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Abstract—

The idiopathic inflammatory bowel diseases (IBD) comprise two types of

chronic intestinal disorders: Crohn’s disease and ulcerative colitis. Recruited neutrophils and
macrophages contribute to intestinal tissue damage via production of ROS and NF-kB-
dependent pro-inflammatory cytokines. The introduction of anti-TNF-¢ therapies in the
treatment of IBD patients was a seminal advance. This therapy is often limited by a loss of
efficacy due to the development of adaptive immune response, underscoring the need for
novel therapies targeting similar pathways. Vinpocetine is a nootropic drug and in addition to
its antioxidant effect, it is known to have anti-inflammatory and analgesic properties, partly
by inhibition of NF-kB and downstream cytokines. Therefore, the present study evaluated the
effect of the vinpocetine in a model of acid acetic-induced colitis in mice. Treatment with
vinpocetine reduced edema, MPO activity, microscopic score and macroscopic damage, and
visceral mechanical hyperalgesia. Vinpocetine prevented the reduction of colonic levels of
GSH, ABTS radical scavenging ability, and normalized levels of anti-inflammatory cytokine
IL-10. Moreover, vinpocetine reduced NF-«kB activation and thereby NF-kB-dependent pro-
inflammatory cytokines IL-13, TNF-c, and IL-33 in the colon. Thus, we demonstrate for the
first time that vinpocetine has anti-inflammatory, antioxidant, and analgesic effects in a model
of acid acetic-induced colitis in mice and deserves further screening to address its suitability
as an approach for the treatment of IBD.
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Inflammatory bowel disease (IBD) is characterized by
chronic inflammation of the gastrointestinal tract and in-
cludes mainly the ulcerative colitis (UC) and Crohn’s
disease (CD) [1]. Its incidence has been increasing in
several regions of the world, which makes it a global
disease [2]. It takes place with variations in the incidence
and predominance in accordance with the region, more
commonly in industrialized countries, the urbanization
being considered a risk factor [3, 4]. In the USA, IBD is
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one of the five most common chronic intestinal conditions,
with a total cost above 1.7 billion per year [5].

IBD has a great impact on the individuals’ life quality
and capacity of work [6] due to the symptoms such as
diarrhea (with blood and/or mucus), abdominal pain,
vomiting, loss of weight, anemia, fatigue, fever, fistulas,
and extra-intestinal manifestations. Focusing on UC, it
occurs equally in both sexes, it affects only the colon, in
a diffuse manner, recurrent and not transmural [7]. IBD
occurs due to an unregulated immune system triggering a
response against intestinal microbiota in a genetically sen-
sitive individual [8, 9]. The recruitment of neutrophils and
macrophages towards the intestinal tissue is an important
event. In the inflammatory foci, these cells produce reac-
tive oxygen species (ROS) and NF-kB-dependent pro-
inflammatory cytokines, contributing to tissue damage
[6]. In this context, cytokines have a fundamental role in
the development and perpetuation of the disease. Pro-
inflammatory cytokines such as IL-1f3, TNF-«&, and IL-
33 are found in higher levels in patients with IBD [10-12].
Anti-inflammatory cytokines also have a role in controlling
IBD development. Patients with mutations in IL-10 pro-
duction or its receptor have a more severe disease with an
early beginning [13]. Chronic intestinal inflammation is
associated with the increased production of ROS, which
have an important role in the IBD physiopathology in both
humans and animals [14, 15].

Vinpocetine is a synthetic ethyl ester derived from
vincamine, an alkaloid isolated from the leaves of the Vinca
minor [16]. Vinpocetine has been used for the treatment of
cerebrovascular diseases, demonstrating a neuroprotective
effect and an increase in the cerebral blood flow [17].
Vinpocetine has in vitro and in vivo antioxidant properties
[18-21] in addition to an analgesic effect in different
experimental models [19, 20, 22]. Jeon and colleagues
demonstrated the anti-inflammatory property of
vinpocetine through the inhibition of the IkB kinase
(IKK), which prevents the degradation of the IkB (NF-
kB cytoplasmic inhibitor) and thereby the translocation of
the NF-kB to the nucleus, and consequently the production
of pro-inflammatory mediators, such as IL-13 and TNF-«
[23]. Vinpocetine also reduces LPS- and carrageenan-
induced hyperalgesia by reducing neutrophil recruitment,
oxidative stress, NF-kB activation, and consequently pro-
inflammatory cytokines, such as IL-1f3, TNF-«, and IL-33
[19, 20].

Therefore, vinpocetine is a promising therapeutic ap-
proach once targets pro-inflammatory mediators, such as
cytokines and ROS that are major players in the pathogen-
esis of IBD. To our knowledge, this is the first study
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evaluating the therapeutic effect of vinpocetine in an acid
acetic-induced colitis in mice.

MATERIALS AND METHODS

Materials

Vinpocetine was purchased from Tianjin Harmony
Technology Development Co. (China) with purity above
99%, bromide of hexadecil trimethyl-ammonium (HTAB);
dihydrochloride O-dianisidine; Tween 80; reduced gluta-
thione (GSH); glutaraldehyde; EDTA; iron chloride hexa-
hydrate; 2,4,6-tripiridil-s-triazine (TPTZ); 2,2-azinobis (3-
ethylbenzothiazoline-6-sulphonate, diammonium salt;
ABTS); Trolox (acid 6-hydroxy-2,5,7,8-tetramethyl
croman-2-carboxyl); and potassium persulfate were pur-
chased from Sigma Chemical Co. (St. Louis, USA). Kits
for the dosage of IL-13, IL-33, and IL-10 were purchased
from eBioscience (San Diego, USA). For determination of
NF-kB activation, primary antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA), and the
secondary antibody purchased from Jackson©
ImmunoResearch Inc. (IgG Affinity-Purified Antibodies,
West Baltimore Pike, West Grove, PA, USA). All the used
reagents were of analytical degree.

Experimental Animals

The experiments were conducted in Swiss male mice,
weighing 20+ 1 g, from the Central vivarium of the
Londrina State University, PR, Brazil. At least 2 days
before and during the experiments, the animals were main-
tained in the Department of Pathology of the Londrina
State University, in plastic boxes, covered with shavings,
with clear/dark cycle of 12 h and temperature between 21
+2 °C. The water and food were ad [ibitum, with the
exception of 24 h that preceded the experiments, a period
in which the animals were maintained in solid fasting. The
proceedings of care and handling of the mice were carried
out in accordance with the directions of the International
Association for the Study of the Pain (IASP) and approved
by the Londrina State University Ethics Committee on
Animal Research and Welfare (process number:
3307.2015.37). All the efforts were made to minimize the
number of animals and their suffering.

Induction of Experimental Colitis

Mice were anesthetized with ketamine (80 mg/kg, im)
and xylazine (10 mg/kg, im) after 24 h of solid fasting.
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Mice received 100 pL (intracolonic) of sterile saline solu-
tion for washing the colon. One hour later, mice received
200 pL (intracolonic) of acetic acid 7.5% (v/v, in saline) or
saline (intracolonic). Mice were maintained upside down
for 3 min in order to avoid liquid extravasation.
Intracolonic injection was performed with a polyethylene
cannula of 3 cm length [24].

Experimental Protocols and Treatment

Two experimental protocols were used: (A) mice
were treated 10 and 4 h before colitis induction, and 2 h
after the induction. In this protocol, mice were euthanized
4 h after colitis induction. After the euthanasia, the samples
of the distal colon (1 cm) were collected for GSH and
ABTS assays, and edema [24]. The visceral mechanical
hyperalgesia was evaluated 3 h after colitis induction
(Fig. 1b). In the second protocol (B), mice were treated
2 h before colitis induction, and 4, 10, and 16 h after colitis
induction. In this protocol, mice were euthanized 18 h after
colitis induction. After the euthanasia, the samples of the
distal colon (1 cm) were collected for the determination of
MPO activity, dosage of cytokines (IL-1 3, IL-10, IL-33,
and TNF-«) [24], and NF-kB activation. Macroscopic
score was evaluated using the whole colon and microscop-
ic score was evaluated using the distal colon [24]. The
visceral mechanical hyperalgesia was evaluated 3 and
17 h after colitis induction (Fig. 1a). For both protocols,
the following experimental groups were used: (1) control
groups, animals without colitis (animals that received only
saline, intracolonic); (2) colitis group (animals received
intracolonic solution of acetic acid to 7.5%, and were
treated with vehicle); and (3) vinpocetine group (animals
received intracolonic solution of 7.5% acetic acid and were
treated with vinpocetine (1, 3, 10, or 30 mg/kg solubilized
in 20% of Tween 80 in saline) orally). The vinpocetine
dose was determined after analysis of edema and MPO
activity. The time points for the treatment with vinpocetine
were selected considering its half-life (approximately 2 h)
[25] and time points for analysis of each parameter in the
colitis model [24].

Colon Edema

Fragment measuring 1 cm of the distal portion of
the colon was collected and weighed for evaluation of
the edema in the tissue. After determination of the
weight in grams of 1 cm of colon tissue, the results
were expressed as % of increase (of the weight (g)/
length of the colon tissue (cm)), relative to the control
group without colitis [24, 26, 27].

Myeloperoxidase (MPQO) Activity Assay

MPO activity in the colon of the mice was measured
by the colorimetric method, described by Guazelli et al.
[24]. Samples of 1 cm of the distal portion of the colon
were collected in ice-cold 50 mM K,HPO, buffer (pH 6.0)
containing 0.5% hexadecyltrimethylammonium bromide
(HTAB) and kept at —80 °C until use. Samples were
homogenized, centrifuged (16,100g X 2 min x 4 °C), and
the resulting supernatant was assayed for MPO activity
spectrophotometrically at 450 nm (Multiskan GO Micro-
plate Spectrophotometer, Thermo Scientific, Vantaa, Fin-
land), with three readings in 1 min. The MPO activity of
samples was compared to a standard curve of neutrophils.
Briefly, 10 pL of sample was mixed with 200 pL of
50 mM phosphate buffer, pH 6.0, containing 0.167 mg/
mL o-dianisidine dihydrochloride and 0.015% hydrogen
peroxide. The results are presented as MPO activity.

Macroscopic Damage Score

After the euthanasia, the colon was exposed, opened
longitudinally, and the damage scores were determined in
accordance with the macroscopic findings using the fol-
lowing criteria outlined elsewhere [24]: no damage (score
0), localized hyperemia but no ulcers (score 1), linear
ulcers with no significant inflammation (score 2), linear
ulcers with inflammation at one site (score 3), two or more
sites of ulceration and inflammation (score 4), one site of
inflammation >1 cm along the length of the colon (score 5),
and site of inflammation >2 cm along the length of the
colon, with quantification increased by 1 point for each
additional centimeter of inflammation (score 6-10). The
investigators were blinded to the treatment.

Microscopic Score

Samples of the distal colon were fixed in 10% forma-
lin solution. Formalin-fixed colon samples were embedded
in paraffin, and sections (7 wm) were stained with hema-
toxylin and eosin. Then, the stained tissues were observed
with a light microscope (Olympus OX31, Tokyo, Japan),
coupled with a digital camera (Lumenera Infinity 1, Otta-
wa, Canada). The histological assessment of damage was
graded semiquantitatively as described previously [24]: (1)
loss of mucosal architecture (score 0-3), (2) cellular infil-
tration (score 0-3), (3) muscle thickening (score 0-3), (4)
crypt abscess formation (score 0-3), and (5) goblet cell
depletion (score 0-3). The highest possible total score was
15. The investigators were blinded to the treatment.
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Fig. 1. Schematic representation of experimental colitis protocols and treatment with vinpocetine. In the protocol B, mice were treated with vinpocetine 2 h
before; 4, 10, and 16 h after colitis induction. Visceral mechanical hyperalgesia was assessed 3 and 17 h after colitis induction. Samples from the distal portion
of the colon (1 cm) were collected 18 h after colitis induction for determination of MPO activity, microscopic score, macroscopic damage, cytokine prod-
uction, or NF-kB activation (a). In the protocol A, mice were treated with vinpocetine 10 and 4 h before; and 2 h after colitis induction. Visceral mechanical
hyperalgesia was performed 3 h after colitis induction. Samples from the distal portion of the colon (1 cm) were collected 4 h after colitis induction for

evaluation of edema, GSH, and ABTS (b).

Visceral Mechanical Hyperalgesia

The visceral mechanical hyperalgesia was valued
using an electronic test of von Frey, in accordance with
Pereira et al. [28]. Mice were allocated in acrylic cages
(12x10% 17 cm) with road surfaces of wire grills in a
room with controlled temperature for at least 45 min before
the beginning of the measurements. The test consisted in
provoking a withdrawal response from the animal with a
transducer of portable force (electronic anaesthesiometer;
Insight, Ribeirao Preto, SP, Brazil) adapted to a tip of
polypropylene of 0.7 mm?, which was applied in the
lower abdomen up to the middle abdomen area. The
experimenter was trained and care was taken not to
stimulate the same point consecutively and the
stimulation of the external genitalia was avoided. After
withdrawn, the intensity of the pressure was
automatically registered, with values of the average of
three measurements. One of the following behaviors was
considered as a withdrawal response: sharp retraction of
the abdomen, immediate licking or scratching of the tip
application spot, jump, and flinches [28, 29]). The results
were expressed as the delta (A) of the withdrawal threshold
(in grams), calculated subtracting the mean of the values at
3 and 17 h after the colitis induction from the basal values
(before treatment with vinpocetine and colitis induction).
The investigators were blinded to the treatment.

GSH Assay

The levels of GSH in the samples of the mice’s distal
portion of the colon were determined by the spectrophoto-
metric method previously described [24]. Samples of 1 cm
of the distal portion of the colon were collected and ho-
mogenized in EDTA 0.02 M buffer solution using an
ultraturrax (ULTRA-TURRAX®-Ika). The homogenates
were treated with acid trichloroacetic at 30% and centri-
fuged (1.5g % 15 min x4 °C). Next, 200 uL of Tris-HCI
0.4 M (pH 8.9) buffer was added to the brackets of 150 L
of the supernatant of each sample. After the homogeniza-
tion, 10 uL of DTNB (dithiobisnitrobenzoic acid) 0.01 M
in methanol was added. After 5 min of reaction, the reading
was carried out at 412 nm (Multiskan GO Thermo Scien-
tific). The standard curve was prepared with 0.5 uM of
GSH, and the results expressed in nanomolar of GSH per
milligram of tissue.

ABTS Assay

Samples of 1 cm of the distal colon were homoge-
nized immediately in ice-cold KCl buffer (500 uL, 1.15%
weight/volume). The homogenates were centrifuged
(0.2 g% 10 min x4 °C), and the supernatants were used
in the assay. Diluted ABTS solution (200 puL) was mixed
with 10 pL of sample in each well. After 6 min of
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incubation (25 °C), the absorbance was measured at
730 nm (Multiskan GO, Thermo Scientific). The ABTS
radical scavenging ability in the samples was compared
with a standard curve of Trolox (1.5-30 wmol/L), and the
results are expressed in millimole of Trolox equivalent per
milligram of tissue [24].

Cytokine Measurements

Samples of 1 cm of the distal colon were homoge-
nized in 500 pL of phosphate buffer saline containing
protease inhibitors. Cytokine levels were determined as
described previously by an enzyme-linked immunosorbent
assay (ELISA) using eBioscience kits (eBioscience, San
Diego, CA, USA) accordingly with manufacturer instruc-
tions. The results were expressed as picograms (pg) of
cytokine per milligram of tissue.

NF-kB Activation

Samples of 1 cm of the distal colon were homog-
enized in RIPA buffer containing protease and phos-
phatase inhibitors. The lysates were centrifuged
(0.5gx 10 min x4 °C) and the supernatants used in
Western blot analysis. The protein extracts were sepa-
rated by SDS-PAGE and transferred to a nitrocellulose
membrane (GE Healthcare-Amersham, Pittsburgh, PA,
USA). Membranes were then incubated in blocking
buffer (5% bovine serum albumin (BSA) in Tris-
buffered saline (TBS) with Tween 20 or 5% nonfat
milk) for 2 h at room temperature and incubated over-
night at 4 °C in the presence of primary antibody
diluted in 5% BSA in TBS with Tween 20 or 5%
nonfat milk. The antibodies and Western blot condi-
tions were p-NF-kB p65 (sc-166748, 1:100) and [3-
Actin (8H10D10, 1:1000) on 10% gel. The molecular
protein mass was confirmed by PageRuler™
Prestained Protein Ladder (Thermo Scientific, Rock-
ford, IL, USA). After washing in PBS with Tween
20, the membrane was incubated with secondary anti-
body for 2 h at room temperature. Protein was visual-
ized by chemiluminescence with Luminata™ Forte
Western HRP Substrate (Merck Millipore Corporation,
Darmstadt, Germany). The membranes were reprobed
with antibody against the total protein of interest to be
used as loading control in addition to loading the same
amount of protein. Densitometric data were measured
using Scientific Imaging Systems (Image Lab 3.0 soft-
ware; Bio-Rad Laboratories, Hercules, CA).

Statistical Analysis

Results are expressed as mean + standard error of the
mean (SEM) of measures made in 6 mice per group per
experiment and are representative of two independent ex-
periments, except for those in the macroscopic score in
which 17 animals were used per group and are representa-
tive of two independent experiments. Single time point
analysis was evaluated using one-way analysis of variance
(ANOVA), followed by Tukey’s test. Multiple time points
analysis (hyperalgesia) was evaluated using the two-way
analysis of variance (ANOVA) repeated measures, follow-
ed by Tukey’s test. Categorical variables (analysis of the
macroscopic damage score of the colon) were evaluated
using the nonparametric test of Kruskal-Wallis, followed
by Dunn’s test. The statistical analyses were performed in
the GraphPad Prism 5 software (GraphPad Software Inc.,
San Diego, USA). The differences were considered signif-
icant for corresponding values at p < 0.05.

RESULTS

Vinpocetine Reduces Acetic Acid-Induced Edema and
MPO Activity

In the first series of experiments, we evaluated the
effect of vinpocetine treatment on acetic acid-induced co-
lon edema and MPO activity. Mice were treated with
vinpocetine (1, 3, 10, or 30 mg/kg, p.o.), following proto-
col A (edema evaluation) or B (MPO activity), respectively
(Fig. 1). Sample of the colon (1 cm) was collected 4 h
(edema evaluation) or 18 h (MPO activity) after colitis
induction. All the doses of vinpocetine reduced edema
significantly (Fig. 2a). On the other hand, only the dose
of 30 mg/kg of vinpocetine reduced significantly the MPO
activity (Fig. 2b). Given that, we choose the dose of 30 mg/
kg of vinpocetine for the next experiments.

Vinpocetine Reduces Acetic Acid-Induced Macroscopic
Damage and Microscopic Score

Mice were treated with vinpocetine (30 mg/kg, p.o.)
following protocol B (Fig. 1a). The whole colon was
collected 18 h after colitis induction. Intracolonic injection
of acetic acid induced severe tissue damage as observed at
the site of inflammation, which was higher than 2 cm along
the length of the colon (Fig. 3b, d). On the other hand, mice
treated with vinpocetine (30 mg/kg) presented reduced
inflammation with focal sites of milder inflammatory re-
sponse than the vehicle-treated colitis group (Fig. 3c, d). In
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terms of microscopic analysis, it was observed that acetic
acid induced loss of the architecture of the colon with
major recruitment of leukocytes and goblet cells depletion
(Fig. 4b, d). On the other hand, treatment with vinpocetine
preserved the architecture of the colon and goblet cells
depletion (Fig. 4c, d).

Vinpocetine Reduces Acetic Acid-Induced Visceral
Mechanical Hyperalgesia

Mice were treated with vinpocetine (1, 3, 10, or 30 mg/
kg, p.o.) as per protocol A (Fig. 1b) or with vinpocetine
(30 mg/kg, p.o.) as per protocol B (Fig. 1a). Mechanical
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Fig. 2. Vinpocetine reduces acetic acid-induced edema and MPO activity. Mice were treated as per protocol A (a) or as per protocol B (b). Samples from the
distal colon were collected 4 h after colitis induction (a) and 18 h after colitis induction (b). Results are presented as means + SEM, n = 6 mice per group per
experiment, two independent experiments (*p < 0.05 vs. saline control; #p < 0.05 vs. 0 mg/kg (vehicle), (ANOVA followed by Tukey’s test)).

hyperalgesia was evaluated 3 h after colitis induction, follow-
ing protocol A, or 3 and 17 h after colitis induction following
protocol B. Intracolonic injection of acetic acid induced
visceral mechanical hyperalgesia (as observed with an in-
crease of the delta threshold), which was reduced by the
treatment with vinpocetine (30 mg/kg) in both protocols
(Fig. 5a, b), indicating that vinpocetine possesses analgesic
activity.

Vinpocetine Inhibits Acetic Acid-Induced Oxidative Stress

Next, the antioxidant effect of vinpocetine was eval-
uated. For this, mice were treated with vinpocetine

Colitis + Vinpocetine

(30 mg/kg)

@ 11 Acetic Acid
1 5 |
10
(O]
5 9
1] ? EEEEE #
o T
g g ==
o 5
(7]
5 4 =
©
= 2
1.
0o
0 30
= Vinpocetine
n (mg/kg)

Fig. 3. Vinpocetine decreases acetic acid-induced macroscopic damage. Mice were as per protocol B. Samples from the distal colon were collected 18 h after
colitis induction and the macroscopic damage score was determined. Saline (a), colitis + vehicle (b), colitis + vinpocetine 30 mg/kg (¢), and macroscopic
score (d). Results are presented as means + SEM, n = 17 mice per group per experiment, two independent experiments (*p < 0.05 vs. saline control; #p < 0.05
vs. 0 mg/kg (vehicle), (Kruskal-Wallis nonparametric test followed by Dunn’s test)).
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Fig. 4. Vinpocetine reduces acetic acid-induced microscopic changes in the colon. Mice were as per protocol B. Samples from the distal colon were collected
18 h after colitis induction and the microscopic score was determined. Representative images of saline control (a), colitis + vehicle (b), colitis + vinpocetine
30 mg/kg (c), and microscopic score (d). Results are presented as means + SEM, n =12 mice per group per experiment, two independent experiments
(*p <0.05 vs. saline control; #p < 0.05 vs. 0 mg/kg (vehicle), (Kruskal-Wallis nonparametric test followed by Dunn’s test)).

(30 mg/kg, p.o.), as per protocol A (Fig. 1b). Sample of
the colon (1 cm) was collected 4 h after colitis induction.
Injection of acetic acid reduced the levels of GSH (Fig.
6a) and depleted the total antioxidant capacity (ABTS
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radical scavenging ability assay) (Fig. 6b). Treatment
with vinpocetine decreased acetic acid-induced oxidative
stress as observed by an increase of GSH levels and total
antioxidant capacity (Fig. 6).
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Fig. 5. Vinpocetine reduces acetic acid-induced visceral mechanical hyperalgesia. Mice were treated as per protocol A (a) or as per protocol B (b). Visceral
mechanical hyperalgesia was assessed 3 h after colitis induction (a, one-way ANOVA followed by Tukey’s test); or 3 and 17 h after colitis induction (b, two-
way ANOVA followed by Tukey’s test). Results are means + SEM, n = 6 mice per group per experiment, two independent experiments (*p < 0.05 vs. saline

control; #p < 0.05 vs. 0 mg/kg (vehicle)).
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Fig. 6. Vinpocetine inhibits acetic acid-induced oxidative stress. Mice were treated as per protocol A. Samples from the distal colon were collected 4 h after
colitis induction. Results are presented as means + SEM, n =6 mice per group per experiment, two independent experiments (*p < 0.05 vs. saline control;
#p <0.05 vs. 0 mg/kg (vehicle), ANOVA followed by Tukey’s test).
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Fig. 7. Vinpocetine reduces acetic acid-induced pro-inflammatory cytokines (IL-1{, TNF-a, and IL-33) and prevents the depletion of the anti-inflammatory
cytokine IL-10. Mice were treated as per protocol B. Samples from the distal colon were collected 18 h after colitis induction for the determination of IL-13
(a), TNF- (b), IL-33 0 (¢), and IL-10 (d) production. Results are presented as means = SEM, n =6 mice per group per experiment, two independent
experiments (*p < 0.05 vs. saline control; #p < 0.05 vs. 0 mg/kg (vehicle), ANOVA followed by Tukey’s test).
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production of these cytokines (Fig. 7a—c). In addition,
intracolonic injection of acetic acid reduced the levels
of the anti-inflammatory cytokine IL-10. Treatment
with vinpocetine (30 mg/kg) normalized IL-10 levels
(Fig. 7d).

Vinpocetine Inhibits Acetic Acid-Induced NF-«B
Activation

Mice were treated with vinpocetine (30 mg/kg,
p.o.), as per protocol B (Fig. 1a). Sample of the colon
(1 cm) was collected 18 h after colitis induction. The
protein levels of phosphorylated NF-kB p65 (pp65) and
[3-actin were determined by Western blot. We observed
that vinpocetine reduced acetic acid-induced NF-kB
activation in the colon (Fig. 8a, b) as observed by a
reduction of pp65 expression relative to f3-actin
expression.
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Fig. 8. Vinpocetine inhibits acetic acid-induced NF-«B activation. Mice
were treated as per protocol B. Samples from the distal colon were
collected 18 h after colitis induction for the determination of NF-«xB
activation (a and b). Results are presented as means + SEM, n =6 mice
per group per experiment, two independent experiments (*p <0.05 vs.
saline control; #p <0.05 vs. 0 mg/kg (vehicle), ANOVA followed by
Tukey’s test).

DISCUSSION

In the present work, we demonstrated that vinpocetine
presents anti-inflammatory, antioxidant, and analgesic ef-
fects in a model of acetic acid-induced colitis in mice.
These effects were observed through the reduction of ede-
ma; MPO activity; macro- and microscopic damage; vis-
ceral mechanical hyperalgesia; oxidative stress (normali-
zation of GSH levels and ABTS radical scavenging abili-
ty); NF-kB activation; production of pro-inflammatory
cytokines such as IL-13, TNF-c, and IL-33; and normal-
ization of the anti-inflammatory cytokine IL-10 levels. To
our knowledge, this is the first demonstration of the
vinpocetine effect on experimental colitis.

IBD has a great impact on the patients’ quality of life,
and the most common symptoms are diarrhea (with blood
and/or mucus), abdominal pain, vomiting, loss of weight,
anemia, fatigue, fever, fistulas, and extra-intestinal mani-
festations [6]. IBD is an intermittent disease switching
from light to severe manifestations during the acute phase,
and lessening during the remission phase [6, 8, 30]. The
current treatment of UC consists mainly in the use of
mesalazine, corticosteroids, immunosuppressant, and
anti-TNF- monoclonal antibodies [31]. However, these
therapies present several side effects and the efficacy of
monoclonal antibodies is often limited by a progressive
loss of efficacy due to the development of adaptive im-
mune response against it and several side effects. These
elements underscore the need for novel therapies [32-35].
In this sense, some clinical studies demonstrated that long-
term use of vinpocetine does not induce significant side
effects, indicating that it possesses a safe clinical profile
[36-38]. Vinpocetine is absorbed in the stomach and intes-
tine, being able to cross the blood-brain barrier. In spite of
being known as a phosphodiesterase-1 (PDE-1) inhibitor,
evidence demonstrates that vinpocetine also has anti-
inflammatory actions independent on targeting PDE-1. In
fact, vinpocetine reduces NF-«kB activation in vivo in dif-
ferent experimental settings [19-21]. The inhibition of IkB
kinase (IKK) [23] and inhibition of the NF-kB upstream
enzyme Akt [39] are the underlying mechanism of
vinpocetine inhibition of NF-«kB activation. The inhibition
of these enzymes prevents the degradation of IkB and
thereby translocation of NF-«kB to the nucleus, and conse-
quently inhibition of NF-kB-dependent cytokines, such as
IL-1$ and TNF-« [23].

The recruitment of neutrophils into the inflamed mu-
cosal membrane is an important histological finding in
patients with IBD, specifically in UC. In the inflammatory
foci, neutrophils contribute to tissue damage and
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dysfunction of the mucosal membrane [40]. In fact, neu-
trophils are important sources of ROS and pro-
inflammatory cytokines, which can further contribute to
tissue damage. The IBD disease activity correlates with the
neutrophils influx in the mucosal membrane, resulting in
the formation of abscesses crypts [41, 42]. MPO is an
abundant enzyme mainly in azurophilic granules of neu-
trophils [43]. It is involved in the generation of
hypochlorous acid, a powerful oxidant that possesses bac-
tericidal activity, but also induces tissue damage [44]. MPO
can be used as a quantitative indicator of the inflammation
due to its activity being directly proportional to the number
of neutrophils [45]. Our results show that vinpocetine
reduces edema, macroscopic and microscopic score, and
MPO activity in a model of colitis induced by acetic acid.
In lung tissue, vinpocetine was able to reduce TNF-«- and
lipopolysaccharide (LPS)-induced neutrophils recruitment
[23]. Evidence also demonstrates that vinpocetine reduces
MPO activity and leukocyte recruitment in the carrageenan
and LPS models of inflammation [19, 20]. Therefore, the
reduction of neutrophil recruitment is an important finding.

Reactive oxygen species (ROS) play an important role
in the pathophysiology of IBD [14, 15, 46]. In fact, patients
with IBD have lower antioxidant capacity (even in the
asymptomatic phase of the disease) [47] and present higher
levels oxidative DNA damage [48] than healthy individuals.
The activation of inflammatory cells such as neutrophils and
macrophages triggers the production of superoxide anion,
nitric oxide, and peroxynitrite, resulting in the establishment
of oxidative stress in the IBD [49]. Importantly, ROS also
modulate the NF-«kB activation and consequently, increase
the expression of pro-inflammatory cytokines, adhesion mol-
ecules, and the perpetuation of the inflammation [50-52]. In
fact, treatment with antioxidants such as the flavonoid quer-
cetin [24] or the GSH precursor N-acetylcysteine (NAC) [53]
reduces colitis-induced oxidative stress. /n vitro data demon-
strated that vinpocetine is a powerful antioxidant molecule
[18]. Vinpocetine reduces in vivo lipid peroxidation, nitrite
production, and restores GSH and total antioxidant defenses
in different models such as carrageenan- and LPS-induced
inflammation [19, 20] and diclofenac-induced kidney injury
[21]. This mechanism is related to the ability of scavenging
hydroxyl radicals and other ROS [54, 55]. Corroborating to
this rationale, our results show that vinpocetine inhibited the
oxidative stress by normalizing total antioxidant capacity and
GSH levels, and prevented the reduction of ABTS radical
scavenging ability in acetic acid-induced colitis.

Abdominal pain is a common symptom reaching up to
70% of the patients who seek medical assistance, either in
cases of initial diagnosis or in relapsing episodes [56, 57].
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As matter of fact, depression and anxiety are common
symptoms of patients with IBD due to the chronic abdom-
inal pain [58]. Inflammatory mediators such IL-1[3, TNF-c,
IL-33, and the nerve growth factor (NGF) released by
neutrophils, macrophages, and mast cells can activate
nociceptors and induce pain [59-62]. In fact, mice lacking
ST2 (IL-33 receptor) or TNFR1 (TNF-o receptor) present
decreased abdominal pain [63, 64]. In addition to that, ROS
such as superoxide anion and peroxynitrite are also able to
induce hyperalgesia [65—68]. In fact, intraperitoneal injec-
tion of a superoxide anion donor causes abdominal contor-
tions in mice [68]. Vinpocetine has been shown to reduce
pain in different experimental models [19, 20, 22].
Vinpocetine reduces LPS- and carrageenan-induced
hyperalgesia by reducing neutrophil recruitment, oxidative
stress, NF-kB activation, and consequently pro-
inflammatory cytokines, such as IL-1[3, TNF-«, and 1L-33
[19, 20]. Whole-cell voltage-clamp recording demonstrated
that vinpocetine blocks the Nav1.8 sodium inward current
[69], indicating another possible mechanism by which
vinpocetine exerts its analgesic effect. This is important
given that dorsal root ganglion (DRG) nociceptor neurons
express the Nav1.8 channel and its activity is related to pain
[69]. Vinpocetine also blocks the axoplasmic transport of
NGF in the peripheral sensory neurons and reduces the
release of the pain-related neuropeptides substance P and
CGRP in the spinal cord [70]. Herein, we observed that
vinpocetine reduced colonic neutrophils recruitment and
production of hyperalgesic cytokines, such as IL-1f3,
TNF-«, and IL-33, which may account for its analgesic
effect. Therefore, the inhibition of acetic acid-induced vis-
ceral mechanical hyperalgesia is an important finding, given
that abdominal pain is a symptom inherent of patients with
IBD [71]. Of note, vinpocetine also presented
antidepressant-like activity in the forced swimming test
[22]. Given the prevalence of depression in IBD,
vinpocetine could not only modulate pain but also modulate
mood. However, it is relevant to mention that studies ad-
dressing whether vinpocetine would present analgesic and
antidepressant effects at the same dose are still required.
Cytokines have a central role in the development and
perpetuation of IBD [6]. In fact, high levels of IL-13 were
found in the colon of patients with active IBD [12]. This
finding correlates with disease activity and colon damage
[72]. Another important cytokine, TNF-x attached to the
membrane or soluble, is increased in patients with IBD
[10]. IL-33 is another important cytokine, given that its level
correlated with disease activity and is found in higher levels
in patients with UC than patients with CD or healthy indi-
viduals [11]. On the other side, the anti-inflammatory
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cytokine IL-10 has an important role in homeostatic regula-
tion of the intestinal inflammatory response. In fact, mice
lacking IL-10 develop spontaneous gut inflammation, which
is reversed by treatment with recombinant IL-10 [73]. Pa-
tients with mutations in IL-10 production or its receptor have
a more severe disease with an early beginning [13]. Our
results show that vinpocetine inhibits the NF-«kB activation,
which explains the reduced levels of pro-inflammatory cyto-
kines such as IL-13, TNF-«, IL-33, and normalized levels of
anti-inflammatory cytokine IL-10. Other studies demonstrat-
ed that vinpocetine reduces the production of pro-
inflammatory cytokines such as IL-1(3, TNF-«, and IL-33
by inhibiting NF-«B activation [19, 20, 23] demonstrating
that this signaling pathway is one of the targets of
vinpocetine. Importantly, in vitro evidence demonstrate that
NF-kB p65 antisense oligonucleotides reduces the expression
of the NF-kB p65 subunit and the NF-«B-dependent cyto-
kines IL-1{3 and IL-8 in the lamina propria mononuclear cells
from patients with ulcerative colitis [74], demonstrating the
clinical relevance of targeting this signaling pathway.

CONCLUSIONS

The present study demonstrated that vinpocetine ame-
liorates acetic acid-induced colitis due to inhibition of neu-
trophils recruitment, abdominal hyperalgesia, oxidative
stress, pro-inflammatory cytokines production, and NF-kB
activation. To the best of our knowledge, this is the first
report demonstrating the effect of vinpocetine in experimen-
tal colitis. Given the therapeutic effects herein observed, the
fact that vinpocetine is a safe drug because it presents no side
effects and is widely used in the clinic for cerebrovascular
diseases, our data suggest that vinpocetine is a promising
molecule for the treatment of IBD such as ulcerative colitis.
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