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Abstract. The present study aimed to compare the clinical 
effects of vitamin E and vitamin D on a rat model of dextran 
sulfate sodium (DSS)‑induced ulcerative colitis (UC), and to 
elucidate the underlying mechanisms associated with changes 
in the levels of cytokines. After successful establishment of 
the rat model of DSS‑induced UC, prednisolone (1 mg/kg), 
vitamin D (50 ng) and vitamin E (6, 30 and 150 IU/kg) were 
orally administered for 1 week. The pharmacodynamics were 
evaluated by a daily combination of clinical observation (CO) 
scores, histopathological evaluations and assessment of molec‑
ular markers of inflammation. Administration of vitamin D, 
vitamin E (30 and 150 IU/kg), prednisolone, and the combi‑
nation of vitamin D and vitamin E resulted in a decrease in 
CO scores. The severity of inflammation of the colon was 
markedly alleviated in the treatment groups compared with 
that in the untreated DSS group according to the results of 
histopathological examination; however, they showed different 
inhibitory effects on the levels of some cytokines. In conclu‑
sion, the present results indicated that oral administration 
of vitamin E could promote recovery of DSS‑induced UC 
by the inhibition of proinflammatory cytokines, and that its 

underlying mechanism may differ from that of vitamin D and 
glucocorticoid drugs.

Introduction

Inflammatory bowel disease (IBD), including Crohn's disease 
(CD) and ulcerative colitis (UC), represents a group of intestinal 
disorders that cause prolonged inflammation of the digestive 
tract. IBD affects ~0.1% of the Western population and has 
contributed to an increased risk of morbidity (1‑3). A growing 
incidence of IBD has also been reported worldwide (4,5). 
According to a recent report, the annual incidence rate per 
100,000 people in Asia is 0.5 to 21.6, in Central America and 
South America it is 0.4 to 3.0, in Europe it is 0 to 21.3, in North 
America it is 2.4 to 15.4, and in Oceania it is 5.2 to 6.8 (5).

The clinical symptoms of IBD include diarrhea, repeated 
rectal bleeding, abdominal pain, body weight (BW) loss 
and severe malnutrition (1‑3). Although the etiology of IBD 
remains unclear, an increasing body of evidence has revealed 
a multifactorial disease associated with susceptible genes, 
intestinal microbiota and environmental factors, leading to the 
dysregulation of both adaptive and innate immune systems. 
This can be characterized by the abnormal activation of 
intestinal immune cells, followed by the release of a range of 
inflammatory factors. It is well accepted that numerous cyto‑
kines, such as interleukin (IL)‑1β (6‑8), IL‑6 (6), IL‑12 (9,10), 
IL‑18 (9,11), tumor necrosis factor‑α (TNF‑α) (7,12,13) and 
interferon‑γ (IFN‑γ) (8), are involved in the pathogenesis of 
both types of IBD and are considered indicators of therapeutic 
efficacy. Corticosteroids, aminosalicylate, some biological 
agents and immunosuppressive agents are mainly used for the 
treatment of IBD; however, they cannot fundamentally prevent 
the disease recurring (14,15).

Notably, patients with IBD mainly experience a loss of 
appetite due to nausea, vomiting, abdominal pain and diar‑
rhea, and folate deficiency has classically been associated 
with anemia in these patients (16‑19). Thus, vitamins, such as 
vitamin D, vitamin B6, vitamin B12 and vitamin C, are occa‑
sionally recommended for patients with IBD (20‑24). Several 
studies have shown that vitamin D supplementation can prevent 
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and ameliorate symptoms of IBD (25‑27). Animals with either 
vitamin D deficiency or defective vitamin D receptors are 
susceptible to developing IBD (28‑30). Furthermore, vitamin 
D can change the composition of the intestinal flora through 
regulation of the expression of antibacterial peptides, in addi‑
tion to immune regulation (31). Phillips et al (32) demonstrated 
that vitamin D may provide some protection against increased 
mitochondrial dysfunction and inflammation in the placenta 
of obese women. In addition, Hahn et al (33) indicated that 
long‑term vitamin D supplementation may be effective for 
reducing the incidence of autoimmune diseases. During the 
coronavirus 2019 (COVID‑19) pandemic, vitamin D was found 
to be efficacious in attenuating the release of inflammatory 
cytokines after viral infection through its antimicrobial and 
anti‑inflammatory properties (34). Moreover, moderate daily 
doses of vitamin D have been shown to slow down the progres‑
sion of Parkinson's disease and prevent COVID‑19 infection in 
the elderly (34,35). In addition, it has been reported that although 
genetic differences can lead to different benefits of vitamin 
D in different populations, 40‑60 ng/ml (100‑150 mmol/l) of 
serum 25‑hydroxyvitamin D is the concentration that achieves 
the best overall health benefits (36). In infants and young 
children, vitamin D supplementation can also reduce the inci‑
dence of childhood asthma and other allergic diseases (37). 
These functions maintain the integrity of intestinal mucosa 
as a surface barrier and repair mucosal permeability (38). By 
inhibiting the activation of cellular immunity and cytotoxic 
T cells, vitamin D supplementation can also adjust the immune 
response. Therefore, vitamin D deficiency can endanger the 
mucosal barrier, resulting in mucosal injury and increasing 
the risk of IBD (19,22). Dextran sodium sulfate (DSS)‑induced 
colitis in rats is a model resembling human UC. Other studies 
have shown that adequate vitamin D supplementation can be 
effective in preventing respiratory diseases. Epithelial cells, 
dendritic cells (DCs) and macrophages in the lungs are effi‑
cacious in producing active vitamin D, which enhances the 
production of cytokines with anti‑inflammatory functions and 
promotes the production of anti‑viral peptides (39). Previous 
evidence has suggested that oxidative stress is an important 
component in the pathophysiology of IBD (40‑44), and some 
antioxidants have exhibited protective and healing effects 
against DSS‑induced UC in rats (45).

Vitamin E is a well‑accepted, relatively safe antioxidant 
in cellular membranes and can protect membrane lipids 
from peroxidation. A previous study revealed that vitamin 
E has anti‑inflammatory effects following inflammation 
in the lung (46). Thus, vitamin E could exhibit a strong 
effect on UC due to its anti‑inflammatory activity and high 
antioxidant capacity. It has been shown that vitamin D and 
vitamin E can also have a preventive effect for the treatment 
of hair loss. Vitamin D maintains serum levels of calcium and 
phosphorus, in addition to its anti‑inflammatory and immu‑
nological effects. Notably, vitamin D regulates keratinocyte 
growth and differentiation through the nuclear vitamin D 
receptor to prevent hair loss and type II rickets (47). Vitamin E 
can also prevent hair loss and baldness by maintaining the 
oxidant/antioxidant balance (47). However, Carrier et al (48) 
reported that vitamin E supplementation increased clinical 
observation (CO) scores from colonic inflammation, and that 
it did not affect oxidative stress, thus indicating that vitamin E 

may have an unclear mechanism of reducing inflammation. 
By contrast, another study reported that vitamin E showed a 
dual‑effect of anti‑inflammatory and antioxidant activities on 
acetic acid‑induced UC in rats (49).

Various animal models of IBD have been developed in 
the last decade, which are valuable and indispensable tools 
for evaluating different therapeutic options for IBD (6,7,9). 
The DSS‑induced UC model in rats has some advantages 
compared with other animal models of UC, and is a widely 
used model resembling human UC. Rats exposed to DSS in 
drinking water develop inflammation in the large intestine 
and exhibit signs such as diarrhea, anemia, BW loss and histo‑
logical inflammation, including inflammatory cell infiltration, 
muscularis mucosae erosion and ulcers, with increased levels 
of pro‑inflammatory cytokines (e.g., IFN‑γ, TNF‑α, IL‑1, IL‑6 
and IL‑12) (40,45,50).

Whether vitamin E plays a protective role, similar to 
vitamin D, in conditions such as UC still needs to be eluci‑
dated, although vitamin E deficiency was previously found in 
patients with IBD (48,50). Thus, the present study aimed to 
systemically evaluate the anti‑inflammatory effects of vitamin 
E on a rat model of DSS‑induced UC and to compare the 
effects with those of vitamin D.

Materials and methods

Chemicals and reagents. All reagents and chemicals used 
in the present study were purchased from the companies 
listed below, unless otherwise stated. DSS salt (M.W., 
36,000‑50,000) was purchased from MP Biomedicals LLC. 
DL‑α‑Tocopheryl acetate (all‑rac‑α‑Tocopheryl acetate 
Vitamin E acetate; M.W., 472.74 g/mol) was obtained from 
MilliporeSigma. Vitamin D (1α, 25‑dihydroxycholecalciferol; 
M.W., 416.6 g/mol) was purchased from Roche Diagnostics 
(Shanghai) Co., Ltd. Paraformaldehyde was obtained from 
Sinopharm Chemical Reagent Co., Ltd., with sodium chloride 
injection (0.9%) from Shijiazhuang No. 4 Pharmaceutical Co., 
Ltd.). Radio‑immunoprecipitation (RIPA) assay lysis buffer 
was purchased from Qingdao Jisskang Biotechology Co., Ltd.) 
and prednisolone acetate from Huazhong Pharmaceutical Co., 
Ltd.).

Animals and treatment. Male Wistar rats (age, 5 weeks; n=120; 
n=12‑24 rats/group; weight, 200±10 g) were purchased from 
Beijing Vital River Laboratory Animal Technology Co., Ltd. 
The rats were housed in a vivarium under a 12‑h light/dark cycle 
at constant temperature (22±2˚C) and humidity (50‑60%), with 
free access to food and water, in accordance with the prin‑
ciples of the Good Lab Practice (GLP) guidelines presented 
by the National Beijing Center for Drug Safety Evaluation and 
Research (51‑53). Animals were acclimated to the laboratory 
for 1 week before starting experiments.

After the adaptation period, the rats were divided into 
eight groups [(G1, G2, G3, G4, G5a, G5b, G5c and G6], and 
the doses are summarized in Table I. UC in male Wistar rats 
was induced by adding 5% (w/v) DSS to the drinking water 
from day 1 to day 7, whereas rats in the control group (G1) 
received only tap water (Fig. 1). After successfully establishing 
the rat model of DSS‑induced UC according to weight loss 
and stool examination, rats in the G4 to G6 groups received 
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different doses of vitamin E and vitamin D (Table I) from 
day 8 to day 14, and were sacrificed on day 15 for pathological 
examination. Meanwhile, half of the rats in the G1 and G2 
groups were sacrificed on day 8 for pathological detection. The 
remaining rats in the G1 and G2 groups received saline from 
day 8 to day 14, and were sacrificed on day 15 for pathological 
examination. The rats were anesthetized by intraperitoneal 
injection of 5% pentobarbital sodium (50 mg/kg) and blood 
was collected from the abdominal aorta following anesthesia; 
mice were sacrificed by exsanguination.

Study design and clinical observation (CO) score. For each rat 
in the six groups, BW and CO score were recorded daily. Half of 
the rats in both the G1 and G2 groups were sacrificed on day 8 
to collect the blood and tissue samples for histopathological 

examination, and cytokine measurement. The remaining rats 
also underwent these tests, when they were culled on day 15. 
The experimental design is shown in Fig. 1.

For the CO score, both stool score and stool blood score 
were recorded separately and combined to generate a total 
CO score with a maximum score of 5. Stool scoring was 
performed as follows: 0, normal; 1, moist/sticky stool; 2, stool 
in or around anus; 3, diarrhea. Stool blood scoring was carried 
out as follows: 0, no blood; 1, evidence of blood in stool or 
around anus; 2, severe bleeding. For CO scoring, the experi‑
ment was conducted according to a GLP standard. No stool 
images are provided in this study.

For the colon weight/length ratio (%), half of the rats in 
groups G1 and G2 were sacrificed on day 8 and the colon 
weight/length ratio (%) was measured. The remaining rats 

Table I. Groups of rats analyzed in the present study.

Group  Number  Dosage of
name Treatment of rats Route of administration administration

G1 Control (vehicle) 24 Drinking water 
G2 DSS (Day 1‑7) 24 Dissolved in drinking water 5%
G3 DSSa (Day 1‑7) + 12 Orally administered (Day 8‑14) 1.0 mg/kg
 prednisolone (Day 8‑14)
G4 DSSa (Day 1‑7) + vitamin D 12 Orally administered (Day 8‑14) 50 ng
 (Day 8‑14)
G5a DSSa (Day 1‑7) + vitamin E 12 Orally administered (Day 8‑14) 6 IU/kg
 (low dose) (Day 8‑14)
G5b DSSa (Day 1‑7) + vitamin E 12 Orally administered (Day 8‑14) 30 IU/kg
 (medium dose) (Day 8‑14)
G5c DSSa (Day 1‑7) + vitamin E 12 Orally administered (Day 8‑14) 150 IU/kg
 (high dose) (Day 8‑14)
G6 DSSa (Day 1‑7) + vitamin D + 12 Orally administered (Day 8‑14) 50 ng +
 vitamin E (Day 8‑14)   30 IU/kg

aDissolved in drinking water (5%). DSS, dextran sodium sulfate.

Figure 1. Schematic diagram of the experimental process and study design. DSS, dextran sodium sulfate. Saline, G1‑G6 were administrated with saline from 
day 7 to day 14; Sacrifice I, half of the rats in G1 and G2; Sacrifice II, all of the remaining rats; CO, clinical observation; BW, body weight; G1, control group; 
G2, 5% DSS group; G3, prednisolone group; G4, vitamin D group; G5a‑c, vitamin E (low, medium and high) groups; G6, vitamin D + vitamin E group; 
DSS, dextran sodium sulfate. 
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in groups G1‑G6 were sacrificed on day 15 and the colon 
weight/length ratio (%) was measured.

Gross and histopathological evaluation of hematoxylin and 
eosin (H&E)‑stained colonic tissue. For the histopathological 
examination, the proximal colon (1 cm) was fixed in 10% 
formaldehyde for 24 h at room temperature. The tissues were 
then dehydrated in a graded series of alcohol [70% (2 h), 
80% (2 h), 90% (2 h), 95% alcohol (2 h), anhydrous alcohol 
(1 h)]; then cleared with xylene for 1 h. The tissues were then 
infiltrated with paraffin at 58‑60˚C for 2 h and the paraffin 
blocks were sliced into ~5‑µm sections at 45˚C and mounted 
onto glass slides. The sections were dewaxed with xylene for 
15 min and were incubated with alcohol of different concentra‑
tions (100, 95, 80 and 70% alcohol) to remove paraffin. H&E 
staining was performed using a standard staining procedure; 
the sections were incubated in hematoxylin solution for 5 min, 
then incubated with eosin for 2‑3 min. Eight randomly selected 
fields (magnification, x100) in each slide were observed under 
a light microscope (Olympus BX43; Olympus Corporation) as 
described previously (54).

Enzyme‑linked immunosorbent assay (ELISA) of colonic 
cytokines. Briefly, colon tissues were homogenized in 1 ml 
ice‑cold RIPA assay lysis buffer, containing 1% protease 
inhibitor cocktail and 1% phosphatase inhibitor cocktail. The 
lysate was centrifuged at 15,000 x g for 15 min at 4˚C, and the 
supernatant was transferred to 96‑well ELISA plates before 
measurement of the following inflammatory markers: IL‑6 
(cat. no. SEKR‑0005), IL‑12 (cat. no. SEKR‑0057), IL‑18 (cat. 
no. SEKR‑0054), TNF‑α (cat. no. SEKR‑0009) and IFN‑γ (cat. 
no. SEKR‑0008) using kits according to the manufacturer's 
protocols.

Statistical analysis. Continuous data are presented as the 
mean ± standard error of the mean, whereas CO score data are 
expressed as the median and interquartile range. Comparisons 
between two groups were performed using the unpaired 
Student's t‑test. Multiple comparisons were performed by one‑ 
or two‑way analysis of variance and Bonferroni's post hoc test. 
For the CO scores, Kruskal‑Wallis was conducted followed by 
Dunn's post hoc test for statistical analysis. GraphPad Prism 
6.0 software (GraphPad Software, Inc.) was used to perform 
the statistical analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Both vitamin D and vitamin E prevent BW loss in a rat model 
of DSS‑induced UC. DSS can cause damage to the colonic 
mucosal barrier, leading to gut inflammation and BW loss (40). 
The present study demonstrated that rats that received drinking 
water with 5% DSS had significantly more BW loss than those 
in the control group (G1) from day 4 to day 8 (Fig. 2, F=7.43, 
P=0.01). Rats in the vitamin D‑treated group (G4), vitamin 
E‑treated groups (G5a‑c), vitamin D + vitamin E group (G6) 
and prednisolone group (G3) had a similar degree of BW loss 
as rats in G2 from day 4 to day 8 (F=2.83, P=0.998). However, 
rats in G4, G5a‑c and G6 experienced a rapid BW recovery 
from day 11 to day 15 compared with those in G2 (F=6.13, 

P=0.01), whereas no significant difference was found in BW 
between G3 and G6 (F=5.97, P=0.995).

Vitamin D and vitamin E ameliorate the clinical symptoms 
of UC in rats. In the experiment, CO scoring was performed 
daily (Fig. 3). Compared with rats in G1, rats treated with DSS 
(G2, G3, G4, G5a‑c and G6) showed obvious symptoms of 
diarrhea with noticeably higher CO scores from days 5 to 8 
(χ2=19.28, P=0.007; Fig. 3). Rats in G3, G4, G5a‑c and G6 had 
a lower blood score and firmer stools than those in G2 from 
day 9 to day 15. On day 15, CO scores in the drug‑treated 
groups (G3, G4, G5a‑c and G6) were significantly lower than 
those in G2 (χ2=12.77, P=0.04; Fig. 3).

Both vitamin D and vitamin E inhibit DSS‑induced colonic 
inflammation. To verify whether the rat model of DSS‑induced 
UC was successfully established, half of the rats in G1 and G2 
were sacrificed for histopathological examinations on day 8. 
Rats in G2 had more severe macroscopic inflammation than 
those in G1 (Fig. 4A). Consistent with macroscopic observa‑
tions, the colon length in G2 on day 8 was shorter than that 
in G1 (Fig. 4A). On day 15, the colon length in G3 and G6 
was longer than that in G2 (Fig. 4B). Compared with G2, there 
was no difference in colon length in G4 and G5, but there 
was a marked difference in colon length between G6 and G2. 
Although colon length in G6 was not as long as that in G3, 
the experimental result provided novel evidence for the treat‑
ment of UC. These findings indicated that the combination of 
vitamin D and vitamin E may be better than individual use.

In addition, the colon weight/length ratio (%) in G1 and 
G2 on day 8 was calculated. Compared with that in G1, the 
colon weight/length ratio on day 8 in G2 was significantly 
increased (F=‑5.38, P=0.01), which suggested that the rat 
model of DSS‑induced UC was successfully established 
(Fig. 4C). Compared with that in G2, the colon weight/length 
ratio on day 15 in G3, G4, G5b and G6 was significantly 
lower (F3=5.67, P=0.03; F4=3.83, P=0.049; F5b=4.08, P=0.048; 
F6=4.97, P=0.04), indicating that both vitamin D and vitamin 
E inhibited DSS‑induced colonic inflammation.

Figure 2. Measurements of body weight in G1, G2, G3, G4, G5a‑c and G6. 
The body weight in each group was measured from day 1 to day 15. G1, 
control group; G2, 5% DSS group; G3, prednisolone group; G4, vitamin D 
group; G5a‑c, vitamin E (low, medium and high) groups; G6, vitamin D + 
vitamin E group; DSS, dextran sodium sulfate. *P<0.05. 
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Vitamin D and vitamin E promote the recovery of DSS‑induced 
UC in rats. One‑half of the rats in G1 and G2 were sacrificed 
after anesthesia, and their colon tissues were collected for 
histopathological examination on day 8. Compared with in G1 
(Fig. 5A), rats in G2 exhibited edema, extensive ulceration of 
the epithelial layer, crypt damage to the bowel wall, and infil‑
tration of granulocytes and mononuclear cells into the mucosa 
(Fig. 5B), which revealed that DSS successfully induced UC 
in the rat model.

On day 15, the remaining rats were sacrificed after 
anesthesia, and their colon tissues were also collected for 
histopathological examination and detection of cytokines. 
The colon tissues from rats in G1 did not exhibit inflamma‑
tion (Fig. 5C). Compared with rats in G2 (Fig. 5D), treatment 
with prednisolone (Fig. 5E), vitamin D (Fig. 5F), vitamin E 
(medium) (Fig. 5G), and vitamin D + vitamin E (Fig. 5H) 
reduced DSS‑induced UC, including the severity of inflamma‑
tion, extent of injury and crypt damage. The histopathological 
examinations of colon tissues suggested that vitamin D, vitamin 
E and their combination ameliorated DSS‑induced UC and 
promoted recovery.

Vitamin D and vitamin E decrease the levels of inflammatory 
mediators. To determine the anti‑inflammatory effects of 
vitamin D and vitamin E on the rat model of DSS‑induced UC, 
five inflammatory markers (IL‑6, IL‑12, IL‑18, TNF‑α and 
IFN‑γ) were assessed. Compared with those in G1, the levels 
of the five cytokines in G2 were significantly elevated on day 

8 (FTNF‑α=‑2.99, P=0.03; FIFN‑γ=‑172.53, P=0.04; FIL‑18=16.39, 
P=0.01; FIL‑12=33.76, P=0.03; FIL‑6=2.88, P=0.04; Fig. 6).

On day 15, the remaining rats were sacrificed, and their 
colon tissues were collected for the analysis of cytokines. The 
results showed that the levels of four of the inflammatory cyto‑
kines (TNF‑α, IL‑18, IL‑12 and IFN‑γ) in both G3 and G4 were 
significantly decreased compared with those in G2 (TNF‑α: 
G3 vs. G2 group: F=‑3.82, P=0.01; G4 vs. G2 group, F=‑8.81, 
P=0.01. IFN‑γ:G3 vs. G2 group: F=138.62, P=0.01; G4 vs. G2 
group, F=122.99, P=0.02. IL‑18:G3 vs. G2 group: F=51.04, 
P=0.01; G4 vs. G2 group, F=22.17, P=0.01. IL‑12: G3 vs. G2 
group: F=42.09, P=0.01; G4 vs. G2 group, F=13.78, P=0.04.), 
whereas there was no obvious change in IL‑6 levels (G3 vs. 
G2 group: F=0.66, P=0.65; G4 vs. G2 group, F=0.49, P=0.81) 
(Fig. 6). In addition, in the colon tissues, the levels of four of the 
inflammatory cytokines (TNF‑α, IL‑18, IL‑12 and IL‑6) were 
decreased in G5b compared with in G2 (FIL‑12=‑34.97, P=0.03; 
FIFN‑γ=2.86, P=0.049; FTNF‑α=‑3.91, P=0.03; FIL‑6=‑8.54, P=0.04; 
FIL‑18=46.19, P=0.01), whereas there was no obvious change in 
the IFN‑γ levels (F=1.75, P=0.14) (Fig. 6). Notably, the levels 
of five of the inflammatory cytokines (IL‑6, IL‑12, IL‑18, 
TNF‑α and IFN‑γ) were significantly reduced in G6 compared 
with those in G2 (FTNF‑α=‑4.77, P=0.03; FIFN‑γ=138.66, P=0.04; 
FIL‑12=42.18, P=0.03; FIL‑6=8.04, P=0.01; FIL‑18=17.39, P=0.01; 
Fig. 6). Collectively, these data showed that both vitamin D and 
vitamin E could partly reduce the levels of inflammatory cyto‑
kines in rats with DSS‑induced UC, whereas their combined 
application exhibited more noticeable inhibitory effects.

Figure 3. Changes in CO scores across the whole experiment. From day 1 to day 7, rats in G1 received drinking water, whereas rats in the other groups received 
water containing DSS (5%, w/v). Compared with those in G1, CO scores were significantly higher in the other groups (G2‑G6) on day 8. On day 15, CO scores 
in G3, G4, G5c, G5b and G6 were significantly lower than those in G2, whereas there was no statistically significant difference between G2 and G5a. Data are 
presented as the median and interquartile. n=12 for each group. G1, control group; G2, 5% DSS group; G3, prednisolone group; G4, vitamin D group; G5a‑c, 
vitamin E (low, medium and high) groups; G6, vitamin D + vitamin E group; CO, clinical observation; DSS, dextran sodium sulfate. 
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Discussion

IBD is commonly associated with immune dysregulation; 
however, the precise physiological mechanisms underlying 
this pathological state require further investigation, so that 
therapeutic countermeasures can be improved. Prednisolone 

is currently a commonly used drug for the treatment of severe 
cases of IBD; therefore, in the present study, vitamins E and D 
were compared with it to explore whether these vitamins are 
more effective and thus provide a better treatment option. In 
the present study, CO scoring, histopathological examination 
and ELISA were performed on a rat model of DSS‑induced 

Figure 5. Histopathological examination of colon tissues of rats. (A) Colon 
tissue of rats in G1 on day 8. The mucosa is intact and free of inflammatory 
cell infiltration, as indicated by the arrow. (B) Acute colitis induced by DSS 
on day 8. Mucosal injury was shown as focal ulceration, epithelial necrosis 
and infiltration of inflammatory cells, as indicated by the arrow. Colon tissue 
of rats in (C) G1, (D) G2, (E) G3, (F) G4 (G) G5b and (H) G6 on day 15. 
(C) Colon tissue of rats in G1 on day 15. Intact mucosa and no inflammatory 
cell infiltration was indicated by arrows. (D) Colon tissue of rats in G2 on 
day 15. The mucosal injury was characterized by focal ulceration, epithe‑
lial necrosis and infiltration of inflammatory cells, as indicated by arrows. 
(E) Colon tissue of rats in G3 treated with prednisolone on day 15. Colon 
tissue exhibited a relatively intact mucosa with only a small infiltration of 
inflammatory cells, as indicated by arrows. (F) Colon tissue of rats in G4 
treated with vitamin D on day 15. The colonic mucosa was intact but with 
some epithelial cell necrosis and infiltration of inflammatory cells, as indi‑
cated by the arrows. (G) Colon tissue of rats in G5b treated with vitamin E on 
day 15. The colonic mucosa was intact and infiltrated by a few inflammatory 
cells, as indicated by the arrows. (H) Colon tissue of rats in G6 treated with 
vitamin D and vitamin E on day 15. The colonic tissue mucosa was more 
intact than that in G4 and G5b, as indicated by the arrows. Treatment with 
vitamin D, vitamin E, vitamin D + vitamin E and prednisolone reduced the 
morphological alterations associated with DSS administration and protected 
the mucosal architecture. Colon tissues in the figures were all stained with 
hematoxylin and eosin. Scale bar, 200 µm; magnification, x110. G1, control 
group; G2, 5% DSS group; G3, prednisolone group; G4, vitamin D group; 
G5a‑c, vitamin E (low, medium and high) groups; G6, vitamin D + vitamin E 
group; DSS, dextran sodium sulfate. 

Figure 4. Vitamin D and vitamin E inhibit DSS‑induced colonic inflamma‑
tion. (A) Macroscopic inflammation was assessed, and the length of colons 
was measured for rats in G1 and G2 on day 8. Colon length was shorter in 
G2 than that in G1. (B) Colon length was measured for rats in the six groups 
on day 15. Compared with that in G2, the colon length of rats in G3 and G6 
was markedly longer. (C) Colon weight to length ratio (%) in G1 and G2 on 
day 8, and in G1, G2, G3, G4, G5 and G6 on day 15. Compared with that in 
G2, the colon weight/length ratio in G3, G4, G5b and G6 was significantly 
decreased. Data are presented as the mean ± SEM. n=6. *P<0.05. G1, control 
group; G2, 5% DSS group; G3, prednisolone group; G4, vitamin D group; 
G5a‑c, vitamin E (low, medium and high) groups; G6, vitamin D + vitamin E 
group; DSS, dextran sodium sulfate. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  25:  98,  2023 7

UC; the results revealed that both vitamin E and vitamin D 
positively promoted recovery from DSS‑induced UC, although 
their effects on the regulation of inflammatory cytokines may 
differ. Hahn et al (33) noted that the combination of omega‑3 
fatty acids and vitamin D was more beneficial for decreasing 
the risk of autoimmune diseases, whereas further research is 
required to determine whether this combination is advanta‑
geous for attenuating the incidence of IBD. The present study 
also indicated that the combined use of vitamin E and vitamin 
D may be associated with more noticeable anti‑inflammatory 
effects on UC than their separate application.

In the majority of patients with IBD, immune pathogenesis 
is associated with the increased production of proinflammatory 
cytokines, such as IL‑6, IL‑12, IL‑18, TNF‑α and IFN‑γ. Drugs 
targeting these cytokines or antibodies have exhibited therapeutic 
effects on IBD (7,12,55); thus, these cytokines are widely accepted 
as markers of UC. DSS‑induced inflammation has previously 
been shown to be associated with the elevated production of IL‑6, 
IL‑18 and IFN‑γ, and it could be attenuated in the absence of IL‑6, 
IL‑18 or IFN‑γ (56). Therefore, this model is widely accepted for 
the analysis of the influence of any given drug or compound on the 

promotion of epithelial cell repair and attenuation of production 
of inflammatory mediators in animals with UC (50,57). Studies 
have shown that even though the absorption capacity and benefits 
of vitamin D vary by age and category, optimal maintenance 
concentrations can reduce the risk of inflammation and autoim‑
mune diseases, as well as partly providing innate autoimmunity, 
especially for COVID‑19 (34,36).

From the perspective of clinical symptoms and data from 
autopsies, the administration of DSS to rats in drinking water 
resulted in BW loss, shortening of the colon, mucosal inflam‑
mation and epithelial damage, which indicated that this rat 
model of IBD may be a good model for studying and evalu‑
ating human colitis.

Vitamin E (30 and 150 IU/kg), vitamin D (50 ng), and their 
combination prevented BW loss, relieved the symptoms of UC 
and promoted the recovery of DSS‑induced UC in the present 
study. These data strongly indicated that both vitamin E and 
vitamin D had obvious anti‑inflammatory effects on UC and 
may have positive therapeutic effects on patients with IBD. As 
vitamin E and vitamin D are relatively safe drugs that have 
long been used clinically, they could be appropriate for the 

Figure 6. Effects of prednisolone, and vitamin D and vitamin E, alone and combined, on the levels of IL‑6, IL‑12, IL‑18, TNF‑α and IFN‑γ in colon tissues 
at various time points. The levels of these five cytokines were analyzed on day 8 in colon tissues from G1 and G2. The levels of the five cytokines in G2 were 
significantly elevated compared with those in G1. On day 15, the levels of the five cytokines were analyzed in G1, G2, G3, G4, G5b and G6. Data are presented 
as the mean ± SEM. n=6. *P<0.05. G1, control group; G2, 5% DSS group; G3, prednisolone group; G4, vitamin D group; G5a‑c, vitamin E (low, medium and 
high) groups; G6, vitamin D + vitamin E group; DSS, dextran sodium sulfate; IFN‑γ, interferon‑γ; IL, interleukin; TNF‑α, tumor necrosis factor‑α.
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treatment of IBD. In addition, vitamin D has been shown to 
prevent osteoporosis in the elderly, while it increases resistance 
to COVID‑19 in appropriate concentrations (35). In women 
and children, vitamin D deficiency can lead to placental 
dysgenesis, affecting the innate development and immunity of 
infants and children (32,35,37).

Notably, as an antioxidant, the anti‑inflammatory mecha‑
nism of vitamin E (30 IU/kg) may differ slightly from that of 
prednisolone (1 mg/kg) and vitamin D (50 ng), as indicated by 
the different levels of inflammatory cytokines detected in the 
present study. In addition, vitamin E plays an important role 
in immunity. According to recent studies, vitamin E, which 
has been detected in higher concentrations in immune cells 
compared with other blood cells, affects the development and 
functional regulation of DCs, macrophages, natural killer cells, 
T cells and B cells (58,59). According to the results of the present 
study, vitamin E administration (30 IU/kg) reduced the levels 
of TNF‑α, IL‑12, IL‑18 and IL‑6 compared with those in the 
DSS group, whereas it had no significant effect on IFN‑γ levels. 
By contrast, prednisolone and vitamin D decreased the levels 
of TNF‑α, IL‑12, IL‑18 and IFN‑γ, but not IL‑6. Acute inflam‑
mation in DSS‑induced UC could be predominantly activated 
through the T helper (Th)2‑mediated inflammatory response 
in the chronic state (lower levels of TNF‑α, and elevated 
levels of IL‑6, IFN‑γ, IL‑4 and IL‑10) (50,57,60,61). Thus, the 
anti‑inflammatory effects of vitamin E may mainly target Th2 
cytokines, enabling us to find new drugs based on the Th2 
cytokine mechanism, as the side effects of vitamin E are more 
tolerable than those of prednisolone. However, compared with 
that in the DSS group in the present study, colon length in the 
vitamin D‑ and vitamin E‑treated groups was not significantly 
increased; however, there were some significant differences 
between these groups regarding colon weight/length ratio 
and inflammatory cytokine levels, especially TNF‑α, IL‑18 
and IL‑12, which may indicate that colon length is not a very 
sensitive indicator compared with cytokine levels. Therefore, 
although vitamin D and vitamin E are effective, they are not as 
significant in changing colon length as their combination.

In the present study, the rat model of DSS‑induced UC 
could not thoroughly reflect the symptoms of patients with 
IBD. Thus, further studies are required to examine the effects 
of vitamin E, vitamin D and their combination on UC.

As the rat model of DSS‑induced UC could not fully 
represent the complexity of human models of IBD, addi‑
tional research on the protective and therapeutic effects of 
vitamin E and vitamin D for human UC should be performed. 
Additionally, in order to provide more valuable informa‑
tion for combination therapy, further studies need to be 
conducted to evaluate their effects in combination with other 
anti‑inflammatory drugs. In conclusion, the combination of 
vitamin E and vitamin D proved to be feasible and effective 
in the present study. This suggests that the addition of vitamin 
E and vitamin D oral therapy may be an effective treatment 
for IBD in the future.
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