) Group 5 showed normal crypt-like control.

There are moderate changes in colon tissues treated with 10, 20 µg/kg of Sal B were
shown in groups 3 and 4. In our study confirmed, 75% reduction of ACF prevalence in
mice administrated with 40 µg/kg of Sal B (group 5), while there was no ACF prevalence
in control mice (group 1) as clearly presented in Figure 7E.

3.9. Mast Cell Count of Control and Experimental Mice

The accumulation of many inflammatory cells, mast cells, and eosinophils in the gut
mucosa is a well-known morphologic feature of ulcerative colitis. The crypt epithelium
was depleted from goblet cells and also observed the ulcer crypt. In addition, inflammatory
cell infiltration in lamina propria such as lymphocytes and plasma cells was observed
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(Figure 8A–E). A degenerated colonic mucous layer and asymmetrical epithelial glands
were observed in group 2 mice, corresponding to a high number of mast cells compared to
group 1. Treatment of 10, 20 µg/kg of Sal B significantly decreased the amount of mast cells
in the colon of groups 3 and 4. Reduced mast cell incidence was seen in mice supplemented
with 40 µg/kg of Sal B (group 5), while in control mice there were no mast cells as clearly
shown in Figure 8E.
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treated Group 5 mice showed a significantly reduced concentration of mast cells (E).

4. Discussion

Ulcerative colitis (UC) is a form of inflammatory bowel disease defined as a long
chronic inflammatory process, as well as dysbiosis. Diet is an important aspect that
influences human health and has a lot of potential in the diagnosis and treatment of UC [29].
This study described that chronic inflammation is connected with an overproduction of
unpaired free radical species and has a primary role in numerous pathological conditions
such as melanoma, sarcoma, coronary artery diseases, myocardial infarction, obesity, and
inflammatory bowel disease [30–32]. Flavonoids have been shown in vivo and in vitro
to prevent cells from oxidative stress and to protect the epithelial mucosal layer of the
intestines [33]. Antioxidant foods such as blueberries, artichokes, bell peppers, cherries,
pecans, squashes, strawberries, red cabbage, raspberry, and tomatoes are recommended as
supplementation for individuals with chronic UC and to prevent recurrence [34,35]. The
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current study evaluated the medicinal effects of Sal B treatment in chemically-induced
experimental colitis in a mice model that resembles the UC state in human trials. The
experimental mice model revealed typical UC indications such as diarrhea, cramps, bloody
stools and mucosal ulceration, stimulated increased mucous blood flow and shortened
colons [1,36].

Sal B, an antioxidant, was helpful in preventing and treating AA-induced colitis in
mice, as well as modifying the degree and severity of colitis [37]. Oral administration of Sal
B in AA-induced colitis mice showed that Sal B improved body weight and enhanced stool
stability while reducing the rate of bloody stools, and Sal B protected AA-treated mice from
mucosa erosion, colon shortening, inflammatory cell infiltration, submucosal edema, loss
and disruption of crypt and villi. Significant increases in body weight, microscopic and
macroscopic scores, bleeding in the rectum, histopathological modifications, and shearing
of epithelial cells were seen depending on the severity of inflammation in ulcerative
colitis [38].

The antioxidant system depends on both SOD and GSH are important components.
SOD is an antioxidant enzyme that transforms superoxide radicals to H2O2, which is then
converted into molecular oxygen and H2O by catalase. GSH is an intracellular free radical
scavenger [39,40]. GSH and GR contribute to detoxifying environmental carcinogenic
substances including reactive oxygen species and hydroxyl radicals by combining toxins
with GSH and ultimately preventing tissues and organs, toward toxicity induced by
carcinogens GSH and GR primarily contribute to the detoxification of environmental
carcinogens [41–43]. In the current study, SOD and GSH content were reduced in ulcerative
colitis caused by acetic acid; however, Sal B therapy was able to reverse the decrease.
Sal B showed intrinsic antioxidant properties that could improve intestinal antioxidant
status, which is in accordance with previous findings. Oxidative stress is caused by
increased oxidant levels and/or a depleted antioxidant system, and it has been related
to the development of ulcerative colitis. Lipid peroxidation develops progressively in
cellular and subcellular membranes during oxidative stress, causing irreversible damage
to cellular function. The lipid peroxidation product MDA was significantly elevated in
AA-induced colitis, whereas Sal B administration significantly decreased MDA levels in the
colon of AA-induced mice [37]. MPO, as a sign of inflammation, might facilitate oxidative
tissue damage, whereas Sal B therapy dramatically reduced MPO activity in AA-treated
colonic mice.

Mitochondria maintain cellular energy engendered through oxidative phosphoryla-
tion [44]. The small mitochondrial genes are indispensable for the enzyme involved in
the cellular biosynthetic and oxidative function. ROS is a major cause of UC. Cellular
macromolecules such as proteins, DNA, and lipids are damaged by oxidative stress. ROS
are involved in the development of colitis [45,46]. Several researchers have suggested that
intra-rectal administration of AA-generated reactive oxygen species leads to modifications
in oxidative marker levels, including GSH, MDA and MPO [47]. The LPO level is indirectly
quantified by the amount of MDA production, which leads to damage to the mitochondrial
dysfunction [47,48]. However, administration of Sal B decreases the MDA level in experi-
mental colitis. Sal B blocks neutrophil infiltration, increasing the production of cytokines,
and oxidative burst into ulcerated tissues. In addition to immune cells, macrophages,
antigen-presenting cells and intestinal epithelial cells, cytokines are considered key signals
in the gastrointestinal immune system and are directly implicated in the secretion of several
cytokines that control the inflammatory response in ulcerative colitis [49–51].

Most of the ACF was identified by investigating the sequential early development
of erosions in mice colon following acetic acid induction. ACF was characterized by
mildly enlarged or small crypts and collections of abnormally appearing colonic crypts that
degrade from the surrounding epithelium [52–54]. The crypt is concise, as well as similar
to a condensed luminal opening. ACF measures resemblance among the tumors regarding
the apparent morphology of the colon, pathologic classification, and high crypt multiplicity.
The present study results correlated with previous reports, AA-induced mice showed an



Processes 2021, 9, 1589 13 of 16

elevated number of colonic crypts. Also, the administration of Sal B significantly reduces
the number of crypt formations shown in Figure 8.

Mast cells regulate important gastrointestinal activities including blood flow, epithelial
cell functions, secretary functions and endothelial permeability, mucus secretion, upregu-
late membrane expression, GI tract motility, defensins release, neuroimmune interaction,
and cancer development [55,56]. Mast cells, as well as tumor cell interactions in their
biophysical environment, are essential for cell proliferation and rate of survival. Mast cells
are well-known as important effector cells in the gut immune system [57]. Mast cells can
be triggered by a range of stimuli, causing them to degranulate and generate a number of
biologically active mediators of inflammation, tryptase, hexosaminidase, chemokines, and
cytokines, among others [58,59]. An elevation in mast cell levels in the gastrointestinal tract
can lead to mast cell-mediated epithelial tissue injury because many mast cell mediators
are pro-inflammatory and can trigger gastrointestinal immunological disorders [55,56,60].
This study mainly focused on the induction of AA that increased inflammatory mast cells
creating a microenvironment that leads to a progression of colitis.

The role of systemic inflammation in the genesis and recurrence of cancer is a key
research topic in tumor cells. At various stages of UC progression and colitis-associated
tumorigenesis, ROS and oxidative stress are key components in the initiation, development,
and progression. Ulcerative colitis was initiated by an increase in MDA and MPO levels,
as well as mitochondrial dysfunction (Figure 9). Within the intestinal mucosa, activated
neutrophils can create ROS, increasing oxidative stress and playing a role in the formation
of UC [61]. Excessive generation of ROS in mucosal cells during experimental colitis can
trigger a series of inflammatory mechanisms that damage gastrointestinal epithelial cells,
directly or indirectly, disrupting the intestinal mucosal barrier stability [62].
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5. Conclusions

The major finding of this study is the protective effectiveness of Sal B on local as
well as systemic pathological changes induced by acetic acid in colon tissue. The biolog-



Processes 2021, 9, 1589 14 of 16

ical effects of Sal B effectively decrease oxidative stress, elevated antioxidant properties.
Symptoms include body weight loss, colon tissue shortening, diarrhea, and increased
colon weight/length ratio, and a reduced disease activity index (DAI) score. Damage to
colon tissues was reversed, and biochemical indices such as SOD, CAT, and GSH were
improved. Therapeutic approaches that stabilized MPO and MDA levels suggest that
Sal B may reduce the risk of chronic conditions. Finally, Sal B considerably inhibited the
incidence of ACF, the alternative effect of preneoplastic ulceration and decline of mast cell
count in the AA-induced experimental colitis model used. Our findings suggest that Sal B
might have good prospects for future development in the clinical treatment for ulcerative
colitis and cancer prevention.
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