
Clinical and Experimental Immunology

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

139:

 

 411–420

 

411

 

doi:10.1111/j.1365-2249.2005.02673.x

 
et al.

 

Accepted for publication 15 October 2004

Correspondence: Dr Michael Grimm, Depart-

ment of Medicine, St George Clinical School, 

Kogarah, NSW, Australia.

E-mail: M.Grimm@unsw.edu.au

 

OR IG INAL ART I C L E

 

Vasoactive intestinal peptide impairs leucocyte migration but fails to 
modify experimental murine colitis

 

R. Newman,*

 

†

 

 N. Cuan,*

 

†

 

 
T. Hampartzoumian,

 

†

 

 S. J. Connor,*

 

†

 

 
A. R. Lloyd

 

†

 

 and M. C. Grimm*

 

†

 

*Department of Medicine, St George Clinical 

School, Kogarah, NSW, Australia, and 

 

†

 

School of 

Medical Sciences, University of New South Wales, 

Sydney, NSW, Australia

 

Summary

 

Inflammatory bowel diseases are chronic inflammatory disorders of the gas-
trointestinal tract. Vasoactive intestinal peptide (VIP) is a neuropeptide with
known anti-inflammatory activity. We have demonstrated previously that
administration of VIP inhibits leucocyte migration in a murine model of
delayed-type hypersensitivity, and anti-inflammatory efficacy is supported by
other studies. The aim of this study was to investigate the VIP effects in a
murine model of intestinal inflammation. Colitis was induced in BALB/c mice
by a 2·5 mg enema of 2,4,6-trinitrobenzenesulphonic acid (TNBS) and the
mice were killed on day 7. Mice were administered either a 3-day (therapeutic)
or 7-day (prophylactic) constant infusion of VIP by subcutaneously
implanted mini-osmotic pumps, or intraperitoneal (i.p.) injection of VIP on
alternate days over 7 days. Clinical disease scores, weight changes, histopa-
thology of colon tissues, plasma VIP levels, cytokine levels and chemotaxis of
peripheral blood mononuclear cells were evaluated. After administration of
TNBS, mice quickly developed severe colitis accompanied by dramatic body
weight loss (20% by day 6) and high mortality (30%). Prophylactic treatment
using high-dose VIP abrogated leucocyte chemotaxis; however, it failed to
ameliorate the weight loss and mortality. Moreover, VIP delivered either by
constant infusion or i.p. failed to modify the clinical, histological or cytokine
markers of disease. Our studies show that, despite an ability to inhibit
chemokine-induced chemotaxis of mononuclear cells, VIP was unable to
modulate TNBS-induced colitis. This contrasts with the efficacy of VIP in
models of mild inflammatory disease and suggests that VIP is unlikely to pro-
vide a useful model for novel anti-IBD therapy.
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I

 

ntroduction

 

Inflammatory bowel diseases (IBD) are chronic inflamma-
tory disorders of the gastrointestinal tract of unknown aeti-
ology. Crohn’s disease is characterized by a transmural
leucocytic infiltrate affecting any part of the gastrointestinal
tract, while ulcerative colitis affects mainly the mucosal layer
of the large intestine [1,2]. Much of our understanding of the
pathogenesis of IBD comes from studies in animal models of
intestinal inflammation [1,3,4]. One well-established model
is the hapten-induced model of colitis in which 2,4,6-
trinitrobenzenesulphonic acid (TNBS) is administered

intrarectally to induce a T helper cell type 1 (Th1) response
[5–7]. This model is similar immunologically to human
Crohn’s disease, which is also associated with a Th1 response
[8–10].

Such animal models provide the opportunity to evaluate
novel therapeutic approaches for the treatment of IBD. A
number of agents have been examined, including the use of
protein/peptide-[anti-tumour necrosis factor (TNF)-

 

a

 

,
anti-interleukin (IL)-12 and anti-IL-6 antibodies, rIL-10]
and gene therapy-based treatments [11–13], with anti-TNF-

 

a

 

 treatment now established in clinical practice [14]. One
such peptide that has emerged as a potential candidate in the
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treatment of IBD is the neuropeptide, vasoactive intestinal
peptide (VIP) [15,16]. VIP is a 28 amino acid protein
belonging to the glucagon/secretin family [17,18]. Localized
in the central and peripheral nervous system, VIP has been
shown to exert a wide range of biological actions affecting a
number of systems, including the cardiovascular, respiratory
and gastrointestinal systems [19]. VIP is expressed constitu-
tively in the lymphoid microenvironment, and has also been
reported to modulate a variety of functions affecting both
innate and acquired immunity [20]. In particular, VIP alters
co-stimulatory activity of antigen-presenting cells [21],
inhibits innate immune responses [22] and polarizes Th2
cells [23]. VIP has been reported to treat inflammatory
disorders including endotoxic shock [24] and immune-
mediated arthritis [25] in animal models, following its
identification as a potent anti-inflammatory factor [15,16].

Given that VIP has emerged as a potential anti-
inflammatory agent, and based on our previous demonstra-
tions that VIP is able to inhibit inflammation in a murine
model of delayed-type hypersensitivity (DTH) by phospho-
rylating and desensitizing chemokine receptors, thus impair-
ing leucocyte migration [26], we chose to investigate the
potential therapeutic effects of VIP administered in a murine
model of TNBS-induced colitis. We demonstrated that while
VIP was able to inhibit the chemotactic potential of circulat-
ing leucocytes in the model, it failed to ameliorate or prevent
the severe colonic inflammation and systemic manifestations
of TNBS-induced colitis. Our findings stand in contradis-
tinction to the observations from a recent study that
reported the therapeutic effects of VIP administered in a
similar model of IBD [27].

 

Materials and methods

 

Animals

 

Specific pathogen-free (SPF) 6-week-old male BALB/c mice
were purchased from the Animal Resources Centre (Perth,
Australia), and maintained in a SPF environment in the Bio-
logical Resource Facility at the University of New South
Wales. Mice were housed in groups of five in filter top cages
and allowed to adapt to the facility for 5–7 days before com-
mencement of the experiments. All experiments were
approved by the Animal Care and Ethics Committee of the
University of New South Wales, Australia.

 

Induction of TNBS colitis

 

To induce colitis, each mouse was first anaesthetized by
intraperitoneal (i.p.) injection of a 100 

 

m

 

l solution contain-
ing 3·4 mg/kg xylazine (Ilium, Troy Laboratories Pty, Ltd,
Smithfield, Australia) and 100 mg/kg ketamine (Parnell Lab-
oratories, Sydney, Australia), followed by intrarectal admin-
istration of 2·5 mg of TNBS (Fluka, Buchs, Switzerland)
dissolved in 45% ethanol. A total volume of 100 

 

m

 

l of TNBS

solution was instilled slowly into the colon using a 20-gauge
cannula fitted to a 1 ml syringe. In control experiments, mice
received 45% ethanol alone using the same technique. After
instillation, mice were held in a head-down position for 30 s
to ensure distribution of TNBS or ethanol within the bowel
and to prevent any leakage. To maintain hydration, mice
were given a daily 1 ml injection of subcutaneous normal
saline (0·9% NaCl for injection). Mice were killed on day 7
by CO

 

2

 

 asphyxiation.

 

Treatment protocols

 

To investigate the prophylactic and/or therapeutic effects of
VIP, TNBS colitis mice were administered VIP (Sigma
Chemicals, St Louis, MO, USA) or normal saline (control) by
constant infusion or i.p. For constant infusion experiments,
anaesthetized mice had subcutaneous implantation of mini-
osmotic pumps (Alzet, Palo Alto, CA, USA) filled with 100 

 

m

 

l
of VIP or saline from day 0 (VIP 1 

 

¥

 

 10

 

-

 

4

 

 

 

m

 

 or 5 

 

¥

 

 10

 

-

 

4

 

 

 

m

 

) or
day 4 (VIP 5 

 

¥ 

 

10

 

-

 

5

 

 

 

m

 

) after induction of colitis for contin-
uous infusion of 7 or 3 days, respectively, before sacrifice on
day 7 (these experimental groups are referred to below as
‘prophylactic’ and ‘therapeutic’ treatments, respectively). For
i.p. experiments, 1 nmol or 5 nmol of VIP in 100 

 

m

 

l or 100 

 

m

 

l
saline was administered to each mouse 12 h post-colitis
induction, and on alternate days over 7 days. One h before
sacrifice mice were given a final VIP i.p. injection for mea-
surement of peak VIP levels in the blood (see below). Mice
were monitored daily for mortality, weight change and clin-
ical score prior to being killed on day 7.

 

Plasma VIP levels and leucocyte chemotaxis

 

Peripheral blood from mice was collected by performing
direct cardiac puncture. Blood was added to either tubes
containing 1·2 mg/ml EDTA and 500 KIU/ml Trasylol (Bayer
Australia Limited, Sydney, Australia) or anticoagulant citrate
dextrose (ACD) solution (Baxter Healthcare, Sydney, Aus-
tralia). For determination of VIP levels, plasma was collected
from blood samples containing EDTA and Trasylol following
centrifugation at 9000 

 

g

 

 for 5 min at 4

 

∞

 

C and measured using
a standard radioimmunoassay. The blood pellet or blood
samples containing ACD were directly lysed with ammo-
nium chloride solution (155 m

 

m

 

 NH

 

4

 

Cl, 10 m

 

m

 

 KHCO

 

3

 

,
1 m

 

m

 

 EDTA, pH 7·3). Leucocytes were counted and assayed
for chemokine responsiveness using chemotaxis assays as
described previously [28]. Briefly, cells were assayed in 48-
well microchemotaxis chambers using murine fibronectin
(10 

 

m

 

g/ml) (Invitrogen, Carlsbad, CA, USA)-coated polyvi-
nylpyrrolidone-free 5 mm pore size membranes (Nucle-
opore, Neuroprobe, Cabin John, MD, USA). Migration
towards the chemokines, CCL2 (MCP-1), CCL3 (MIP-1

 

a

 

)
and CXCL10 (IP-10) (R&D Systems, Minneapolis, MN,
USA) was allowed for 90 min at 37

 

∞

 

C in a humidified incu-
bator before membrane removal and staining. The results
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were determined as chemotaxis index (mean number of cells
per high-power field for chemokine diluent/mean number of
cells per high power field for medium).

 

Th1/Th2 cytokine analysis

 

Plasma from the above preparations was collected and con-
centrations of circulating IL-2, IL-4, IL-5, IL-10, IL-12 (p70),
granulocyte-macrophage colony stimulating factor (GM-
CSF), interferon (IFN)-

 

g

 

 and TNF-

 

a

 

 were measured using
the mouse Bio-Plex cytokine assay system according to the
manufacturer’s specifications (Bio-Rad, Hercules, CA, USA).
Fluorescence was measured using the Luminex 100 system
(Bio-Rad, Hercules, CA, USA) and results were analysed
using Bio-plex Manager™ software (Bio-Rad, Hercules, CA,
USA). The sensitivity of the assay is 1·95 pg/ml.

 

Clinical score

 

Animals were monitored daily for diarrhoea, mobility and
coat quality. To obtain a clinical score, the above features
were assessed individually to obtain a score between 0 and 2.
Scores from each clinical feature were pooled, and a clinical
score (0–6) was assigned. The scoring system was validated
by two independent observers with an inter-rater correlation
of 

 

r

 

 = 1 and 

 

P

 

 

 

<

 

 0·0 1 (assessed by Spearman’s rank sum test).

 

Grading of histopathological changes

 

The colon of each mouse was removed carefully and divided
into three segments: left, transverse and right. Within each
segment the tissue was divided further into one longitudinal
and two-cross sectional parts

 

.

 

 Tissue samples were fixed in
10% buffered formalin, processed for paraffin blocks, and
sections were stained with haematoxylin and eosin using
standard techniques. Analysis of histopathology was per-
formed in a blinded fashion using a previously validated
objective scale [29]. Briefly, histology was scored on a scale of
0–6: 0, no leucocyte infiltration; 1, mild leucocyte infiltra-
tion; 3, prominent leucocyte infiltration; 5, extensive inflam-
matory infiltrate with ulceration and tissue necrosis, while
scores of 2, 4 and 6 indicated preceding levels of inflamma-
tion that occupied more than 50% of the tissue section.
Analysis of histomorphometry was also performed by enu-
merating mononuclear cells and neutrophils per square mil-
limetre of tissue from randomly selected fields.

 

Statistical analysis

 

Values are expressed as mean 

 

±

 

 s.d. or s.e.m. of 

 

n

 

 mice per
group. One-way analysis of variance (

 

anova

 

) with 

 

post-hoc

 

Bonferroni test was used to compare sequential data from
two or more experimental groups. Comparison of cross-sec-
tional data from two experimental groups was made using a
two-tailed Student’s 

 

t

 

-test for unpaired data. Differences

were considered significantly different if 

 

P

 

 was 

 

<

 

 0·05. All
tests were analysed by using 

 

graphpad prism

 

 for Windows
(version 3·0).

 

Results

 

Induction of colitis

 

Following rectal administration of 2·5 mg TNBS, mice devel-
oped severe colitis rapidly, while mice receiving 45% ethanol
alone (ethanol control) remained free of colonic inflamma-
tion. Systemic features associated with TNBS-induced colitis
included poor clinical state, dramatic body weight loss and a
mortality rate of approximately 30%. Typically, TNBS mice
quickly developed signs including bloody diarrhoea, poor
coat quality and reduced mobility.

 

Prophylactic treatment of high-dose VIP infusion 
inhibits leucocyte chemotaxis in TNBS-challenged mice

 

We have shown previously that various neuropeptides,
including opioids [28] and VIP [26], inhibit leucocyte
chemotaxis by cross-desensitization of chemokine receptors.
Mononuclear cells were isolated from VIP-infused mice and
subjected to 

 

in vitro

 

 chemotaxis assays. Prophylactic treat-
ment of high-dose VIP (5 

 

¥

 

 10

 

-

 

4

 

 

 

m

 

) infusion significantly
reduced leucocyte chemotactic responses in TNBS-
challenged animals. VIP infusion at high doses resulted in
virtually complete abrogation of leucocyte migration in
response to the chemokines CCL2, CCL3 and CXCL10
(Fig. 1). However, low-dose VIP (1 

 

¥

 

 10

 

-

 

4

 

 

 

m

 

) infusion failed
to exhibit the same inhibition of chemotaxis towards these
chemokines (data not shown). Notably, VIP infusion at low
and high doses in TNBS-challenged mice resulted in plasma
levels of 2·7 

 

¥

 

 10

 

-

 

9

 

 

 

±

 

 1·2 

 

¥

 

 10

 

-

 

9

 

 

 

m

 

 and 8·42 

 

¥ 

 

10

 

-

 

9

 

 

 

±

 

 1 

 

¥ 

 

10

 

-

 

9

 

m

 

, respectively (

 

n

 

 = 3–5). These VIP levels were, respectively,
two- and eightfold higher than saline-infused TNBS mice.
These results show that while VIP administered at low doses
does not impair chemokine responses, the inhibition of
chemotaxis achieved at higher VIP plasma levels is biologi-
cally active, and comparable to a previous study which dem-
onstrated human chemokine receptor desensitization 

 

in
vitro

 

 [26].

 

Effects of low-dose VIP infusion 

  

----

 

 therapeutic and 
prophylactic treatments

 

Therapeutic mode

 

Therapeutic treatment of VIP (5 

 

¥

 

 10

 

-

 

5

 

 

 

m

 

) administered by
constant infusion from day 4 until the day of euthanasia (day
7) did not bring about any improvement in the clinical or
histological features of TNBS-induced colitis (Figs 2 and 3,
Table 1).  As shown in Fig. 2a, no differences in clinical
scores were observed between 3-day therapeutically treated
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VIP- and saline-infused TNBS mice. A dramatic and similar
reduction in body weight was observed in both treatment
groups of TNBS-challenged mice when compared to etha-
nol-challenged control animals (Fig. 2b). By day 2 there was
more than 12% loss of original body weight, which contin-
ued to approximately 20% weight loss by day 6. The mortal-
ity rate by day 7 reached an average of 50% of animals in 3-
day therapeutically treated VIP-infused mice compared to
30% in TNBS-challenged mice which received saline infu-
sions only (Table 2).

 

Fig. 1.

 

VIP infusion impairs peripheral blood leucocyte migration to 

chemokines. BALB/c mice were given a 2·5 mg enema of TNBS and 

administered a constant infusion of VIP (5 

 

¥

 

 10

 

-

 

4

 

 

 

m

 

) from day 0 over 

7 days. Blood was collected at day 7 and chemotactic responses were 

measured to (a) CCL3, (b) CCL2 and (c) CXCL10. Each data point 

represent the mean (

 

n

 

 = 3) and error bars represent the standard 

deviation.
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Fig. 2.

 

Effect of low-dose VIP infusion in TNBS-induced mice. TNBS-

challenged mice were administered a constant infusion of VIP from day 

4 (5 

 

¥

 

 10

 

-

 

5

 

 

 

m

 

) (therapeutic mode) or day 0 (1 

 

¥

 

 10

 

-

 

4

 

 

 

m

 

) (prophylactic 

mode) post-induction of colitis with euthanasia at day 7. (a) Clinical 

score from 3-day VIP-infused mice and (b) weight changes of 3- and 

7-day VIP-infused animals were assessed. Weight changes expressed as 

percentage of original weight from day 0. Each point represents mean 

 

±

 

 s.d. from five to 10 mice.
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Table 1.

 

Histopathology score of colons taken at day 7 from therapeutic 

and prophylactic treated VIP-infused TNBS mice. Data represent mean 

 

±

 

 s.d. from five to 10 mice. No statistical differences observed between 

saline- and VIP-infused mice.

Colon section

3-day infusion 7-day infusion 

Saline

VIP

(5 

 

¥ 

 

10

 

-

 

5

 

 

 

m

 

) Saline

VIP

(1 

 

¥ 

 

10

 

-

 

4

 

 

 

m

 

)

Left 5·0 

 

± 

 

0·7 4·7 

 

± 

 

0·5 4·1 

 

± 0·1 3·8 ± 0·6

Transverse 3·1 ± 1·0 3·4 ± 1·0 3·2 ± 0·5 2·7 ± 0·1

Right 1·8 ± 0·7 1·2 ± 0·3 2·2 ± 0·3 1·7 ± 0·3
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Microscopic analysis revealed that while no inflammation
was detected in colons of ethanol control mice (Fig. 3a), the
left colons from TNBS mice were affected most severely
(Fig. 3b–d). No differences were observed in the microscopic
assessment of colons from 3-day therapeutically treated VIP-
or saline-infused TNBS-challenged mice (Fig. 3). Colonic
histopathology was characterized by thickening of the wall
and areas of prominent leucocytic infiltration extending
through the mucosa, submucosa and muscularis propria.
Ulceration and tissue necrosis extending into the muscular
layer were also present. The inflammation was less severe in
the right colon in all experimental groups (Table 1).

Prophylactic mode

As no therapeutic effect was observed from 3 days of VIP
infusion, we determined the prophylactic effects of continu-
ously infused VIP. Mice were administered a constant infu-
sion of VIP (1 ¥ 10-4 m) from day 0. By day 7, the number of
deaths in these VIP-infused mice was similar to saline-

infused TNBS-challenged mice (~30%) (Table 2). VIP failed
to reduce disease severity by any parameter when compared
to TNBS mice (Figs 2b, 3, Table 1).

Effects of high-dose VIP infusion ---- prophylactic 
treatment

As we were unable to demonstrate either abrogation or ame-
lioration of colitis using low-dose VIP infusions, we next
examined the effects of high infused concentrations of VIP
from the time of colitis induction. VIP (5 ¥ 10-4 m) was
administered by continuous infusion from day 0 over 7 days.
As shown in Fig. 4a, no statistically significant differences
were observed in the clinical scores between VIP- and saline-
infused TNBS-challenged mice. Diarrhoea accompanied by
severe weight loss was evident in both treated groups
(Fig. 4b) and mortality was significantly higher in VIP-
infused mice compared to saline-infused TNBS-challenged
mice (VIP: 65·0 ± 6·1%; saline: 30·0 ± 5·6%; P = 0·0056)
(Table 2). VIP infusion failed to abrogate the microscopic

Fig. 3. Histological evaluation (H&E staining) 

of the left colon from BALB/c mice killed 7 days 

after intrarectal administration of TNBS. (a) 

Normal appearance of colon taken from mice 

treated with 45% ethanol (control). (b) Loss of 

normal architecture with an extensive inflamma-

tory infiltrate extending deeply into the muscu-

lar layers in saline-infused TNBS-treated mice. 

(c–d) No evidence in the improvement in histo-

pathology of TNBS-challenged mice adminis-

tered with a continuous infusion of (c) VIP 

(5 ¥ 10-5 m) for 3 days or (d) VIP (1 ¥ 10-4 m) for 

7 days (original magnification ¥4).

(a) (b)

(c) (d)

Table 2. Mortality rates of TNBS-challenged mice administered VIP or saline by constant infusion (therapeutic and prophylactic mode), or by 

intraperitoneal injection on alternate days over 7 days. Data represent percentage of deaths of animals at day 7 of VIP- or saline-treated TNBS-challenged 

mice. Statistical differences observed between VIP- (5 ¥ 10-5 m) and saline-infused mice (prophylactic mode).

3-day infusion

(therapeutic mode)

7-day infusion 

(prophylactic mode) i.p. Injection 

5 ¥ 10-5 m 1 ¥ 10-4 m 5 ¥ 10-4 m 1 nmol 5 nmol

VIP 50% 28·5 ± 12·0% 65·0 ± 6·1%* 40·0 ± 9·5% 53·4 ± 18·8%

Saline 30% 33·5 ± 9·2% 30·0 ± 5·6% 26·6 ± 9·4%

*P = 0·0056 (mean ± s.e.m.; n = 4 experiments). Remaining data: n = 1–2 experiments.
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signs of colitis (Fig. 4c). Moreover, histomorphometry of the
left colons demonstrated no statistical difference in the num-
ber of mononuclear cells or neutrophils in VIP-infused mice
compared to saline-infused TNBS mice (mononuclear
cells - VIP: 2891 ± 1073; saline: 1872 ± 1023, neutrophils -
VIP: 184 ± 101; saline: 1491 ± 1179 - cells per square milli-
metre of tissue; n = 7–9 ± s.d.). These results demonstrate
that administration of low-dose or high-dose VIP by infu-
sion fails to either treat, or prevent, TNBS-induced colitis.

Intermittent intraperitoneal VIP in TNBS colitis

Several G protein-coupled receptors respond physiologically
to pulsatile administration of their cognate ligands, rather
than to steady-state levels [30]. In addition, a recent study by
Abad et al. reported the therapeutic and prophylactic effects
of VIP delivered intraperitoneally in mice with TNBS colitis
[27]. For these reasons, VIP was administered intraperito-
neally at 1 nmol or 5 nmol 12 h post-colitis induction and on
alternate days over 7 days. As shown in Fig. 5a–c, and in con-
trast to the findings of Abad et al., VIP failed to prevent dis-
ease as assessed by clinical, weight and histological analysis.
Moreover, we observed a dose-dependent increase in mor-
tality. By day 7, mortality was 40% and 53% in 1 nmol and
5 nmol-injected TNBS mice, respectively, compared to
approximately 30% in TNBS mice (Table 2). Peak VIP levels
in the blood were three- or fourfold higher in 1 nmol- or
5 nmol-injected mice, respectively, when compared to saline-
infused TNBS mice (Fig. 5d), again within the range in which
we observe inhibition of chemokine receptors in vitro.

VIP fails to modify Th1/Th2 cytokine profile in 
TNBS-challenged mice

TNBS-induced colitis is characterized by an excessive pro-
duction of proinflammatory Th1 cytokines including IL-12,
IFN-g and TNF-a [3,31]. Both Th1 cytokines (TNF-a, IFN-
g, IL-2, IL-12) and anti-inflammatory Th2 cytokines (IL-4,
IL-5, IL-10) were analysed in plasma samples from high-dose
VIP (5 ¥ 10-4 m) or saline-infused (prophylactic mode), and
i.p.-injected VIP (1 and 5 nmol) or i.p.-injected saline
TNBS-challenged mice. While cytokine levels of IL-2, IL-4
and GM-CSF were below the threshold sensitivity of the
assay, circulating levels of IL-5, IL-10, IL-12, IFN-g and TNF-
a were detected; however, no significant differences were
observed between VIP- or saline-treated TNBS mice for both
infused and i.p.-injected animals (data not shown). These
results suggest that VIP failed to down-modulate Th1
responses and enhance Th2 cytokine production in TNBS-
challenged mice.

Discussion

The administration of TNBS by rectal instillation in mice
results in severe colitis. This model displays immunological

Fig. 4. Infusion of high-dose VIP fails to modify the clinical and histo-

logical markers of disease severity. TNBS-challenged mice administered 

a constant infusion of VIP (5 ¥ 10-4 m) from day 0 over 7 days were 

monitored daily for (a) clinical score and (b) weight changes. Clinical 

score was a composite measure of diarrhoea, coat quality and mobility. 

Change in body weight was expressed as a percentage of the original 

body weight at the start of the experiment. (c) Histopathology score of 

the left, transverse and right segments of colon taken from VIP-infused 

TNBS mice at day 7. Data points from each result represent the 

mean ± s.e.m. of four independent experiments (5–13 mice/group/

experiment). No significant differences in clinical score, weight and 

histology were observed between saline- and VIP-infused TNBS mice.
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and histological similarities to human Crohn’s disease and is
characterized by an excessive production of Th1 cytokines,
including IL-12, INF-g and TNF-a [3,31]. Previous studies
have documented that TNBS-induced colitis responds well
to a number of conventional therapies for IBD such as glu-
cocorticoids [32], cyclosporin [33] and sulfasalazine or 5-
aminosalicyclic acid [34]. Recently, however, attention has
focused on using agents which target specific inflammatory
molecules [12,13]. While TNBS colitis in BALB/c mice dem-
onstrated initially a dominant Th1 response [7], subsequent
studies also showed mixed Th1/Th2 responses [35]. Thus, in
animal models of TNBS-induced colitis, blocking the pro-
duction of Th1 cytokines by neutralizing antibodies to IL-12
or TNF-a was shown to be effective in the prevention or
amelioration of gut inflammation [7,36]. Moreover, the
administration of anti-adhesion molecules such as anti-
CD44V7 and anti-CD11b/Cd18 which suppress recruitment

and activation of circulating inflammatory cells to the gut
has also been effective [37,38]. While therapeutic strategies
have focused on attenuating Th1 responses, other studies
have also demonstrated the use of Th2 cytokines to suppress
the development of Th1 immune responses. This includes
the gene-based delivery of IL-4 [39] and administration of
recombinant human IL-11 in TNBS-treated rats [40].

VIP is a neuropeptide with potent anti-inflammatory
activity [15,16,20]. Produced by Th2 cells following anti-
genic stimulation [23], and inhibiting Th1 immune
responses [15,16] and chemokine-mediated mononuclear
cell migration, VIP is documented to prevent or treat animal
models of inflammation such as endotoxic shock [24], rheu-
matoid arthritis [25] and delayed-type hypersensitivity [26].
The broad anti-inflammatory properties of VIP have made it
an attractive candidate for investigating the potential thera-
peutic and/or prophylactic effects in a model of intestinal

Fig. 5. Intraperitoneal administration of VIP failed to prevent systemic features of colitis as assessed by (a) clinical score, (b) weight changes and (c) 

histopathology; 1 or 5 nmol doses of VIP were injected 12 h post-colitis induction and on alternate days over 7 days. (d) VIP levels determined by 

radioimmunoassay. Each data point represents the mean ± s.d. from five to 12 animals. No significant differences in clinical score, weight and histology 

were observed between saline- and VIP-infused TNBS mice.
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inflammation. We demonstrated, however, that while high-
dose VIP administered by infusion in an established model
of IBD was able to impair chemotaxis of circulating leuco-
cytes, it failed to ameliorate systemic features of colitis or to
reduce the severity of colonic inflammation. Moreover, VIP
delivered intraperitoneally also failed to improve the clinical
and histological markers of disease severity. These findings
are supported further by the inability of VIP to modify or
regulate the Th1/Th2 cytokine profile in TNBS-challenged
mice.

Chemokines and their receptors play a crucial role in reg-
ulation of the trafficking of leucocytes to sites of inflamma-
tion and immune responses [41]. In a previous study, we
demonstrated that circulating mononuclear cells from VIP-
infused mice subjected to a DTH challenge were unrespon-
sive to chemokine signals as a result of cross-desensitization
and phosphorylation of the chemokine receptors, CXCR4
and CCR5 [26]. The findings presented here suggest that the
chemokine receptors, CCR1, CCR2, CCR5 and CXCR3, are
also subject to cross-desensitization as a result of exposure to
high levels of circulating VIP. However, desensitization of a
number of chemokine receptors was not sufficient to control
the florid inflammatory response, as reflected by the histo-
logical scores and the high numbers of mononuclear cells
and neutrophils observed in VIP-treated TNBS colitis.

Given that a number of G protein-coupled hormone
receptors respond physiologically to pulsatile administration
of ligand rather than to steady state levels [30], we examined
the effects of VIP (1 and 5 nmol) given intermittently by i.p.
injection over 7 days. In contrast to the findings of Abad
et al., who showed significant effects in both prevention and
treatment of TNBS colitis using VIP (1 and 5 nmol) deliv-
ered intraperitoneally on alternate days [27], we observed no
such effect. Several explanations for these divergent results
can be postulated. First, and most importantly, the contrast-
ing results may be explained by the relatively mild inflam-
mation and limited systemic effects of TNBS produced in the
model described by Abad et al. [27]. Comparable doses of
TNBS were used in both studies and apparently identical
mouse strains. The outcomes described in the present study,
including a significant mortality and prominent weight loss,
are very similar to previously published observations [7,42–
46]. In contrast, the mice in the model reported by Abad
et al. showed only a 5% weight loss. It is noteworthy that
data from early dose-ranging studies in our laboratory
indicated substantial animal-to-animal and experiment-to-
experiment variability in the phenotype of TNBS colitis
(data not shown).

Given the severity of the model, it was no surprise to
observe that a significant proportion of TNBS mice did not
survive the insult from TNBS (30% mortality). This was also
true for other investigators, who documented mortality as
high as 73% after 4–7 days post-induction of colitis [44–46].
We demonstrate that VIP administration by infusion or
i.p. did not reduce mortality. Indeed, mortality was dose-

dependent in both modes of VIP administration reaching
as high as 65% and 53% in VIP-infused and i.p.-injected
mice, respectively. Abad et al. do not report levels of mortal-
ity: if significant numbers of animals in that report are
excluded via this outcome a substantially biased data set may
remain, thus influencing strongly the reporting of outcomes.
Moreover, it was interesting to note that no side effects of
VIP were reported when used at 1 or 5 nmol, but when used
at higher doses (10 nmol) VIP led to worsening of weight
loss. Similarly, circulating VIP levels are not reported [27].
We observed worsened disease in all our treatment protocols
as reflected by the high mortality rates, despite careful mon-
itoring and hydration of animals. In addition, excess VIP
production in humans is well recognized to cause profound
watery diarrhoea [47]. Consistent with this anticipated
adverse effect of VIP administration, we observed a signifi-
cant increase in the frequency and severity of diarrhoea in
VIP-treated animals.

In summary, our studies indicate that while VIP adminis-
tered in an established model of IBD is able to impair leuco-
cyte migration, it fails to ameliorate the clinical and
histological markers of disease severity. While the Th2 effects
of VIP have been well documented to inhibit cell migration
and block Th1 immune responses, the excessive levels of
proinflammatory cytokines produced and the range of
chemokines elicited in TNBS colitis cannot be blocked by
VIP. This contrasts with our previous findings with VIP
administration in a model of DTH [26] and suggests that,
despite demonstrable inhibition of a number of chemokine
receptors, the antiphlogistic effects of VIP appear to be
restricted to less severe inflammation. Combined with its
evident toxicity, VIP is unlikely to provide a useful model for
novel anti-IBD therapies.
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