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This study evaluated the effects of the nonsteroidal antiinflammatory agent 
piroxicam on chronic radiation proctitis in the rat. Forty female Wistar rats 
received a 2250-cGy dose of irradiation to the distal 2 cm of the colon, Twenty 
received piroxicam 8.0 mg/kg orally 30 minutes before exposure and 24 hours after 
exposure; 20 rats served as irradiated controls. All animals were evaluated by 
colonoscopy 1 and 3 weeks postexposure and every third week until death or 
killing at  1 year. At killing, colons were removed for light microscopic 
examination. One year postirradiation results showed no differences in mortality, 
vascular changes, acute inflammation, colitis cystica profunda, or rectal stricture 
between the control and piroxicam-treated groups. However, at 1 year 
postirradiation the control group demonstrated neoplasia in 15 of 19 animals 
compared with eight of 20 animals in the piroxicam-treated group. The first 
endoscopic appearance of colonic neoplasm occurred at 15 weeks postirradiation in 
one control irradiated rat whereas the first evidence of endoscopic neoplasm in the 
piroxicam-treated group did not occur until 36 weeks postirradiation. Histologic 
examination documented a tendency toward a greater presence of adenocarcinomas 
in the control group compared with the piroxicam-treated group. The authors 
conclude that piroxicam treatment significantly decreased the incidence of colonic 
neoplasia in general as well as delayed the endoscopic appearance of colonic 
neoplasia in rats after pelvic irradiation. Cancer 662300-2305,1990. 

ADIATION PROCTITIS is a serious problem which af- R fects many patients who undergo therapeutic irra- 
diation for pelvic malignancies. Acute radiation proctitis 
affects most patients and produces symptoms which may 
include abdominal pain, tenesmus, diarrhea, and occa- 
sional rectal bleeding. Chronic radiation proctitis occurs 
in 0.5% to 15% of patients from 1 month to 25 years from 
the completion of therapy and has serious complications 
such as stricture, ulcer, fistula, obstruction, and colitis 
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cystica profunda (CCP).'-' Pelvic irradiation also appears 
to increase the risk to the patient for subsequent pelvic 
malignan~y.~ 

Previous studies in our laboratory established the female 
Wistar rat as a good model of acute radiation proctitis 
showing endoscopic and histologic changes similar to 
those found in man.6 Because of reports in the literature 
of amelioration of acute radiation proctitis using nonste- 
roidal antiinflammatory we used our animal 
model to evaluate several drugs as potential radioprotec- 
tive agents. However, we found no significant improve- 
ment in our irradiated animals after treatment with in- 
domethacin, aspirin, or piroxicam. Two studies have 
shown that nonsteroidal antiinflammatory agents are 
beneficial to patients with chronic radiation proctitis. 'O," 
The current study was designed to test whether a nonste- 
roidal antiinflammatory agent might alter the long-term 
side effects of pelvic irradiation in our animal model. Pir- 
oxicam, a long-acting nonsteroidal antiinflammatory 
agent, was selected for the study. 
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Materials and Methods 

Animals 

Forty female Wistar rats weighing 180 to 220 g were 
obtained from Charles River Breeding Laboratories, Inc. 
(Wilmington, MA). All rats were maintained on standard 
Purina Rat Chow (Purina Mills, Inc., St. Louis, MO) and 
tap water in standard wire cages with a constant 12-hour 
lightldark cycle. 

Irradiation 

Rats were irradiated using a method previously de- 
scribed and adapted from the method of Hubmann.6.12 
Each animal was anesthetized with Ketamine (Vetalar, 
Parke-Davis, Morris Plains, NJ) 50 mg/kg and xylazine 
(Rompun, Miles Laboratories, Shawnee, KS) 10 mg/kg 
intramuscularly (IM) and restrained on a grid, head 
downward at a 45" angle. Lead shielding covered the an- 
imal leaving exposed a 1 X 2 cm area of pelvis containing 
2 cm of distal colon for irradiation. Irradiation was ac- 
complished with a single 2250-cGy exposure from a 
Picker-Vanguard (Cleveland, OH) x-irradiation unit (270 
KV, 15 mA). 

Treatment U'ith Piro-xicam 

Twenty rats were treated with piroxicam (Feldene, 
Pfizer, New York, NY) prepared as 3 mg/ml in 0.1 N 
sodium bicarbonate buffer. Eight milligrams per kilogram 
orally was administered 30 minutes before irradiation and 
repeated 24 hours postexposure. Twenty additional rats 
received vehicle alone on a similar time schedule and 
served as irradiated controls. 

Evaluation of Animals Before and After Irradiation 

All animals were weighed before irradiation. Each an- 
imal was weighed and examined by colonoscopy at 1 and 
3 weeks postirradiation and once every third week there- 
after until termination of the study at 52 weeks. 

Colonoscopy Technique 

Colonoscopy was performed on rats according to the 
method described in detail previo~sly.~ Rats were lightly 
anesthetized with Metofane (methoxyflurane), given a 20- 
ml tap water enema, and then examined up to 10 cm with 
a Dyonics DE 0526 4 mm arthroscope (Dyonics, Inc., 
Andover, MA). The colonoscopic examinations were 
made by an endoscopist blinded to the study. The follow- 
ing scoring system was used: 0 = no change: 1 = presence 
of any of the following: few punctate areas of hemorrhage, 
edema, decreased vascularity, and/or telangiectasia; 2 
= many punctate areas of hemorrhage or confluent areas 
of hemorrhage; 3 = presence of erosions or gross bleeding, 

4 = presence of any of the following: ulcer, stricture, 
polyp/carcinoma. 

Killing of Animals 

Throughout the study any rat which showed signs of 
rectal stricture or otherwise poor clinical status (e.g., ex- 
cessive weight loss, hemorrhage, or lethargy) by physical 
examination was immediately killed. At 52 weeks, the 
remaining rats were killed by methoxyflurane overdose 
and the distal 4 cm of colon removed for histologic ex- 
amination. 

Histologic Evaluation 

The colons obtained at autopsy from all rats were fixed 
in 10% neutral-buffered formalin solution, sectioned lon- 
gitudinally, stained with hematoxylin and eosin, and ex- 
amined by light microscopy by a pathologist blinded to 
the study. 

Statistical .4nalysis 

All data were expressed as mean k standard error of 
the mean. Data from control and piroxicam-treated an- 
imals were compared by Fisher's exact test.13 The Wil- 
coxon rank sum test for nonparametric data was used to 
compare endoscopic scores. 

Results 

Mortality After Irradiation 

Mortality (including animals killed before 52 weeks) 
after irradiation was noted in seven of 19 control animals 
and 1 1 /20 piroxicam-treated animals. These numbers 
were not significantly different between the two groups. 
At 6 weeks postexposure one piroxicam-treated animal 
died from accidental anesthesia overdose and was there- 
fore excluded from final analysis. Most deaths from the 
effects of irradiation occurred after 30 to 3 3  weeks post- 
irradiation and did not differ significantly between control 
and piroxicam-treated groups. These results are shown in 
Figure 1. 

Weight After Irradiation 

Mean body weights of control and piroxicam-treated 
irradiated rats are shown in Table 1. There were no sig- 
nificant differences in mean weights of the two groups 
before irradiation or at any time throughout the study. 

Endoscopic Findings 

A single exposure of 2250 cGy x-irradiation caused 
acute proctitis in rats of both control and piroxicam- 
treated groups. Endoscopic findings of erythema and fri- 
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FIG. 1. Cumulative mortality (%) of female Wistar rats after 2250 cGy 
pelvic irradiation in control irradiated rats and piroxicam-treated rats (8 
mg/kg orally 30 minutes before and 24 hours after irradiation). 

ability were seen in both groups. Chronic changes of ul- 
ceration, rectal stricture, and neoplasia were also seen with 
endoscopy. Results obtained from endoscopic examina- 
tion of control and piroxicam-treated irradiated rats are 
shown in Table 2. There were no significant differences 
in scores between groups until 39 weeks postirradiation. 
At 39 weeks control rats had a mean score of 2.6 + 0.4 
and piroxicam-treated animals had a mean score of 1.6 * 0.3 (P < 0.05); at 52 weeks the control rats had a mean 
score of 3.1 f 0.4 and the piroxicam-treated animals had 
a mean score of 1.3 f 0.3 (P < 0.01). 

Appearance of Colonic Neoplasia 

Colonic neoplasia was diagnosed by colonoscopy at 15 
weeks postirradiation in one control irradiated rat and 
was not apparent until 36 weeks postexposure in one pir- 
oxicam-treated rat. The number of control rats with co- 
lonic neoplasia increased throughout the study whereas 
the number of piroxicam-treated rats with neoplasia 
peaked at 42 weeks and remained constant. These results 
are shown in Figure 2. 

Incidence of Long- Term Major Complications 

occurrence. There was a significant difference between 
the percent of control and piroxicam-treated animals with 
colonic neoplasia. Fifteen of 19 control animals had co- 
lonic neoplasms by endoscopy and/or histologic study 
compared with only eight of 20 piroxicam-treated animals 
(P < 0.03). The animals showing rectal stricture and 
bleeding and/or ulcer were similar for the control and 
piroxicam groups. 

Histologic Changes 

Histologic findings in control and piroxicam irradiated 
rats are shown in Table 3. Two rats in the control group 
and two rats in the piroxicam group are not included in 
the histologic data because autopsy was not performed 
soon enough after death to fix adequately and evaluate 
tissues. There were nine of 17 control and nine of 18 
piroxicam-treated rats with CCP, seven of 17 control and 
12/ 18 piroxicam-treated rats with vascular changes, and 
three of 17 control and two of 18 piroxicam-treated rats 
with acute inflammation. None of these paired values were 
significantly different from each other, Benign colonic ad- 
enomas occurred nine of 17 control and six of 18 pirox- 
icam-treated rats which was not statistically significant. 
Adenocarcinoma was diagnosed in 12/ 17 control and 
seven of 18 piroxicam-treated rats (P = 0.09). However, 
control rats had a total of 20 adenocarcinomas compared 
to only eight total lesions for the piroxicam-treated rats 
(P < 0.05). Figure 4 shows the histologic appearance of 
one of these adenocarcinomas. 

Discussion 

The major problem and reason for dose limitation of 
therapeutic irradiation for pelvic malignancies is radiation 
damage to normal tissues. Pelvic irradiation is most often 
given for gynecologic tumors but is sometimes employed 
for malignant tumors of the prostate, testicle, and large 
intestine. All patients who undergo pelvic irradiation ex- 
perience some degree of acute radiation proctitis evi- 
denced by pain, tenesmus, diarrhea, or uncommonly rec- 
tal bleeding. Later complications occur weeks, months, 

Figure 3 shows the percentage of rats in each group 
showing major long-term complications of pelvic irradia- 
tion including neoplasia, stricture, and bleeding or ulcer 

or even years after therapy and may include chronic ulcer, 
stenosis, fistulae, intestinal obstruction, and CCP.1,3,5,14,15 
Pelvic irradiation also carries an increased risk of cancer 

TABLE 1. Mean Body Weight 

Wk postirradiation 

Treatment 0 1 3 12 21 39 52 

Control 206 k 3 218 f 3 236 f 3 283 f 5 312 f 6 321 f 10 329 f 9 
Piroxicam 202 f 3 215 f 3 229 f 2 219 f 4 310 f 5 3 2 1 f  8 355 f 19 

Piroxicam treatment 8 mg/kg orally 30 min before and 24 h after exposure. Values are mean f SEM. 
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TABLE 2. Mean Endoscopy Scores 

Wk postirradiation 

Treatment 0 1 3 12 27 39 52 

3.1 f 0.4 2.6 -t 0.4 Control 0 1.5 f 0.1 2.0 f 0.1 2.0 f 0.2 2.2 f 0.3 
Piroxicam 0 1.6 f 0.1 1 . 6 f  0.1 1.6 f 0.2 1.7 f 0.2 1.6 -t 0.3* 1.3 _t 0.3t 

Proxicam treatment 8 mg/kg orally 30 min before and 24 h after * P < 0.05 rank sum test. 
t P < 0.01 rank sum test. exposure. Values mean t SEM. 

of the colon and rectum up to 2.0 to 3.6 times the usual 

In our model of acute radiation proctitis in the rat,6 
animals 10 days postirradiation had changes similar to 
those found in acute radiation proctitis in man including 
physical signs, endoscopic and histologic changes. We used 
this model to test the hypothesis that nonsteroidal antiin- 
flammatory agents might reduce the signs of acute radia- 
tion proctitis. Previous reports had shown that sulfasal- 
azine, aspirin, and ibuprofen decreased the signs of acute 
radiation proctitis in women undergoing irradiation for 
gynecologic malignan~ies.'-~ In our irradiated rat model, 
however, indomethacin, aspirin, and piroxicam did not 
ameliorate the clinical endoscopic or histologic signs of 
acute radiation proc t ik6  

The current study was designed to test whether treat- 
ment with a long-acting nonsteroidal antiinflammatory 
agent might decrease the complications of chronic radia- 
tion proctitis. We hypothesized that this type of agent 
might be radioprotective since studies by Goldstein et al. " 
and Ludgate" showed that sulfasalazine and aspirin cause 
objective improvement in patients with chronic radiation 
proctitis. In addition, another nonsteroidal antiinflam- 
matory agent, sulindac, has been reported to cause dis- 
appearance and prevent recurrence of colonic polyps in 
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patients with familiar polyposis and Gardner's syn- 
drome. 19-2' 

These are well known precursors to colon cancer and 
their suppression might prevent the appearance of colon 
tumors. The long-acting nonsteroidal antiinflammatory 
agent, piroxicam, was chosen for our studies and our pre- 
viously described6 rat model for acute colitis was used. 
This model proved to be appropriate for the study of 
chronic radiation proctitis since we observed the postir- 
radiation development of chronic ulcer, CCP, stricture, 
polyposis (adenomas), and adenocarcinoma. These find- 
ings confirm previous reports of chronic radiation ulcer, 
rectal stricture and stenosis, and CCP in the rat.22-25 In 
addition the studies of Kizel et al.," Denman and asso- 
ciates,26 and Black et aL2' showed the development of 
polyps or adenocarcinoma in previously irradiated rat in- 
testine. 

In our study, treatment with the nonsteroidal antiin- 
flammatory drug, piroxicam, did not alter most of the 
nonneoplastic chronic radiation proctitis. Both control 
and piroxicam-treated irradiated rats had similar inci- 
dence of rectal stenosis, chronic ulcer, and CCP. The in- 
cidence of benign polyps in the irradiated area was also 
similar for the two groups, although the appearance of 
the polyps occurred much later in animals who had been 
treated with piroxicam. By 39 weeks postirradiation, the 
endoscopic scores were worse for the control irradiated 
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Neoplasia Stricture BleedlUlcer FIG. 2. Time of appearance of endoscopic neoplasia in colon of female 

Wistar rats after 2250 cGy pelvic irradiation in control irradiated rats 
and piroxicam-treated rats (8 mg/kg orally 30 minutes before and 24 
hours after irradiation). 

FIG. 3.  Long-term complications of neoplasia, rectal stricture, and 
bleeding or ulcer in colons of control irradiated or piroxicam-treated 
female Wistar rats after 2250 cGy pelvic irradiation, *P < 0.03. 



2304 CANCER December 1 1990 Vol. 66 

TABLE 3. Histologic Results at 1 Year 

Colitis cystica Vascular Acute 
Treatment Polyps Adenocarcinoma profunda changes inflammation 

Control 
Piroxicam 
P value 

9/17 
6/18 
NS 

12/17 
7/18 
0.09 

9/17 
9/18 
NS 

7/17 
12/18 
NS 

3/17 
2/18 
NS 

Female Wistar rats receiving 2250 cGy pelvic irradiation. Piroxicam 
treatment was 8 mg/kg orally 30 min before and 24 h after irradiation. 

P values from Fisher’s exact test. 

animals compared with the piroxicam-treated irradiated 
animals (Table 2) but this was probably because of the 
presence of polyps which gave the highest score during 
endoscopic examination. (see “Materials and Methods”). 

Piroxicam treatment significantly decreased the inci- 
dence of colonic neoplasia in general in our irradiated rat 
model and also decreased the total number of adenocar- 
cinomas which developed. This finding is in agreement 
with previous observations showing that nonsteroidal an- 
tiinflammatory agents decreased the development of co- 
lonic tumors in response to chemical carcinogens in an- 
imals. Indomethacin and piroxicam decreased colon car- 
cinogenesis in rats treated with dimethylhydrazine, 
methylnitrosourea, methlazoxymethanol, and bile acid 
expos~re . ’~ -~~  

Nonsteroidal antiinflammatory agents may decrease 
promotion of tumors by several proposed mechanisms. 
First, they are known to inhibit cyclooxygenase enzymes 
and decrease prostaglandin synthesi~.~’ Prostaglandin-like 
activity is elevated in intestine after i r r a d i a t i ~ n . ~ ~  Pros- 
taglandins are elevated in certain tumor cell lines including 

colonic adenomas and adenocarcinomas and are thought 
to be promotors of carcin~genesis.~~ A second action of 
nonsteroidal antiinflammatory agents is suppression of 
ornithine decarboxylase (ODC) activity which is elevated 
in tumorigenesis in the large bowel with multiple turn or^.^' 
Lowering of ODC by nonsteroidal antiinflammatory 
agents may occur directly or through suppression of pros- 
taglandin E2.33 Other actions of nonsteroidal antiinflam- 
matory agents include arrest of cell growth in GI,  inhi- 
bition of cyclic AMP-dependent kinase, and activation of 
immune reactions against turn or^.^^-^' 

In conclusion, our study showed the induction ofcolon 
adenomas and adenocarcinomas in a rat model of radia- 
tion proctitis. Treatment with the nonsteroidal antiin- 
flammatory agent piroxicam delayed the appearance of 
colonic neoplasia after irradiation and significantly de- 
creased the number of animals with neoplasia in general 
as well as the number of tumors per animal. One question 
which arises from these studies is whether daily long-term 
treatment of our animals with piroxicam might have 
completely prevented the appearance of colonic neoplasia 

FIG. 4. An exophytic tub- 
ulovillous adenoma almost 
fills the intestinal lumen (left 
side). Arising near the base of 
the adenoma is a well-differ- 
entiated adenocarcinoma, 
which infiltrates into the 
musculature of the bowel 
wall. Notice the residual nor- 
mal mucosa near the bottom 
of the picture (H & E, X4). 
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after irradiation. These results indicate a potential long- 
term beneficial role for nonsteroidal agents in the treat- 
ment of patients undergoing pelvic irradiation. 
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