
ORIGINAL ARTICLE

Blockade of the renin–angiotensin system prevents acute
and immunologically relevant colitis in murine models

Manabu Okawada1,4
• Michael W. Wilson2

• Scott D. Larsen2
• Elke Lipka3

•

John Hillfinger3
• Daniel H. Teitelbaum1

Accepted: 13 September 2016 / Published online: 26 September 2016

� Springer-Verlag Berlin Heidelberg 2016

Abstract

Background Blockade of the renin–angiotensin system

(RAS) has been shown to alleviate inflammatory processes

in the gastrointestinal tract. The aim of this study was to

determine if blockade of the RAS would be effective in an

immunologically relevant colitis model, and to compare

outcome with an acute colitis model.

Methods A losartan analog, CCG-203025 (C23H26ClN3-

O5S) containing a highly polar sulfonic acid moiety that we

expected would allow localized mucosal antagonism with

minimal systemic absorption was selected as an angio-

tensin II type 1a receptor antagonist (AT1aR-A). Two

colitis models were studied: (1) Acute colitis was induced

in 8- to 10-week-old C57BL/6J mice by 2.5 % dextran

sodium sulfate (DSS, in drinking water) for 7 days. (2)

IL10-/-colitis Piroxicam (200 ppm) was administered

orally in feed to 5-week-old IL-10-/-mice (C57BL/6J

background) for 14 days followed by enalaprilat (ACE-I),

CCG-203025 or PBS administered transanally for 14 days.

Results In the DSS model, weight loss and histologic score

for CCG-203025 were better than with placebo. In the

IL10-/-model, ACE-I suppressed histologic damage better

than CCG-203025. Both ACE-I and CCG-203025 reduced

pro-inflammatory cytokines and chemokines.

Conclusions This study demonstrated the therapeutic effi-

cacy of both ACE-I and AT1aR-A for preventing the

development of both acute and immunologically relevant

colitis.

Keywords Angiotensin II type Ia receptor � Dextran

sodium sulfate � Colitis � Angiotensin II type Ia receptor

antagonist � Angiotensin converting enzyme � IL10

Introduction

The renin–angiotensin system (RAS) is well known to have

various physiologic roles [1–4]. Angiotensin II (ATII) type 1a

receptor (AT1aR) blockade has been previously shown to

alleviate gastrointestinal inflammation. We previously

reported that high dose, enteral angiotensin converting

enzyme-inhibitor (ACE-I) and AT1aR antagonist (AT1aR-A)

were highly effective for preventing histologic changes,

decreasing TNF-a expression and epithelial cell (EC) apop-

tosis in a mouse dextran sodium sulfate (DSS) model of

colitis induced by chemical stimulation [5, 6]. AT1aR pre-

dominates and appears to be the critical mediator of pro-

inflammatory and pro-apoptotic signaling [3, 7–9]. However,

this activity was mainly studied in acute chemically

destructive models of colitis. Immunologically driven models

of colitis have been in demand for understanding the mech-

anism of RAS in inflammatory bowel disease (IBD) and use

of angiotensinogen knockout mice, AT1aR knockout mice or

use of AT1aR-A has led to a marked improvement in the

severity of a dextran sodium sulfate (DSS) and trinitroben-

zene sulphonic acid-induced colitis [10, 11].
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Studies using various animal models of colitis have

also shown the importance of intestinal inflammation. The

spontaneous development of colitis in the proximal colon

will occur in IL-10-deficient mice only sporadically after

several months. Since the severity of the disease in this

model depends on environmental conditions, animals

developing colitis at different times will not develop the

same disease. To address these problems, a novel model

of a non-steroidal anti-inflammatory drug (NSAID)-in-

duced colitis was reported. The colitis that develops in

NSAID-treated IL-10 KO mice is similar to the sponta-

neous colitis that can develop in IL-10 KO mice. A short

course of NSAID treatment rapidly activates intestinal

inflammation in this strain of mice as a model of colitis

[12–14].

The aim of this study was to determine if blockade of

the RAS would be effective in an immunologically relevant

colitis model, and to compare this with an acute chemical

model.

Materials and methods

Animals

Specific pathogen free, 8- to 10-week-old, 20–22 g C57BL/

6J mice (Jackson Laboratory, Bar Harbor, ME) were kept

in a 12-h day–night rhythm at 23 �C and relative humidity

of 40–60 % and healthy 5-week-old (35–41 days after

birth, body weight around 14–18 g) IL-10-/-mice with a

C57BL/6 background (originally obtained from Jackson

Laboratories, but now bred at University of Michigan)

were used for this study. Animals were fed standard rodent

feed (LabDiet 5001 Rodent Diet, PMI Nutrition Interna-

tional, LLC, Brentwood, MO) and water ad libitum. All

experiments were approved by the University Committee

on Use and Care of Animals at the University of Michigan

(UCUCA protocol 08773-3).

Induction of colitis

Renin–angiotensin system treatment in acute colitis

Colitis was induced in 8- to 10-week-old C57BL/6J mice

using 2.5 % (W/V) reagent-grade dextran sulfate sodium

(DSS; Molecular weight; 36,000–50,000, ICN Biomedi-

cals, Inc, Aurora, OH) dissolved in drinking water which

was ingested ad libitum for 7 days. Mice were distributed

into three study groups (N = 8). Daily transanal doses

(0.3 ml) of AT1aR-A, CCG-203025 (100 mg/kg/day) or

placebo, phosphate-buffered saline (PBS), were started at

the same time as DSS. Body weight was measured daily.

Mice were killed on day 7 and colon lesions were assessed

macro- and microscopically.

Immunologically relevant colitis

200 ppm of Piroxicam (non-steroidal anti-inflammatory

drug: NSAID; Sigma-Aldrich, St Louis, MO) was added to

feeds given to 5-week-old IL-10-/-mice (C57BL/6J back-

ground) for 14 days (N = 8/group). The NSAID was mixed

with rodent powdered feed (NIH-31 M) using geometric

dilution to ensure uniform distribution of the NSAID in feed

[13]. From week 6 of life, Enalaprilat (12.5 mg/kg, BID),

CCG-203025 (50 mg/kg, BID) or PBS were administered

transanally for 14 days. After treatment, mice were killed to

assess the colon macro- and microscopically. Mucosal

mRNA expression of pro-inflammatory cytokines and

chemokines were examined using RT-PCR.

Angiotensin II type I receptor antagonist (CCG-
203025)

Experimental and Spectroscopic Data

Instrumentation NMR spectra were recorded on a Varian

400 or 500 MHz spectrometer. Chemical shifts were

reported in d (parts per million) by reference to the

hydrogenated residues of deuterated solvent as internal

standard CDCL3: d = 7.28 (1H NMR). Mass spectra were

recorded on a Micromass LCT time-of-flight instrument

utilizing the electrospray ionization mode. Melting points

were measured on a MEL-TEMP melting point apparatus

and are uncorrected. The purity of compounds was asses-

sed via analytical rpHPLC with a gradient of 10 B to 90 %

B over 6 min (solvent A H2O, solvent B acetonitrile, C18

column, 3.5 lm, 4.6 9 100 mm, 254 nm l). 2-((4-((2-

butyl-4-chloro-5-(methoxymethyl)-1H-imidazol-1-yl)me-

thyl)phenyl)-carbamoyl)benzenesulfonic acid HPLC

(tR = 4.79 min). 1H NMR (400 MHz, DMSO-d6) d 11.45

(s, 1H), 7.83–7.85 (m, 1H), 7.74–7.76 (m, 1H), 7.67–7.69

(m, 2H), 7.52–7.55 (m, 2H), 7.13–7.19 (m, 2H), 5.33 (s,

2H), 4.35 (s, 2H), 3.28 (s, 3H), 2.54–2.55 (t, 2H), 1.64–1.67

(m, 2H), 1.33–1.38 (m, 2H), 0.87–0.90 (m, 3H). ESI–MS

m/z 489.9 (M–H?) [5] (Fig 1).

Harvesting

Mice were killed 7 days after DSS and 21 days in the

immunologically relevant colitis group by carbon dioxide

asphyxiation. A 0.5-cm segment was excised from the

proximal colon and placed in 10 % formaldehyde. For-

malin-preserved sections of distal colon were preserved in

paraffin, sectioned transversely (5 lm) and stained with

1104 Pediatr Surg Int (2016) 32:1103–1114

123



hematoxylin and eosin (HE). The remaining colon was

immediately processed for mucosal cell isolation as

described elsewhere [5, 6, 15].

Histologic score

Harvested colon specimens were fixed in 10 % phosphate-

buffered formalin. Specimens were paraffin-embedded,

sectioned, and stained with HIM. Histologic grading of

colitis was performed in a masked fashion (investigator

blinded to the study group) according to techniques

described elsewhere [15]:

1. For DSS colitis mice, crypt shortening and distortion

with thickening of the lamina propria by inflammatory

infiltrate was assigned a score of 0 (normal) through 4

(complete loss of crypts, ulceration, or severe thick-

ening of the lamina propria). Colitis scores (0–4) from

4 points of a left-sided colon segment were summed to

give a maximum score of 16 per segment and a

minimum score of 0. The mean of at least 2 segments

was the histologic score for each mouse.

2. For IL-10-/-mice, histologic scores ranged from 0 to

10. The maximum score was calculated by summing

scores for the following 4 parameters; mucosal ulcer-

ation: 0–3 (0 = normal; 1 = surface epithelial inflam-

mation; 2 = erosions; 3 = ulcerations); epithelial

hyperplasia: 0–3 (0 = normal; 1 = mild; 2 = moder-

ate; 3 = pseudo polyps); lamina propria mononuclear

infiltrate: 0–2 (0 = normal; 1 = slightly increased;

2 = markedly increased); lamina propria neutrophil

infiltrate: 0–2 (0 = normal; 1 = slightly increased;

2 = markedly increased) as previously described [14].

Mucosal cell isolation and purification

Isolation of mucosal cells was performed using a protocol

previously described [16]. Colon, excluding the cecum,

was placed in RPMI cell culture medium on ice, and fecal

contents were gently flushed out. Colonic epithelium was

isolated for RNA as described [15].

Real-time polymerase chain reaction (RT-PCR)

Mucosal scrapings were placed in Tirol (Invitrogen),

homogenized, RNA extracted and purified as described [15].

All primers for selected gene sequences were designed using

proprietary software (Laser gene, DNA star Inc, Madison,

WI). Real-time PCR (RT-PCR) was performed using a

Rotor-Gene 6000 (Corbett Life Science, Sydney, Australia)

and b-actin was used as an internal control for normaliza-

tion. Fold changes of target genes were calculated using

comparative quantification to b-actin.

Immunoblot analysis

Techniques employed were similar to those previously

described [6, 17]. We used mouse anti–TNF-a (1:200

Santa Cruz Biotechnology, Inc, Santa Cruz, CA), mouse

anti-AT1aR (1:200 Santa Cruz Biotechnology, Inc),

mouse anti-phosphor-IjBa (1:1000: Cell Signaling

Technology Inc, Danvers, MA), mouse anti-IjBa (1:1000

Cell Signaling Technology Inc), rabbit anti-phospho-

NFjB (1:1000 Cell Signaling Technology Inc) and rabbit

anti-NFjB (1:2000 Cell Signaling Technology Inc),

respectively. Membranes were then washed and incubated

for 1 h at room temperature with horseradish peroxidase-

conjugated goat anti-rabbit IgG (1:2000: Zymed Labora-

tories, San Francisco, CA) and goat anti-mouse IgG

(1:2000: Santa Cruz Biotechnology, Inc). Results were

expressed as the ratio of target density to the density of b-

actin expression.

Immunohistochemistry

Immunohistochemical staining was used to determine the

expression of AT1aR in each treatment group using avi-

din–biotin–peroxidase complex (ABC) staining system

(Santa Cruz Biotechnology, Inc, Santa Cruz, CA). Primary

antibodies (dilution) anti-rabbit AT1aR (1/50) were applied

to prepared segments of distal bowel. Slide examination

was performed independently in a blind manner using a

Nikon A1 microscope (Nikon Instruments Inc, Tokyo,

Japan). Staining was scored by counting the number of

AT1aR-positive cells per 100 counted cells in the lamina

propria under high-power (9200) magnification.

Statistical analysis

Data were expressed as mean ± standard deviation (SD).

Results were analyzed using the t test for comparison of two

means, and a one-way analysis of variance (ANOVA) for

comparison of multiple groups. A post hoc Bonferroni test

was used to assess statistical difference between groups. The

Chi-square test was used for categorical data (Prism

Fig. 1 Structure of study compound—CCG-203025
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software; GraphPad Software, Inc., San Diego, CA). A value

of P\ 0.05 was considered to be statistically significant.

Results

Effect of AT1aR-A on DSS colitis

After DSS administration, mice developed colitis, which

was manifested by loose stools, intestinal bleeding, and

weight loss. Weight changes (reported as percentage change

from baseline body weight on day 1) are shown in Fig. 2a.

As previously reported [6], significant weight loss occurred

toward the end of 1 week of DSS. The difference between

the Naı̈ve and the DSS-treated groups became significant

after day 5 of DSS (P\ 0.01). After 1 week, weight loss

was severe in the placebo group (-6.8 ± 3.3 % weight

loss), but significantly attenuated by AT1aR-A (CCG-

203025: -3.6 ± 2.9 %, P\ 0.05 versus placebo).

To evaluate if transanal treatment with AT1aR-A was

associated with a reduction in the severity of colitis, a

blinded histological score at day 7 was assessed. In the

DSS ? PBS group, mice consistently developed severe

ulcerative lesions in the distal colon. These histologic

changes were significantly attenuated in the AT1aR-A-

treated mice (P\ 0.001). Histopathology and histologic

Fig. 2 a Time course of

changes in weight loss.

b Representative HE-stained

sections of distal colon (109

magnification)
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scores are presented in Fig. 2b. The colon of all ATa1R-A-

treated mice showed nearly normal mucosal architecture.

Effect of AT1aR-A on pro-Inflammatory cytokine

expression

Expression of pro-inflammatory cytokines (TNF-a, IL-6, IL-

1b, IFNc) were investigated based on previous work which

showed a reduction in the expression of these cytokines after

ACE-I and AT1aR-A treatment [5, 15]. These cytokines are

also known to be upregulated in the DSS colitis model, and

may be responsible for acute tissue injury. Figure 3 shows

how mRNA expression of TNF-a and IL-1b was signifi-

cantly lower in AT1aR-A-treated groups compared with the

DSS ? PBS group. DSS ? placebo mice showed signifi-

cantly increased levels of all pro-inflammatory cytokines.

However, AT1aR-A compound significantly decreased the

mRNA expression of these cytokines. Additionally, IL-10

expression was examined as IL-10 can downregulate or

completely inhibit the expression of several pro-inflamma-

tory cytokines. Although there were no significant differ-

ences in IL-10 expression between DSS ? placebo and

AT1aR-A groups, there was a trend to high expression in the

AT1aR-A-treated group.

Mechanism of AT1aR-A effectiveness

AT1a receptor signaling has been shown to be an important

transactivation pathway for effective TNF-a signaling [5].

Therefore, we hypothesized that blockade of AT1aR would

downregulate the TNF-a signaling pathway with the

expression of mucosal AT1aR, TNF-a downstream (IjB,

NFjB) as detected by Western blot techniques. Results

were expressed as the ratio of b-actin for immunoblots.

Note that AT1aR and TNF precursor were increased in the

DSS model, and significantly decreased after AT1aR-A.

Fig. 3 Expression of mucosal

cytokines TNF-a, IL-6, IL-1b,

IFNc, and IL-10 as detected by

real-time PCR. Results are

expressed as mean ± SD for a

minimum of 6 samples from

each group. Comparisons made

using ANOVA with post hoc

Bonferroni test
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Administration of AT1aR-A in the DSS model significantly

decreased phosphorylated IjB expression. Furthermore,

AT1aR-A significantly prevented phosphorylation of

NFjB p65 (Fig 4).

Effect of ACE-I and AT1aR-A on immunologically

relevant colitis

200 ppm Piroxicam was administered with feed given for

the first 14 days and treatments, twice a day via the

transanal route, were started after 7 days and continued

after piroxicam for a total of 14 days. Weight loss started

to decline on day 7 after piroxicam and continued for the

remainder of the study. However, after day 14, weight loss

Fig. 4 Expression of mucosal

AT1aR, TNF-a downstream

(IjB, NFjB) as detected by

Western blot. Results are

expressed the ratio of b-actin for

immunoblots. Note that AT1aR

and TNF precursor were

increased in the DSS model, and

significantly decreased with

AT1aR-A. Administration of

AT1aR antagonist in the DSS

model significantly decreased

phosphorylated IjB expression.

AT1aR-A also significantly

prevented phosphorylation of

NFjB p65

cFig. 5 a 200 ppm piroxicam was administered by mixing in mouse

feed for the first 14 days and treatments, twice a day, administered

transanally starting after 7 days and continuing after piroxicam was

ceased for a total of 14 days. b Representative HE-stained sections of

mid-colon (109 magnification). Microscopically marked infiltrations

of mononuclear cells and polymorphonuclear cells are present in

colon mucosa from control IL-10KO piroxicam-treated mice. Histo-

logic scores were reduced significantly in ACE-I-treated mice.

c Macroscopic findings revealed that the shortening and thickening

of the colon were improved in the AT1aR-A and ACE-I groups
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was significantly reduced in both treatment groups (Pla-

cebo: -20.8 ± 4.3 %, ACE-I: -11.9 ± 7.3, AT1aR-A:

-7.0 ± 9.2) (Fig. 5a). Representative histologic sections

of mid-colon are shown after HE staining. Microscopically,

marked infiltrations of mononuclear cells and polymor-

phonuclear cells were observed in colon mucosa of control

IL-10KO piroxicam-treated mice. Histologic scores were

significantly reduced in ACE-I-treated mice (Fig. 5b).

Macroscopic findings revealed that the shortening and

thickening of the colon were improved in the AT1aR-A

and ACE-I groups (Fig. 5c).

Effect of AT1aR-A on pro-inflammatory cytokines

and chemokine expression

Inflammatory cytokines were measured as markers of the

pro-inflammatory response [18]. Treatments led to a

reduction in the abundance of several pro-inflammatory

cytokines and chemokines. Expression of mucosal

cytokines TNF-a, IL-6, IL-1b, and IFNc were detected

by real-time PCR and these cytokines were significantly

decreased in both AT1aR-A and ACE-I treatment groups

compared with the placebo group (Fig. 6). Chemokines

were also reduced by treatment with AT1aR-A or ACE-I

compared with the placebo group (Fig. 7).

Expression of AT1aR in IL-10KO mice confirmed

by immunohistochemical staining

AT1aR expression was visualized in IL10 KO mice using

immunohistochemical staining. Interestingly, AT1aR was

expressed on epithelial cells. A marked increase in AT1aR

was noted in the piroxicam-treated IL-10 mice. However,

blockade of this receptor with AT1aR-A and ACE-I, pre-

vented an increase in AT1aR expression predominately in

the lamina propria layer. A summary of mean AT1aR-

positive cell rates per 100 counted cells in the lamina

propria showed a significantly decreased number of posi-

tive cells in both treatment groups (Fig. 8).

Discussion

In a previous study, we demonstrated that ACE-I and

AT1aR-A markedly decreased pro-inflammatory cytokines

in a DSS model, and cytokine levels measured in this study

were almost consistent with those results. Here, we used an

AT1aR-A compound and ACE-I to determine the role of

AT1aR in a DSS-induced colitis model and immunologi-

cally relevant colitis model. We demonstrated the efficacy

of high-dose RAS treatment for preventing histologic

Fig. 6 Expression of mucosal

cytokines TNF-a, IL-6, IL-1b,

and IFNc as detected by real-

time PCR. These cytokines were

significantly decreased in both

the AT1aR-A and ACE-I

treatment groups. Results are

mean ± SD for a minimum of 6

samples from each group.

Comparisons made using

ANOVA with post hoc

Bonferroni test
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changes, colonic apoptosis, and increased pro-inflamma-

tory cytokine response in these colitis models.

However, there are several differences between the DSS

and IL-10 KO models used in this study. The DSS model is

a chemical-induced acute colitis; whereas, the IL-10 KO

model is an immunologic model. Thus, cytokine levels in

the immunologic model may be subjected to different

controls when presented with ACE-I and AT1aR-A treat-

ments. In addition, mice in the DSS model were

8–10 weeks old and in the IL10-KO model were 5 weeks

old. This age difference could also account for differences

in cytokine response. In addition, being an immunologic

model means that the response of the host immune system

may not be natural irrespective of the presence of colitis.

Several authors have used a DSS colitis model to

investigate RAS blockade in colitis [3, 5, 6, 19]. In the

present study, we utilized an IL10KO colitis immune-based

model and demonstrated that ACE-I and AT1aR-A treat-

ments were as good, or superior, to placebos. AT1aR

expression was markedly increased in the DSS model. We

examined the expression of this receptor in IL10 KO mice

using immunohistochemistry staining. Interestingly,

AT1aR expression was identified on epithelial cells with a

marked increase in AT1aR noted in piroxicam-fed IL-10

mice. However, blockade of this receptor with AT1aR-A

and ACE-I prevented the increase in AT1aR expression

predominately in the lamina propria layer.

There are two major ATII receptors, the AT1R (in-

cluding the 1a and 1b sub-types) and AT2R. AT1aR is best

known to mediate vasoconstriction, and is, therefore, used

for treating hypertension. In addition to its anti-hyperten-

sive actions, AT1aR-A has been shown to strongly sup-

press the generation of reactive oxygen species induced by

ATII in activated leukocytes [8, 20–22] and reduce pro-

duction of pro-inflammatory cytokines and adhesion

molecules induced by ATII. These RAS actions may also

be critical for mediation of ADAM (a disintegrin and

metalloproteinase) function as signaling by AT1aR is

needed for transactivation of TNF-a signaling in many cell

types [23]. Interestingly, pharmacologic blockade of

ADAM is becoming a potential clinical approach of

blocking TNF-a signaling [24].

The mechanisms by which blockade of the RAS are not

fully understood. Initial interest in the RAS in the gas-

trointestinal tract is based on the fact that several compo-

nents of the RAS are expressed strongly in the small and

large intestine of rodents and humans [3, 6, 15, 17, 25–27].

ATII activation of NFjB has been shown in human

monocytes [28] and in cultured vascular smooth muscle

cells [29]. Based on this, the NFjB activation pathway has

emerged as an extremely attractive target for the devel-

opment of anti-inflammatory drugs [30–33]. Although the

function of ATII in the intestine is not well understood, our

laboratory has previously shown that ACE is expressed in

the intestinal epithelium, increases in a rodent colitis

model, and is critically important in promoting the devel-

opment of intestinal epithelial cell apoptosis [3, 15, 17, 19].

However, ACE-I and AT1aR-A have been shown to have a

Fig. 7 Expression of mucosal

chemokines. Each chemokine

was reduced by treatment with

AT1aR-A or ACE-I
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variety of anti-inflammatory effects on a series of pro-in-

flammatory and growth signaling actions that occur after

ACE-mediated conversion of angiotensin I to angiotensin

II. Downstream signals from this receptor include an

upregulation of MAdCAM-1 under colonic inflammatory

conditions via NFjB translocation into the nucleus and

subsequent translocation. As TNF-a is a key cytokine

mediating inflammation in colitis, we examined mucosal

regulators of TNF activation. In general, the conversion of

inactive TNF into an active form requires the cleavage of

the transmembrane TNF-a precursor to generate the sol-

uble active form of TNF-a. This action is performed by

TNF-a converting enzyme ADAM17, a transmembrane

metalloprotease. Conversely, TIMP3 (tissue inhibitor of

metalloproteinase-3) is a secreted protein that negatively

controls ADAM17 activity. As a result, a balance between

ADAM17 and TIMP3 expression may be important in

timely regulation of the inflammatory response. As both

TNF-a and AT1a receptor signaling have a common

downstream activation of NFjB, we examined for the

expression of NFjB using immunoblot analysis. Not sur-

prisingly, we showed that AT1aR and TNF precursors were

increased in the DSS model, and that they were signifi-

cantly decreased after AT1aR-A. Administration of

AT1aR-A in the DSS model significantly decreased phos-

phorylated IjB expression and significantly prevented

phosphorylation of NFjB p65.

Although the AT1aR-A used in this study, CCG-

203025, is a Deschloro-losartan (DCL) analog that is

poorly absorbed orally [5], it produced significant clinical

and histological improvements in both acute and

immunologically relevant colitis models; it is important to

note that both the pro-inflammatory cytokine response and

histopathology were not treated by AT1aR-A treatment.

Thus, other mechanisms not affected by ACE-I and

AT1aR-A are likely to be responsible for inflammation and

a more comprehensive study using various dosages may be

needed to explore the full efficacy of this class of drugs.

Fig. 8 AT1aR expression in IL10 KO mice shown using immunohistochemical staining. Arrowheads AT1aR positive cells
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In conclusion, this study demonstrates the therapeutic

efficacy of both ACE-I and AT1aR-A for preventing the

development of both acute and immunologically relevant

colitis. The differential expression of ACE and AT1aR in

the bowel may account for the different actions of the two

compounds in the two models. Thus, specially designed

AT1R-A compounds with poor oral absorption, such as

CCG-203025, may have potential as new therapeutic agents

that block RAS for safely treating inflammatory bowel dis-

ease. Future work will be needed to optimize ACE-I and

AT1aR-A dosage and route of administration to understand

the mechanisms that lead to their anti-inflammatory activity

to prevent ischemic colitis and hypotension.
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