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ABSTRACT

Objective: Inflammatory bowel disease (IBD) is a chronig, relapsing, and remittent inflammatory disease of the gastrointestinal tract. Nutritional defi-
ciency may be instrumental in and attributable to this disease. We examined the effect of VitB12 supplementation on acetic acid (AA)-induced colitis
in rats.

Material and Methods: Five minutes after the application of acetic acid to the rats to create a colitis model, VitB12 was administered 1 mg/kg, i.p
concentration, then the application continued for three consecutive days. Control groups were included for colitis and VitB12. After 4d, the rats were
sacrificed, and colonic tissues were harvested for macroscopic and microscopic examination of colonic damage. TNF-q, IL-1, IL-6, MDA, GSH and SOD
values were measured biochemically.

Results: There was statistically significant macroscopic improvement in damage to the colon tissues (p< 0.05). The severity of inflammation reduced in
the VitB12 treated rat group compared with the control group, but was not significantly. The levels of TNF-a, IL-13, MDA, and SOD did not differ between
AA control and VitB12 treated AA colitis group. However, the levels of IL-6 and GSH were statistically significant different in rats with AA-induced colitis
after VitB12 injection (p< 0.05).

Conclusion: Nutritional deficiencies might contribute to the pathogenesis of IBD, and the efficacy of VitB12 supplementation has controversial effects
on the intestinal mucosa.
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INTRODUCTION

Inflammatory bowel disease (IBD), which has two major typical forms, ulcerative
colitis (UC) and Crohn's disease (CD), is a chronic, relapsing and remitting inflam-
matory disease of the gastrointestinal (Gl) tract. The relationship between individ-
ual genetic factors that regulate the innate and adaptive immune system, enteric
microbiota, the enteric immune system, and environmental factors, particularly
nutritional factors, are key determinants of IBD pathogenesis, and it has been sug-
gested that these factors cause an excessive enteric immune response to gut flora
or nutritional antigensis (1). Since multiple factors can contribute to inflammation
of the intestinal mucosa, and nutritional deficiencies may occur due to malabsorp-
tion, inflammation, and resection, it has been postulated that nutritional deficien-
cies may actually evoke or influence colitis. The deficiencies in vitamin D, folate
(vitamin B9), and VitB12 are among the most prevalent in IBD patients (2).
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Vitamin B12 (VitB12), referred to as cobalamin, belongs to the B vitamin family. It is
a critical coenzyme in various important metabolic processes that take place dur-
ing the synthesis of nucleic acids, erythrocyte biogenesis, and the metabolism of

Corresponding Author
Seyma Ozsoy
E-mail: seyma.ozsoy@hotmail.com

Received: 26.09.2022
Accepted: 13.12.2022
Available Online Date: 03.03.2023

© Copyright 2023 by Turkish Surgical Society Available online at
www.turkjsurg.com

DOI: 10.47717/turkjsurg.2023.5903

amino acids and folate (3). Clinical medicine encounters VitB12 insufficiency fre-
quently as a result of intestinal inflammation brought on by diarrhea, which
impairs VitB12 absorption (4). For the diagnosis of VitB12 deficiency in healthy
people, minimum serum values of 200 pg/mL have been established (5,6). Vitamin
deficiencies in patients with IBD may cause clinical, biochemical, and inflammatory
damage. For instance, anaemia in IBD has been linked to VitB12 deficiency (7).
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Additionally, a VitB12 deficiency prevents the pro-oxidant and
pro-inflammatory homocysteine from being converted to
methionine, causing homocysteine to build up in the blood
and intestinal mucosa of IBD patients (8). As a result, VitB12
inadequacy is frequently present in patients with ileal dysfunc-
tion (2).

Deficiency of folate and VitB12 may be involved in the patho-
genesis of IBD by modulating TNF-a mediated cytotoxicity and
inducing the production of inflammatory cytokines and
chemokines, such as monocyte chemoattractant protein
(MCP-1) and IL-8 (9-11). Although several experimental and
cohort studies have shown evidence of an association between
the pathogenesis of IBD and VitB12 and folate deficiency (5,6),
it is still not clear whether VitB12 deficiency leads to IBD. The
aim of the present study was to assess the effect of VitB12 in
acetic acid (AA)-induced colitis in rats. Additionally, our goal
was to determine the protective role of VitB12 in colitis with
biochemically inflammatory indices and markers of oxidative
damage.

MATERIAL and METHODS
Animals

A total of 28 male Wistar-Albino rats weighing between 250
and 350 g were included, and were kept in separate cages in
groups of two or three, at a constant temperature of 23°C and
in a 12-hour light/dark cycle. They were fed a standard diet, and
food and water were available ad libitum. All animals were
maintained under fasting conditions for 24 h before undergo-
ing surgical procedures, and no antibiotics were given before or
after the procedures. Approval for the study protocol was
granted by the Experimental Animals Ethics Committee of
Gaziosmanpasa University Medical Faculty. All experimental,
surgical, and laboratory procedures were applied in
Gaziosmanpasa University Medical Faculty Experimental
Research Centre and Gaziosmanpasa University Medical Faculty
Biochemistry and Histology Laboratories.
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Induction of Acetic Acid (AA)-Colitis

The colitis model was induced by inserting a soft 6 mm pediat-
ric-feeding catheter into the anus of each rat, and advancing
the tip by 8 cm. One mL of 4% AA (pH 2.3) solution was slowly
transrectally injected. In order to spread AA into the colon
lumen, 2 mL of air was put into the catheter. Physical trauma
was reduced by withdrawing the catheter slowly, and the rats
were held upside down by the tail for 30 s to prevent any leak-
age of the administered substance. The experimental proce-
dures were carried out under general anesthesia via an intra-
muscular administration of 75 mg/kg ketamine hydrochloride
(Ketalar 500 mg flacon; Pfizer, istanbul, Trkiye) and 10 mg/kg
xylazine hydrochloride (Rompun 2% flacon; Bayer, istanbul,
Turkiye).

Experimental Group

The total 28 rats were randomized into four groups of seven.
Group 1 (Control saline) was the control group, in which the
rats received transrectal injections of saline; group 2 (AA colitis
control) was the control colitis group, in which AA was admin-
istered into the colon of the rats; group 3 (VitB12) was the
VitB12 treatment group, in which 1T mg/kg of VitB12 was intra-
peritoneally administered five minutes after saline injection,
with treatment then continuing for three consecutive days;
group 4 (VitB12 treatment in AA colitis) was the AA-induced
colitis group in which 1 mg/kg VitB12 was intraperitoneally
administered five minutes after colitis induction, with treat-
ment then continuing for three consecutive days. All rats were
sacrificed on day four after the induction of colitis by cervical
decapitation (Figure 1). Before the procedure, 30 mg/kg hydro-
chloride and 5 mg/kg xylazine were administered as anesthe-
sia. Intracardiac blood samples were drawn via making an inci-
sion of the abdomen and accessing the heart through the dia-
phragm. All blood samples were stored at -80°C until the day of
analysis.

4.day

1

AA-induced (4% AA, 1
ml (pH 2.3))
transrectally injection

Figure 1. Experimental procedure.
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Sacrification. Colon tissues and
blood samples were collected.
Macroscopic and microscopic
changes and MDA, TNF-a, IL-6,
IL-1B, SOD and GSH levels
were determined.



Clinical Changes After AA Administration and Macroscopic
Findings

Body weights were obtained before and after the colitis induc-
tion procedure. A new parameter, weight change (WC) was
obtained according to the formula “body weight after the proce-
dure-body weight before the procedure” Macroscopic assess-
ment of the colon was made after the rats had been sacrificed.
The longitudinally removed colon was opened and washed with
saline. Mucosal lesions were then macroscopically scored,
according to the Morris scoring system (12), as shown in Table 1.

Microscopic Changes

Colonic samples were chosen according to the Morris scoring
system. The colon of each rat was macroscopically assessed, and
samples of the region with the highest macroscopic score were
obtained. These samples were then fixed in 10% buffer-neutral
formaldehyde solution for 36 h. The fixed samples were embed-
ded in paraffin,and 5 um sections were obtained by cutting the
paraffin blocks. Hematoxylin and eosin were used for staining
after melting the paraffinized samples. Histologic assessment
was carried out by a researcher blinded to the group informa-
tion. A total of 10 sections from the seven rats in each group
were considered, and an average of 20 microscopic views was
assessed for each group. These views were analyzed via a com-
puter-assisted light microscope (Nikon Eclipse 200, serial no:
T1al 944909, Japan) with an integrated camera (Nikon Ds-FiT,
Japan), and transferred to the monitor for analysis using a Nis
element program. Inflammation score (IS) was reported by the
researcher, using a coding system that evaluates the intensity of
inflammation in the colon strata. The four-level grading system
is shown in Table 2 (13).
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Biochemical Measurement

The blood samples were centrifuged at 4.000 rpm for 10 min at
4°C, and the removed plasma was stored at -80°C. Glutathione
(GSH; item no: 7003002; Cayman Chemical, Estonia) and malon-
dialdehyde (MDA; item no: 10009055; Cayman Chemical,
Estonia) levels were measured with the colorimetric method, in
accordance with the manufacturer’s instructions, and superoxi-
dismutase (SOD; cat no: YHB2870Hu;YH-Biosearch, China),
TNF-a (cat no: YHB1098Ra; YH-Biosearch, China), interleukin (IL)-
6 (cat no: YHB0630Ra; YH-Biosearch, China), and IL-13 (cat
no:YHBO616Ra; YH-Biosearch, China) levels were measured
using the enzyme-linked immunosorbent assay (ELISA) meth-
od.

Statistical Analysis

All statistical analyses were conducted by using SPSS (Version
22.0, SPSS Inc,, Chicago, IL, USA). Descriptive statistics were
presented as mean =+ standard deviation and median (min-
max). Normality distributions of the data were assessed by
Shapiro-Wilk test. The significance of the difference between
two paired groups was evaluated using Wilcoxon signed rank
test. The significances of the difference between more than two
groups were evaluated by using Kruskal-Wallis test (non-para-
metric analysis of variance) since data did not meet the
assumptions of a parametric analysis of variance (ANOVA) test.
Post-hoc test conducted after Kruskal-Wallis test in order to
determine significant differences among the multiple groups
with pairwise comparison. p value <0.05 was considered statis-
tically significant.

Table 1. Macroscopic evaluation scale

Score Criterion

0 No damage

1 Focal hyperemia without ulceration

2 Hyperemia or linear ulceration without thickening of colonic wall

3 Linear ulceration with inflammation in one area

4 Ulceration or inflammation in two or more areas

5 Two or more areas of major ulceration and inflammation, one or more sites of damage to the colon segment longer than 1 cm
6-10 The ulcer and inflammation area longer than 2 cm in the colon (the score is increased by 1 unit for every 1 cm damage)

Table 2. Inflammation grading scale

Score Inflammation grade

0 No inflammatory cells

1 Giant cells, scattered few lymphocyte and plasma cell

2 Giant cells, increased amount of plasma cell, eosinophil, neutrophil
3 A great number of mixed inflammatory cells, microabscess formation

Turk J Surg 2023;39 (1): 7-16
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RESULTS
The Effect of VitB12 on AA-Induced Colitis

The body weights of the rats in all four groups were measured
pre-experiment and post-experiment. The control saline group
rats gained weight after saline injection, while the AA colitis
control group rats lost weight following AA injection; the statis-
tically difference was significant in both groups (p= 0.028;
p= 0.018, respectively) (Table 3, Figure 2). There was no signifi-
cant weight change in the other two groups. The new WC
parameter was obtained by subtracting the post-experiment
weight from the pre-experiment weight. A post-hoc analysis

showed that the WC differences between the AA colitis control
and control saline, AA colitis control and VitB12, control saline
and VitB12 treatment in AA colitis groups were significant (p=
0.002, p=0.027, and p= 0.03, respectively). There was no statisti-
cally difference between the AA colitis control and VitB12 treat-
ment in AA colitis groups. Post-hoc analyses revealed signifi-
cantly different mean macroscopic scores between the control
saline group vs. the VitB12 treatment in AA colitis group and the
control saline groups vs. the AA colitis control and VitB12 and
AA colitis control groups (p= 0.032, p< 0.001, and p= 0.001,
respectively) (Table 4, Figure 3). Post-hoc analysis showed mean

Table 3. Comparison of pre-post experiment weight and weight change means according to rat groups
Pre-post weight changes Pre-post weight differences
Median Median Post-hoc
n Mean + SD (min-max) p Mean + SD (min-max) p p
Pre 7 27786 +12.17 272 (265-300)
Control 0.028* | 28.14 + 25.07 24 (-4, 70) 0.030%
Post 7 306.00 + 34.33 294 (276-370)
Pre 7 28843 £ 3586 270 (255-336) -
AA colitis 0.018* 3442+ -26 (-66, -13) 0.002°
Post 7 254.00 £2369 | 252(232-302) 20.65
0.001**
Pre 7 314.57 £ 4860 308 (242-390)
VitB12 0176 | 1457 2401 14 (-18, 48) 0.027¢
Post 7 329.14 + 4351 310 (290-388)
Pre 7 352.86 +28.86 336 (324-392) 218.00 +
VitB12 + AA colitis 0.108 . -22 (-46,12)
Post 7 33486 +£3230 | 336(290-376) 23.00
SD: Standard deviation, Min: minimum, Max: maximum.
*Statistically significant (p< 0.05), **Statistically significant (p< 0.01),
3Control - VitB12 + AA colitis, PControl - AA colitis, “AA colitis - VitB12.
p =0.030%
] [post
p =0.002% p =0.027%
| 40-
. =
= = = ‘
£ S
4 ]
=
@ - 40-
[ [
p = 0.028% p=0.018*
Control Saline AA Vit B12 Saline VitB12 AA Control Saline AA Vit B12 Saline VitB12 AA

Figure 2. Boxplots of weight measurements for pre-post experiment A. and weight change means B. according to rat groups.

A. The control group and AA colitis group were significantly statistically different in pre-experimental and post-experimental weight loss (p= 0.028,
p= 0.018, respectively). B. The control group was significantly statistically different when compared with the AA colitis and VitB12 + AA colitis groups
(p=0.002, p= 0.03, respectively). The AA colitis was significantly statistically different when compared with the VitB12 group (p= 0.027).
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Table 4. Comparison of macroscopic damage score means according to rat groups

n Mean + SD Median (min-max) p Post-hoc p
Control 7 0.14+037 0(0-1) <0.001?
AA colitis 7 657+1.13 7 (5-8) 0.001°
<0.001*
VitB12 7 0.57+0.53 1(0-1)
VitB12 + AA colitis 7 3.14+090 3(2-4) 0.032¢

SD: Standard deviation, Min: Minimum, Max: Maximum.
*Statistically significant (p< 0.001).
2Control - AA colitis, PAA colitis - VitB12, “Control - VitB12 + AA colitis.

p = 0.032%
r )

P <0.001* p =0.001*
\r

r

Macroscopic finding

Control Saline AA Vit B12 Saline Vit B12 AA

Figure 3. Boxplot for macroscopic finding according to rat groups. The-
re were statistical differences between the control group vs. the VitB12
+ AA colitis group and the control vs. the AA colitis groups, and the
VitB12 and AA colitis groups (p= 0.032, p< 0.001, and p= 0.001, res-
pectively).

differences in inflammation average between the VitB12 treat-
ment in AA colitis and VitB12 groups, the AA colitis control and
VitB12 groups, and the AA colitis control and control saline
groups (p= 0.016, p< 0.001, and p= 0.005, respectively), as
shown in Table 5 (Figure 4). Hematoxylin and eosin stained
paraffin sections of four groups can be seen Figure 5. AA colitis
control group has the greatest intensity of inflammatory cells.
Control saline group appears to be normal colon tissue. The

intensity of inflammation treatment decreased with VitB12
treatment in VitB12 and VitB12 treatment in AA colitis group
but the only difference between VitB12 and AA colitis control is
significant. There is no statistically significant difference
between AA and VitB12 treatment in AA colitis groups.

Changes of Biochemical Measurement After VitB12
Administration in AA-Induced Colitis

All biochemical parameters and mean values are shown in
Table 6. Different mean IL-13 values were observed between
the VitB12 treatment in AA colitis and control saline groups, and
the VitB12 treatment in AA colitis and VitB12 groups (p= 0.006,
and p= 0.001, respectively), as shown in Table 6. Significantly
different mean plasma IL-6 values were shown between the
VitB12 treatment in AA colitis and control saline groups, the
VitB12 treatment in AA colitis and the AA colitis control groups,
and the VitB12 treatment in AA colitis and VitB12 groups
(p=0.048, p= 0.023, and p= 0.009, respectively). Significant dif-
ferences in the mean serum TNF-a values between the VitB12
treatment in AA colitis and VitB12 groups and the control saline
and VitB12 treatment in AA colitis groups (p= 0.025 and
p= 0.021, respectively) were observed. There was a statistically
significant difference between the VitB12 treatment in AA coli-
tis and VitB12 groups (p= 0.001) in mean SOD values (Table 6,
Figure 6). Post hoc analysis revealed a statistically significant
difference in the mean GSH between the VitB12 treatment in
AA colitis and VitB12 groups, and the VitB12 treatment in AA
colitis and AA colitis control groups (p= 0.028 and p= 0.003,
respectively). Significantly different mean serum MDA levels
between the VitB12 treatment in AA colitis and VitB12 alone

Table 5. Comparison of inflammatory score means according to rat groups

n Mean + SD Median (min-max) p Post-hoc p
Control 7 032+012 0.31(0.21-0.57) 0.005°
AA colitis 7 202+ 061 1.98(1.17-2.86) <0.001°
<0.001*
VitB12 7 026+0.11 0.24 (0.14-0.48)
VitB12 + AA colitis 7 1.31+056 1.38(0.70-2.24) 0.016°

SD: Standard deviation, Min: Minimum, Max: Maximum.
*Statistically significant (p< 0.001).
2Control - AA colitis, PAA colitis - VitB12, “VitB12 - VitB12 + AA colitis.

Turk J Surg 2023;39 (1): 7-16
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M 50 P51 N v = 2.0 2 groups and the AA colitis control and VitB12 groups were
observed (p=0.002 and p= 0.010, respectively).
DISCUSSION
In the present study, we evaluated the effect of VitB12 adminis-
&2 tration on a rat model of AA-induced colitis under the hypoth-
2 esis that VitB12 supplementation is essential in the prevention
5 of IBD. As per results, VitB12 treatment in AA colitis group’s val-
é ues of IL-6, TNF- a, MDA, IL-1{3, SOD, GSH were lower than AA
g colitis control group, but only IL-6 and GSH parameters reached
= the significant level. Furthermore, inflammation score and a
macroscopic score of VitB12 treatment in AA colitis group were
I . also lower than AA colitis control group. Few studies have
————] = investigated the association between VitB12 and colitis patho-
genesis, and, to the best of our knowledge, the present study is
Control saine A Vit 812 Sline vitB12 a4 the first and only experimental model that examined the effect
Figure 4. Boxplot for the inflammation score average according to rat of VitB12 supplementation modulating inflammation in a colitis
groups. There were statistical differences between the control and AA rat model. Our results signified that although VitB12 can influ-
colitis groups, the AA colitis and VitB12 groups, and the VitB12+AA co- ence colitis, their influences seemed to be marginal and sup-
litis and VitB12 groups (p= 0.005, p< 0.001, and p= 0.016, respectively). plementary.

l Nr Za o

Figure 5. Photomicrographs of H&E stained paraffin sections of the colonic tissues of rats. A. Colon saline group showing normal muco-
sa with intact epithelial surface and normal tissue inflammatory cells. B. VitB12 + AA colitis group. C. VitB12 group seen to be generally
similar to the control group. D. AA group showing destruction in all layers and severe crypt and MM damage, SM edema, significant
epithelium loss, diffuse inflammatory cells infiltration and necrosis.

M: Mucosa, ME: Muscularis externa, MM: Muscularis mucosa, SM: Submucosa (hematoxylene and eosin, bar 100 um).
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Table 6. Mean comparisons for biochemical parameters

Post-hoc
G N Mean + SD Median (min-max) p p
1 7 16.67 + 0.96 16.73 (15.01-17.73) 0.006°
2 7 16.24 + 0.84 16.18 (15.26-17.35)
IL-1B (pg/mL) 0.001**
3 7 17.05 + 046 17.05 (16.27-17.72) 0.001°
4 7 12.83 £0.54 12.57 (12.40-13.96)
1 7 224.66 + 867 226 (210.66-233.33) 0.048°¢
2 7 22638 £826 226 (213.66-238.00) 0.023¢
IL-6 (ng/L) 0.005**
3 7 22714 +7.88 224 (217.66-237.00) 0.009¢
4 7 20542 +£9.98 201 (192.00-217.33)
1 7 209.65 + 6.83 209 (199.33-218.33) 0.021f
2 7 204.00 £+ 12.64 195 (192.33-221.66)
TNFa (ng/L) 0.011*
3 7 209.09 + 7.68 209 (199.00-219.00) 0.0259
4 7 188.14 £ 1040 186 (173.66-201.00)
1 7 624.86 +17.71 625 (604-647)
2 7 62643 £ 27.38 627 (591-661)
SOD (U/L) 0.002%*
3 7 64229 £ 593 640 (634-651) 0.001"
4 7 583.00 + 23.55 587 (552-615)
1 7 1.31+£0.28 1.25 (0.95-1.75)
2 7 1.56 +0.25 1.57 (1.29-2.02) 0.003'
GSH (uM) 0.003**
3 7 146 + 049 1.32(0.94-2.07) 0.028%
4 7 072+0.18 0.64 (0.57-1.01)
1 7 363+£0.14 3,61 (3.44-3.85)
2 7 344 +£033 341 (2.95-3.85) 0.010'
MDA (uM) 0.002%*
3 7 431+£039 4.24 (3.84-4.85) 0.002™
4 7 335+0.34 3.34 (3.00-4.00)

SD: Standard deviation, Min: Minimum, Max: Maximum.
*Statistically significant p< 0.05, **Statistically significant p< 0.01.
G: Groups (1= Control, 2= AA colitis, 3=VitB12, 4=VitB12 + AA colitis).

2Control -VitB12 + AA colitis, VitB12 - VitB12 + AA colitis, “Control - VitB12 + AA colitis, YA colitis - VitB12 + AA colitis, SVitB12 - VitB1 2 + AA colitis, ‘Control - VitB12 + AA colitis, 9VitB12 - VitB12
+ AA colitis, "VitB12 - VitB12 + AA colitis, 'AA colitis - VitB12 + AA colitis, "VitB12 - VitB12 + AA colitis,'AA colitis - VitB12, ™VitB12 - VitB12 + AA colitis.

Clinical trials that aimed to find an association between the
pathogenesis of IBD and vitamin B status have also been pub-
lished, as they are observational prospective trials that investi-
gated the effect of vitamin B on the course of IBD. As the stud-
ies that assessed the serum folate and VitB12 levels of patients
with IBD have produced inconsistent results, meta-analyses
have been conducted. The first meta-analysis, determined that
people with CD have significantly higher levels of plasma
homocysteine than do control groups. There was no difference
between UC and CD patients (8). A recently published meta-
analysis compared serum folate and VitB12 levels in people
with IBD and healthy individuals. Interestingly, it found no dif-
ference in the mean of VitB12, but the folate levels did differ;
people with UC patients had significantly lower serum folate

levels than control group, but people with CD did not have dif-
ferent levels of folate from the control group (14).

Antioxidant mechanisms are essential for protecting the
colonic mucosa from the harmful effect of inflammation (15).
Increasing antioxidant defense mechanisms in the colon
mucosa, via pharmacologic therapies, may be beneficial in IBD
treatment. Excessive inflammatory response to oxidative stress
exacerbates chronic inflammation including intestinal inflam-
mation (16). The release of pro-inflammatory cytokines, such as
IL-6, IL-1, and TNF-q, which are crucial to the start and progres-
sion of intestinal inflammation, is a major indicator of this dis-
ease (17). Padmanabhan et al. (2019) suggested that folate and
VitB12 supplementation decreased the level of oxidative stress
and ameliorated the cytotoxic effects of carsinogenesis in a rat

Turk J Surg 2023;39 (1): 7-16
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Figure 6. Boxplots for IL6 A. and TNF a B., MDA C., IL13 D., SOD E., GSH F. measurements according to rat groups.

A.The control group vs the VitB12 + AA group (p= 0.048); the AA group vs the VitB12+AA group (p= 0.023); the VitB12 group vs the VitB12 + AA colitis
group (p= 0.009). B. The control group vs the VitB12 + AA colitis group (p= 0.021); the VitB12 group vs the VitB12+AA colitis group (p= 0.025). C. The
AA group vs the VitB12 group (p=0.010); the the VitB12 group vs the VitB12 + AA colitis group (p= 0.002). D. The control group vs the VitB12+AA group
(p=0.006); the VitB12 group vs the VitB12 + AA colitis group (p= 0.001). E. The VitB12 group vs the VitB12+AA colitis group (p= 0.001). F. The AA group
vs the VitB12+AA group (p= 0.003); the VitB12 group vs the VitB12 + AA colitis (p= 0.028).

model of colon cancer (18). Moreover, it was demonstrated that
the deficit in VitB12 and folate increased plasma level of IL-1(3 ve
IL10 in rats subjected to dextran sodium sulphate (DSS) as an
experimental colitis model (19). Similarly, VitB12-producing
Lactobacillus (CLAB) attenuated colitis damage as well as
inflammation and antioxidant markers [myeloperoxidase
(MPO), malondialdehyde (MDA), interleukin 6 (IL-6), IL-13 and
tumour necrosis factor-a (TNF-a)] in the mice colitis model
formed with dextran sodium sulfate (DSS) (20). TNF-a mRNA
levels and protein levels of p38, cytosolic phosphopolypase A2,
and cyclooxygenase 2 were decreased in an experimental
model of colitis induced by VitB12-treated DSS (21).

The present study investigates VitB12 as an antioxidant therapy
for IBD, although many antioxidant compounds have yielded
promising results as such treatment (22). Our study demon-
strated that VitB12 supplementation decreased the levels of IL.-6
and GSH in an AA-induced colitis rat model as similar to other
studies. Although other biomarkers of inflammation (TNF-a
and IL-1B3) and oxidative stress (SOD and MDA) were reduced by
VitB12, no significant results were observed. The experimental
colitis models and the method and duration of administration
of VitB12 to animals may differ. Evaluating specific markers of

Turk J Surg 2023;39 (1): 7-16

intestinal mucosa on an experimental colitis model that uses
antioxidant supplementation may be more beneficial. Addi-
tionally, we used a standard diet, not a methyl-deficient diet.

According to Lurz et al. (2020), there were no appreciable vari-
ations in body weight between deficient and sufficient VitB12
diets in mice. Colon lengths in VitB12-deficient and VitB12-
supplemented mice exposed to DSS were found to differ. In all
treatment groups, an increase in the colonic expression of the
anti-inflammatory cytokine IL-10 and in the pro-inflammatory
cytokine TNF-a in post-DSS has been observed (23). Further-
more, a decrease in colonic tissue damage has previously been
reported in the context of DSS. The increase in IL-10 is likely to
be responsible for the reduction in tissue damage in VitB12-
deficient mice (24). Similarly, in our study, IS and macroscopic
score decreased in VitB12 treatment in AA colitis group. How-
ever, prior research has shown that VitB12 deficiency causes
decreased populations of both CD8+ cell and NK cells, which
could possibly account for the decrease in tissue-specific dam-
age (25). Despite these results, multiple studies show that IBD
patients have lower VitB12 levels than healthy controls (14).
Although more research is required to completely understand
the underlying mechanisms, the malabsorption of VitB12 in



colitis likely contributes to inflammation and tissue damage in
the intestine.

CONCLUSION

We assessed the effect of VitB12 on AA-induced colitis and
expected to see an anti-inflammatory benefit of giving VitB12.
Our study demonstrated the benefit of VitB12 via the mean of
inflammatory markers, such as IL-6, and the indirect oxidative
stress marker GSH. These findings shed important light on the
relationships between intestinal inflammation and VitB12.
There are several limitations, however, that must be taken into
account. The use of AA as a model of colitis is but one of many
models of IBD (23). Local inflammatory and oxidative markers
were limited in this study. Inflammation and oxidative markers
in serum samples were analyzed, but these markers were not
tested in colon tissue. Lastly, because only male rats were used,
sex-related differences could not be distinguished. In conclu-
sion, our results suggest that changing dietary VitB12 levels
may affect conditions of intestinal health. The fact that the anti-
inflammatory effect of VitB12 has been demonstrated in this
study increases the scientific value of VitB12 for inflammatory
diseases. If VitB12 is asserted as an anti-inflammatory, it will be
valuable in terms of leading to new studies with vitamin B
derivatives. Thus, delivering VitB12 supplements to IBD patients
may enhance their healthier lives and prevent other illnesses.

Acknowledgements

We are greatly indebted to professor Ki Baik Hahm for his help
and critical suggestions during preparing the final version of
manuscript.

Ethics Committee Approval: This study was approved by Gaziosmanpasa
University Rectorate Animal Experimentation Local Ethics Committee (Deci-
sion no: 51879863-183, Date: 08.05.2014).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - SO, ZO; Design - SO, ZO; Supervision -
SO, ZO, FG; Funding - ZO; Materials - SO, ZO, FG; Data Collection and/or
Processing - SO, ZO, FG; Analysis and/or Interpretation - SO, ZO, FG, AOY;
Literature Review - SO, ZO, FG, AQY; Writer- SO, AQY; Critical Review - SO,
Z0, AOY.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

REFERENCES

1. Katsanos KH, Papadakis KA. Inflammatory bowel disease: Updates on
molecular targets for biologics. Gut Liver 2017; 11(4): 455-63. https.//
doi.org/10.5009/gnl16308

2. Weisshof R, Chermesh |. Micronutrient deficiencies in inflammatory
bowel disease. Curr Opin Clin Nutr Metab Care 2015, 18: 576-81. htt-
ps.//doi.org/10.1097/MCO.0000000000000226

Ozsoy,etal. 1§

Bermejo F, Algaba A, Guerra I, Chaparro M, De-La-Poza G, Valer P, et
al. Should we monitor vitamin B12 and folate levels in Crohn’s dis-
ease patients? Scand J Gastroenterol 2013;48(11): 1272-7. https.//doi.
0rg/10.3109/00365521.2013.836752

Kook PH, Lutz S, Sewell AC, Bigler B, Reusch CE. Evaluation of serum
cobalamin concentration in cats with clinical signs of gastrointesti-
nal disease. Schweiz Arch Tierheilkd 2012, 154(11): 479-86. https.//doi.
0rg/10.1024/0036-7281/a000391

Holick MF, Binkley N, Bischoff-Ferrari HA, Gordon CM, Hanley DA,
Heaney RP, et al. Endocrine Society. Evaluation, treatment, and pre-
vention of vitamin D deficiency: An Endocrine Society clinical prac-
tice guideline. J Clin Endocrinol Metab 2011; 96: 1911-30. https.//doi.
0rg/10.1210/jc.2011-0385

Devalia V, Hamilton MS, Molloy AM. British Committee for Standards
in Haematology. Guidelines for the diagnosis and treatment of cobal-
amin and folate disorders. Br J Haematol 2014, 166: 496-513. https.//
doi.org/10.1111/bjh.12959

Martin J, Radeke HH, Dignass A, Stein J. Current evaluation and man-
agement of anemia in patients with inflammatory bowel disease. Ex-
pert Rev Gastroenterol Hepatol 2017; 11: 19-32. https.//doi.org/10.108
0/17474124.2017.1263566

Oussalah A, Guéant JL, Peyrin-Biroulet L. Meta-analysis: Hyperhomo-
cysteinaemia in inflammatory bowel diseases. Aliment Pharm Ther
2011, 34: 1173-84. https.//doi.org/10.1111/].1365-2036.2011.04864.x

Jacques PF, Bostom AG, Williams RR, Ellison RC, Eckfeldt JH, Rosen-
berg IH, et al. Relation between folate status, a common mutation
in methylenetetrahydrofolate reductase, and plasma homocysteine
concentrations. Circulation 1996, 93: 7-9. https.//doi.org/10.1161/01.
CIR.93.1.7

Keshteli AH, Baracos VE, Madsen KL. Hyperhomocysteinemia as a po-
tential contributor of colorectal cancer development in inflammatory
bowel diseases: A review. World J Gastroenterol 2015, 21: 1081-90.
https.//doi.org/10.3748/wjg.v21.i4.1081

Poddar R, Sivasubramanian N, DiBello PM, Robinson K, Jacobsen DW.
Homocysteine induces expression and secretion of monocyte chem-
oattractant protein-1 and interleukin-8 in human aortic endothelial
cells: Implications for vascular disease. Circulation 2001, 103: 2717-23.
https.//doi.org/10.1161/01.CIR.103.22.2717

Morris GP, Beck PL, Herridge MS, Depew WT, Szewczuk MR, Wallace
JL. Hapten-induced model of chronic inflammation and ulceration
in the rat colon. Gastroenterology 1989; 96: 795-803. https.//doi.
0rg/10.1016/50016-5085(89)80079-4

Hooker GD, Taylor BM, Driman DK. Prevention of adhesion forma-
tion with use of sodium hyaluronate-based bioresorbable membrane
in a rat model of ventral hernia repair with polypropylene mesh-a
randomized, controlled study. Surgery 1999; 125: 211-6. https//doi.
0rg/10.1016/50039-6060(99)70267-9

Pan 'Y, Liu'Y, Guo H, Jabir MS, Liu X, Cu W, et al. Associations between
folate and vitamin B12 levels and inflammatory bowel disease: A
meta-analysis. Nutrients 2017; 9(4): 382. https.//doi.org/10.3390/
nu9040382

Damiani CR, Benetton CA, Stoffel C, Bardini KC, Cardoso VH, Giunta
GD, et al. Oxidative stress and metabolism in animal model of colitis
induced by dextran sulfate sodium. J Gastroenterol Hepatol 2007; 22:
1846-51. https.//doi.org/10.1111/}.1440-1746.2007.04890.x

de Souza HS, Fiocchi C. Inmunopathogenesis of IBD: Current state of
the art. Nat Rev Gastroenterol Hepatol 2016; 13(1): 13-27. https.//doi.
0rg/10.1038/nrgastro.2015.186

Turk J Surg 2023;39 (1): 7-16


https://doi.org/10.5009/gnl16308
https://doi.org/10.5009/gnl16308
https://doi.org/10.1097/MCO.0000000000000226
https://doi.org/10.1097/MCO.0000000000000226
https://doi.org/10.3109/00365521.2013.836752
https://doi.org/10.3109/00365521.2013.836752
https://doi.org/10.1024/0036-7281/a000391
https://doi.org/10.1024/0036-7281/a000391
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1111/bjh.12959
https://doi.org/10.1111/bjh.12959
https://doi.org/10.1080/17474124.2017.1263566
https://doi.org/10.1080/17474124.2017.1263566
https://doi.org/10.1111/j.1365-2036.2011.04864.x
https://doi.org/10.1161/01.CIR.93.1.7
https://doi.org/10.1161/01.CIR.93.1.7
https://doi.org/10.3748/wjg.v21.i4.1081
https://doi.org/10.1161/01.CIR.103.22.2717
https://doi.org/10.1016/S0016-5085(89)80079-4
https://doi.org/10.1016/S0016-5085(89)80079-4
https://doi.org/10.1016/S0039-6060(99)70267-9
https://doi.org/10.1016/S0039-6060(99)70267-9
https://doi.org/10.3390/nu9040382
https://doi.org/10.3390/nu9040382
https://doi.org/10.1111/j.1440-1746.2007.04890.x
https://doi.org/10.1038/nrgastro.2015.186
https://doi.org/10.1038/nrgastro.2015.186

16 Aseticacid, colitis, VitB12

20.

21.

Neurath MF. Cytokines in inflammatory bowel disease. Nat Rev Immu-
nol 2014; 14(5): 329-42. https.//doi.org/10.1038/nri3661

Padmanabhan S, Waly MI, Taranikanti V, Guizani N, Ali A, Rahman
MS, et al. Folate/vitamin B12 supplementation combats oxidative
stress-associated carcinogenesis in a rat model of colon cancer. Nutr
Cancer 2019; 71(1): 100-10. https//doi.org/10.1080/01635581.2018.1
513047

Harb 7, Deckert V, Bressenot AM, Christov C, Guéant-Rodriguez RM,
Raso J, et al. The deficit in folate and vitamin B12 triggers liver mac-
rovesicular steatosis and inflammation in rats with dextran sodium
sulfate-induced colitis. J Nutr Biochem 2020; 84: 108415. https.//doi.
01g/10.1016/jnutbio.2020.108415

Zhang P Li B, Mu J, Liu D, Zhang G, Mao X, et al. The therapeutic and
preventive effects of a canine-origin VB12-producing Lactobacillus on
DSS-induced colitis in mice. J Anim Physiol Anim Nutr 2022; 106(6):
1368-82. https.//doi.org/10.1111/jpn.13767

Chen M, Peyrin-Biroulet L, George A, Coste F, Bressenot A, Bossenmey-
er-Pourie C, et al. Methyl deficient diet aggravates experimental colitis
in rats. J Cell Mol Med 2011; 15(11): 2486-97. https.//doi.org/10.1111/
J.1582-4934.2010.01252.x

ORIJINAL CALISMA-OZET
B Turk J Surg 2023;39 (1): 7-16

22.

23.

24.

25.

Zhu H, Li YR. Oxidative stress and redox signaling mechanisms of
inflammatory bowel disease: Updated experimental and clinical
evidence. Exp Biol Med (Maywood) 2012; 237: 474-80. https.//doi.
0rg/10.1258/ebm.2011.011358

Lurz E, Horne RG, Mddittcinen P Wu RY, Botts SR, Li B, et al. Vitamin B12
deficiency alters the gut microbiota in a murine model of colitis. Front
Nutr 2020; 7: 83. https.//doi.org/10.3389/fnut.2020.00083

Cardoso A, Gil Castro A, Martins AC, Carriche GM, Murigneux V, Cas-
tro, et al. The dynamics of interleukin-10-afforded protection during
dextran sulfate sodium-induced colitis. Front Immunol 2018; 9: 400.
https.//doi.org/10.3389/fimmu.2018.00400

Tamura J, Kubota K, Murakami H, Sawamura M, Matsushima T, Ta-
mura T, et al. Immunomodulation by vitamin B12: Augmentation of
CD8+ T lymphocytes and natural killer (NK) cell activity in vitamin
B12-deficient patients by methyl-B12 treatment. Clin Exp Immunol
1999; 116(1): 28-32. https.//doi.org/10.1046/].1365-2249.1999.00870.x

Sicanlarda asetik asit ile olusturulmus kolit lizerine vitamin B12'nin koruyucu etkisi
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OZET

Giris ve Amag: Enflamatuvar bagirsak hastaligi (IBD), gastrointestinal sistemin kronik, tekrarlayici ve remitan enflamatuvar bir hastaligidir. Bes-
lenme eksikligi bu hastalikta katkida bulunabilir. Biz calismamizda, VitB12 takviyesinin sicanlarda asetik asit (AA) kaynakli kolit tizerindeki etkisini

incelemeyi amacladik.

Gereg ve Yontem: Kolit modeli olusturmak igin sicanlara asetik asit uygulamasindan bes dakika sonra VitB12 1 mg/kg, i.p l¢ gilin sireyle
uygulandi. Kolit ve VitB12 icin kontrol gruplari dahil edildi. Dért giin sonra, sicanlar sakrifiye edildi ve kolon hasarinin makroskopik ve mikroskobik
incelemesi icin kolon dokulari toplandi. Sicanlardan alinan kan 6rneklerinde TNF-q, IL-1(3, IL-6, MDA, GSH ve SOD degerleri biyokimyasal olarak

slcildil.

Bulgular: Kolon dokularinda iyilesme makroskopik olarak istatistiksel olarak anlamliydi (p< 0,05). Kontrol grubu ile karsilastinldiginda VitB12 ile
tedavi edilen sican grubunda enflamasyonun siddeti azaldi. AA ile indlklenmis kolitli grupta VitB12 ile tedavi sonucu TNF-q, IL-1(3, MDA ve SOD
seviyeleri azalmisti, fakat istatistiksel olarak anlamli farkhlik goriilmedi. Ancak, B12 vitamini enjeksiyonundan sonra AA ile indiiklenen kolitli sican-

larda IL-6 ve GSH seviyeleri 6nemli 6l¢ctide anlamli azaldi (p< 0,05).

Sonug: Beslenme eksiklikleri IBD patogenezine katkida bulunabilir ve VitB12 takviyesi bagirsak mukozasi tizerinde yararh etkilere sahiptir.

Anahtar Kelimeler: Vitamin B12, enflamatuvar bagirsak hastaligi, enflamasyon, asetik asit
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