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Abstract

Background: The presence of inflammatory mediators and free radicals are well-known features in the
pathogenesis of ulcerative colitis (UC). Patients with ulcerative colitis often exhibit vitamin K (vit K)
deficiency. Some studies have been discussed role for vit K as anti-inflammatory and antioxidant factor in
other tissues, but the modulatory role of vit K supplementation by different routes in ulcerative colitis is
unclear, with its antioxidant capacity and anti-inflammatory activity, vit K would be expected to reduce
injury from ulcerative colitis. The aim of this study is to verify the role of vit K in the pathophysiology of
intestinal inflammation using acetic acid induced ulcerative colitis model in rats. In addition, the efficiency
of vit K injection in comparison to oral vit K supplementation in such condition was investigated.

Methods: 24 adult male albino rats were divided to 4 main groups (n=6): group (A) control intact
received saline intrarectally and take water by gavage, (B) acetic acid-induced colitis group injected with 2
ml acetic acid (4%) intra rectally and take water by gavage), (C) acetic acid-induced colitis with oral vit K
(1.6 mg/kg/d) and (D) acetic acid-induced colitis injected with vit K (1.6 mg/kg/d) intraperitoneally (ip), vit
K was given 24 h after induction of colitis and persisted for 8 consecutive days. Disease activity was
evaluated biochemically by measuring proinflammatory cytokine levels and oxidative stress markers in
colonic tissue sample, Ulcer index, severity of inflammation and histological changes were recorded after the
end of the treatment regimen.

Results: Acetic acid induced colitis group B showed atrophy of lining mucosa with areas of ulceration,
with inflammatory cell infiltration detected by microscopic examination and evaluated by injury score index,
in addition to increased levels of tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), interleukin-6
(IL-6), myeloperoxides (MPO), malondialdehyde (MDA), and decreased levels of glutathione peroxidase
(GPX) and superoxide dismutase (SOD) when compared with control group A; whereas vitamin K
administration in group C and D significantly suppressed TNF-α, IL-1β, IL-6 production, increased GPX
and SOD and decreased the score injury index when compared to group B. Moreover, group D showed more
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significant decreased in TNF-α, IL-1β, IL-6, increased GPX and SOD and decreased the score injury index
when compared with group C.

Conclusion: Our study proposes that vit K has effective anti-inflammatory and antioxidant role in
modulating ulcerative colitis and may be a promising adjuvant therapeutic option for ulcerative colitis, with
higher effectiveness of injectable form than oral supplementation.
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1. Introduction

Ulcerative colitis (UC) is a chronic
inflammatory bowel disease of the large intestine.
The etiology of ulcerative colitis is not fully
understood, however, decreased antioxidant
capacity and increased free radical production are
well-known features of inflammatory bowel disease
(IBD). Reactive oxygen species and subsequent
lipid peroxidation decrease cellular antioxidant
capacity, which result in prominent colonic
inflammation. Excessive inflammation and
oxidative stress have pivotal roles in the
pathogenesis of UC disease [1-4]. Inflammatory
mediators are known to be secreted from migrated
granulocytes in the inflamed mucosa in IBD [5, 6]. It
is widely accepted that both UC and CD are caused
by inflammation-related cytokine-driven mixed
infiltrates in the intestinal mucosa [7]. Some
proinflammatory cytokines such as TNF- α, IL-1b,
IL-6, and IL-17 also play crucial roles in disease
pathogenesis [8-10]. Inhibition of lipid peroxidation
or scavenging of oxygen free radicals would a
rationale for therapeutic modulation with
antioxidants [11-13].

There are two types of naturally occurring vit
K: phylloquinone (K1), which is synthesized in
plants, and menaquinone (MK-n or K2) which is
mainly produced by microorganisms. Significant
amounts of menaquinones are synthesized by
intestinal flora in the lower intestine and absorbed.
After absorption from the intestine, vit K is
transported to the liver by triglyceride-rich
lipoprotein chylomicrons to activate K-dependent
proteins. vit K is essential for both blood
coagulation and bone metabolism in mammals. vit
K acts as a cofactor for microsomal -glutamyl
carboxylase in the posttranslational synthesis of -
carboxyglutamic acid from the glutamic acid

residues contained in vit K dependent precursor
proteins [11, 12].

Vitamin K has recently been shown to
suppress inflammation by inhibiting the production
of IL-6 in human macrophages and fibroblasts [13, 14].
In another study, the antioxidant effect of vit K has
been revealed by inhibiting glutathione depletion-
mediated oxidative cell death in primary cultures of
immature fetal cortical neurons and oligodendrocyte
precursors and completely blocks free radical
accumulation and cell death. [15]. In addition, dietary
supplementation of vit K1 has been shown to
suppress the lipopolysaccharide-induced hepatic
inflammatory process in rats [13].

Although these reports suggest that vit K has
anti-inflammatory and antioxidant properties, it is
not known if vit K can modulate intestinal
inflammation, hence, we designed the current study
to assess the possible modifying effect (s) of vit K
supplementation with different routes of
administration on acetic acid-induced ulcerative
colitis in adult male rats.

2. Materials and Methods

This study was conducted in the scientific and
medical research center (ZSMRC) in Faculty of
Medicine, Zagazig University in the period from
2nd to 25 th of January 2019, This study protocol
was approved by the Ethics Committee of Medicine
Faculty, Zagazig University. The study was
performed on 24 adult male albino rats 12-15 weeks
old weighing 190-230 g. Rats were obtained from
the animal house of Faculty of Veterinary Medicine,
Zagazig University.. Animals were kept in clean
wire cages at comfortable temperature with 12-hour
light/dark cycles and with free access to water.
After a two weeks’ adaptation period the animals
were randomized into four main groups:
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2.1 Animal grouping
Adult male rats were randomly divided into

four groups (6 rats in each) as follows: Group (A):
control group without induction of colitis (intact
group) and vehicle treated in which rats received
water, orally (gavage). Group (B): acetic acid-
induced colitis, injected with 2 ml acetic acid (4%)
intra rectally), Group (C) induced colitis in addition
to treatement by vit K1 (1.6 mg/kg) orally (gavage)
Phylloquinone (K1) 100 mg ampoul (CAS Number
84-80-0), and group (D): induced colitis with
treatment with vit k1 (1.6 mg/kg) i.p, in both treated
groups vit K was given 24 h after induction of
colitis and persisted for 8 consecutive days., the
dose was selected as described before with some
modification [16].

2.2 Induction of colonic inflammation in rats
All animals were fasted overnight, with access

to water ad libitum, the rats anesthetized by ether
inhalation. Before induction of colitis, a
polypropylene tube with 2mm diameter was
inserted through the rectum into the colon to a
distance of 8 cm. A solution of two ml acetic acid
(4%). The rats were maintained in a Trendelenburg
position for 30 sec to prevent leakage of the
intracolonic instillation [17].

At the end of the study, all rats were sacrificed
by cervical dislocation. The last 8 cm of the colon
was excised, opened longitudinally and rinsed with
saline solution. Then the distal colon were weighed
and scored the mucosal lesions macroscopically.
Tissue samples were taken for histologic evaluation
of the lesions under light microscopy.

2.3 Assessment of colon macroscopic damage
A segment of the colon, 8 cm in length and 3

cm proximal to the anus was excised, opened
longitudinally and washed by saline buffer. These
specimens were weighed. A pathologist who was
unaware of the experimental conditions recorded
macroscopic and histological damages. The criteria
for macroscopic evaluation relied on a previously
validated scoring system (0-4) [18]. The scores were:
0=no ulcer; 1=mucosal erythema only; 2=mild
mucosal edema, slight bleeding or slight erosion;
3=moderate edema, erosions or bleeding ulcers; and
4=severe ulceration, edema and tissue necrosis.
Ulcer area was measured using scaled surgical

transparent tape, which was fixed to a light and
transparent sheet. Each cell on the tape was 1 mm 2
in area and the number of cells covering the
ulcerated area of each specimen was counted. Ulcer
index was measured by summing the ulcer score
and the ulcer area of each tissue specimen. Ulcer
index was calculated according to the following
formula: UI=UN+US+UA× 10-1, where UI=ulcer
index, UN=ulcer number, US=ulcer score and
UA=ulcer area.

2.4 Assessment of colon histological damage
Colon tissues were separately fixed in 10%

formalin, dehydrated, paraffin embedded, processed,
sectioned as 4 µm-thick sections, and stained with
haematoxylin and eosin (HE). Inflammation
severity (0=none, 1=slight, 2=moderate, and
3=severe) was assessed in HE-stained, coded
sections using a validated scoring scheme described
before with some modifications [19]. The stained
sections of colon were examined for any
inflammatory changes like infiltration of the cells,
necrotic foci and damage to tissue structures like
payer’s patches, crypt-abscess, and damage to
nucleus. Crypitis, and goblet cells depletion and
also inflammatory cells infiltrates in the lamina
propria and colonic wall were estimated.

2.5 Biochemical studies

2.5.1 Tissue myeloperoxidase activity
Myeloperoxidase (MPO)

Activity was determined by a modification of
the O-dianisidine method. All measurements were
carried out in duplicate. One unit of MPO was
defined as vitamin-tahan_Layout 1 that giving an
increase in absorbance of 0.001 nm per minute, and
specific activity is reported as U/mg protein.

2.5.2 Tissue Malondialdehyde measurements
(MDA)

Can be detected in quantifiable amounts with
the thiobarbituric acid reactive species (TBARS)
assay. We obtained measurements of TBARS
according to Ohkawa et al. [20] Colonic tissues were
homogenized in ice-cold 10% trichloroacetic acid
(TCA) solution and then centrifuged. The
supernatant portion was mixed with equal volume
of TBARS (0.67%) and heated at 90°C for 15
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minutes. The TBARS were measured in nmol/mg
protein according to absorbance at 532 nm.

2.5.3 Tissue Superoxide dismutase (SOD) activity
According to the method described before [21].

This method uses xanthine and xanthine oxidase to
generate superoxide radicals. Superoxide dismutase
activity is expressed as U/ µg protein.

2.5.4 Tissue glutathione peroxidase (GPx)
determination

Estimation of GPx content follows the method
of [21].The intestinal sample was homogenized in 2
mL of 50 mMTris– HCl buffer, the contents of
GPX were given as U/µg protein

2.5.5 The levels of rat colonic tissue tumour
necrosis factor (TNF)–α , interleukin (IL)-1β
and IL-6

With commercially available enzyme
immunoassay kits (enzyme-linked immunosorbent
assay [ELISA], Analyses of all samples, standards
and controls were run in duplicate. Cytokine
activities were expressed as pg/mg protein.

2.6 Statistical analysis
The values were expressed as mean ± SD and

analyzed using version 18 SPSS program (SPSS Inc.
Chicago, IL, USA). One way analysis of variance

(ANOVA) was used followed by student-least
significant differences (LSD) test to compare
statistical differences between groups. P value less
than 0.05 was considered to be significant.

3. Results
3.1 Effect of vitamin K treatment on biochemical
measures

The present study showed that intra -rectal
administration of acetic acid significantly increased
MDA , MPO, TNFα , IL-1β and IL-6 levels
(p<0.001) while significantly decreased SOD and
GPX levels (p<0.001) in group B (acetic acid-
induced colitis group) in comparison to those of
group A (normal control group) (Table 1).

On the other hand, it was found that oral
vitamin. K administration resulted in a significant
decrease in MDA, MPO, TNFα , IL-1β and IL-6
levels (p<0.01) but significantly increased SOD and
GPX levels (p<0.05, p<0.01 respectively) in group
C (acetic acid-induced colitis treated by oral vit. K
group) compared to those of group B (Table 1).

Moreover, in group D (acetic acid-induced
colitis treated by ip vit. K group) vit. K injection
resulted in a significant decrease in MDA, MPO,
TNF α , IL-1 β and IL-6 levels (p<0.001) but
significantly increased SOD and GPX levels
(p<0.001) when compared with those of group B
and group C (Table 1).

Table 1: Colonic MDA, MPO, SOD, GPX, TNF–α, IL-1β and IL-6 in all studied groups

Groups
Parameters

Group A
( control)

Group B
(UC)

Group C
(UC treated by
oral vit. K)

Group D
(UC treated by ip vit.

K)
MDA (nmol/g

protein
 
SD

4.11±1.1 8.11±0.98 a *** 6.62±0.84 b** 4.67±0.83 b***c***

MPO
(U/ g protein)

 
SD

19.51±3.39 51.45± 3.21 a *** 44.46±2.66 b** 32.25±4.74 b***c***

SOD
( U/µg protein)

 
SD

4.09±0.18 2.94± 0.28 a *** 3.26±0.38 b* 3.84±0.16 b***c***

GPX
(U/µg protein )

 
SD

132.06± 5 72.45±3.79 a *** 80.65±6.73 b** 118.76±6.44 b***c***

TNFα
(pg/mg tissue )

 
SD

24.55±3.1 86.37±5.55 a *** 78±3.97b**
34.62±4.20 b***c***

IL-1β (pg/ mg
tissue)

 
SD

39.64±3.93 81.65±3.38 a *** 73.94±4.83 b** 49.50±3.82 b***c***

IL-6
(pg/mg tissue)

 
SD

37.50±3.72 93.09±4.67 a *** 84.25±5.70 b** 60.75±3.69 b***c***
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a =Significant versus group A, b =Significant versus group B, c =Significant versus group C. * = significant (P<0.05);
** = significant (P<0.01); *** = significant (P<0.001)

3.2 Effect of vit K treatment on histopathological
studies and injury score index

Acetic acid induced atrophy of lining mucosa
with areas of ulceration, marked goblet cell
depletion and transmural infiltration with
inflammatory cells in form of lymphocytes, plasma
cells and machrophages with sub mucosal edema
with destruction of intestinal crypts (Figure 1.B;
table 2) when compared to control Figure 1.A; table
2). Oral treatment with vit. K showed some

improvement of the degree of ulcerative colitis and
regeneration of lining mucosa with decrease
inflammatory cells infiltrate limited to mucosa
(Figure 2.A; table 2), Moreover, IP injection of vit.
K led to marked improvement in the degree of
colonic lesions with regeneration of lining mucosa
with prominent goblet cells and decrease
inflammatory cells infiltrate limited to mucosa with
free sub mucosa (Figure 2.B, table 2).

Table 2: Histopathological scoring of colonic damage

a = versus group A; b = versus group B; c = versus group C * = significant (P<0.05); ** = significant (P<0.01); *** =
significant (P<0.001)

Figure 1: Histological Section in the intestine of control group (FIG.1.A) showed normal histology well-formed
intestinal gland with intact goblet cells no ulceration or inflammation. Inflammatory score 0, section from rat
intestine with acetic acid-induced colitis (FIG.1.B) showing ulceration of lining mucosa (arrow) ,marked goblet
cell depletion and transmural infiltration with marked inflammatory cells in form of lymphocytes , plasma cells
and machrophages (double arrows) with sub-mucosal edema with destruction of intestinal crypts.
Inflammatory score 8 (H&E X200, inset X400).

Groups
Parameters

Group A
( control)

Group B
(UC)

Group C
(UC treated by oral

vit. K)

Group D
(UC treated by ip vit.

K)

colonic injury
score   SD 0 7.12±0.83 a*** 4.87±0.83 b***

2.37±0.52 b***c***
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Figure 2: Histological section in rat intestine (UC treated by oral vit. K) (Fig. 2.A), showing regeneration of
lining mucosa (arrow) with decrease inflammatory cells infiltrate limited to mucosa and submucosa.
Inflammatory score 4, section in rat intestine (UC treated by ip vit. K (Fig.2.B), showing regeneration of lining
mucosa (arrow) with prominent goblet cells (circle) and decrease inflammatory cells infiltrate limited to mucosa
with free submucosa (star). Inflammatory score 2 (H&E x200 inset X400).

4. Discussion

We studied the role of vit K supplementation
in the pathophysiology of intestinal inflammation
by using a model of acetic acid induced colitis. In
addition, we evaluated the difference between effect
of vit K injection and oral vit K supplementation on
cytokine production and oxidative stress markers. In
the present study, acetic acid induced colitis led to
destruction of colon structure and mucosal barrier
by chemical injury, increased vessel permeability,
increase inflammatory cell infiltration,
inflammatory mediator levels, and oxidative stress
markers, this coincide with other studies on similar
models [16, 22]. On the other hand, we found that
histological features of colitis were improved in rats
treated with vit K- orally and parenteral with more
significant improvement of injury score index
concerning parenteral rout.

We proved that supplementation of vit K
decrease colonic oxidative damage in rats with
colitis, as vit K supplementation decreased the
levels of MPO and MDA; a good indicator of lipid
peroxidation. Increased lipid peroxidation products
in intestinal tissue can start a vicious cycle that
creates reactive metabolites, which deplete the

ncellular antioxidants such as vitamin E and C and
finally worsen inflammation and ulceration [26, 27]

Our study also showed that treatment with vit
K increased the Gpx and SOD levels. Gpx is
involved in many mechanisms including, prevention
of free radicals-induced damage, the synthesis and
repair of DNA, recycling of vitamins C and E and
improve their antioxidant activity, in addition to its
role in detoxification [24]

In addition, vit K exerts an immunosuppressive
effect and anti-inflammatory effects through the
suppression of IL-6 production, IL-1β and TNF–α.
The protective effect of vit K on acetic acid-induced
colitis in rats was well confirmed by the
histopathological studies. The results obtained from
vit K treated acetic acid-induced colitis in the
present study, is in well correlation with previous
studies [21, 25]

In the present study, we declared that vit K
administered orally and by injection significantly
inhibited the activity of lipid peroxides in the
colonic tissue. However vit K injection has better
result on improvement of condition and this
coincide with the concept of malabsorption in that
disease which affect vit K and other vitamin
absorption, some studies mentioned that UC is
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associated with significant alterations in the
function of the small intestine as manifested by a
decrease in the absorption of fluid and nutrients and
an increase in permeability [26-28]. We confirmed this
concept by our result, as the weaker effect of oral
vit K in comparison to parenteral vit K is due to the
possible malabsorptive state, this concept of
malabsorption in UC state can be affected by local
inflammation that leads to undernutrition and/or
malabsorption [29-32].

In agreement with our study, The antioxidant
and antiinflammatory effects of vit K have been
also presented in some previous studies, A recent
results demonstrating exacerbation of colitis due to
a vit K-deficient diet associated with increased IL-6
expression, moreover, vit K deficiency is associated
with increased severity of chrons disease [33].
Impaired suppression of IL-6 by a K-deficient diet
may constitute a mechanism for the exacerbation of
colitis. In addition, the correlation between
inflammation and vit K status has been reported for
some inflammatory diseases; vit K treatment was
found to reduce the severity of rheumatoid arthritis
in mice and humans [34, 35].

Moreover, Reddi et al. [14] previously showed
that vit K treatment decrease lipopolysaccharide
induced IL-6 production in cultured human
fibroblasts [36]. IL-6 has been shown to play a
crucial role in the development of colitis; injection
of the IL-6 receptor antibodies ameliorates murine
colitis [37, 38]. Moreover, expression of Il-6 mRNA
was significantly lower in the splenocytes cultured
in vitro with vit K than that in those cultured
without vit K. In addition, a community-based study
also showed that high vit K levels are associated
with lower concentrations of circulating
inflammatory markers, e.g., IL-6 [39].

5. Conclusion

We approved a new protective role for vitamin
k in rat model of ulcerative colitis, this suggests a
potential therapeutic application in preventing
oxidative damage and inflammatory cascade in
patient with ulcerative colitis. We recommended
vitamin K supplementation with advance of
injectable form of this vitamin, in addition to diet
containing vitamin K in patient with ulcerative
colitis. Further studies and clinical trials are

required to investigate the effect of vitamin K action
in patient with inflammatory bowel disease.
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