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Abstract

Introduction: In the present study, we aimed to examine the effects of the
administration of whey protein through rectal enema to rats with acetic
acid-induced ulcerative colitis on the pathways of nuclear-related factor-2
(Nrf-2), haem oxygenase-1 (HO-1), nuclear factor kB (NF-xB), active protein
kinase-1 (AP-1), tumour necrotising factor-o. (TNF-a), and cyclooxygenase-2
(COX-2), IL-6, IL-10.

Material and methods: Twenty-eight rats were employed for the trial. Ul-
cerative colitis was induced through the use of acetic acid. The therapeutic
doses of whey protein were administered rectally. Ulcerative colitis was sub-
jected to histopathological examination and protein levels in colon tissue
were measured with the Western blot method.

Results: The significant increases observed in the levels of AP-1, COX-2, IL-6,
IL-10, NF-xB, and TNF-a as markers of inflammation following the devel-
opment of ulcerative colitis showed remarkable decreases along with the
administration of whey protein (p < 0.05). On the other hand, we identified
a decrease in the Nrf2-ARE signal pathway and HO-1 protein having protec-
tive roles in the colon inflammatory response along with the development
of ulcerative colitis and activation of the Nrf2-HO-1 pathway by the whey
protein.

Conclusions: Whey protein modulates Nrf2/HO-1 and NF-kB pathways,
thereby creating a therapeutic effect against colonic inflammation induced
by acetic acid (AA) due to its anti-inflammatory effects.

Key words: whey protein, Nrf2/HO-1, NF-kB pathway, acetic acid-induced
ulcerative colitis.

Introduction

Inflammatory bowel diseases (IBD) are lifelong diseases, and have
a significant impact on quality of life. Crohn’s disease and ulcerative coli-
tis (UC) are two idiopathic inflammatory bowel disorders [1]. UC is dis-
ease characterised by intestinal chronic inflammation and by a currently
unclear aetiology. The pathophysiology of UC is multifactorial in nature
and the basic factors are regarded to be increased oxidative stress and
impaired immunomodulation [2]. In addition to the direct toxic effects of
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reactive metabolites, they have also been shown
to have the potential to cause chronic intestinal
inflammation by stimulating the synthesis of
a number of inflammatory cytokines at the gene
level as a result of the activation of nuclear fac-
tor-kB (NF-kB) along with their effects on one or
more redox-sensitive kinases [3]. A large number
of antioxidant molecules already in use for the
treatment of IBD have been shown to have bene-
ficial effects on intestinal inflammation [4-6].

Whey protein is an end product of casein pre-
cipitation that occurs during the production of
cheese. Whey protein has become a superfood by
reason of its functionality and nutritional value [7].
A number of studies have established that whey
protein exerts antihypertensive, immune-modu-
lating, bacteriostatic, antioxidant, and free radical
scavenging effects [7, 8]. Whey protein has also
been reported to be able to improve the regula-
tion of Thl and Th2 cytokine responses without
any toxic effects [9]. All of these findings suggest
that whey protein is promising as a tool for the
treatment of UC as a cheap and safe alternative to
currently administered expensive medicine with
high potential for adverse effects.

The present study aimed to establish wheth-
er whey protein treatment administered through
rectal enema in an acetic acid-induced ulcerative
colitis rat model has therapeutic effects.

Material and methods

The protocol of this study was approved by the
Firat University animal experiments local ethics
committee (FUHAYEK). The female Wistar rats of
250-300 g in weight (n = 28, 6 months of age)
were sourced from the Experimental Research
Centre (Elazig, Turkey) of Firat University to be em-
ployed for the study. The animals were sheltered
at an average temperature of 21-22°C and under
humidity of 55 £5% in a cycle of 12 h of darkness
and 12 h of light. All procedures required for the
present study were implemented in compliance
with the international principles of use and care
of experimental animals and upon the approval of
the Ethics Committee for Research with Laborato-
ry Animals of Firat University. The rats were held in
suitable cages with easy access to standard pellet
feed and water. Rats were subject to fasting 24 h
before the completion of the experiment.

Table 1. Experimental protocol of the study

Experimental protocol (Table I)

The rats were randomly divided into 4 groups
and fasted 24 h before the start of the exper-
imental procedure. The normal control (n = 7)
group was fed with 2 ml of saline every day. On
the other hand, the acetic acid (AA) (n = 7) group
was provided with 1.5 ml of 5% AA once and with
2 ml of saline every day. The AA + whey protein |
(WPI) (n = 7) group was administered 1.5 ml
of 5% AA once followed by the feeding of a 2 ml-
solution containing 2.39 g/kg whey protein for
rats once a day for 7 days as calculated at the
dosage of 33.3 g recommended for the con-
sumption of whey protein isolate by athletes as
nutritional support in line with the table for the
Conversion of Animal Doses to Human Equiva-
lent Doses [10] of the Food and Drug Adminis-
tration (FDA). The AA + WPII (n = 7) group was
administered 1.5 ml of 5% AA once followed
by the feeding of a 2 ml-solution containing
2.39 g/kg whey protein once a day for 7 days.
A soft polyethylene catheter of 3 mm in diameter
was placed at a maximum depth of 8 cm into the
anuses of rats under ether anaesthesia; 1.5 ml of
5% AA and 2.39 g/kg of 2 ml whey protein were
administered carefully with the rats in the Tren-
delenburg position. The catheter was removed
after being kept in position for 15 s.

Acetic acid (AA) was procured from Sigma-Al-
drich Chemie GmbH Germany and whey protein
(WP) (Premium Whey) from Weider Germany
GmbH Hamburg.

The rats were decapitated under ether anaes-
thesia at the end of the 7™ day of the experiment
(Figure 1 A). Following the due opening of the
abdomen, the colon was excised along a length
of 10 cm starting from the rectum with proximal
extension (Figure 1 B). The distal piece of 2 cm
was removed from the excised colon tissue and
retained in 10% formaldehyde solution for his-
topathological examinations. The remaining co-
lon segment was placed into aluminium foil and
retained there at —70°C until the testing date for
the measurement of the levels of nuclear factor
kB (NF-kB), activated protein kinase-1 (AP-1), nu-
clear-related factor-2 (Nrf-2), tumour necrotising
factor-a (TNF-a), haem oxygenase (HO-1), and cy-
clooxygenase-2 (COX-2), IL-6, IL-10 in colon tissue
with the Western blot method.

Group Control (n = 7) A (n=7) AA+WPI(n=6) AA+ WPIl (n=5)
Intra-colonic saline + + - _
Intra-colonic AA - + + +

Intra-colonic WP single dose -

— + —

Intra-colonic WP double dose -

- - +
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Figure 1. A — Distal colon after midline laparotomy in the control group. B — The colon was excised 10 cm starting
from the rectum in the control group

Laboratory analysis. Western blot

Colon samples were analysed by the Western
blot method for the expression of NF-xB, AP-1,
Nrf-2, TNF-a, HO-1, COX-2, and IL-6, IL-10. Rat co-
lons were removed in all groups. Smaller pieces
of the colon samples collected from each group
were gathered together for Western blot analy-
sis. Protein extraction: The samples were homo-
genised in 1 ml of hypotonic buffer A cooled in
ice (10 mM HEPES (pH 7.8), 10 mM KCl, 2 mM
MgCl,, 1 mM DTT, 0.1 mM EDTOA, and 0.1 mM
phenylmethanesulfonyl fluoride (PMSF)). 80 ul of
10% Nonidet P-40 (NP-40) solution was added
to the homogenates followed by centrifugation
at 14 000 g for 2 min. The supernatant was col-
lected as a cytosolic fraction for the analysis of
HO-1. The falling nuclei were washed once with
500 pl of buffer A plus 40 pl of 10% NP-40, centri-
fuged, and re-suspended with 200 pl of buffer C
(50 mM HEPES (pH 7.8), 50 mM KCl, 300 mM
NaCl, 0.1 mM EDTA, 1 mM DTT, 0.1 mM PMSF
20% glycerol) and then centrifuged at 14 800 g
for 5 min. The supernatant containing nuclear
proteins was collected for the analysis of Nrf2
and NF-xB p65 [11]. The protein concentration
was determined with a protein testing kit pro-
vided by Sigma, St. Louis, MO, USA in line with
the procedure described by Lowry et al. [12]. The
supernatant was complemented with a sodium
dodecyl sulphate-polyacrylamide gel electropho-
resis buffer containing a 2% PB-mercaptoetha-
nol sample. An equal amount of protein (50 pg)
was subjected to electrophoresis and was then
transferred to nitrocellulose membranes (Schle-
icher & Schuell Inc., Keene, NH, USA). Each one
of the nitrocellulose stains was washed twice in
phosphate-buffered saline (PBS) for 5 min and
then blocked with 1% cattle serum albumin in

PBS for 1 h before administration of the primary
antibody. Antibodies against NF-xB, HO-1, Nrf-2,
TNF-a, COX-2, IL-10, and IL-6 were procured from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). The antibody against AP-1 was procured
from Abcam (Cambridge, United Kingdom). The
primary antibody was diluted in the same buffer
containing 0.05% Tween-20 (1 : 1000). The nitro-
cellulose membrane was incubated with protein
antibody at 4°C for the whole night.

The blots were washed and incubated with
horseradish peroxidase conjugated goat anti-
mouse 1gG (Abcam, Cambridge, England). Spe-
cific bonding was identified through the use of
such substrates as diaminobenzidine and H,0O,.
The protein load was checked with a monoclonal
mouse antibody against B-actin antibody (A5316;
Sigma). Blots were utilised at least three times
with a view to confirming the repeatability of re-
sults. These were analysed in terms of the mea-
surement of density through the use of an image
analysis system (Image J; National Institute of
Health, Bethesda, MD, USA).

Histopathological findings

Distal colon segments were fixed in 10% phos-
phate-buffered formaldehyde, immersed in wax,
and sliced into cross-sections of 5 pm. These
cross-sections were dyed with haematoxylin and
eosin for light microscopic examination. The tis-
sue pieces were screened and scored by a special-
ised pathologist who had not seen and was not
aware of the experimental groups.

Each tissue specimen on a glass slide was eval-
uated under a light microscope at 200x magnifi-
cation. Each microscopic area was evaluated and
scored. In the presence of multiple scores in any
field of view, average scores were calculated for
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Table I1. Histological scoring of colon specimens stained with haematoxylin-eosin

Score Definition

0.0 Normal colonic mucosa

1.0 Loss or shortening of the basal 1/3 of the crypts

2.0 Loss of the basal 2/3 of the crypts

3.0 Total crypt loss but epithelial surface of the lamina propria remains intact and submucosa shows mild
inflammatory cell infiltration

3.5 Total crypt loss but epithelial surface of the lamina propria remains intact and submucosa shows severe
inflammatory cell infiltration

4.0 Erosion and marked cellular infiltration

such fields. Classification was secured on the ba-
sis of previously defined scoring criteria [13].

Histological scoring: For each specimen, dam-
age characteristics were identified through the
examination of such properties as sub-mucosal
oedema, damage/necrosis, inflammatory cell infil-
tration, vasculitis, perforation, total crypt loss, and
degree of intestinal damage (Table I1) [14].

Statistical analysis

The data were presented as average + standard
deviation. The sample size was calculated accord-
ing to power analysis at 85% and the p-value was
calculated as 0.05. the differences among groups
were evaluated through the use of one-way analy-
sis of variance (ANOVA) and Tukey’s post hoc test
(SAS Institute: SAS 2002, User’s Guide: Statistics).
The value of p < 0.05 was considered significant.

Results

Haemorrhagic diarrhoea developing 24 h af-
ter the administration of AA was observed in all
groups only on the day following AA manage-
ment, but did not continue. One rat in the AA +
WPI group and 2 rats in the AA + WPII group died
(the rat which was examined exhibited colon per-
foration, while the cause of death could not be
determined for the other two rats).

Western blot analysis

The effects of whey protein on AP-1, COX-2,
HO-1, IL-6, IL-10, NF-kB, Nrf2, and TNF-a ex-
pressed in colon tissue are shown in Figure 2 and
Table 11l following the Western blot method.

In comparison with the control group, AP-1,
COX-2, IL-6, IL-10, NF-xB, and TNF-a. had increased
significantly among the rats in the ulcerative coli-
tis group (Table Ill, Figures 2 A-F) (p < 0.05). On
the other hand, AP-1, COX-2, IL-6, IL-10, NF-xB lev-
els had decreased along with both WPI and WPII
treatments when compared with the UC group
and the WPII (double dose a day) treatment had
allowed for the decrease thereof to levels compa-
rable with the control group, while the WPI treat-

ment had allowed the same to remain significant-
ly high in comparison to the control group. When
compared with the UC group, COX-2 and IL-10 lev-
els had decreased significantly only upon the WPII
treatment to levels comparable with those in the
control group (Table Ill, p < 0.05). WPI treatment
had not led to a significant decrease compared to
the AA group, whereas it was identified to have
remained significantly high in comparison to the
control group. When compared with the UC group,
TNF-a. level had decreased significantly only upon
both WPI and WPII treatment to levels comparable
with those in the control group (p = 0.001).

In comparison with the control group, HO-1
and Nrf-2 had decreased significantly among
the rats in the UC group (Table IlI, Figures 2 G, H)
(p < 0.05). WP treatment had caused an increase
in the HO-1 level in both treatment groups, yet
such an increase only reached a level comparable
with that in the control group in the WPI group.
A comparison with the UC group indicated a sig-
nificant increase in the Nrf-2 level as a result of
WPI-WPII treatment (p < 0.05); however, this in-
crease was significantly smaller than that in the
control group.

Histopathological findings

The administration of AA had resulted in UC
and caused marked inflammation, necrosis, and
fibrosis. The average scores of groups in his-
topathological examination (Table IV) were as
follows: control group: 0, AA group: 3, AA + WPI
group: 3.17, AA + WPI group: 3.1. The administra-
tion of a single dose and a double dose had not
led to any significant histopathological improve-
ment (Table IV, p > 0.05).

Discussion

Regardless of the mechanism responsible
for the onset and maintenance of intestinal in-
flammation, there is an intensive local immune
response concerning lymphocytes and macro-
phages. The release of soluble cytokines and
other inflammatory mediators causes tissue
damage, which, in turn, contributes to the exacer-
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Figure 2. Effects of whey protein on colon tissue in acetic acid-induced colitis model in rats. The intensity of the
bands was quantified by densitometric analysis and B-actin was included to ensure equal protein loading. Data are
expressed as a ratio of the normal control value (set to 100%). Each bar represents the mean and standard error. Blots
were repeated at least 3 times (n = 3). Different superscripts on top of each bar () indicate group mean differences.
Superscripts < indicate that means in the same row without a common superscript differ significantly (p < 0.05)
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Table llI. Effects of whey protein on colon tissue and p-values. The data are given as mean and standard deviation.
Superscripts *<indicate that means in the same row without a common superscript differ significantly. Data in bold
indicate statistical significance at p < 0.05

Items Groups
Control AA AA + WPI AA + WPII

AP-1 100.00 £3.01¢ 145.97 £2.81° 118.79 +2.77° 98.28 +0.84¢
COX-2 100.00 £14.12¢ 220.78 £10.65° 172.06 £7.15% 141.42 £14.93%
Nrf2 100.00 +£1.86° 55.59 +3.10°¢ 78.27 £5.67° 77.14 +4.89°
HO-1 100.00 £2.61° 69.43 +2.87° 84.12 +6.04® 70.40 +3.64°
IL-6 100.00 £6.43¢ 156.66 £5.67° 127.11 £5.96° 102.00 +4.36
IL-10 100.00 £14.67¢ 183.20 £6.70° 152.76 +4.00% 117.78 +1.61%
NF-xB 100.00 £10.63¢ 210.04 £12.43° 152.52 +8.38" 119.41 +9.87"
TNF-a. 100.00 +5.96° 172.02 £+4.53¢ 112.55 +4.61° 108.44 +5.63°

AP-1 COX-2 HO-1 IL-6 IL-10 NF-xB Nrf2 TNF-a
Control-AA 0.001 0.001 0.003 0.001 0.001 0.001 0.001 0.001
Control-WP-1 0.003 0.013 0.089 0.038 0.009 0.030 0.025 0.383
Control-WP-2 0.961 0.150 0.004 0.994 0.447 0.579 0.019 0.675
AA-WP-1 0.001 0.083 0.120 0.025 0.120 0.019 0.020 0.001
AA-WP-2 0.001 0.007 0.998 0.001 0.002 0.001 0.026 0.001
WP-1-WP-2 0.002 0.344 0.152 0.055 0.070 0.191 0.997 0.942

AA - acetic acid, AA + WPI - acetic acid and single dose whey protein, AA + WPII - acetic acid and double dose whey protein group per day,
AP-1 — active protein kinase-1, COX-2 — cyclooxygenase-2, HO-1 — haemoxygenase-1, IL-6, 10 — interleukin-6, 10, NF-xB — nuclear factor
kB, Nrf-2 — nuclear related factor-2, TNF-o. — tumour necrotizing factor-o.

Table IV. Histopathological effects of whey protein on colonic tissue in acetic acid induced ulcerative colitis model
in rats. Histopathological scoring of the groups [12]. Data are means and standard error. Superscripts < indicate
that means in the same row without a common superscript differ significantly

Groups
Control AA AA + WP1 AA + WP2
Score 0.00 +0.00° 3.00 +0.42° 3.17 +0.11° 3.10 +0.53°

1622 Arch Med Sci 6, 1°t November / 2022
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bation and continuation of the local inflammato-
ry response [14]. For the purposes of the present
study, UC was induced in rats with an AA dose
of 5%. The histopathological examination iden-
tified marked necro-inflammation and fibrosis in
rats treated with AA. However, the significant in-
creases observed in the levels of AP-1, COX-2, IL-6,
IL-10, NF-xB, and TNF-q, i.e. inflammation markers
relevant to the development of UC, had decreased
significantly and to levels similar to those in the
control group along with the whey protein treat-
ment. On the other hand, we identified that the
development of UC decreased the Nrf2-ARE (an-
tioxidant releasing element) signal pathway and
HO-1 protein, which both have protective roles in
the colon inflammatory response, while whey pro-
tein activated the Nrf2-HO-1 pathway.

Nrf2 and INrf2 (Keapl) are the cellular sensors
of oxidative stress. Nrf2 controls the expression
and coordination of a series of defence genes
coding detoxifying enzymes and antioxidant pro-
teins [15]. The activation of Nrf2 may lead to a de-
crease in the induction of antioxidative genes and
the synthesis of pro-inflammatory mediators [16].
Therefore, the impairment and loss of the Nrf2 sig-
nal pathway gives way not only to oxidative and
electrophilic stresses, but also to an increase in
sensitivity towards inflammatory tissue damage.
The protective role assumed by the Nrf2-ARE sig-
nal pathway in colitis was examined through the
use of Nrf2-ARE knock-out mice exhibiting severe
inflammatory symptoms [17]. In addition, recent
studies have shown the role Nrf2-ARE signalling
plays in the decrease of pathogenesis relating to
inflammation in various diseases including coli-
tis [18]. The present study revealed that the Nrf2
expression in the colon had decreased markedly
along with the administration of AA and increased
significantly along with the rectal administration
of a single dose of whey protein. There was no sig-
nificant difference between WPI and WPII in terms
of the increase in Nrf2.

The control of HO-1 expression is realised
at the transcription level and mediated by such
different transcription factors as NF-kB and Nrf2
[19]. Among the enzymes regulated by Nrf2, HO-1
also exhibits an antioxidative feature in addition
to its anti-inflammatory effect. In addition, HO-1
is a critical regulator for innate immunity and the
modulation of inflammation and has been identi-
fied to increase in response to acute inflammatory
diseases. HO-1is an inducible protein responsible
for host defence against intestinal inflammation
[20, 21]. The expression of HO-1 protein has been
established to increase in the colonic mucosa of
patients with active UC [22]. In addition, any in-
crease in HO-1 is protective against an inflamma-
tory response in the colon [22]. Within the course

of the present study, the administration of AA in-
creased the significantly lower HO-1 although not
to a significant extent.

Other redox-sensitive transcription factors ac-
tivated with oxidative stress are NF-kB and AP-1.
These transcription factors play an important
regulatory role in HO-1 gene induction [23]. AP-1
is another redox-regulating transcription factor
that plays a role in the regulation of inflamma-
tion-mediated cellular functions. In addition, gran-
ulocytes and macrophages in inflammation zones
generate highly pro-inflammatory cytokines in-
cluding IL-6 and TNF-a that play a direct role in
the pathogenesis of IBD [24, 25]. With respect to
all proteins specified in the present study, AP-1,
IL-6, IL-10, NF-xB, TNF-a levels increased along
with the AA induced colonic injury and led to in-
flammation. However, whey protein decreased the
tissue level of such proteins at a significant level.
This decrease in AP-1, IL-6, IL-10, and NF-kB levels
is at a significant level in the WPI group with no
significant difference observed between WPII and
control groups. The study did not detect a signif-
icant difference between WPI and control groups
in terms of TNF-a level. In the light of such data,
the inhibition of AP-1 appears to be a promising
therapeutic strategy to decrease inflammatory
cytokines and chemokines that play an important
role in the treatment of inflammatory diseases.

COX-2 is also regulated through redox-sensi-
tive transcription factors activated in the presence
of the oxidative system and the generation of
COX-2 is up-regulated by redox-sensitive tran-
scription factors in inflammation zones [25-27].
The increase in intestinal inflammation was
shown to lead to up-regulation of COX-2 [28-30].
The present study established COX-2 expression
in the rat colon to increase significantly due to
the administration of AA. Whey protein creat-
ed a significant decrease in the expression of
COX-2 induced by AA damage. While COX-2 de-
creased significantly along with the WPI treat-
ment, the difference between WPII and control
groups receded to undetectable levels.

When considered in combination, the adminis-
tration of whey protein prevented and treated the
increased expression of the aforementioned me-
diators including AP-1, NF-xB, TNF-qa, IL-6, IL-10,
and COX-2 to a significant degree in colon damage
induced by AA. The increase in the expressions of
Nrf2 and HO-1 arising from the administration
of whey protein indicates that the beneficial ef-
fects of this agent is achieved at least through
the activation of the Nrf2-HO-1 pathway. The ac-
tivation of Nrf2-ARE at an early stage in the in-
flammation-mediated tissue damage may inhibit
the generation or expression of pro-inflammatory
mediators including cytokines, chemokines, cell
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adhesion molecules, matrix metalloproteinases,
COX-2, and inducible nitric oxide synthase. The
cytoprotective function of the genes targeted by
Nrf2 is considered also to be able to regulate the
innate immune response cooperatively and to
suppress the induction of pro-inflammatory genes
[31]. The findings of the present study indicated
that whey protein activated the Nrf2-HO-1 path-
way. Nrf2 increased to a statistically significant
extent, while HO-1 did increase although not to
such an extent.

The rectal administration of whey protein was
observed not to treat UC in histopathological
terms despite its aforementioned positive effects.
The reason behind the lack of histopathological
improvement in either dosage may be the short
duration allocated for the experiment (7 days).
Therefore, a study aiming to observe positive his-
topathological effects may need to administer
whey protein for a longer period of time, i.e. 2 or
4 weeks. There is a need for studies implement-
ing treatments of different (higher) lengths rather
than different dosages.

Consequently, whey protein offers therapeutic
effects against colonic inflammation induced by
AA through its antioxidative and anti-inflamma-
tory effects and its modulation of Nrf2/HO-1 and
NF-xB pathways as important factors to decrease
pro-inflammatory signalling and colonic inflam-
matory cell infiltration.

The activation of Nrf2 supports the restoration
of balance between oxidants and antioxidants
and plays a central role in the efforts to increase
the expression of antioxidant genes such as HO-1.
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