
Abstract. Background/Aim: Gastric acid reflux into the
esophagus can cause irritation and inflammation of the
esophagus and progress to reflux esophagitis (RE). Vitamin
D3 (VitD3) has anti-inflammatory effects and plays an
important regulatory role in adaptive and innate immunity. We
hypothesized that VitD3 may play a protective role in RE.
Materials and Methods: Seventy male Sprague–Dawley rats
were used, and acute RE (n=35) or chronic RE (n=35) were
surgically induced. The effects of different doses of VitD3 on
morphological changes and alteration of pro-inflammatory
cytokine levels were examined in the rat models. Western blot

analysis was performed to determine protein expression levels
of IL-1β, IL-6, and IL-8 in esophageal tissues. Serum levels
of VitD3 and calcium were determined using enzyme-linked
immunosorbent assays. Results: The protein expression of pro-
inflammatory cytokines IL-1β, IL-6, and IL-8 was found
significantly increased in RE. VitD3 treatment significantly
reduced the levels of these pro-inflammatory cytokines in both
the low-dose and high-dose VitD3 groups compared to control
groups in acute RE, but not chronic RE. Macrographic and
histopathological examination revealed various degrees of
esophageal impairment in rats following surgical induction of
acute or chronic RE in rats. These impairments were not
improved by VitD3. Morphological grading of esophageal
mucosa showed no significant differences between acute and
chronic RE. Elevated serum levels of calcium were observed
after VitD3 treatment. Conclusion: IL-1β, IL-6, and IL-8 levels
were significantly elevated in RE. The abnormal increase in
these important pro-inflammatory cytokines was suppressed
by VitD3 in the rat models of acute RE. These novel findings
suggest a potential protective role of VitD3 in early-stage RE. 

Gastroesophageal reflux disease (GERD) is the most
common upper gastrointestinal (GI) disorder, with a high
prevalence across the world. Reflux of gastric acid into the
esophagus can cause irritation and inflammation of the
esophagus and progress into reflux esophagitis (RE). If left
untreated at an early stage, it can cause heartburn, difficulty
and pain in swallowing, and other uncomfortable symptoms,
and progress into more severe clinical conditions, including
erosive esophagitis, hemorrhagic necrosis, and even
esophageal cancer. It has been noted that there is a seasonal
variation in the incidence of GERD, with a peak in winter
(1). In addition, higher-latitude climate is associated with a
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greater incidence of GERD. Vitamin D (VitD) in the skin is
synthesized from exposure to sunlight, mainly ultraviolet
light B (UVB) radiation. Insufficient UVB exposure in
winter and in a high-latitude climate may cause VitD
deficiency. VitD deficiency has been proposed to play a role
in GERD (2-4). However, at present, it remains to be
elucidated whether VitD is involved in RE. 

RE involves inflammation of the esophagus in the early
stages. As such, prevention of RE could be achieved by
reducing the levels of key pro-inflammatory factors. Previous
studies have shown that VitD3 possesses anti-inflammatory
activity (5). For example, combined supplementation with Vit
D and l-cysteine were effective in lowering the risk of
oxidative stress and inflammation associated with type 2
diabetes or COVID-19 infection (6). Down-regulation of IL-6
and IL-β levels in adults after ultra-marathon running with
VitD supplementation was demonstrated (7-10). In vivo studies
indicated that VitD supplementation suppressed the formation
of reactive oxygen species (ROS), thereby enhancing the
function of vascular endothelial cells (11) and reduced the
mortality of cardiovascular diseases (CVD) (12). Progress has
also been made in understanding the molecular mechanisms
underlying the anti-inflammatory action of VitD3, with studies
suggesting that the nuclear factor-kappa B (NF-ĸB) signaling
pathway, through the Toll-like receptors 2 and 4 (TLR2/4) or
Janus kinase (JAK), are likely to play an important role, at 
least in part, in VitD3-modulated inflammation (13, 14).
Additionally, the anti-inflammatory activity of VitD3 can be
attributed to its regulation in the NF-ĸB and other molecular
pathways (15). Although the anti-inflammatory activity of
VitD3 has been demonstrated, the role of VitD3 in RE remains
largely unclear. 

Based on these important findings, including those of our
previous studies (16, 17), we hypothesized that VitD3 may
play a protective role in RE. In the present study, we
examined the protective effects of VitD3 treatment for the
attenuation of esophageal inflammation in rat models of
acute and chronic RE. 

Materials and Methods 

Experimental animals and study design. A total of 70 male Sprague–
Dawley rats, weighting 180-220 g (6-7weeks old, were purchased
from the experimental animal center of Fujian Medical University
Fuzhou, Fujian, PR China. [Animal License No. SCXK (Min) 2012-
0001]; All rats were kept in cages and maintained in a vivarium
under standard conditions with constant temperature of 22±2˚C,
humidity of 50±5%, 12-h light-dark cycle, and AIN-93M standard
pellet diet (Table I) with drinking water. The establishment of rat
models of acute and chronic RE and treatment with VitD3 are
described below. The study protocols involving rats were reviewed
and approved by the Laboratory Animal Welfare & Ethics
Committee of Fujian Medical University with approval numbers
FJMU IACUC 2019-0050 and FJMU IACUC 2021-0032.

Induction of RE in rats. RE was surgically induced using the pyloric
nylon loop-induced chronic acid reflux esophagitis (PNL-CARE)
technique, as previously reported (18). A schematic of the procedure
is presented in Figure 1. In brief, rats were anesthetized by
intraperitoneal injection of 2% pelltobarbitalum natricum (0.2
ml/100 g). The limiting ridge or transitional region between the
forestomach and glandular stomach was ligated with a 3-0 non-
absorbable suture (Johnson Medical Ltd. Shanghai, PR China).
Subsequently, the pyloric ring was occluded using home-made
pyloric clips to accomplish partial obstruction of the pylorus.
Pyloric rings of different sizes were made following occlusion: 
4.2 mm in diameter for establishment of the acute RE model and
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Table I. Ingredient composition of the diets fed, and used for esophageal perfusion of rats.

Ingredient                                                    AIN-93M+HVD                                 AIN-93M+VD                                           AIN-93M+10% DMSO
                                                                      (HVD group)                                      (VD group)                                      (DMSO group and Sham group)

Protein                                                                 14.2%                                                14.2%                                                                14.2%
Carbohydrate                                                       73.1%                                                73.1%                                                                73.1%
Fat                                                                          4%                                                     4%                                                                     4%
Casein                                                                  140 g                                                  140g                                                                  140 g
Corn starch                                                         495.7 g                                              495.7 g                                                              495.7 g
Maltodextrin 10                                                   125 g                                                 125 g                                                                 125 g
Sucrose                                                                 100 g                                                 100 g                                                                 100 g
Cellulose                                                               50 g                                                   50 g                                                                   50 g
L-Cystine                                                              1.8 g                                                  1.8 g                                                                  1.8 g
Mineral mix                                                          35 g                                                   35 g                                                                   35 g
Vitamin mix                                                          10 g                                                   10 g                                                                   10 g
Choline bitartrate                                                 2.5 g                                                  2.5 g                                                                  2.5 g
Soybean Oil                                                          40 g                                                   40 g                                                                   40 g
Vitamin D3                                                     0.125 mg/d                                      0.03125 mg/d                                                              0
10%DMSO                                                        0.1 ml/d                                             0.1 ml/d                                                             0.1 ml/d

HVD, High concentration VitD3 supplementation; VD, low concentration VitD3 supplementation; DMSO, dimethyl sulfoxide.



4.5 mm in diameter for establishment of the chronic RE model. In
the sham operation group, the duodenum and the stomach were
dissociated for 2 min without ligating the pylorus and the
duodenum. After successful establishment of acute and chronic RE
rat models, the rats were deprived of food for 48 h, but allowed free
access to drinking water. The rats were then given an intraperitoneal
injection of gentamicin (0.5 ml/D) to prevent infection. The
occurrence and severity of acute or chronic RE were examined
morphologically and pathologically. 

Treatment with VitD3. VitD3 powder was purchased from Aladdin
(Shanghai, China). To prepare injectable VitD3 solution for
treatment, VitD3 powder was dissolved in dimethyl sulfoxide
(DMSO). The dose of VitD3 was calculated on the basis of that for
human adults (12).  

A total of 70 male Sprague–Dawley rats were randomly divided
into the acute RE and chronic RE groups (n=35 in each group). Rats
in both groups received treatment with high concentration VitD3
supplementation (0.125 mg/d) (HVD group, n=10); low
concentration VitD3 supplementation (0.0312 mg/d) (VD group,
n=10); or 0.1 ml 10% dimethyl sulfoxide (DMSO) as a control
(n=10). Five rats underwent the sham procedure. Prior to model
establishment in the acute RE group, the esophagus of the rats was
perfused with different doses of VitD3 or 10% DMSO for 14
consecutive days. At 72 h after surgery, esophageal specimens were
collected from each group. In the chronic RE group, the esophagus

of rats was perfused with different doses of VitD3 or 10% DMSO
solution as a control for 14 days, beginning 24 hours after model
establishment. Esophageal specimens were collected for subsequent
macrographic and histopathological examinations as well as western
blot analysis.

Macrographic and histopathological examinations. Macrographical
examination and assessment of esophageal tissues were based on the
Kuwahta grading system (19). For histopathological examination,
esophageal specimens were fixed in 10% formaldehyde solution and
sectioned at 5 mm thickness. The resulting tissue sections were
stained with hematoxylin-eosin (H&E) and evaluated by two
independent pathologists who were blinded to the information of the
experimental and control groups. The degree of esophageal
inflammation and mucosal barrier impairment (severe, moderate, and
mild) were assigned in accordance with the Chinese Society of
Digestive Endoscopy GERD Guidelines. Briefly, the occurrence of
mucosal ulcers was defined as a severe lesion, mucosal erosion as a
moderate lesion, and squamous hyperplasia and inflammatory
infiltration as mild lesions (20). 

Western blot analysis. Western blot analysis was performed to
examine protein expression levels of IL-1β, IL-6, and IL-8. The
primary antibodies included rabbit anti-rat IL-1β antibody (Wuhan
Sanying Biotechnology Co., Ltd., Wuhan, Hubei, PR China), rabbit
anti-rat IL-6 antibody (Baaode Biotechnology Co., Ltd., Shanghai,
PR China), and rabbit anti-rat IL-8 antibody (Abcam, Cambridge,
MA, USA). Horseradish peroxidase (HRP)-labeled goat anti-rabbit
IgG (Xiamen Lulong biotechnology, Xiamen, Fujian, PR China)
was used as the secondary antibody. The protein expression levels
were normalized to that of β-actin as a loading control. 

Measurement of serum calcium and VitD3 levels. A calcium ion test
kit was purchased from Nanjing Jiancheng Bioengineering Research
Institute (Nanjing, Jiangsu, PR China) and used for measurement of
serum calcium levels. A VitD3 enzyme-linked immunosorbent assay
(ELISA) kit was obtained from Nanjing Senbeijia Biotechnology
(Nanjing, Jiangsu, PR China). Serum calcium and VitD3 levels were
determined with the respective kits following the manufacturers’
instructions. 

Statistical analysis. Statistical analysis was conducted using the
SPSS 22.0 statistical software (IBM, Chicago, IL, USA). Data with
a normal distribution were expressed as mean±standard deviation
(SD). The categorical data were analyzed with the chi-square test.
The quantitative data were analyzed with the Student’s t-test. One-
way analysis of variance (ANOVA) was used for comparisons
among multiple groups, and the rank sum test was used for analysis
of rank data. p≤0.05 was indicative of a statistically-significant
difference.

Results

Effects of VitD3 on IL-1β, IL6, and IL-8 protein expression
in rats with acute or chronic RE. The results of inflammatory
cytokine expression measurements are presented in Figure 2
and Figure 3. Relative to the sham surgery group, the
surgery-induced acute REHVD, and VD groups had elevated
IL-1β, IL6, and IL-8 protein expression (p<0.05), but were
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Figure 1. Schematic procedures for induction of RE in rats. RE was
induced by surgery. Upper left: The limiting ridge or transitional region
between the forestomach and glandular stomach of the rat. Upper right:
Occlusion of forestomach using home-made pyloric clips to accomplish
partial obstruction of the pylorus. Lower: Visual identification of
forestomach and pylorus. RE: Reflux esophagitis.



decreased in comparison with the control group (DMSO)
(p<0.05). No significant difference was observed between
the HVD and VD groups (p>0.05) (Figure 2 and Figure 3).
For chronic RE, VitD3 treatment appeared to slightly inhibit
the IL-1β, IL6, and IL-8 protein expression compared with
the control group (DMSO), but the differences were not
significant (p>0.05) (Figure 2 and Figure 3). 

Macroscopic assessment of esophagus tissues in rats. The
various degrees of esophageal morphologic alterations are
displayed in Figure 4. Esophageal erosion, ulcer, and
hemorrhagic necrosis were observed as common lesions in
the mucosa of the esophagus in the RE models. VitD3
treatment did not attenuate esophageal lesions in rats with
chronic RE or acute RE. In the HVD group of the chronic RE
model, one rat showed distention or enlargement of the upper
esophagus and suspected stenosis or narrowing of the
esophageal ulcer of the middle and lower segments of the
esophagus. In the VD group of the chronic RE model,
thickening of the esophageal mucosa layer was observed in
one rat. The Kruskal–Wallis H test (rank sum test) showed
that there was no significant difference in the morphologic
grading of esophageal mucosa between the acute and chronic
RE rat models (p>0.05) (Table II). These macroscopic
assessments of esophageal tissues in rats with and without
VitD3 treatment indicated no significant morphological effect
of VitD3 in chronic or acute RE in rats (Figure 4, Table II). 

Histopathological examination of esophageal tissues in the rat
model. Histopathological examination revealed various degrees

of inflammation of the esophageal tissues in rats with chronic
or acute RE. H&E staining of the esophagus specimens from
rats with acute RE demonstrated a considerable enhancement
in neutrophil infiltration in the three layers of the submucosa,
muscularis mucosae, and lamina propria. More severe lesions,
such as loss of esophageal mucosa, necrotic tissues, and red
blood cells, were also observed in acute RE. Compared to
acute RE, there was not only a large amount of neutrophil
infiltration in the three layers of submucosa, muscularis
mucosae, and lamina propria, but also a few infiltrating
lymphocytes and monocytes in chronic RE. The Kruskal–
Wallis H test showed that there was no significant difference
in HE staining-based pathological inflammatory grading of the
esophageal mucosa between the acute and chronic RE rat
groups (p>0.05) (Table III). Notably, the histopathological
examination of esophageal tissues from rats treated with VitD3
did not show any significant differences in the
histopathological changes in the chronic or acute RE rat groups
(Figure 5). 

Effects of VitD3 on serum calcium levels in the RE model
rats and the association with morphological changes of the
kidney. The major consequence of high-dose VitD3-induced
toxicity is hypercalcemia, leading to various clinical
symptoms (e.g., nausea, vomiting, frequent urination) and
can even progress to more serious kidney problems. We
therefore examined serum levels of calcium as well as
performed histological examination of the kidney after VitD3
treatment of acute or chronic RE model rats. As shown in
Table IV, the serum levels of VitD3 and calcium were
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Figure 2. Western blot analysis of the effects of VitD3 on IL-1β, IL6, and IL-8 protein expression in rats with chronic or acute RE. VitD3: 1,25
dihydroxy vitamin D3; IL: interleukin.
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Figure 3. Relative protein expression levels of IL-1β, IL6, and IL-8 in rats with chronic or acute RE treated with VitD3. In acute RE (A), VitD3 treatment
significantly suppressed the IL-1β, IL6, and IL-8 protein expression levels, whereas no significant difference was observed between the HVD and VD
groups. For chronic RE (B), VitD3 treatment appeared to slightly inhibit IL-1β, IL6, and IL-8 protein expression compared to that in the control group
(DMSO), but the difference was not significant. *p<0.05 vs. sham group; #p<0.05 vs. DMSO group. VitD3: 1,25 dihydroxy vitamin D3; IL: interleukin.

Figure 4. Macroscopic findings of esophageal tissues in rats with RE. Macroscopic examinations were performed in rats undergoing sham-surgery
(A) and rats with acute or chronic reflux esophagitis (RE) (B-F). Macroscopic findings (red arrow) revealed erythematous mucosa (B), erosion (C),
ulcer (D), thickening (E), and stenosis or narrowing of the esophagus (F) in rats with chronic or acute RE. RE: Reflux esophagitis.



significantly higher in the HVD group than in the VD group,
sham-surgery group, and the control group (p<0.05), in both
the acute and chronic RE groups. Histological examination
revealed no abnormal morphologic changes of the kidney in
rats treated with either low- or high-dose VitD3 (Figure 6). 

Discussion

The novel finding of the present study is that VitD3 plays a
potential protective role in RE at the early stages. Studying the
effects of VitD3 treatment in rat models of acute and chronic
RE presented the following findings: 1) esophageal impairment
occurred in rats with surgery-induced acute and chronic RE, as

evidenced by macrographic and histopatho-logical findings; 2)
no significant differences in morphological grading of
esophageal mucosa were observed after VitD3 treatment in RE
rats; 3) the protein expression levels of pro-inflammatory
cytokines, including IL-1β, IL-6, and IL-8, were significantly
increased in both the acute and chronic RE groups, compared
to the sham-surgery group; 4) VitD3 treatment significantly
reduced the levels of these pro-inflammatory cytokines in both
low-dose and high-dose VitD3 acute RE groups compared to
the DMSO control group; and 5) serum calcium levels
increased significantly in response to VitD3 treatment, while
no abnormal alterations were observed on histological
examination of kidney tissues of these rats. 
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Table II. Macroscopic assessment of esophageal inflammation in rats with acute or chronic RE.

Groups                                                   Acute RE                                                                                                   Chronic RE

                              –                        +                        ++                         +++                           –                          +                           ++                      +++

HVD                     0                        1                         3                             5                             0                          0                             4                          3
VD                        0                        1                         2                             5                             0                          0                             4                          3
DMSO                   0                        0                         3                             6                             0                          0                             3                          2
Sham                    5                        0                         0                             0                             5                          0                             0                          0

HVD group, High-concentration VitD3 supplementation; VD group, low-concentration VitD3 supplementation; DMSO, dimethyl sulfoxide; Sham,
sham-surgery; RE: reflux esophagitis.

Table III. Histopathological assessment of esophageal inflammation in rats with acute or chronic reflux esophagitis.  

Groups                                                   Acute RE                                                                                                   Chronic RE

                              –                        +                        ++                         +++                           –                          +                           ++                      +++

HVD                     0                        1                         3                             5                             0                          0                             4                          3
VD                        0                        1                         4                             4                             0                          0                             3                          4
DMSO                   0                        0                         3                             6                             0                          0                             3                          2
Sham                     5                        0                         0                             0                             5                          0                             0                          0

HVD group, High concentration VitD3 supplementation; VD group, low concentration VitD3 supplementation; DMSO, dimethyl sulfoxide; Sham,
sham-surgery; RE: reflux esophagitis.

Table IV. Serum levels of VitD3 and calcium, and their association with acute or chronic reflux esophagitis in rats. 

Groups                                                               Acute RE                                                                                            Chronic RE 

                                 Serum calcium (mmol/l)                 Serum VitD3 (mmol/l)                   Serum calcium (mmol/l)                  Serum VitD3 (mmol/l)

HVD                                    3.01±0.18                                    237.00±24.90                                      3.10±0.24                                     237.00±27.06
LVD                                     2.71±0.09                                    202.00±19.24                                      2.81±0.14                                     204.00±16.73
DMSO                                  2.56±0.11                                    173.00±18.57                                      2.52±0.10                                     175.00±21.79
Sham                                    2.57±0.03                                     168.33±7.63                                       2.61±0.04                                     170.00±10.00

HVD group, High concentration VitD3 supplementation; VD group, low concentration VitD3 supplementation; DMSO, dimethyl sulfoxide; Sham,
sham-surgery. 



RE is considered a consequence of chronic inflammation of
the esophagus occurring mainly when the tissue is exposed to
reflux of gastric acid. In the present study, rat models of
surgically induced acute and chronic RE were generated
following modified procedures, namely PNL-CARE, as we

previously reported (16-18). Macrographic and histopathological
findings showed characteristic esophageal impairment in rats
after surgical induction of acute or chronic RE. In addition, a
number of key pro-inflammatory cytokines, specifically IL-
1β, IL-6, and IL-8, were significantly elevated in the rat
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Figure 5. Histopathological examination of esophageal tissues in rats with RE. H&E staining of the esophagus specimens from rats in the sham-
surgery control group (A) (×100 magnification) and those with acute or chronic RE (B-D) (×100 magnification). Histopathological examination
revealed (B) a slight enhancement of neutrophil infiltration in the mucosa of the esophagus, (C) high levels of enhancement in neutrophil infiltration
in the mucosa of the esophagus, and (D) esophageal ulcer. RE: Reflux esophagitis.

Figure 6. Histopathological examination of kidney tissues in rats with RE. H&E staining of kidney tissues in RE rats treated with VitD3 (×100
magnification) (A) and (×400 magnification) (B). Histological examination identified no abnormal morphological changes of the kidney in rats
treated with VitD3. RE: Reflux esophagitis; VitD3: 1,25 dihydroxy vitamin D3.



models of acute and chronic RE, which may be attributed to
the inflammatory response in the esophagus after it is irritated
by gastric acid reflux (20, 21). Furthermore, using the rat
models we previously established (16-18), in the present study
we tested our hypothesis that VitD3 treatment could exert a
beneficial effect in the inflammatory process occurring in
acute or chronic RE. 

However, VitD3 affected the levels of IL-1β, IL6, and IL-8
protein expression differently between acute and chronic RE.
In the chronic RE rats, VitD3 treatment slightly diminished the
expression levels of IL-1β, IL6, and IL-8 protein in contrast to
the control groups, and no difference between groups was
observed. This may be due to the fact that the timing of VitD3
supplementation differs. Acute RE models are first
supplemented with VitD3 and then induced to establish the
model. In contrast, the chronic RE model is symptomatic first,
followed by VitD3 supplementation. There is a certain delay in
the rise of VitD3 serum levels, and the inflammatory response
may appear earlier than the rise of VitD3 levels, thus affecting
the role of VitD3 in regulating the early inflammatory response
in chronic RE. The esophageal mucosal barrier was disrupted
in the chronic RE model, where the perfusion of DMSO
solution for 14 consecutive days may aggravate esophageal
inflammation, thus affecting some of the inflammatory effects
of VitD3. While in the acute RE model, normal esophageal
mucosal epithelium with mucus and intact complex squamous
epithelium existed, which can reduce the effect of DMSO
solution on it. Although VitD3 treatment significantly
suppressed the expression of pro-inflammatory factors (IL-1β,
IL6, and IL-8), in acute RE there was no significant difference
in the morphologic grading of the esophageal mucosa between
the VitD3 treatment groups and control groups of rats with
acute RE. The present results indicate VitD3 alone may not
improve the esophageal impairment arising from the reflux of
gastric acid into the esophagus in RE. 

We also observed that the serum levels of calcium were
markedly elevated after VitD3 treatment in rats, while
histological findings of kidney tissues detected no
abnormality, indicating no renal toxicity in relation to
excessive serum calcium.

Collectively, excessive secretion of the pro-inflammatory
factors is proposed as an early event in the development of
RE (22), and our findings suggest that VitD3 has the
potential to slow RE development. 

In conclusion, IL-1β, IL-6, and IL-8 were markedly
elevated in RE, and the abnormal increase of these pro-
inflammatory cytokines was suppressed by VitD3 in rats with
acute RE. Although no morphological and histopathological
changes were observed with VitD3 treatment, these novel
findings suggest a potential protective role for VitD3 in the
early stages of RE. VitD3 holds promise to slow down the
progression of RE or prevent RE, but further research is
required on this topic.

Conflicts of Interests 

The Authors declare no conflicts of interest.

Authors’ Contributions

JJW, and ZHZ designed this experiment. JJW and JZ conducted
experiments. YJ and TTL analyzed data. PHZ and TTL explained
the experimental results. JJW, JZ, and YJ prepared these figures.
JJW and GWZ wrote the manuscript. JJW and GWZ contributed to
manuscript editing. RMH revised the manuscript. All Authors
participated in reading and discussing the manuscript.

Acknowledgements 

This research was supported by the Nature Science Foundation of
Fujian province (Grant number: 2020J01974), Fujian Provincial
Finance Project (Grant number: 22SCZZX012), the Startup Fund
for Scientific Research of the Fujian Medical University (Grant
number: 2021QH1058). All Institutional and national guidelines for
the care and use of laboratory animals were followed.

References 

1 Fares A: Global patterns of seasonal variation in gastrointestinal
diseases. J Postgrad Med 59(3): 203-207, 2013. PMID:
24029198. DOI: 10.4103/0022-3859.118039

2 Niculescu DA, Capatina CAM, Dusceac R, Caragheorgheopol
A, Ghemigian A and Poiana C: Seasonal variation of serum
vitamin D levels in Romania. Arch Osteoporos 12(1): 113, 2017.
PMID: 29230557. DOI: 10.1007/s11657-017-0407-3

3 Mathur J, Naing S, Mills P and Limsui D: A randomized clinical
trial of vitamin D(3) (cholecalciferol) in ulcerative colitis
patients with hypovitaminosis D(3). PeerJ 5: e3654, 2017.
PMID: 28791200. DOI: 10.7717/peerj.3654

4 Liu J: Vitamin D content of food and its contribution to vitamin
D status: a brief overview and Australian focus. Photochem
Photobiol Sci 11(12): 1802-1807, 2012. PMID: 22945547. DOI:
10.1039/c2pp25150g

5 Khoo AL, Chai LY, Koenen HJ, Sweep FC, Joosten I, Netea MG
and van der Ven AJ: Regulation of cytokine responses by
seasonality of vitamin D status in healthy individuals. Clin Exp
Immunol 164(1): 72-79, 2011. PMID: 21323660. DOI:
10.1111/j.1365-2249.2010.04315.x

6 Jain SK, Micinski D and Parsanathan R: l-Cysteine stimulates
the effect of vitamin D on inhibition of oxidative stress, IL-8,
and MCP-1 secretion in high glucose treated monocytes. J Am
Coll Nutr 40(4): 327-332, 2021. PMID: 33596158. DOI:
10.1080/07315724.2020.1850371

7 Tulk SE, Liao KC, Muruve DA, Li Y, Beck PL and MacDonald
JA: Vitamin D3 metabolites enhance the NLRP3-dependent
secretion of IL-1β from human THP-1 monocytic cells. J Cell
Biochem 116(5): 711-720, 2015. PMID: 25639477. DOI: 10.
1002/jcb.24985

8 Wang YC, Hsieh CC, Kuo HF, Tsai MK, Yang SN, Kuo CH, Lee MS
and Hung CH: Effect of vitamin D3 on monocyte chemoattractant
protein 1 production in monocytes and macrophages. Acta Cardiol
Sin 30(2): 144-150, 2014. PMID: 27122781.

in vivo 37: 79-87 (2023)

86



9 Pastuszak-Lewandoska D, Domańska-Senderowska D,
Kiszałkiewicz J, Szmigielska P, Snochowska A, Ratkowski W,
Spieszny M, Klocek T, Godlewski P, Cięszczyk P, Brzeziańska-
Lasota E, September AV and Laguette MJ: Expression levels of
selected cytokines and microRNAs in response to vitamin D
supplementation in ultra-marathon runners. Eur J Sport Sci
20(2): 219-228, 2020. PMID: 31241425. DOI: 10.1080/
17461391.2019.1635649

10 Lee BN, Kim TH, Jun JB, Yoo DH, Woo JH, Choi SJ, Lee YH,
Song GG, Kim Y, Lee JY, Sohn J and Ji JD: Upregulation of
interleukin-1β production by 1,25-dihydroxyvitamin D(3) in
activated human macrophages. Mol Biol Rep 38(3): 2193-2201,
2011. PMID: 20848209. DOI: 10.1007/s11033-010-0348-z

11 Dong J, Wong SL, Lau CW, Lee HK, Ng CF, Zhang L, Yao X,
Chen ZY, Vanhoutte PM and Huang Y: Calcitriol protects
renovascular function in hypertension by down-regulating
angiotensin II type 1 receptors and reducing oxidative stress. Eur
Heart J 33(23): 2980-2990, 2012. PMID: 22267242. DOI:
10.1093/eurheartj/ehr459

12 Bhavadharini B, Dehghan M, Mente A, Rangarajan S, Sheridan
P, Mohan V, Iqbal R, Gupta R, Lear S, Wentzel-Viljoen E,
Avezum A, Lopez-Jaramillo P, Mony P, Varma RP, Kumar R,
Chifamba J, Alhabib KF, Mohammadifard N, Oguz A, Lanas F,
Rozanska D, Bengtsson Bostrom K, Yusoff K, Tsolkile LP, Dans
A, Yusufali A, Orlandini A, Poirier P, Khatib R, Hu B, Wei L,
Yin L, Deeraili A, Yeates K, Yusuf R, Ismail N, Mozaffarian D,
Teo K, Anand SS and Yusuf S: Association of dairy consumption
with metabolic syndrome, hypertension and diabetes in 147 812
individuals from 21 countries. BMJ Open Diabetes Res Care
8(1): e000826, 2020. PMID: 32423962. DOI: 10.1136/bmjdrc-
2019-000826

13 Lange CM, Gouttenoire J, Duong FH, Morikawa K, Heim MH
and Moradpour D: Vitamin D receptor and Jak-STAT signaling
crosstalk results in calcitriol-mediated increase of hepatocellular
response to IFN-α. J Immunol 192(12): 6037-6044, 2014.
PMID: 24821973. DOI: 10.4049/jimmunol.1302296

14 Yazdanpanah E, Mahmoudi M, Sahebari M, Rezaieyazdi Z,
Esmaeili SA, Tabasi N, Jaberi S, Sahebkar A and Rastin M:
Vitamin D3 alters the expression of toll-like receptors in
peripheral blood mononuclear cells of patients with systemic
lupus erythematosus. J Cell Biochem 118(12): 4831-4835, 2017.
PMID: 28544067. DOI: 10.1002/jcb.26155

15 Xu S, Song J, Zhang ZH, Fu L, Gao L, Xie DD, Yu DX, Xu DX
and Sun GP: The Vitamin D status is associated with serum C-
reactive protein and adhesion molecules in patients with renal
cell carcinoma. Sci Rep 9(1): 16719, 2019. PMID: 31723229.
DOI: 10.1038/s41598-019-53395-9

16 Zhuang ZH, Xie JJ, Wei JJ, Tang DP and Yang LY: The effect
of n-3/n-6 polyunsaturated fatty acids on acute reflux esophagitis
in rats. Lipids Health Dis 15(1): 172, 2016. PMID: 27716366.
DOI: 10.1186/s12944-016-0332-2

17 Wei JJ, Tang DP, Xie JJ, Yang LY and Zhuang ZH: Decreased
n-6/n-3 polyunsaturated fatty acid ratio reduces chronic reflux
esophagitis in rats. Prostaglandins Leukot Essent Fatty Acids
112: 37-43, 2016. PMID: 27637339. DOI: 10.1016/
j.plefa.2016.08.003

18 Zhuang ZH, Zou FM, Tang DP, Zhuang JY, Wei JJ and Yang LY:
The 5-HT4 receptor agonist mosapride attenuates inflammation
of reflux esophagitis. Hepatogastroenterology 61(129): 115-119,
2014. PMID: 24895805.

19 Hirota S, Tsujino K, Hishikawa Y, Watanabe H, Kono K,
Soejima T, Obayashi K, Takada Y, Kono M and Abe M:
Endoscopic findings of radiation esophagitis in concurrent
chemoradiotherapy for intrathoracic malignancies. Radiother
Oncol 58(3): 273-278, 2001. PMID: 11230888. DOI:
10.1016/s0167-8140(00)00274-7

20 Ustaoglu A, Nguyen A, Spechler S, Sifrim D, Souza R and
Woodland P: Mucosal pathogenesis in gastro-esophageal reflux
disease. Neurogastroenterol Motil 32(12): e14022, 2020. PMID:
33118247. DOI: 10.1111/nmo.14022

21 Deng Y, Pan L and Qian W: Associations between the severity
of reflux esophagitis in children and changes in oxidative stress,
serum inflammation, vasoactive intestinal peptide and motilin.
Exp Ther Med 18(5): 3509-3513, 2019. PMID: 31602227. DOI:
10.3892/etm.2019.7978

22 Chen X, Ding YW, Yang Gy, Bondoc F, Lee MJ and Yang CS:
Oxidative damage in an esophageal adenocarcinoma model with
rats. Carcinogenesis 21(2): 257-263, 2000. PMID: 10657966.
DOI: 10.1093/carcin/21.2.257

Received November 30, 2022
Revised December 10, 2022

Accepted December 16, 2022

Wei et al: Vitamin D3 Reduces Pro-inflammatory Cytokine Levels in Acute RE

87


