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Abstract
While taurine is generally considered beneficial, excessive intake may be harmful 
under certain conditions. In this study, we examined the effects of dietary taurine 
on Wistar rats with ulcerative colitis (UC)—a chronic inflammatory disease—induced 
with 3% dextran sulfate sodium (DSS). Normal rats fed a 10% taurine diet served as 
the control group, and UC model rats were assigned to the DSS group (standard diet) 
or taurine-supplemented diets containing 1%, 5%, or 10% taurine (the 1 TAU, 5 TAU, 
or 10 TAU group). In parallel, primary peritoneal macrophages were stimulated with 
lipopolysaccharide (LPS) and/or taurine in vitro. Control rats gained more weight than 
all DSS-exposed groups and showed no colonic atrophy or increased inflammatory 
scores. Among DSS-exposed rats, the 10 TAU group was associated with the greatest 
body weight loss and the highest disease activity index, whereas colon length did not 
differ significantly on day 20. Histology revealed epithelial injury and inflammatory 
infiltration in DSS-exposed groups, with the most pronounced damage in the DSS 
and 10 TAU groups and comparatively milder injury in the 1 TAU and 5 TAU groups. 
Serum TNF-α was significantly elevated in the 5 TAU group and showed an increasing 
trend in the 10 TAU group. In vitro, taurine enhanced macrophage activation in an 
LPS-stimulated context. Overall, very high dietary taurine (10% w/w) was associated 
with pathological exacerbation and greater histopathologic severity, while 5% 
taurine showed intermediate, outcome-dependent effects rather than a uniform 
dose response.
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1. Introduction
Ulcerative colitis (UC) is a chronic and intractable disease characterized by symptoms 
such as abdominal pain, diarrhea, and hematochezia.1 The global prevalence of UC 
is steadily increasing, particularly in Europe and the United States.2 UC is marked 
by cycles of relapse and remission, imposing a significant psychological and physical 
burden on patients. At present, there is no definitive cure for UC, and patients require 
ongoing medical care, including regular hospital visits and laboratory monitoring. 
While environmental, genetic, and immunological factors have been implicated in the 
pathogenesis of UC, the precise mechanisms remain unclear.3 Among environmental 
factors, dietary habits play a critical role in disease development. In particular, high-
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carbohydrate and high-fat diets have been shown to 
disrupt the gut microbiota, thereby exacerbating UC 
symptoms.4,5 As a result, dietary recommendations for 
UC emphasize maintaining adequate caloric intake while 
avoiding excessive consumption of carbohydrates and fats. 
However, no standardized dietary therapy for UC has been 
established to date.

Taurine is synthesized from cysteine and methionine 
primarily in the liver and is one of the most abundant amino 
acids in the body.6 It is also found in high concentrations 
in meat and marine products, while being scarce in plant-
based foods.7 Taurine is known to exhibit antioxidant, anti-
inflammatory, and neuroprotective properties, contributing 
to the maintenance of overall health.8 However, some 
studies have reported potential adverse effects of taurine, 
including elevated blood pressure, an increased risk of 
atherosclerosis, and reduced platelet counts.9,10 As such, 
both beneficial and harmful effects of taurine have been 
reported, and its influence on specific diseases remains 
controversial. Several studies have also explored the 
relationship between taurine and the pathogenesis of UC. 
In mouse models of UC, taurine has been shown to bind 
to toll-like receptor 4 (TLR4) and exert anti-inflammatory 
effects by inhibiting the TLR4/nuclear factor kappa B (NF-
κB) signaling pathway.11 Furthermore, serum taurine levels 
have been reported to be significantly lower in UC patients 
than in healthy individuals, particularly during the active 
phase of the disease.12 These findings suggest that taurine 
may have therapeutic potential in the management of UC, 
based on its reported beneficial effects.

Animal studies are a valuable approach for investigating 
the effects of taurine on specific diseases. By adding defined 
amounts of taurine to animal feed or drinking water, its 
impact on pathological conditions can be assessed. For 
example, one study reported that supplementing the diet of 
obese C57BL/6 mice with 5% taurine by weight suppressed 
appetite and reduced visceral fat accumulation.13 Another 
study demonstrated that administering 1.5% taurine in 
the drinking water of middle-aged mice improved the 
function of bone, muscle, pancreas, brain, and adipose 
tissue, thereby extending healthy lifespan.14 In our previous 
research, we used a rat model of dextran sulfate sodium 
(DSS)-induced UC and administered specialized diets 
containing excess amounts of individual monosaccharides 
to evaluate their effects on disease progression.15

While various environmental factors can influence 
the outcomes of human studies, these variables are more 
tightly controlled in animal experiments, allowing for a 
more precise evaluation of the factor under investigation. 
Based on this background, we sought to determine whether 
taurine intake has a beneficial effect on the pathogenesis of 

experimental UC. In humans, taurine is rarely consumed 
in isolation, and its potential effects—either therapeutic 
or harmful—may be masked by interactions with other 
dietary components. In this study, we supplemented 
the diets of rats with DSS-induced UC with taurine and 
evaluated its impact on disease severity. Additionally, we 
cultured macrophages (MΦ) isolated from the peritoneal 
cavity of rats and monitored changes in their activity 
following taurine supplementation in the culture medium.

2. Materials and methods
2.1. Materials

Wild-type Wistar rats (WT, male, 10-week-old, each 
weighing 220–250 g) were purchased from Shimizu 
Laboratory Supplies Co., Ltd., Kyoto, Japan. Animals were 
acclimated for approximately 1 week before the experiment 
with free access to regular diets (MF, Oriental Yeast Co., 
Ltd., Tokyo, Japan) and water. During the experiments, 
animals were housed in individual sawdust-lined plastic 
cages under controlled temperature (22 °C) and humidity 
(60%) conditions, with day-night cycles regulated using 
artificial light (12/12 h). All animal experiments were 
conducted in accordance with the Animal Research: 
Reporting of In Vivo Experiments (ARRIVE) guidelines 
and were approved by the Animal Care and Use Committee 
of Kyoto Tachibana University (approval number: 23-04). 
In this experiment, the concentration of DSS was set at 
3%, and the administration period via drinking water 
was limited to 10 days to avoid excessive disease severity 
and prolonged animal suffering. The total experimental 
period lasted up to 20 days, during which the rats’ body 
weight and general condition were monitored daily. At 
the end of the study, animals were euthanized following 
intraperitoneal administration of an anesthetic mixture 
(0.375 mg/kg medetomidine, 2.0 mg/kg midazolam, and 
2.5 mg/kg butorphanol).16 Under anesthesia, blood was 
collected via cardiac puncture, after which the hearts were 
removed, and death was confirmed.

Taurine, DSS salts (molecular weight, 36,000–50,000), 
1 % eosin Y solution, and Escherichia coli O111:B4-
derived lipopolysaccharide (LPS) were purchased from 
Wako Pure Chemical Industries, Ltd. (Tokyo, Japan). 
Mayer’s hematoxylin solution was purchased from Muto 
Pure Chemicals Co., Ltd. (Tokyo, Japan). Anti-inducible 
nitric oxide synthase (iNOS) IgG, The PRO-PREPTM 
Protein Extraction Solution (Cell/Tissue), interleukin 
(IL)-6 PicoKineTM, and enzyme-linked immunosorbent 
assay (ELISA) kits for IL-1β, and tumor necrosis factor 
alpha (TNF-α) were purchased from Cosmo Bio Co., Ltd. 
(Tokyo, Japan). Tetramethylrhodamine (TRITC)-labeled 
anti-mouse IgG was purchased from Funakoshi Co., 

https://doi.org/10.36922/ITPS025400049


INNOSC Theranostics and INNOSC Theranostics and 
Pharmacological SciencesPharmacological Sciences High-dose taurine worsens ulcerative colitis

Volume 9 Issue 1 (2026)	 3� doi: 10.36922/ITPS025400049

Ltd. (Tokyo, Japan). VECTASHIELD Antifade Mounting 
Medium containing 4’,6-diamidino-2-phenylindole 
(DAPI) was purchased from Vector Laboratories, Inc. 
(Newark, CA, USA). Clinical thioglycolate medium 
E-MC17 was supplied by Eiken Chemical Co., Ltd. (Tokyo, 
Japan). TRIzol reagent, Maxima H Minus cDNA Synthesis 
Master Mix, PowerUp SYBR Green Master Mix for real-
time PCR, and all primers were purchased from Thermo 
Fisher Scientific (Waltham, MA, USA). A powder diet 
AIN-93G was purchased from Oriental Yeast Co., Ltd. All 
other reagents were purchased from Wakenyaku Co., Ltd. 
(Kyoto, Japan), Nacalai Tesque Co., Ltd. (Kyoto, Japan), 
and Bio-Rad Laboratories, Inc. (Hercules, CA, USA).

2.2. Protocol for animal experiments

WT rats were assigned to five groups (control, DSS, 1 TAU, 
5 TAU, and 10 TAU; n = 6 per group). The control group 
consisted of normal rats fed AIN-93G supplemented with 
10% w/w taurine without DSS exposure. The DSS group 
received standard AIN-93G, and the taurine groups 
(the 1 TAU, 5 TAU, and 10 TAU groups) received AIN-
93G supplemented with 1%, 5%, or 10% w/w taurine, 
respectively; these four groups were subjected to DSS to 
induce colitis. During the first 10 days of the experiment, 
all groups were allowed free access to their assigned diets. 
To induce experimental UC, distilled water was replaced 
with a 3% DSS solution from day 11 to day 20 in the DSS 
and TAU groups, whereas the control group continued 
to receive distilled water. Throughout the experimental 
period, body weight, remaining food, and remaining 3% 
DSS solution were recorded daily for each rat. Disease 
activity index (DAI) scores were calculated based on 
the criteria.17 To summarize the criteria concisely, we 
assigned a score from 0 to 4 based on weight loss, stool 
consistency, and the degree of bleeding. On day 20, rats 
were anesthetized, and blood samples (3 mL per rat) were 
collected via intracardiac puncture. The entire colon was 
promptly excised, and its length was measured. Tissues 
were then fixed in 10% formalin in 0.1 M phosphate buffer 
(pH 7.4) for histological analysis and paraffin embedding. 
Protein was extracted from the remaining unfixed tissues 
as described below.

2.3. Sample preparation for the protein assay

The large intestine removed from each experimental rat 
was weighed separately. Subsequently, 300 mg of each 
sample was incubated in 0.5 mL PRO-PREPTM Protein 
Extraction Solution (cell/tissue) for 20 min at −20 °C, 
followed by centrifugation (4 °C, 12,000 rpm, 10 min). The 
resulting supernatants were transferred into polycarbonate 
tubes (1.5 mL) and stored at −80 °C.

2.4. Microscopic observation of rectal tissues

The inflammatory condition of rectal tissue in each rat 
was examined under light microscopy. Tissue sections (3 
μm-thick) were prepared and stained with hematoxylin 
and eosin (H&E). Tissue damage was evaluated using 
histological severity (HIS) scores based on H & E 
staining, with the extent of damage assessed according to 
established criteria on a 0–14 scale.18 To summarize the 
criteria concisely, we assigned a score ranging from 0 to 
14 based on inflammation severity, inflammation extent, 
crypt damage, and percent involvement. Fluorescent 
immunohistochemical staining was performed using 
fluorescently labeled antibodies, as previously described.19 
To detect iNOS expression in rectal tissue, 3 μm-thick 
sections were incubated overnight at 4 °C in a humidified 
chamber with anti-iNOS IgG (5 μg/mL), followed by a 1-h 
incubation at room temperature with TRITC-labeled anti-
mouse IgG (5 μg/mL). Stained sections were mounted with 
VECTASHIELD® Antifade Mounting Medium containing 
DAPI, and images were acquired using a BIOREVO 
BZ-9000 microscope (Keyence Co., Ltd., Osaka, Japan). 
Scale bars (50 μm; green) were embedded in the images 
using the BZ-9000 imaging software.

2.5. Semi-quantitative analysis of iNOS-positive area

Semi-quantitative analysis of iNOS immunofluorescence 
was performed using ImageJ/Fiji (NIH). For each image, 
the region of interest (ROI) was defined as the tissue area, 
excluding slide background and annotations. The TRITC 
channel (iNOS) was separated, and an identical threshold 
was applied across all groups to segment iNOS-positive 
signals. The percentage of iNOS-positive area (% positive 
area) was calculated as the area of threshold-positive pixels 
divided by the total ROI area (excluding background) and 
expressed as a percentage. All images were acquired using 
identical microscope settings (objective, exposure time, 
gain, and illumination) and processed using the same 
analysis parameters.

2.6. ELISA

The levels of IL-6, IL-1β, and TNF-α in each sample were 
measured using ELISA kits (Cosmo Bio Co., Ltd, Japan), 
following the manufacturer’s protocols. The absorbance at 
450 nm was measured using an iMark™ microplate reader 
(Bio-Rad Laboratories, Inc.). The cytokine concentrations 
in the large intestine were determined by conversion per 
gram of tissue.

2.7. Analysis of rat serum using clinical chemistry 
assays

Twenty clinical chemistry assays in rat serum were 
submitted for analysis to the Nagahama Life Science 
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Laboratory, Oriental Yeast Co., Ltd. (Shiga, Japan). Equal 
volumes of serum samples from six rats per group were 
mixed to minimize individual differences. The assay 
was performed using JCA-BM6050 (JEOL Ltd., Tokyo, 
Japan) and included measurements of total protein (TP), 
albumin (ALB), blood glucose (GLU), blood urea nitrogen 
(BUN), creatinine (CRE), total bilirubin (T-Bil), uric 
acid (UA), iron (Fe), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), amylase (AMY), 
creatine kinase (CK), γ-glutamyl transpeptidase (γ-GT), 
cholinesterase (ChE), total cholesterol (T-CHO), 
triglyceride (TG), low-density lipoprotein cholesterol-
cholesterol (LDL-C), and high-density lipoprotein 
cholesterol-cholesterol (HDL-C).

2.8. Isolation of peritoneal MΦ from rats

Peritoneal MΦ from WT rats (n = 10) were isolated as 
previously described.20 MΦ elicitation was achieved by 
intraperitoneal injection of 10 mL of 4% thioglycolate 
in distilled water. After 3 days, the elicited MΦ were 
collected in a 50 mL plastic tube using 50 mM sterilized 
phosphate-buffered saline (PBS; buffer A). The tube was 
then centrifuged at 1,500 rpm for 5 min at 4 °C, and the 
supernatant was discarded. The cells were resuspended in 
17 mM Tris-HCl (pH 7.2) containing 0.83% NH4Cl to lyse 
contaminating erythrocytes, and incubated for 5 min at 37 
°C. After incubation, the cells were centrifuged again, the 
supernatant was discarded, and the remaining cells were 
resuspended in Roswell Park Memorial Institute (RPMI)-
1640 medium. A total of 2 × 106 cells were plated in each 
well of a six-well plate containing an appropriate volume of 
RPMI-1640 medium and incubated for 2 h in 5% CO2 at 37 
°C. After incubation, non-adherent cells were removed by 
washing the wells three times with buffer A, and adherent 
cells were further incubated in the same medium in 5% 
CO2 at 37 °C.

2.9. Activation of MΦ and confirmation of their 
immune response

The MΦ were thoroughly washed with buffer A, 
resuspended in RPMI-1640 medium supplemented with 
LPS and/or taurine, and stimulated for 1 or 2 h. The assay 
conditions were as follows:

(i)	 N: MΦ incubated in normal RPMI-1640 medium (no 
stimulation).

(ii)	 1h TAU: 10 μg/mL taurine was added to RPMI-1640 
medium, and cells were stimulated for 1 h.

(iii)	1h LPS: 10 μg/mL LPS was added to RPMI-1640 
medium, and cells were stimulated for 1 h.

(iv)	 1h LPS + TAU: Both 10 μg/mL LPS and 10 μg/mL 
taurine were added to RPMI-1640 medium, and cells 

were stimulated for 1 h.
(v)	 1h LPS → 1h N: After stimulation with 10 μg/mL 

LPS in RPMI-1640 medium for 1 h, the medium 
was replaced with normal RPMI-1640 medium and 
incubated for 1 h.

(vi)	 1h LPS → 1h TAU: After stimulation with 10 μg/mL 
LPS in RPMI-1640 medium for 1 h, the medium was 
replaced with RPMI-1640 medium containing 10 μg/
mL taurine, and cells were incubated for 1 h.

After stimulation under each condition, the MΦ 
were washed three times with buffer A, and mRNA was 
extracted from the cells using TRIzol™ reagent. cDNA 
was then synthesized from the extracted mRNA using the 
Maxima H Minus cDNA Synthesis Master Mix, following 
the manufacturer’s protocol.

2.10. Real-time PCR

Real-time polymerase chain reaction (PCR) was 
performed using the StepOnePlus Real-Time PCR System 
(Thermo Fisher Scientific) as previously described.19 The 
mRNA expression levels in each sample were corrected 
and compared with those of β-actin concentration 
as the reference gene in the same sample. The results 
were presented relative to the expression level of the 
target gene in the N condition of MΦ (ΔΔCT method). 
The primers used were as follows: IL-1β forward, 
5’-CACCTCTCAAGGAGAGCACAGA-3’, IL-1β reverse, 
5’-ACGGGTTCCATGGTGAAGTC-3’ (81 bp); IL-6 
forward, 5’-ATATGTTCTCAGGGAGATCTTGGAA-3’, 
IL-6 reverse, 5’-GTGCATCATCGCTGTTCATACA-3’ 
(80 bp); TNF-α forward, 
5’-GTGATCGGTCCCAACAAGGA-3’, TNF-α reverse, 
5’-AGGGTCTGGGCCATGGAA-3’ (71 bp); iNOS forward, 
5’-GACCAGAAACTGTCTCACCTG-3’, iNOS reverse, 
5’-CGAACATCGAACGTCTCACA-3’ (137 bp), and β-act 
forward, 5’-TGTGTTGTCCCTGTATGCCTCTG-3’, β-act 
reverse, 5’-ATAGATGGGCACAGTGTGGGTG-3′ (85 
bp).

2.11. Statistical analysis

Data are presented as mean ± standard deviation (SD). For 
comparisons among multiple groups, one-way analysis of 
variance (ANOVA) was performed first to test for an overall 
group effect. When the ANOVA was significant, Dunnett’s 
post-hoc test was applied to compare each treatment group 
with the control group. For outcomes measured over time, a 
repeated-measures ANOVA (or mixed-effects model) was 
used as appropriate, followed by Dunnett’s test for multiple 
comparisons against the DSS group (animal experiments) 
or 1 TAU condition (MΦ experiments). All experiments 
were repeated five times. Statistical significance was set at 
p < 0.05.
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3. Results
3.1. Diet and fluid consumption

We measured daily intake of the diet and drinking fluid 
during days 11–20, and calculated the average values. There 
was little difference in diet consumption between groups 
with and without taurine supplementation (Figure 1A). 
Similarly, no significant difference in fluid consumption 
was observed between any of the groups (Figure 1B).

3.2. Changes in body weight and DAI scores

Body weight and DAI scores were recorded daily 
throughout the experimental period. There were no 
significant differences in weight gain among the groups 
up to day 10 (Figure 2A). After day 10, body weight on 
days 13–20 was significantly lower in the DSS and taurine 
groups than in the control group (Figure 2A). Rats in the 
DSS and 1 TAU groups exhibited a gradual weight loss 
(Figure 2A). In contrast, body weight change suggested 

Figure 1. Consumption of feed and drinking fluid. (A) Feed consumption during days 11–20. The y-axis represents daily feed intake (g). (B) Drinking fluid 
consumption during the days 11–20. The y-axis represents daily drinking fluid intake (mL). The control group consumed distilled water, while the other 
four groups consumed 3% DSS. Data are presented as mean ± standard deviation (SD). Experimental conditions and color codings are defined as follows: 
Control group (gray), normal rats fed AIN-93G supplemented with 10% w/w taurine without DSS exposure; DSS group (orange), DSS-induced colitis rats 
fed standard AIN-93G; 1 TAU group (light blue), DSS-induced colitis rats fed AIN-93G supplemented with 1% w/w taurine; 5 TAU group (dark blue), 
DSS-induced colitis rats fed AIN-93G supplemented with 5% w/w taurine; 10 TAU group (purple), DSS-induced colitis rats fed AIN-93G supplemented 
with 10% w/w taurine. n = 6 per group. No significant differences were observed among groups in feed consumption (A; one-way ANOVA, F(4,25) = 0.73, 
p = 0.58) or fluid consumption during days 11–20 (B; one-way ANOVA, F(4,25) = 1.12, p = 0.37).

Figure 2. Changes in body weight and disease activity index (DAI) scores. (A) The y-axis indicates the percentage change in body weight. The weight on 
day 10 was set as the baseline (0%). (B) DAI scores were assessed based on previously established criteria.17 The y-axis shows DAI scores. The x-axes in 
both graphs represent days since the start of the experiment. Data are presented as mean ± standard deviation (SD). Refer to the legend in Figure 1 for the 
experimental conditions and color coding of each group. n = 6 per group. *p < 0.05 (The DSS group vs the control, 5 TAU, or 10 TAU groups in graph A. 
The DSS group vs the control or 10 TAU groups in graph B). One-way ANOVA revealed significant differences among groups in body weight change (A; 
F(4,25) = 3.21, p = 0.029) and DAI (B; F(4,25) = 2.98, p = 0.038). 
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the most pronounced deterioration in the 10 TAU group, 
whereas the 5 TAU group showed a more modest pattern 
that did not reach the reduction observed in the 10 TAU 
group (Figure 2A). DAI scores were assessed based on the 
criteria.17 Rats in the 10 TAU group displayed significantly 
higher DAI scores compared to the other four groups 
(Figure 2B).

3.3. Changes in rat colon lengths

Colon length was measured on day 20. Although the 
colon of the control group maintained a slightly longer 
length, there were no apparent visual differences in colon 
length among the DSS and taurine groups (Figure 3A). 
Consistently, mean colon length did not differ significantly 
in any DSS-exposed group (DSS, 1 TAU, 5 TAU, or 10 
TAU) compared with the control group (Figure 3B).

3.4. Microscopic observation and evaluation of 
colonic inflammation

H & E staining and fluorescent immunohistochemical 
staining were performed to evaluate colonic mucosal 
injury and MΦ activation. Compared with the control 
group, the DSS group already exhibited marked colitis, 
establishing a strong disease baseline (Figure 4A). Among 
DSS-treated groups, representative H & E images suggested 
comparatively milder mucosal damage in the 1 TAU and 5 
TAU groups, whereas the 10 TAU group showed epithelial 
injury and inflammatory infiltration that were comparable 
in severity to the DSS group (Figure 4A). In fluorescent 
immunohistochemical staining, iNOS immunoreactivity 
was minimal in the control group and was detectable in 
DSS-exposed groups (Figure 4B). Semi-quantitative image 
analysis demonstrated group-dependent differences in % 
iNOS-positive area (Figure 4C). Compared with the DSS 
group, the 10 TAU group showed generally equivalent 
iNOS expression rates, whereas 1 TAU and 5 TAU showed 
lower values (Figure 4C). HIS was evaluated on day 20 
according to established criteria.18 Compared with the 
control group, DSS exposure groups all exhibited increased 
HIS (Figure 4D). HIS was similarly high in the DSS and 10 
TAU groups, whereas lower values were observed in the 1 
TAU and 5 TAU groups (Figure 4D).

3.5. Evaluation of serum inflammatory cytokines

Serum TNF-α levels were significantly elevated in the 5 
TAU group compared with the DSS group and tended to 
be increased in the 10 TAU group (Figure 5B). In contrast, 
serum IL-6 and IL-1β levels did not differ significantly 
among DSS-treated groups (Figure 5C,D).

3.6. Cytokine concentrations in colon tissues

ELISA was performed to quantify the levels of three 
inflammatory cytokines in colon tissue from all four 
groups. Compared with the DSS group, colonic TNF-α 
and IL-6 levels were slightly higher in the 5 TAU and 10 
TAU groups; however, the difference was not statistically 

significant (Figure 6A,B). Similarly, colonic IL-1β levels 
were slightly higher in the 5 TAU group, but the differences 
were also not significant (Figure 6C).

3.7. Clinical chemistry parameters in rat serum

Twenty clinical chemistry parameters were measured 
in the serum of the experimental rats. Serum ALB and 
T-CHO, indices of nutritional status, were slightly lower 
in the 10 TAU group than other groups, whereas AST, 
ALT, and LDH, indices of liver damage, were higher in the 
10 TAU group (Table 1). BUN and CRE, indices of renal 
damage, were slightly increased in the 1 TAU and 5 TAU 
groups. Interestingly, CK, a marker of muscle damage, was 
also increased in the 10 TAU group (Table 1).

Table 1. Results of rat serum clinical chemistry analysis for 
each group

Control DSS 1 TAU 5 TAU 10 TAU 

TP (g/dL) 6.4 6.0 6.1 6.2 5.4

ALB (g/dL) 4.5 4.1 4.1 4.2 3.5

GLU (mg/dL) 164 204 197 242 161

BUN (mg/dL) 15.4 16.8 22.2 20.8 22

CRE (mg/dL) 0.28 0.38 0.47 0.45 0.4

T-BIL (mg/dL) 0.05 0.04 0.04 0.04 0.05

UA (mg/dL) 1.6 1.5 2.2 2.8 1.1

Fe (μg/dL) 276 187 185 194 256

AST (IU/L) 92 98 92 112 133

ALT (IU/L) 32 29 25 28 34

ALP (IU/L) 101 116 151 148 102

LDH (IU/L) 462 593 391 528 769

CK (IU/L) 759 813 496 702 1259

ChE (IU/L) 6 6 7 10 6

AMY (IU/L) 1325 2036 1844 1655 1115

r-GT (IU/L) <3 <3 <3 <3 <3

T-CHO (mg/dL) 66 74 67 81 70

TG (mg/dL) 47 122 66 80 57

LDL-C (mg/dL) 7 8 8 10 10

HDL-C (mg/dL) 29 28 25 30 23

Notes: Control group: rats fed standard powdered diet (AIN-93G); DSS 
group: rats fed standard AIN-93G; 1 TAU group: rats fed AIN-93G 
containing 1% w/w taurine; 5 TAU group: rats fed AIN-93G containing 
5% w/w taurine; 10 TAU group: rats fed AIN-93G containing 10% w/w 
taurine.   
Abbreviations: ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine 
aminotransferase; AMY: Amylase; AST: Aspartate aminotransferase; 
BUN: Blood urea nitrogen; ChE: Cholinesterase; CK: Creatine kinase; 
CRE: Creatinine; Fe: Iron; GLU: Glucose; LDH: Lactate dehydrogenase; 
HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density 
lipoprotein-cholesterol; T-Bil: Total bilirubin; T-CHO: Total 
cholesterol; TG: Triglycerides; TP: Total protein; UA: Uric acid; γ-GT: 
γ-glutamyltranspeptidase.
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Figure 3. Changes in rat colon length. (A) Representative images of colon tissues from the control, DSS, 1 TAU, 5 TAU, and 10 TAU groups. (B) The y-axis 
shows colon length (cm) in the control, DSS, 1 TAU, 5 TAU, and 10 TAU groups. Data are presented as mean ± standard deviation (SD). Refer to the legend 
in Figure 1 for the experimental conditions and color coding of each group. *p < 0.05 (The DSS group vs the control group). n = 6 per group. One-way 
ANOVA shows a modest but significant group effect in graph B (F(4,25) = 2.86, p = 0.044).

Figure 4. Histological and immunofluorescent assessment of colonic tissues. (A) Representative H & E-stained microscopic images of colonic tissues from 
the Control, DSS, 1 TAU, 5 TAU, and 10 TAU groups (from left to right). (B) Representative fluorescent immunohistochemical staining images showing 
activated macrophages (MΦ) in colonic tissues. iNOS on MΦ was labeled with the red fluorescent dye tetramethylrhodamine (TRITC), and nuclei were 
stained with the blue fluorescent dye 4’,6-diamidino-2-phenylindole (DAPI). All images were acquired using a BIOREVO BZ-9000 microscope (Keyence 
Co., Ltd., Osaka, Japan) at ×200 (H & E-stained images) or ×100 (FICS images) magnification. Scale bars (green) = 50 μm. (C) Semi-quantitative analysis of 
iNOS signals expressed as % iNOS-positive area based on fluorescent immunohistochemical staining images, quantified using Fiji/ImageJ under identical 
acquisition and thresholding conditions across groups. (D) HIS on day 20 after the start of the experiment, assessed according to the criteria.18 The y-axis 
indicates the HIS for each group. Data are presented as mean ± standard deviation (SD). Refer to the legend in Figure 1 for the experimental conditions 
and color coding of each group. n = 6 per group. *p < 0.05 (The DSS group vs the control, 1 TAU, or 5 TAU groups in graph C. The DSS group vs the control 
group in graph D). One-way ANOVA indicates significant differences among groups in graphs C (F(4,25) = 3.47, p = 0.022) and D (F(4,25) = 2.79, p = 
0.047). 
Abbreviations: H&E: Hematoxylin and eosin; iNOS: Inducible nitric oxide synthase.
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Figure 5. Serum cytokine levels measured by ELISA. (A–C) Serum concentrations of TNF-α, IL-6, and IL-1β (pg/mL) measured by ELISA, respectively. 
Data are presented as mean ± standard deviation (SD). Refer to the legend in Figure 1 for the experimental conditions and color coding of each group. n = 6 
per group. *p < 0.05 (The DSS group vs the control or 5 TAU groups in graph A. The DSS group vs the control group in graphs B and C). One-way ANOVA 
shows significant group effects in graphs A (F(4,25) = 3.18, p = 0.030), B (F(4,25) = 2.77, p = 0.048), and C (F(4,25) = 2.93, p = 0.040). 
Abbreviations: IL: Interleukin; TNF-α: Tumor necrosis factor alpha.

Figure 6. Levels of colonic TNF-α, IL-6, and IL-1β measured by ELISA. The y-axis indicates the concentrations (pg/mL) of colonic cytokines per 1.0 
g of colon tissue, as determined by ELISA. Data are presented as mean ± standard deviation (SD). Refer to the legend in Figure 1 for the experimental 
conditions and color coding of each group. n = 6 per group. No significant differences were detected among groups in graphs A–C (one-way ANOVA: A, 
F(4,25) = 1.23, p = 0.32; B, F(4,25) = 0.96, p = 0.44; C, F(4,25) = 0.71, p = 0.59). 
Abbreviations: IL: Interleukin; TNF-α: Tumor necrosis factor alpha.
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3.8. iNOS expression in MΦ

The effect of taurine on iNOS activity in rat peritoneal 
MΦ was examined by fluorescent immunohistochemical 
staining. A slight induction of iNOS expression was 
observed under the N and 1h TAU conditions (Figure 
7A,B,G), while the iNOS-positive rate was further 
increased under the 1h LPS condition (Figure 7C,G). In 
addition, the iNOS expression level under the 1h LPS → 
1h N condition was similar to that observed under the N 
condition (Figure 7A,D,G). Interestingly, iNOS expression 
was further elevated under the 1h LPS + TAU condition 
compared to LPS stimulation alone (Figure 7C–E,G). 
Furthermore, iNOS expression was markedly higher in the 
1h LPS → 1h TAU condition compared to the 1h LPS → 1h 
N condition (Figure 7D,F,G).

3.9. iNOS and inflammatory cytokine mRNA 
expression in MΦ

The expression levels of iNOS and inflammatory cytokine 
mRNAs in MΦ were evaluated using real-time PCR. iNOS 
expression was significantly elevated under the 1h LPS 
→ 1h TAU condition compared to all other conditions 

(Figure 8A). TNF-α expression was significantly increased 
under both the 1h LPS + TAU and 1h LPS → 1h TAU 
conditions compared to the other conditions (Figure 8B). 
IL-6 expression also showed a significant increase under 
the 1h LPS + TAU and 1h LPS → 1h TAU conditions 
(Figure 8C). Similarly, IL-1β expression was significantly 
higher under the 1h LPS + TAU and 1h LPS → 1h TAU 
conditions than under the other three conditions (Figure 
8D). Notably, the sequential exposure paradigm (1h LPS 
→ 1h TAU) consistently produced stronger induction 
of iNOS, TNF-α, and IL-1β than co-exposure (1h LPS + 
TAU) (Figure 8A,B,D).

4. Discussion
In this study, we investigated the impact of taurine-
containing diets on the pathogenesis of UC using a DSS-
induced rat model. We chose 1%, 5%, and 10% taurine 
(w/w) to directly compare a putatively tolerable intake 
level with higher exposures. Based on food-intake–derived 
conversion, these correspond to approximately 5.6 g/day 
(1 TAU), 27.5 g/day (5 TAU), and 56.8 g/day (10 TAU) 
in humans. Importantly, the 1% dose approximates the 
observed safe level of 6 g/person/day (around 100 mg/

Figure 7. Microscopic fluorescent immunohistochemical staining images showing inducible nitric oxide synthase (iNOS) expression in macrophages. 
iNOS was detected using tetramethylrhodamine (TRITC)-conjugated antibodies (red), and nuclei were counterstained with DAPI (blue). Panels show 
representative images from each condition: (A) N, (B) 1h TAU, (C) 1h LPS, (D) 1h LPS → 1h N, (E) 1h LPS + TAU, and (F) 1h LPS → 1h TAU. Images 
were acquired using a BIOREVO BZ-9000 microscope (Keyence Co., Ltd., Osaka, Japan) at 400× magnification. Scale bars (green) = 50 μm. (G) Semi-
quantitative analysis of iNOS signals expressed as iNOS-positive area based on fluorescent immunohistochemical staining images, quantified using Fiji/
ImageJ under identical acquisition and thresholding conditions across groups. Data are presented as mean ± standard deviation (SD). Experimental 
conditions and color codings are defined as follows: N (white), incubated in normal medium for 1 h; 1h TAU (gray), incubated in 10 μg/mL taurine 
containing medium for 1 h; 1h LPS (orange), incubated in 10 μg/mL LPS containing medium for 1 h; 1h LPS → 1h N (light blue), incubated in medium 
containing 10 μg/mL LPS for 1 h followed by 1 h incubation in normal medium; 1h LPS + TAU (dark blue), incubated in both 10 μg/mL LPS and 10 μg/
mL taurine containing medium for 1 h; 1h LPS → 1h TAU (purple), incubated in medium containing 10 μg/mL LPS for 1 h followed by 1 h incubation in 
10 μg/mL taurine containing medium. *p < 0.05 (1h TAU condition vs 1h LPS, 1h LPS → 1h N, 1h LPS + TAU, or 1h LPS → 1h TAU conditions). One-way 
ANOVA reveals a significant effect of stimulation condition in graph G (F(4,20) = 2.63, p = 0.048). 
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kg/day) reported by the European Food Safety Authority, 
whereas 10% represents an intentionally high exposure 
used to test whether excessive taurine intake could be 
detrimental under active colitis.21 We acknowledge that 
intermediate doses (e.g., 2–3% w/w) were not tested in 
this study; thus, the precise inflection point between 
neutral and adverse effects cannot be defined here. Future 
studies using finer dose increments around the clinically 
relevant range will be needed to identify a more accurate 
threshold for proinflammatory effects. Colon length was 
evaluated only at the end of the 20-day protocol. While 
colon shortening is a commonly used gross marker in 
DSS colitis, it can reflect not only acute edema and muscle 
tone but also time-dependent remodeling. Therefore, the 
current 20-day window may have limited our ability to 
resolve differences in colon length among DSS-exposed 
groups. Extending the duration of observation and/
or adding additional time points may help determine 
whether dietary taurine influences the trajectory of colon 
shortening over a longer course. The DAI and HIS scores 
are widely adopted as standard assessment tools for DSS 
colitis.22 By evaluating these indexes, they provide a robust 
and multifaceted means of determining the severity of 
colitis. Then, to address baseline safety, we included a 
taurine-only control (10% taurine without DSS, the control 

group), which enabled evaluation of high-dose taurine in 
the absence of colitis. Notably, rats in this control group 
did not exhibit a colitis-like phenotype, supporting the 
interpretation that the detrimental outcomes observed in 
DSS-exposed animals reflect context-dependent effects 
rather than nonspecific taurine toxicity. In addition, our 
data suggest that taurine’s impact is strongly dependent 
on the inflammatory milieu. Because 3% DSS produced 
a robust inflammatory baseline, the DSS group already 
showed severe colitis; under this context, 10% taurine 
resulted in a similarly severe phenotype, indicating no 
protective effect and a tendency toward a worse clinical 
course in some readouts. Together, these findings support 
a context-dependent interaction between excessive taurine 
intake and ongoing colonic inflammation. Regarding 
dose–response, our data do not support a simple linear 
gradient across all readouts. Instead, the 5 TAU group 
showed an intermediate/partial phenotype—most evident 
as enhanced body weight loss—whereas the clearest and 
most consistent aggravation of overall disease severity was 
observed in the 10 TAU group, including markedly higher 
DAI and more severe histologic injury. Thus, our findings 
are best interpreted as dose- and readout-dependent, 
with a threshold-like deterioration becoming apparent at 
very high dietary taurine (10% w/w) under DSS-induced 

Figure 8. mRNA expression of inducible nitric oxide synthase (iNOS) and inflammatory cytokines in macrophages. Panels (A) to (D) show the mRNA 
expression levels of iNOS, TNF-α, IL-6, and IL-1β, respectively. The y-axis indicates the expression level relative to that of macrophages under 1h N 
condition, which is set as 1. Data are presented as mean ± standard deviation (SD). Refer to the legend in Figure 7 for the color coding of each stimulus 
condition. *p < 0.05 (1h TAU condition vs 1h LPS → 1h TAU condition in graph A; 1h TAU condition vs 1h LPS + TAU or 1h LPS → 1h TAU conditions in 
graphs B–D). One-way ANOVA shows significant effects of stimulation condition in graphs A–D (A, F(4,20) = 2.95, p = 0.045; B, F(4,20) = 3.21, p = 0.034; 
C, F(4,20) = 2.86, p = 0.049; D, F(4,20) = 3.08, p = 0.039).
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inflammation. A previous report demonstrated that oral 
taurine administration significantly improved weight loss, 
diarrhea, intestinal shortening, and inflammatory markers 
in a DSS-induced mouse model of UC.23 Thus, while 
taurine has been reported to exert anti-oxidant and anti-
inflammatory effects and is generally considered beneficial 
in UC, our findings suggest a contrasting mechanism 
under high-dose conditions. 

Potential reasons for the discrepant effects across studies 
include differences in (i) dose and exposure level, (ii) species 
(mouse vs rat), and (iii) route/formulation (drinking water 
vs diet). First, the dose-dependent proinflammatory effect 
contrasts with earlier studies conducted under low-dose 
condition, highlighting the importance of considering both 
disease context and dosage in nutritional interventions. 
Indeed, taurine concentrations in previous animal studies 
involving UC typically ranged around 2%,23,24 whereas 
our 5–10 w/w % dietary taurine represents a markedly 
higher intake that may alter epithelial barrier function, 
thereby modifying host–microbe interactions during 
active colitis. Second, DSS susceptibility and sulfur–amino 
acid handling can differ between mice and rats, and the 
inflammatory “baseline” induced by DSS may therefore 
interact differently with taurine across species.25,26 Third, 
taurine delivered via drinking water can lead to variable 
daily intake depending on fluid consumption (which itself 
changes during DSS colitis), whereas diet supplementation 
provides a more constant exposure relative to food 
intake; additionally, water-based administration may 
preferentially reflect short-term luminal exposure while 
diet-based administration may better model sustained 
whole-diet intake.27,28 Collectively, these factors provide 
plausible explanations for why lower-dose taurine 
regimens—particularly in mouse studies and/or water-
based delivery—have been reported as protective, while 
a very high taurine load in our rat diet model was not 
protective and tended to worsen clinical readouts under a 
robust DSS inflammatory background.

Taurine at approximately 5% of the diet has been 
used in many studies aimed at treating obesity and 
hypercholesterolemia.29, 30 In summary, taurine is 
commonly used at around 2% in models of inflammation 
and intestinal disease, while higher doses (>5%) have 
been applied in studies of metabolic disorders, aging, 
and oxidative stress. Although typical clinical or dietary 
exposure to taurine is considered modest and is generally 
discussed within a range corresponding to low-to-moderate 
supplementation (often cited as roughly 2% and rarely 
exceeding 5% in experimental diet equivalents), the 10% 
taurine condition in this study was intentionally designed 
to model an extreme exposure scenario. Importantly, 

the clinical implication is not that routine taurine use is 
uniformly harmful, but that taurine’s impact on colitis 
may be dose- and context-dependent. An excessive 
exposure could occur under specific circumstances, such 
as unsupervised dose escalation of over-the-counter 
supplements or energy drinks (including concurrent use 
of multiple taurine-containing products), and continued 
high intake during active intestinal inflammation when 
barrier disruption and exposure to microbial products are 
heightened.31,32 In addition, formulation-driven regimens 
(e.g., highly concentrated nutritional protocols or 
experimental diets) may increase the relative contribution 
of taurine to total intake. Therefore, our findings highlight 
the need to define a safety margin for taurine intake 
specifically under inflammatory conditions and to exercise 
caution with excessive use during active colitis.

Serum and colonic cytokines were both measured at 
the terminal time point (day 20), but they reflect different 
types of information. Serum cytokines represent the overall 
inflammatory signal circulating in the body, whereas 
cytokines measured from whole-colon homogenates are 
an average across the entire colon and may dilute focal 
mucosal “hot spots” of inflammation. Because we assessed 
cytokines only at day 20, we could not track how cytokines 
changed over time during DSS exposure (e.g., early vs. late 
phases), which should be examined in future studies. At 
least, serum TNF-α significantly increased in the 5 TAU 
group and tended to increase in the 10 TAU group. This 
pattern may reflect a modest systemic inflammatory 
response during DSS colitis under taurine supplementation, 
even when endpoint tissue cytokine levels do not show 
parallel significant changes. We note that serum indicators 
such as liver (AST, ALT, and CK) and kidney (BUN and 
CRE) injury markers were altered especially in the 10 TAU 
group, which may reflect systemic stress and/or extra-
intestinal effects at very high taurine intake. Although 
direct evidence linking altered renal handling of excess 
taurine to worsening colitis is limited, the kidney is a key 
regulator of taurine homeostasis, and gut–kidney cross-talk 
could plausibly contribute to systemic inflammation under 
extreme exposure. While previous studies have reported 
that excessive taurine intake can lead to neurotoxicity and 
hematological disorders,33,34 our data indicate that multi-
organ involvement may also occur. Reports addressing 
the pathological effects of excessive taurine intake during 
active intestinal inflammation are rare, making this study 
highly significant. Because we did not collect liver, kidney, 
or skeletal muscle tissues, we could not histologically verify 
organ injury, and thus these findings should be interpreted 
cautiously. Future studies including organ histopathology 
and renal/hepatic functional assessments will be needed to 
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determine whether off-target effects contribute indirectly 
to colitis severity.

The combination of LPS and taurine appears to activate 
peritoneal MΦ, as indicated by increased iNOS expression 
and elevated mRNA levels of inflammatory cytokines (IL-
1β, TNF-α, and IL-6). Interestingly, stimulation with taurine 
alone did not activate MΦ, suggesting that its interaction 
with LPS was crucial for exacerbating inflammation. 
iNOS is widely used as a marker of classically activated 
(M1-like) macrophages in inflammatory settings.35 
Therefore, the increased iNOS-based readouts (tissue 
iNOS immunofluorescence and in vitro induction of 
iNOS/pro-inflammatory cytokines) support a shift toward 
a pro-inflammatory MΦ activation state under excessive 
taurine exposure; however, definitive M1/M2 polarization 
profiling will require multiparametric approaches such 
as flow cytometry in future studies. The effects of taurine 
on MΦ remain controversial. One hypothesis suggests 
that taurine inhibits M1 polarization, typically associated 
with proinflammatory activation, when added to cultured 
MΦ.36 Another study reported that taurine reduced NF-κB 
activity in MΦ and suppressed inflammation-related 
signaling pathways.37 Globally, few studies have closely 
examined the interaction between taurine and macrophage 
activation. From the limited data available, it seems that 
low concentrations of taurine help modulate MΦ activity, 
potentially promoting M1-to-M2 repolarization. This 
may involve regulatory pathways such as NF-κB, STAT1/6 
signaling, and mitochondrial homeostasis through 
mitophagy. Furthermore, taurine’s antioxidant and 
osmoprotective properties may contribute to stabilizing 
the intracellular environment of MΦ, thereby preventing 
apoptosis and limiting proinflammatory metabolic shifts. 
However, little attention has been paid to the possibility 
that excessive taurine could induce abnormal MΦ activity. 
Notably, our findings suggest that high-dose taurine, 
particularly when combined with MΦ activators such as 
LPS, may enhance proinflammatory responses. Although 
neutrophils, T cells, and other immune populations are 
also important to UC pathogenesis, the present study 
focused on MΦ-related readouts because iNOS-positive 
MΦ signals were observed in colonic tissue and taurine 
potentiated activation of freshly isolated primary MΦ in 
vitro. These in vitro findings support a direct pro-activating 
effect of taurine on MΦ under an LPS-stimulated 
inflammatory context. Nevertheless, taurine may also act 
indirectly in vivo through modulation of epithelial barrier 
function and/or microbiota-derived metabolites, and the 
current study did not employ MΦ-targeted loss-of-function 
approaches (e.g., MΦ depletion or MΦ-specific knockout/
knockdown). Therefore, our data support an association 
between high-dose taurine exposure and MΦ activation 

signals, while definitive causal attribution will require 
future MΦ-specific mechanistic studies. An additional 
insight from our in vitro experiments is the apparent 
importance of exposure sequence. MΦ activation was most 
pronounced when taurine was applied after LPS priming 
(1h LPS → 1h TAU), whereas co-treatment with LPS and 
taurine (1h LPS + TAU) produced a comparatively smaller 
response. This pattern is consistent with a model in which 
taurine acts as an enhancer of innate immune signaling 
once TLR4-driven pathways have been initiated. Given 
that LPS activates MΦ through TLR4 and downstream 
NF-κB signaling, one plausible interpretation is that 
excessive taurine augments the magnitude or persistence 
of this signaling cascade under inflammatory conditions 
rather than initiating it de novo. In the DSS model, taurine 
intake and DSS administration are concurrent by design, 
which was intended to mimic dietary taurine consumption 
during ongoing barrier disruption and exposure to 
microbial products. Under such conditions, MΦ in vivo are 
likely repeatedly “primed” by luminal and inflammatory 
cues; therefore, the post-priming effect observed in vitro 
may still be relevant even without an explicit pre-feeding 
phase. Nevertheless, we acknowledge that prophylactic 
versus post-induction taurine exposure could yield 
different outcomes and may contribute to the non-uniform 
patterns observed across in vivo readouts. 

Further studies are needed to determine the optimal 
taurine dosage and duration, to explore its effects on other 
immune cells (e.g., T cells, neutrophils), and to investigate 
its interactions with the gut microbiota. In particular, the 
impact of taurine on the intestinal microbiota is of great 
importance, as it is directly linked to the pathogenesis of 
UC. Emerging evidence indicates that taurine can shape 
the gut microbial ecosystem and interact with bile acid 
metabolism.38,39 Taurine is a major conjugating moiety 
of bile acids, and microbial bile salt hydrolase–mediated 
deconjugation can alter both bile acid pools and luminal 
taurine availability, thereby influencing microbial 
composition and host inflammatory tone.38,39 Although 
gut microbiota was not assessed in the present study, these 
taurine–bile acid–microbiota interactions may represent 
an additional, testable axis through which excessive 
taurine could modulate colitis severity under barrier-
disrupted conditions. Another study reported that taurine 
supplementation reorganized the intestinal microbiota by 
increasing Lactobacillus abundance, altering the bile acid 
profile in feces, and restoring intestinal homeostasis.40 In 
contrast, another study found that taurine is minimally 
degraded under anaerobic conditions and does not 
significantly affect microbiota composition, diversity, or 
short-chain fatty acid production.41 Taurine is known to 
conjugate with bile acids (e.g., taurocholic acid) and is 
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secreted into the intestine.42 Gut microbes possess bile 
salt hydrolases that deconjugate these bile acids, releasing 
free taurine. Certain bacterial species can utilize taurine 
as a respiratory substrate, leading to sulfide production 
and energy acquisition.32 These findings demonstrate that 
taurine intake is mechanistically intertwined with gut 
microbial activity. Taurine appears to play a multifaceted 
role in gut health through its interactions with microbial 
metabolism, immune modulation, and epithelial barrier 
integrity. However, its effects are highly dependent on both 
microbial context and host conditions. Epidemiological 
studies evaluating the relationship between dietary taurine 
intake and UC activity in humans could provide valuable 
insights into its clinical relevance. 

The limitation of this study is that taurine exposure 
was evaluated only within an acute DSS colitis protocol, 
and thus the long-term safety of low-dose taurine (e.g., 
1% w/w) and the possibility of cumulative effects cannot 
be determined. In addition, because we did not include 
a recovery/withdrawal phase, it remains unclear whether 
discontinuation of taurine would attenuate disease severity 
after DSS-induced inflammation, which should be addressed 
in future longitudinal studies. Another limitation is that 
we did not directly assess epithelial cell-death signaling 
pathways by Western blotting (e.g., TLR4/NF-κB, cleaved 
caspase-3, GSDMD cleavage, or MLKL phosphorylation); 
therefore, our data support an association between high-
dose taurine and worsened DSS colitis outcomes but do not 
establish a specific mechanistic pathway. Further in vitro 
investigations, including pathways other than cell death, 
are considered necessary for our research. In the present 
study, we examined the effects of taurine in a rat model of 
UC and demonstrated its pathological consequences when 
consumed in excess. A major strength of this research lies 
in its comprehensive approach, which investigated both 
in vivo and in vitro effects of high-dose taurine. Moving 
forward, it is essential to identify the appropriate taurine 
intake level that maximizes its therapeutic potential while 
minimizing toxicity. Through continued investigation, 
we aim to establish dietary guidelines and therapeutic 
strategies incorporating taurine for UC management, 
ultimately contributing to the improvement of patient 
outcomes.

5. Conclusion
Our findings demonstrate that excessive taurine intake 
exacerbates the severity of UC in DSS-induced rat 
models, likely through MΦ activation and the subsequent 
up-regulation of inflammatory cytokines. Although 

taurine is widely recognized for its anti-oxidant and anti-
inflammatory properties, these effects may be reversed in 
inflammatory conditions when administered at high doses. 
These results suggest a dose-dependent duality in taurine’s 
immunomodulatory role and underscore the importance 
of carefully evaluating its use in dietary interventions for 
UC. Our study enhances the understanding of taurine’s 
complex biological effects and provides a foundation for 
revising dietary guidelines in the context of UC.
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