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1. INTRODUCCIÓN 

Ulcerative colitis (UC), a disease of the inflammatory 

bowel disease (IBD) group, that affects millions of 

people worldwide.
[1–3]

 This pathology is mainly located 

in the rectum and colon, and its impact on patients 

quality of life is significant, compromising both their 

physical and social well-being due to symptoms such as 

weight loss, diarrhea, and rectal bleeding.
[4,5] 

 

Gut microbial dysbiosis, characterized by changes in the 

balance of beneficial, commensal, and pathogenic 

bacteria, is a typical feature of UC.
[6]

 In inflammation, 

myeloperoxidase (MPO) is a pivotal enzyme produced 

by neutrophils, contributing to innate immune responses 

by generating reactive oxygen species (ROS) to combat 

pathogens. Elevated MPO levels are not only indicative 

of heightened oxidative stress but are also closely linked 

to the progression of inflammatory diseases like UC. As 

such, MPO serves as a critical biomarker in 

inflammation, offering insights into disease mechanisms 

and potential therapeutic targets.
[7] 

 

Conventional treatment for UC typically involves the use 

of aminosalicylates, corticosteroids, and 

immunosuppressive drugs. While these therapies can 

help manage the disease, their effectiveness is often 

limited, and long-term use is associated with significant 

side effects, including diarrhea, osteoporosis, and 

increased susceptibility to infections.
[8] 

 

Curcumin supplementation has been proven effective in 

reducing inflammation in conditions such as UC and 

IBD.
[6,9]

 Curcumin, the primary active compound in 

turmeric—a polyphenol extracted from the root of 

Curcuma longa, a member of the Zingiberaceae 

family—has been widely studied for its broad range of 

biological activities.
[9,10]

 These include anti-

inflammatory, anticancer, antioxidant, antimicrobial, 

wound healing, and blood glucose-regulating 

properties.
[1,10,11] 

 

Turmeric’s therapeutic effectiveness is hindered by its 

poor water solubility, which drastically limits its 

bioavailability and impairs the absorption of its active 

compounds.
[10,11]

 Phytosomes are formulated to enhance 
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ABSTRACT 

Ulcerative colitis (UC) is a chronic inflammatory bowel disease primarily affects the colon and rectum. Given the 

adverse effects of current treatments, alternatives such as turmeric, known for its anti-inflammatory properties, 

have been investigated. Objective: This study evaluated the protective effects of a turmeric-based dietary 

supplement in a dextran sulfate sodium (DSS)-induced colitis model in mice. Methods: A colitis model was used, 

where all mice, except the sham group, received 2.5% DSS in drinking water for 5 days. Subsequently, the mice 

were treated orally with turmeric at 2000 mg/kg, minocycline at 100 mg/kg, or water as a vehicle for 4 days. 

Histological sections of the colon were prepared and stained with hematoxylin and eosin (H&E) to assess tissue 

damage and inflammation. Additionally, myeloperoxidase (MPO) activity, a marker of neutrophil infiltration, was 

measured as an indicator of inflammation. Results: DSS-induced diarrhea, rectal bleeding, weight loss, an increase 

in disease activity index (DAI), colon weight gain, and colon shortening. Treatment with turmeric significantly 

reduced colon weight by 18% and colon shortening. Minocycline also showed significant improvements, reducing 

colon weight by 45%. Conclusions: The turmeric supplement demonstrated protective effects in the DSS-induced 

colitis model, suggesting its potential as an anti-inflammatory treatment for UC. 
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the bioavailability and absorption of turmeric. By 

stabilizing its active compounds, these advanced delivery 

systems help maximize turmeric's therapeutic 

benefits.
[9,10]

 Among these materials, β-glucans, due to 

their hydrocolloid nature and affinity for water, can 

contribute to the stability of poorly soluble 

compounds.
[12,13]

 Similarly, inulin derivatives can form 

micellar structures in solution, improving 

encapsulation.
[14]

 Combining turmeric with inulin and β-

glucans can increase the bioavailability of curcumin, 

which could result in a reduction of symptoms associated 

with UC.
[15,16] 

 

This study was conducted to evaluate the efficacy of a 

turmeric-based dietary supplement (SAC) in the 

treatment of dextran sodium sulfate (DSS)-induced 

ulcerative colitis. Key variables such as body weight, 

disease activity index (DAI), MPO assay, colitis index, 

and colonic histology were measured in mice, as these 

parameters are critical to assess the symptomatology of 

ulcerative colitis. 

 

2. MATERIALS AND METHODS 

2.1. Bromatological analysis of β-glucan and 

Curcumin emulsified gel: NOM 116-SSA1-

1994
[17]

 was used for moisture determination, NMX-

F-608-NORMEX-20 11
[18]

 (F=6.25) for protein, 

NMX-F-427-NORMEX-2019
[19]

 for fat, NMX-F-

607-NORMEX-2020
[20]

 for ash, NOM-086-SSA1-

1994
[21]

 for dietary fiber, and NOM-051-

SCFI/SSA1-2010
[22]

 for total carbohydrates. 

 

2.2. Study design: Study design: To evaluate the 

histopathological changes of the colon in dextran 

sulfate (DSS)-induced colitis in mice, a model of 

inflammatory bowel disease (IBD). Thirty-two 

female C57BL/6 mice (8-9 weeks old) were used, 

divided into groups of 8 with: group 1, Sham (no 

DSS); group 2, Vehicle with water for injection 

(WFI) plus DSS 2.5%; group 3, Turmeric-based 

supplement (2000 mg/kg) with DSS (2.5%) and 

group 4, Minocycline (100 mg/kg) with DSS (2.5%). 

DSS was administered in drinking water for 5 days 

and then drinking water on the remaining days. 

Group 2, 3, and 4 were administered once daily 

(QD) by oral gavage (PO) from day 6 to day 9. 

 

2.3. Reagents: Dextran sodium sulfate (lot no. S4140, 

MPBiomedicals, USA), crystalline minocycline 

hydrochloride (Sigma, USA), MPO mouse ELISA 

kit (HycultBiotech, USA), Pierce protease inhibitor 

mini tables (ThermoFisher, Taiwan), PMSF (Sigma-

Aldrich, USA), T-PER™ tissue protein extraction 

reagent (ThermoFisher, Taiwan) and water for 

injection (Tai-Yu, Taiwan). 

 

2.4. Histopathology: Colon tissues were collected from 

all animals at the end of the study. Samples were 

taken 4 cm from the anus, fixed in formalin, and 

embedded in paraffin blocks. Four-micrometer 

sections were cut and stained with hematoxylin and 

eosin (H&E) for histological analysis under light 

microscopy at 100X magnification (LEICA 

DM2700 M, USA). The histological criteria 

included mucosal architecture abnormalities, the 

degree of inflammation, erosion or ulceration, 

epithelial regeneration, and the extent of tissue 

involvement. A colitis score (Total Colitis Index) 

was assigned to each sample based on these criteria, 

resulting in a combined histological score ranging 

from 0 to 20, as assessed by the observer.
[23]

 

 

2.5. Myeloperoxidase (MPO) assay: The tissue was 

homogenized and followed by centrifugation at 

3,000 x g at 4°C for 15 minutes. The supernatants 

were stored at -80°C for subsequent cytokine 

analysis. To measure MPO levels, the HycultBiotech 

HK210 ELISA kit was used. A 96-well microtiter 

plate was coated with a capture antibody specific for 

mouse MPO. Homogenized samples, diluted 200-

fold, were added along with standards, and the plate 

was incubated for 1 hour at room temperature. After 

washing and drying the plate, a diluted tracer 

antibody that binds to a different epitope of the 

MPO molecule was added and incubated for another 

hour. Streptavidin peroxidase, bound to the tracer, 

was then added and incubated for 1 hour. After a 

final wash, the TMB substrate was added, reacting 

with the enzyme for 30 minutes. The reaction was 

stopped with a stop solution, and MPO levels were 

quantified by measuring the color change in a 

spectrophotometer at 450 nm. 

 

2.6. Data analysis: All data were expressed as mean ± 

SEM. An unpaired Student's t-test was used to 

compare the Vehicle group (2.5% DSS, 10 mL/kg, 

QD x 4, PO, T2) with the Sham group (no DSS, T1). 

For multiple group comparisons, one-way ANOVA 

followed by Dunnett's post hoc test was conducted 

to assess significant differences (p<0.05) between 

the Vehicle group (2.5% DSS, 10 mL/kg, QD x 4, 

PO, T2) and the Turmeric-based dietary supplement 

group (2000 mg/kg, QD x 4, PO, T3) or the 

Minocycline group (100 mg/kg, QD x 4, PO, T4). 

 

3. RESULTS AND DISCUSSION 
The bromatological analysis of the turmeric-based 

dietary supplement (SAC) is presented in Table 1. The 

gel form of SAC contains 90.6% moisture, providing 

42.89 kcal per 100 g, with no added carbohydrates. In 

comparison, the bromatological analysis of turmeric, as 

reported by
[24]

, indicates that turmeric contains 9.40% 

protein, 6.85% fat, 2.85% ash, 67.4% carbohydrates, and 

is a good source of fiber (4.60%). It's important to note 

that the amounts of protein, carbohydrates, and fat may 

vary depending on the curcumin extraction process. In 

this formulation, the product shows a higher moisture 

content, a 6.5% reduction in fat, and no added sugars. 
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As shown in Fig. 1, body weight remained stable across 

all groups from days 1 to 5. However, starting on day 6, 

group 2 (Vehicle), group 3 (SAC), and group 4 

(Minocycline) experienced a significant decrease in body 

weight, with the most pronounced loss observed in group 

2 and group 3. These changes were statistically 

significant, with 
+
p < 0.05 compared to the group 1, and 

*
p < 0.05 compared to the group 2. The Sham group 

maintained stable body weight throughout the 10 days. In 

contrast, the groups exposed to DSS (Vehicle, SAC, and 

Minocycline) showed a marked weight reduction 

beginning around day 6, likely due to DSS-induced 

intestinal inflammation. 

 

Table 1: Bromatological analysis of the turmeric-

based supplement. 

Composition % 

Moisture (g/100g) 90.64±2.46 

Protein (g/100g) 9.26±0.67 

Fat (g/100g) 0.65±0.02 

Ash (550°C) (g/100g) 0.25±0.00 

Carbohydrates (g/100g) 0 

Dietary fiber (g/100g) 1.69±0.372 

 

This inflammation is associated with mucosal damage, 

reduced nutrient absorption, and metabolic disruption, 

ultimately leading to weight loss.
[6]

 Notably, while the 

group 3 (SAC) experienced weight loss, it was less 

severe than in the vehicle group, suggesting a potential 

protective effect of SAC against DSS-induced colitis. 

This finding suggests that SAC may exert a mild 

protective effect in DSS induced colitis.
[1] 

 

Previous studies have shown that certain bioactive 

compounds can reduce the severity of colitis by 

modulating the inflammatory response and maintaining 

the integrity of the intestinal barrier.
[10]

 However, the 

protection offered by SAC was insufficient to fully 

prevent weight loss, suggesting its limited efficacy 

compared to more potent treatments such as 

minocycline. As an antibiotic with well-documented 

anti-inflammatory properties, minocycline has 

consistently demonstrated greater effectiveness in 

reducing colitis symptoms across multiple studies.
[25] 

 

Zhang et al.
[26] 

demonstrated that mice treated with 

curcumin exhibited a significant reduction in weight loss 

of 15%, while those treated with micelles showed only a 

5% reduction compared to the DSS-only group. This 

result aligns with the 14.5% reduction in weight loss 

observed in the present study, suggesting that combining 

curcumin with inulin and β-glucans may enhance its 

bioavailability, leading to improved stabilization of body 

weight. Wu et al.
[27]

 reported that mice treated with a 

curcumin formulation experienced less weight loss 

associated with DSS-induced colitis, with some mice 

even maintaining a more stable body weight. 

 

 
Fig. 1: Weight of mice during treatment where: (-●-) a group 1 Sham (without DSS); (-■-) group 2 Vehicle; (-▲-

) group 3 with SAC (2000 mg/kg); (-○-) group 4 Minocycline (100 mg/kg). Differences are considered significant 

at +p< 0.05, vs sham; *p< 0.05, vs vehicle. 

 

SAC demonstrated mild to moderate improvement in 

stool consistency between days 7 and 10 compared to the 

Vehicle (Fig. 2A). Also, SAC significantly (p<0.05) 

reduced fecal occult blood scores from day 8 to day 10 

(Fig.2B). Regarding the disease activity index (DAI), led 

to a significant (p<0.05) decrease by day ten when 

compared to the Vehicle (Fig. 2D). The DAI was notably 

higher in Vehicle compared to the minocycline group, 

reflecting greater severity of colitis (Fig. 2D). 

 

Histological analysis further confirmed that the SAC 

exhibited a significantly lower inflammatory score, 

suggesting that curcumin played a role in mitigating the 

development of DSS-induced colitis, as indicated by the 

reduction in histological damage.
[28]

 Huang et al.,
[29]

 

tested a curcumin-loaded ginger formulation and 

reported a significant 32% reduction in the DAI in a 

DSS-induced ulcerative colitis model. Similarly, Luo 

et al.
[8]

 found that tannic acid-coated curcumin 

nanoparticles (TA/Cur-NPS) reduced DAI by 55%, 
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bringing the levels in treated mice closer to those of 

healthy controls. In our study, the SAC-treated group 

showed a 20% reduction in IAD, indicating a moderate 

decrease in colitis severity, though not as pronounced as 

the effect observed with minocycline treatment. This 

suggests that SAC has a mild yet meaningful impact on 

mitigating colitis symptoms. 

 

 
A                                                                      B 

 

 
C                                                                         D 

Fig. 2: A) Stool consistency score, B) Body weight loss score (0-3), C) Fecal occult blood score, D) Disease activity 

index. Where: (-●-) at group1 Sham (without DSS); (-■-) group 2 Vehicle; (-▲-) group 3 with SAC (2000 

mg/kg); (-○-) group 4 Minocycline (100 mg/kg). Differences are considered significant at +p< 0.05, vs Sham; *p< 

0.05, vs Vehicle. 

 

Furthermore, Huang et al
[29]

 demonstrated that their 

formulation not only reduced the severity of symptoms 

but also delayed the onset of key colitis indicators, such 

as diarrhea and blood in the stool. 

 

Although SAC did not achieve as significant a reduction 

in the DAI compared to minocycline, its primary 

advantage is that it is a finished, market-ready product. 

This positions SAC as a promising option within the 

supplement market, particularly for products aimed at 

supporting intestinal health. 

 

Fig. 3 illustrates the Total Colitis Index, which assesses 

the severity of DSS-induced colitis in mice. The vehicle 

group exhibited the highest index, indicating severe 

ulcerative colitis symptoms (*p < 0.05). In contrast, 

minocycline treatment (#) significantly reduced the 

colitis index compared to the vehicle group, reflecting a 

lower severity of the disease. The SAC also 

demonstrated a decrease in the colitis index, although 

this reduction was less pronounced than that observed in 

the group 4. These results reflect the reduction in 

mucosal architectural abnormalities, ulcerations, crypt 

dilatation and loss, glandular distortion, and 

inflammatory infiltration, with the group 4 showing 

significant improvement (p<0.05) versus the group 2. 
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Fig. 3: Total colitis index at 9 days of treatment where: (-■-) at group1 Sham (no DSS); (-■-) group 2 Vehicle; (-

■-) group 3 with SAC (2000 mg/kg); (-■-) group 4 Minocycline (100 mg/kg). Unpaired Student's t-test *p<0.05, 

group 2 vs. group 1. One-way ANOVA followed by Dunnett's test #p<0.05, group 2 vs. group 3 and group 4. 

 

Histological changes of the colon in group 2, were 

characterized by multifocal to diffuse dropouts of whole 

crypts, moderate to severe transmural alteration of 

typical architecture, diffuse ulceration, altered crypt 

architecture, and multifocal to diffuse lesions, and 

mucosal to submucosal inflammatory cell infiltration of 

the colon compared to group 1 (p<0.05; unpaired 

Student's t-test), reflecting successful induction of 2.5% 

DSS-induced colitis in female C57BL/6 mice (Figure 4 

A-B).In Fig. 4A, colon tissue shows normal architecture 

with well-organized crypts and preserved mucosa. The 

epithelium is intact, representing a healthy, undamaged 

colon, typical of an untreated control group 1. The 

histological score is low (group 1. 0.38±0.38), indicating 

the absence of damage. In the colon of an animal treated 

with 2.5% DSS (Fig. 4B), clear signs of damage are 

observed, with moderate ulcerations and considerable 

infiltration of inflammatory cells (*) in the mucosa and 

submucosa. There is loss of normal crypt architecture 

and possible submucosal edema. The epithelium has 

been severely affected, and the elevated score (group 2. 

16.63±0.2) reflects significant damage. SAC treatment 

demonstrated a moderate effect (Fig. 4C). Inflammatory 

cells (*) were still present, extending into the submucosa, 

but ulceration and tissue damage were less severe than in 

the group treated with DSS alone. The crypt structure 

remained largely intact, though with some areas showing 

alterations. The histological damage score (group 3: 

14.38±1.03) indicates that SAC partially reduced the 

severity of inflammation. 

 

 

 
Fig. 4. A) Animal ID: 1-1 (100X, H&E) group 1, Sham (without DSS), normal, colon. group 1. 0.38±0.38 B) 

Animal ID: 2-1 (100X, H&E) group 2, Vehicle (2.5% DSS), 10 mL/kg, QD x 4, PO, moderate ulceration, and 

inflammatory cell infiltration (*), colon. group 2. 16.63±0.2. C) Animal ID: 3-1 (100X, H&E) group 3, SAC, 2000 
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mg/kg, QD x 4, PO, moderate inflammatory cells spreading to submucosa (*), colon. group 3. 14.38±1.03 D) 

Animal ID: 4-2 (100X, H&E) group 4, Minocycline, 100 mg/kg, QD x 4, PO, focal ulceration and cystic dilatation 

(*), colon. group 4. 12.13±1.51 

 

In contrast, minocycline treatment (Fig. 4D) had a more 

pronounced effect, though not entirely curative. Focal 

areas of ulceration (*) and cystic dilatations in the 

mucosa were observed, suggesting partial protection 

from damage. Cellular infiltration was less extensive 

compared to untreated DSS groups, and the overall 

architecture of the colon showed signs of partial repair. 

However, the damage was not completely reversed. 

 

The histological score (group 4: 12.13±1.51) reflects an 

improvement compared to the DSS group, though 

residual tissue damage remains evident. 

 

Salem & Wadie
[30]

 observed that high-dose niacin 

significantly reduced inflammation and preserved 

colonic tissue structure, showing less epithelial necrosis 

and moderate inflammatory infiltration, indicating a 

dose-dependent protective effect. In this study, both 

minocycline and SAC treatments demonstrated moderate 

protective effects. Minocycline reduced ulceration and 

inflammatory infiltration, though some side effects, such 

as cystic dilatation and residual tissue damage, were 

noted. SAC treatment also reduced cellular infiltration, 

but the colon's structural integrity was not fully restored. 

These findings are relevant to the development of new 

anti-inflammatory therapies for the treatment of colitis. 

 

Treatment with DSS caused a significant shortening of 

colon length compared to SAC and minocycline, as 

shown in Figure 5A. This effect was particularly marked 

in the group 2, where colon shortening was one of the 

most obvious signs of severe inflammation associated 

with DSS-induced colitis. 

 

Concordantly, the ratio of colon weight to colon length, a 

key marker of tissue edema, was also significantly higher 

in the DSS group 2 compared to the treated groups 3 and 

4, as seen in Figure 5C. The curcumin nanoparticle-

treated group 3 showed a significant reduction in this 

ratio compared to the vehicle group, indicating less fluid 

accumulation and a possible decrease in inflammatory 

edema. On the other hand, treatment with minocycline, 

considered as a positive control, showed the most 

remarkable results, with a 45% decrease in colon weight 

and a significant improvement in colon length, reflecting 

its potent anti-inflammatory action and its ability to 

preserve the structural integrity of colonic tissue (Figures 

5A-B). 

 

As for neutrophil infiltration, assessed through colonic 

MPO levels (a marker of inflammatory activity), a 

significant increase was observed in the DSS group 2 

compared to the healthy control group 1. However, 

treatment with SAC failed to significantly reduce MPO 

levels compared to the vehicle group (Figure 5D). This 

finding suggests that, although SAC contributed to 

improving some indicators of colonic inflammation and 

edema, its effect on overall inflammatory activity, as 

measured by MPO, was limited. In contrast, treatment 

with minocycline was more effective in reducing both 

inflammation and structural damage in the colon, which 

reinforces its therapeutic potential in models of colitis-

induced. 
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Fig. 5: Anti-inflammatory activity of SAC in vivo. A) Colon size, B) colon weight, C) colon weight to body weight 

ratio and D) MOP activity, where: (-■-) at group 1 Sham (without DSS); (-■-) group 2 Vehicle; (-■-) group 3 

with SAC (2000 mg/kg); (-■-) group 4 Minocycline (100 mg/kg) E) Representative photographs of the colon. 

Mean values ± SEM were determined, and one-way ANOVA followed by Dunnett's test was applied for 

comparison between vehicle and treated groups. Differences are considered significant at +p< 0.05, vs sham; *p< 

0.05, vs vehicle. 

 

UC is a type of IBD that causes symptoms such as 

diarrhea, abdominal pain, and blood in the stool. 

 

These findings suggest that curcumin acts not only as an 

anti-inflammatory, but also as a protective agent that 

improves the integrity of the colon and allows the 

recovery of body weight, which could be critical in the 

management of clinical symptoms of UC.
[21] 

 

4. CONCLUSION 

Treatment with turmeric-based dietary supplement 

(SAC) showed a moderate effect in mitigating the 

symptoms of DSS-induced colitis in mice. Although 

SAC did not reach the effectiveness of minocycline, it 

demonstrated a significant impact on reducing DAI by 

20%, colon weight, and preserving colon length 

compared to the control group. And improved 

parameters such as fecal consistency and the presence of 

occult blood, suggesting a therapeutic potential in the 

management of colitis. 

 

At the histological level, both SAC and minocycline 

reduced inflammatory infiltration and tissue damage, 

suggesting that SAC has anti-inflammatory properties. 

However, SAC did not significantly decrease MPO 

levels, indicating its limited ability to inhibit MPO 

activity compared to minocycline. While SAC shows 

promise in mitigating inflammation, its overall impact on 

MPO activity appears to be limited. 

 

Treatment with SAC offers a viable alternative to reduce 

the severity of colitis symptoms. Combining SAC with 

other therapeutic agents could be a promising strategy to 

enhance outcomes in future preclinical and clinical 

studies. 
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