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Abstract: Nitrone-related therapeutics (NRTs) represent a new class of small molecules potentially 
effective in the treatment of inflammatory bowel disease (IBD) by protecting cells from damage 
caused by excess inflammation and/or oxidative stress. The goal of this study was to determine the 
efficacy and potency of CPI-1189, a novel therapeutic agent, in dextran sulfate sodium (DSS)-induced 
colitis in mice. Mice received oral doses of either CPI-1189 (3, 10, or 30 mg kg¯1) or the methyl 
cellulose vehicle along with 3% dextran sulfate in their drinking water. Assessment of colitis was by 
calculation of a disease activity index (DAI) and by histological observations. Signs of colitis in 
vehicle-treated mice were evident by day 3 using the DAI and with histological confirmation on day 7. 
In mice given CPI-1189, there was a significant and dose-dependent improvement in all signs of colitis 
with an overall protection of approximately 50%. These observations suggest that CPI-1189 is a novel, 
orally active, therapeutic agent that could be developed for the treatment of crohn’s disease and 
ulcerative colitis in humans. 
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INTRODUCTION 

 
 Inflammatory bowel disease (IBD) is a blanket 
term for the chronic, inflammatory condition 
experienced by individuals with either Crohn’s disease 
or ulcerative colitis. The etiology and pathophysiology 
of IBD remains unknown, although several factors such 
as genetic, infectious and immunologic susceptibility 
have been implicated[1,2]. Advances in the treatment of 
IBD are difficult to achieve because of the lack of a full 
understanding of the cause of IBD. As a result, the 
current treatment options for patients with either 
Crohn’s disease or colitis are limited[3,4]. The poor side-
effect profile of corticosteroids restricts their use to 
treating acute and serious episodes of disease, while 
products based on 5-aminosalicylic acid (5-ASA) as the 
active agent show frequent drug intolerance, limited 
efficacy and can only be used in mild to moderate 
cases. The next treatment options, if corticosteroids and 
5-ASA agents fail, are powerful immunosuppressive 
agents such as cyclosporine, 6-mecaptopurine or 
azathioprine. Treatment with monoclonal antibodies to 
TNF-α is a recently introduced, novel therapeutic 
approach to the treatment of patients with IBD[5-7]. 
However, antibodies like those to TNF-α are not active 
following oral administration and the potential long-
term toxic effects of these potentially immunogenic 
proteins remain to be determined. The lack of a safe 
and effective  

 
Fig. 1: Chemical structures: Structures for CPI-1189 

and PBN (α -phenyl butyl nitrone) 
 
pharmacological agent to treat IBD often leads to 
surgery, in severe cases, to remove the affected region 
of the small or large bowel[8].  
 CPI-1189 (Fig. 1) is representative of a new class 
of therapeutic agent structurally related to α-phenyl 
butyl nitrone, a molecule shown to mitigate oxidative 
stress in animal models of ischemia/reperfusion[9,10]. 
The mechanism of action of these compounds appears 
to involve protection against the damaging effects of 
oxidative stress including that induced by pro-
inflammatory cytokines[11,12] and cytokines are thought 
to play a critical role in the development of IBD[13-16]. 
In the present study we employed the dextran sulfate 
sodium (DSS) model of colitis which has been used 
extensively in mice[17-20]. The goal of the study was to 
investigate of the efficacy and potency of a new agent 
CPI-1189 in the DSS model. 
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MATERIALS AND METHODS 
 
Animals: Experiments used male mice maintained on 
LAB Diet certified rodent chow and tap water ad 
libitum. The facility housing the animals controlled 
both illumination (12 hour light-dark cycle) and 
temperature (21-23o C). The colitis study used male 
Swiss Webster mice, 30-40 g from Charles River 
Laboratories, Wilmington, MA. The animals, 
individually housed, acclimated in the animal facility 
for one week prior to experimentation. The Animal Use 
and Care Committee at the Oklahoma City V.A. 
Medical Center approved all animal use. The dose 
proportionality study used 96 days day old, male 
C57BL/6J mice from Jackson Laboratories, Bar 
Harbor, Maine. The animals acclimated in the animal 
facility at Centaur in Sunnyvale, CA for at least 7 days 
prior to experimentation. The mean body weights ± SD 
of the mice in the dose proportionality study were 28.9 
± 2.0 g, 29.1 ± 2.3 g, 29.2 ± 2.2 g and 29.1 ± 2.0 g for 
the 10, 30, 100 and 500 mg kg¯1 dose groups (n = 
3/dose group), respectively. The animals, housed five 
mice per cage until the day prior to dosing and singly 
housed thereafter, fasted for 2 hr. prior to dosing and 
received food and water ad libitum 0.5 hr. after the 
treatment. The Animal Use and Care Committee at 
Centaur Pharmaceuticals, Inc. approved all animal use 
for the dose proportionality study.  
 
Colitis studies 
Induction of colitis in mice: To induce acute colitis, 
mice in the study consumed for 7 days drinking water 
fortified 3% (w/v) with 45,000 average molecular 
weight DSS from Spectrum Chemicals.  
 
Treatment protocol: The initial efficacy study used 16 
mice divided into 2 experimental groups—one group of 
10 mice dosed daily with 30 mg kg¯1 of CPI-1189 and a 
second group of 6 mice dosed with the vehicle control 
group. On days 0-6, each group of mice received, by 
oral gavage, a single oral dose of either CPI-1189 or 
the methyl cellulose vehicle. On days 1-7 all animals 
received 3% (w/v) DSS, made fresh daily, in their 
drinking water one hour after the oral dosing. On the 
seventh day, all animals received isoflurane anesthesia 
(2-4%) before euthanasia by decapitation. 
 The dose response study used 42 mice divided into 
5 experimental groups—3 groups (10 mice/group) each 
dosed daily with 3, 10 or 30 mg kg¯1 CPI-1189, a 
vehicle control group (n = 8) and one naive group (n = 
4). On days 0-6, each group of mice, except those in the 
naive group, received by oral gavage a single oral dose 
of CPI-1189 or the methyl cellulose vehicle. On days 1-
7 all animals, except naive animals, received 3% (w/v) 
DSS, made fresh daily, in their drinking water one hour 
after the oral dosing. On the seventh day, all animals 
received isoflurane anesthesia before euthanasia by 
decapitation. In addition, 5 cm segments of colonic 
tissue from three randomly selected mice from each 
group were placed in 10% buffered formalin for later 
histological analysis. 
 
Evaluation of colonic damage and inflammation 
Disease activity index: The disease activity index 
(DAI) is known to be a valid measure for the acute 
colitis produced by DSS[19,20]. The index takes into 
account weight loss, stool consistency and occult 

bleeding on scales of 0-4 (Table 1). For each mouse, a 
daily DAI score was calculated as the aggregate of the 
% weight loss score, stool consistency score and fecal 
occult score divided by three. The DAI values for the 
groups were then reported as mean ± se for each day of 
the experiment. Subsequently, the daily DAI score for 
each experimental group was calculated as the mean ± 
se of the individual DAI scores of each mouse in the 
group (Table 1). Non-blinded researchers performed 
the scoring prior to each daily oral dose of either CPI-
1189 or vehicle. 
 
Table 1: Disease activity index parameters 
Parameter Change Score 
Weight Loss 0 0 
 1 to < 5% 1 
 5 to < 10% 2 
 10 to < 20% 3 
 >20% 4 
Stool Consistency Negative 0 
 Loose 2 
 Diarrhea 4 
Fecal Occult Blood Normal 0 
 Positive 2 
 Gross Bleeding 4 
 
Histological analysis: Isolated proximal, medial and 
distal portions of the 5 cm segment of colon were 
placed in an embedding frame and preserved in 10% 
formalin. Subsequently, the colon was sliced, mounted, 
stained with hemotoxylin & eosin and then scored by a 
blinded pathologist who rated the tissues based on the 
grade of the disease, 0-4, the percentage of the disease, 
0-4 and the severity of the inflammation, 0-3 (Table 
2A-C). 
 
Table 2A: Grade of histological disease 
Grade of Disease Score 
Crypt intact 0 
Loss 1/3 crypt 1 
Loss of 2/3 crypt 2 
Loss of entire crypt with intact 3 
surface epithelium 
Loss of entire crypt with erosion of 4 
surface epithelium 
Table 2B: Extent of histological damage 
Extent of Damage (% involvement) Score 
1-25% 0 
26-50% 1 
51-75% 2 
76-100% 3 
 
Table 2C: Severity of histological damage 
Score for Severity Score 
Normal 0 
Focal inflammatory cell infiltrate 1 
Inflammatory cell infiltrate, gland drop out 2 
and crypt abscess 
Mucosal ulceration 3 
 
Drugs and chemicals: Centaur Pharmaceuticals, Inc, 
(Sunnyvale, CA) provided the CPI-1189 (4-
acetylamino-N-tert-butylbenzamide). Sigma Chemical 
Company, St. Louis, MO, provided the methyl 
cellulose used to make the dosing solution. 
Distilled/deionized water obtained from a MilliQ water 
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system (Millipore, France). Suspensions of CPI-1189 
for dosing were prepared in distilled/deionized water 
containing 10 mg of methyl cellulose per ml. DSS was 
purchased from Spectrum Chemical, Gardena, CA and 
was added at 3% (w/v) to distilled/deionized water. 
Occult bleeding was determined using individual 
hemoccult tests purchased from SmithKline 
Diagnostics, San Jose, CA. Isoflourane (IsoFlo, Abbott 
Laboratories) was purchased from J. A. Webster, 
Sterling, MA. Saline (0.9 % w/v) was made by adding 
the appropriate amount of NaCl (Sigma Chemical 
Company) to distilled/deionized water. Formalin 
purchased from Sigma Chemical Company was diluted 
to 10% (v/v) with distilled/deionized water prior to use.  
 
Expression of results and statistical analysis 
Efficacy in DSS-treated mice: Values were expressed 
as mean ± se and statistically evaluated using SAS 
Student’s t test or ANOVA as appropriate. Statistical 
significance was set at the p < 0.05 level and designated 
with an asterisk in the figures and tables given in the 
results section. Simple comparisons were performed 
using PROC NPAR1.WAY. Dose-response 
relationships were performed using PROC RANK 
followed by analysis of the normalized values using 
PROC GLM. If the PROC GLM results suggested a 
significant difference, group comparisons were 
performed with a Tukey post-hoc test.  

 
RESULTS AND DISCUSSION 

 
 In all methyl cellulose vehicle-treated mice, 
administration of 3% DSS in their drinking water for 7 
days produced clinical signs of colitis including weight 
loss, diarrhea and bloody stools that were evident as 
early as day 3 of the treatment and were sustained 
throughout the study. The development of colitis was  

 
Fig. 2: Effect of DSS treatment: Disease Activity 

Index (DAI) score with break-down of 
individual parameters for mice administered 
3% DSS. A: Total score by day. B: Weight 
loss parameter by day. C: Stool consistency 
parameter by day. D: Fecal occult blood 
parameter by day. A steady increase in all 
markers of colitis occurred over the 7 day 
period 

 

 
Fig. 3: Hematoxylin and Eosin (H & E) stained 

section of colon from, A: Naïve control mouse 
and B: DSS vehicle-treated mouse. In the DSS 
vehicle-treated mouse, DSS ingestion resulted 
in marked crypt erosion and an increase in 
inflammatory infiltrate compared to the naïve 
control group 

 
reflected in an increase in the daily DAI score (Fig. 2) 
and characterized histologically by crypt loss, 
ulcerations and a diffuse infiltration of inflammatory 
cells was observed in colons removed on day 7 in DSS-
treated mice dosed orally with methyl cellulose (Fig. 3). 
 
Protective effect of CPI-1189 in the DSS model of 
colitis: In an initial series of experiments, CPI-1189 (30 
mg kg¯1) was given by oral gavage once a day to mice 
receiving DSS in their drinking water. This dose, which 
in a previous study was found to completely protect in 
the mouse MPTP model of Parkinson’s disease 
(unpublished observations), induced a significant 
protection in the DAI (Fig. 4). The protective effect of  

 
Fig. 4: Effect of CPI-1189 treatment on DAI scores in 

DSS-treated mice. Filled bars indicate mice 
that received the vehicle control. Open bars 
indicate mice that received 30 mg kg¯1 CPI-
1189 p.o., once-a-day. CPI-1189 treatment 
affords protection on most days after day 2 of 
DSS treatment. * denotes p < 0.05 compared 
to vehicle control 
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Fig. 5: Histological dose response. A: Histology 

scores for colonic tissue from mice in each 
dose group. B: Mice dosed with 30 mg kg¯1 
CPI-1189 retain almost normal histology 

 
CPI-1189 (n = 7-10 mice) against the DSS-induced 
colitis was significantly different from the vehicle 
treated animals (n = 6 mice) on days 3-7. The 
maximum protective effect by CPI-1189, greater than 
50%, occurred on day 7. The histological appearance of 
the colons from DSS-treated mice dosed orally with 
CPI-1189 closely resembled colons from controls mice 
that were not treated with DSS (Fig. 5). 
 
Evaluation of the dose-dependent protection of CPI-
1189 in the DSS model of colitis: The objective of the 
next experiment was to explore the dose-response 
characteristics of CPI-1189 in the DSS murine model 
of colitis. CPI-1189 (3, 10 or 30 mg kg¯1) was given by 
oral gavage once a day (n = 8-10/group). In this study 
CPI-1189 induced a significant and dose-dependent 
improvement in the DAI (Fig. 6). The 30 mg kg¯1 po 
daily dose of CPI-1189 produced the greatest protective 
effect as measured by the improvement in the DAI and 
histological damage score. Modest, but often not 
statistically significant, protection was observed at a  

 
Fig. 6: DAI dose-response for CPI-1189. All mice 

received 3% DSS in their drinking water 
starting on day 1. Solid bars indicated vehicle 
control mice. Dashed bars indicated mice that 
received 3 mg kg¯1 CPI-1189 p.o. Spotted bars 
indicate mice that received 10 mg kg¯1 CPI-
1189 p.o and hatched bars indicate mice that 
received 30 mg kg¯1 CPI-1189 p.o. There is an 
unmistakable dose-induced protection 

provided by CPI-1189. * denotes p < 0.05 
compared to vehicle control 

 
daily dose of 10 mg kg¯1 and no protection was 
observed at a daily dose of 3 mg kg¯1.  
 The goal of this research was to explore the 
activity of a novel therapeutic agent, CPI-1189, in a 
mouse model of colonic inflammation that reproduces 
some of the colonic damage observed in patients with 
IBD. CPI-1189, administered orally to mice given DSS 
in their drinking water, was found to protect mice from 
the DSS-induced colitis. The protective effect of CPI-
1189 occurred after once-a-day dosing and was dose-
dependent with a maximum efficacy of greater than 
50% protection at 30 mg/kg/day. The protection at 30 
mg/kg/day was evident in DAI scores, in each efficacy 
element of the DAI index (weight, occult blood and 
stool consistency) and by histological examination. 
 The mechanism by which CPI-1189 protects in the 
DSS model is still not fully understood. In previous 
studies, CPI-1189 was found able to scavenge hydroxyl 
radicals to the same extent that PBN scavenges 
hydroxyl radicals. Thus, CPI-1189 might work as a 
radical scavenger to directly protect sensitive targets in 
cells from damage caused by reactive oxygen species. 
However, CPI-1189 is not a particularly effective 
scavenger and the available evidence is that hydroxyl 
radicals are not produced to any appreciable extent 
following treatment with DSS[21]. More likely, a potent 
protection by CPI-1189 against the deleterious effects 
of cytokines such as TNF-α is responsible for the 
activity of this agent in the DSS model. Previous 
research has shown that CPI-1189 protects in in vitro 
test systems against TNF-α induced apoptosis[22,23], 
dihydrodichloroflourescin sensitive reactive oxygen 
species production[22] and suppression of bcl-2, an 
endogenous anti-oxidant and anti-apoptotic agent[22,23]. 
In vivo, CPI-1189 protects against TNF-α induced 
apoptosis, memory loss and weight loss[24]. 
Interestingly CPI-1189 does not interfere with binding 
of TNF-α to either its p55 or p75 binding sites 
(unpublished observations). CPI-1189 appears to act in 
the signal transduction pathway activated by binding of 
TNF-α to its p55-binding site. In this regard, CPI-1189 
is known to mitigate activation of a key mitogen-
activated protein kinase, p38, by pro-inflammatory 
cytokines[25] and altered mitogen-activated kinases 
signals have been implicated in IBD [26]. The anti-
TNF properties of CPI-1189 are particularly important 
in the context of IBD because TNF-α is elevated in the 
intestines of both humans suffering from IBD[15,27] and 
mice with DSS-induced colitis[28]. Moreover, the anti-
TNF properties of CPI-1189 are of clinical interest 
because of the recent finding that a monoclonal 
antibody to TNF-α (Remicade) shows activity in 
treating patients with refractory Crohn’s disease[5,6].  
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 In summary, we demonstrated that the addition of 
DSS (3-10%) to the drinking water causes symptoms of 
colitis such as diarrhea, rectal bleeding and weight loss 
in mice within a few days of initiating treatment. In 
mice given CPI-1189 by oral gavage, there was a 
significant and dose-dependent improvement in DSS-
induced colitis as seen by a decrease in DSS-induced 
diarrhea, rectal bleeding and weight loss. Moreover, 
there was a significant histological decrease in the 
DSS-induced mucosal damage. In conclusion, in an 
experimental model of colitis in mice, CPI-1189 is 
effective in protecting the colonic mucosa from damage 
caused by DSS. The data provides compelling support 
for the possible efficacy of CPI-1189 in the treatment 
of IBD, including ulcerative colitis and Crohn’s 
disease. 
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