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The effect of the free radical scavengers allopurinol 
(50 milligrams) and dimethyl sulfoxide (DMSO) (500 
iii-TG), taken o d y  four times a day, on rhe 
clinical outcome of hematemesis resulting from non- 
steroidal anti-inflammatory drugs (NSAID ) induced 
erosive gastritis was examined in a prospective ran- 
domized double-blinded controlled trial. In 180 fully 
evaluable patients with osteoarthritis or rheumatoid 
arthritis, administration of allopurinol (n=63) or 
DMSO (n=58) enabled significantly (p<0.0 1 ) larger 
numbers of patients to remain hemodynamically stable 
with no rebleed relative to those in the control group 
(n=59). The results of endoscopic examination 48 
hours after admission demonstrated that gastric e m  
sions were still present in significantly more patients 
in the control group (pc0.01; n=20; 50 percent) than 
in the allopurinol (n=5; 9 percent) or DMSO (n=4; 
7 percent) groups. The radical scavengers also reduced 
the number of patients requiring blood transfusion 
because of a rebleed or continued bleeding and emer- 
gency operation relative to control values. It is, thus, 
construed that oxygen derived free radicals mediate 
the mechanism of NSAID induced erosive gastritis. 
Sc~venghg t,h,ese radiczls k ~ & z  the gastritis, s h u -  
lates healing and protects against the complications 
of its hemorrhagic episodes. Surg. Gynecol. Obstet., 
1992, 175: 484490. 

SEVERAL NONSTEROIDAL anti-inflammatory drugs 
(NSAID), such as aspirin or indomethacin, are 
known to irritate the mucosa of the gastrointes- 
tinal tract of humans and animals, resulting in 
bleeding or ulceration, or both (1-5). The irri- 
tation ranges in severity from a few small acute 
ulcers to a situation in which the entire gastric 
mucosa is inflamed and studded with erosions- 
erosive gastritis. This gastritis may produce life- 
threatening bleeding that requires surgical in- 
tervention. The mortality rate of the intervention 
is at least 30 percent (3. 4). 

From The Medical City, Raghdatl, Iraq. 

Oxygen derived free radicals are cytotoxic and 
promote tissue damage (6-1 0). These radicals 
injure cellular membranes, crosslink proteins, l i p  
ids and nucleic acids and produce degradation 
of hyaluronic acid. the principal component of 
epithelial basement membranes (6, 7). Admin- 
istration of NSAID inhibits prostaglandin synthe- 
sis, an action that may reduce gastric mucosal 
blood flow (1 1-1 3) ,  thereby generating oxygen 
derived free radicals by converting the native xan- 
thine dehydrogenase to an oxidase (6, 7, 14). 
The latter enzyme forms superoxide radicals (6, 
7, 14). The fact that oxyradicals are directly irn- 
plicated in the mechanism of tissue injury ( 6 1 0 ,  
14) proposes that they may have a role in me- 
diating the gastric mucosal injuxy produced by 
NSAID. Therefore, scavengers of oxygen derived 
free radicals might be beneficial in the treatment 
of NSAID induced erosive gastritis and in pro- 
tecting against its ecomplications. The present 
study was carried out to address this issue. 

PATIENTS AND METHODS 

Drugs. A 1 percent solution of allopurinol (Bur- 
roughs Wellcome Co.) was prepared by dissolving 
the powder in double distilled water containing 
the molar equivalent of 0.1 molar of sodium 
hydroxide. h 10 percent solution of dimethyl 
sulfoxide (DhIS0)-pharmaceutical grade B.P. 
(Sigma) was prepared by diluting the stock so- 
lution with double distilled water. The vehicle 
solution of allopurinol was given to those patients 
in the control group. Solutions were placed in 
identical dark colored glass bottles containing 
300 milliliters. 

Ethical considerations. The current investigation 
was approved by the Ethical Committee on Hu- 
man Experimentation at the hospital and every 
patient gave written informed consent. 

Stud? design. The present study was a prospective 
randornizecl double blincled controlled trial con- 



ducted on consecutive patients with I-heumatoid 
arthritis or osteoarthritis who presented to the 
Medical City in Iraq between March 1979 and 
October 1981 with hematemesis caused by NSAID 
induced gastric erosions. Randomization was ef- 
fected by selecting sealed envelopes. Treatmen t 
was begun immediately after the diagnosis was 
made. 

A patient was judged suitable for the study 
when there was hematemesis within two hours 
of presentation, no treatment of any form had 
been received and no clinical signs of shock or 
any apparent hemodynamic disturbance (pulse 
rate <lo0 per minute. systolic blood pressure >I00 
millimeters of mercury, hemoglobin level > 10 
grams per deciliter and packed cell volume in 
men >0.4 and in women. >0.37). 

NSAID induced acute gastric mucosal ifijury 
(erosive gastritis) was diagnosed when, at endos- 
copy under sedation, most of the gastric mucosa 
showed hemorrhagic inflammation (a red col- 
ored, deeply congested mucosa) studded with ero- 
sions (breaches of the mucosa, regardless of the 
shape, size, site or number). Patients with he- 
matemesis judged suitable for the study had the 
history recorded and were physically examined. 
They were then put on a complete fast, admitted 
to the hospital and hydrated intravenously. En- 
doscopy was undertaken within six hours after 
admission. Once erosive gasuitis had been diag- 
nosed, patients were randomized to one of the 
study groups and allowed fluids and milk (the 
intravenous line was disconnected soon after 
these were taken). Standard hematologic and bio- 
chemistry measurements and urine examination 
were performed and repeated daily until the pa- 
tients were discharged or complications devel- 
oped. Roentgenologic examination with plain ab- 
dominal films was always undertaken to exclude 
visceral perforation. Patients remaining stable 
with no further hematemesis underwent endos- 
copy again 48 hours after commencing treatment 
(preceded by a complete fast for three hours) 
to study the integrity of the gastric mucosa. These 
patients were then allowed to eat solid food. If 
this food was well tolerated for 24 hours, the 
treatment ceased and the patients were dis- 
charged from the hospital. The return to NSAID 
was not permitted until a week later. All the 
endoscopic examinations of the current study 
were performed by the author. 

A central venous line was inserted into patients 
having clinical signs of shock or hemodynamic 
disturbance, or both (pulse rate >I00 per minute, 

TABLE I.-EVALUABILITk' OF PATIENTS 

Cantrol Allopun'nol Dimethyl sul/oxide 
Total entered . . . . . . . 71 73 72 
Fully evaluable . . . . . . 59 63 58 
Not el-aluable because 

Intolerance . . . . . . . 2 2 3 
Adverse events . . . . . - 2 2 
Prohibited drugs used . 2 1 3 
Noncompliant. . . . . . 8 5 6 

Total not  evaluable . . . 12 10 14 

systolic blood pressure <I00 millime ters of mer- 
cury, hemoglobin <10 grams per deciliter, packed 
cell volume <0.4 in men and <0.37 in women 
and oliguria) and into those having a rebleed. 
Restoration of the circulating blood volume was 
attained by blood transfusion and the effective- 
ness of resuscitation was determined by clinical 
observations and central venous pressure moni- 
toring. 

The decision to abandon consenative manage- 
ment and to undertake emergency operation- 
vagotomy and antrectomy with under running 
by suture of any obviously bleeding points-was 
based on criteria that were exactly applied to 
control and test patients and included for patients 
more than 60 years of age: 4 units of blood 
required within 24 hours to correct acute loss 
of blood or one rebleed; and for patients less 
than 60 years of age: 8 units of blood required 
in 24 hours to correct acute loss of blood or 
two rebleeds during the same admission. The 
compliance of patients with the regimen and any 
adverse reactions to it were carefully monitored 
on special charts. The end point for the current 
study when the treatment code was broken was 
when patients were discharged or when they re- 
quired insertion of a central venous line. 

Recruiting critm+a. Patients were not recruited 
if one or more of the following situations were 
identified: erosions extending beyond the stom- 
ach into the esophagus or duodenum, or both; 
previous hemorrhage in the upper part of the 
gastrointestinal tract; previous history of dyspep 
sia; bleeding diathesis or any hematologic disor- 
ders; wellestablished causes for the develop ment 
of stress induced acute gastric mucosal injury 
(trauma, surgical treatment, burns, shock or s e p  . 

sis); treatment with any form of healing agents 
for gastrointestinal ulcers during the four 'weeks 
before presentation; hiatal herniation: esophageal ., 
erosions or ulcers; coexistent or previously noted 
gastric or duodenal ulceration; visible vessel; 
spurting vessel or a clot adherent to a vessel 
seen during endoscopy; previous operation for -\, 

peptic ulceration; the use, during the month pre- 
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TABLE II.-PATTENT CHAR,4CTERISTICS 

n . . . . . . . . . . . .  
Age, yrs. 
Range . . . . . . . .  
Mean . . . . . . . . .  

Males . . . . . . . . . .  
Females . . . . . . . .  

. . . . . . . .  Smokers 
Social drinkers . . . .  
NSAID indication 

Rheumatoid arthritis 
Osteoarthritis . . . .  

Duradon of NSND 
therapy 
€3 mos. . . . . . . .  
3 to 12 mos. . . . .  
>12 mos. . . . . . . .  

NSXD used 
Diclofenac 
Piroxicarn 
Mefenamic acid 
Naproxen 
Ibuprofen 
Others 

NSAID. Nonsteroidal anti-inflammatory drugs. 

ceding the bleeding episode, of corticosteroids, 
antineoplastic agents, an timalarial agents, gold 
preparations, multiple NSAID, anticholinergics, 
phenothiazines or tetracyclines; presence of sig- 
nificant symptoms from other disorders of the 
gastrointestinal tract that would make it difficult 
to evaluate efficacy and safety of the trial drugs- 
for example, severe imtable bowel syndrome; car- 
diorespiratory problems; hepatic (including cir- 
rhosis) or renal disorders; pregnancy or alcohol- 
Ism. 

Exclusion of patients from tyjficaq analysis. The 
exclusion was based on rules that were rigidly 
applied, including adverse events to the thera- 
peutic regimen, intolerance of this regimen, fail- 
ure to comply accurately with the regimen and 
the use of any form of medication, other than 
the trial regimen, to avoid therapeutic activities 
of unknown origin. The decision to regard pa- 
tients nonevaluable for efficacy analysis was made 
before breaking the treatment code. Additional 
analyses of intention to treat were performed. 
including such patients and using various theo- 
retically possible outcomes to examine what in- 
fluence the exclusion had on the conclusions 
reached. 

The study groups. Two hundred and sixteen con- 
secutive patients presenting with hematemesis 
caused by NSAID induced erosive gastritis were 
divided into three groups. In the first group, 
patients were orally treated with 5 milliliters of 
the vehicle solution of allopurinol every six hours. 

In the second group, patients were orally treated 
with 5 milliliters of 1 percent allopurinol (50 
milligrams) every six hours. In the third group, 
patients were orally treated with 5 milliliters of 
10 percent DMSO (500 milligrams) every six 
hours. All patients were given the same volumes 
of solutions and were treated for three days unless 
their conditions deteriorated, as previously stated. 

Statistical analysis. A sample size of 150 patients 
with 50 patients in each group was initially cho- 
sen. Based on a two tailed test, such a size will 
detect a significant difference of 30 percent be- 
tween active and placebo therapy (p<0.05) with 
a probability rate of 80 percent for the overall 
sample. i3ecause of the anticipared problems oi 
nonevaluability of some patients, which could 
weaken any conclusion, the goal was to enter 
approximately 70 patients in each group. The 
differences detectable within any subgroup are 
considerably larger than 30 percent. 

The chi-square test with Yates' correction was 
used to determine the statistical significance (p< 
0.05) of observed differences in the percentage 
incidence between the groups and the Mann- 
Whitney U test for nonparametric data was used 
to establish the statistical significance of observed 
differences in mean values among the study 
groups. Life table analyses with Mantel-Cox (log 
rank) and Breslow generalized Wilcoxon's statis 
tics were used to evaluate the statistical differ- 
ences in the results of treatment among the 
groups. Pairwise co.mparisons were made between 
groups, with or without radical scavengers. Cox 
proportional hazards models were then used to 
investigate the effect of the radical scavengers 
on the outcome of treatment, when taking into 
account the other patient factors as covariates. 

RESULTS 

Patient characteristics. Seventy-one patients (46 
women and 25 men with an age range of 25 
to 74 years; mean of 59 years) were randomized 
to the control group. Seventy-three patients (41 
women and 32 men with an age range of 28 
to 76 years: mean of 57 years) were randomized 
to the allopurinol group. Seventytwo patients (40 
women and 32 men with an age range of 24 
to 71 years; mean of 55 years) were randomized 
to the DMSoh group. These patients were ran- 
domized from 423 patients seen during the study 
that was conducted during a period of two years 
and seven months. Twelve patients in the control 
group, ten patients in the allopurinol group and 
14 patients in the DMSO group were excluded 



from evaluability (Table I ) .  The characteristics 
of the remaining patients are presented in Table 
I1 and they appear similar among the groups 
in terms of numbers, age ranges, sex ratio and 
number of smokers and social drinkers (having 
no more than 14 units per week-a unit equals 
one-half a pint of beer, a glass of wine or a 
standard measure of spirits). None of the patients 
studied indulged heavily in alcohol consumption. 
but all drank coffee every day. Both the daily 
coffee intake and amount of smoking (all ciga- 
rettes) were comparable among the groups. Fif- 
teen women in the control group, 11 women 
in the allopurinol group and 14 women in the 
DMSO group had taken contraceptive pills during 
some time period. 

Comparison between the groups. No significant dif- 
ienmces were noted among the study groups re- 
garding the indication for NSAID, the type of 
NSAID used or the duration pf therapy (Table 
11). Approximately 10 percent of patients in each 
of the study groups experienced adverse events- 
mostly headache, nausea, dyspepsia and abdomi- 
nal pain. They were sufficiently uoublesome, how- 
ever, and led to withdrawal in two patients given 
allopurinol and in another two given DMSO. Two 
patients in the control group, two patients given 
allopurinol and three patients given DMSO did 
not tolerate the regimen (Table I). There were 
no obvious treatment related changes in hema- 
tologic or biochemistry values, including hepatic 
and renal function tests. 
Clinical progress. Forty patients in the control 

group remained stable 48 hours after admission 
and had no further hematemesis or signs of con- 
tinued blood loss. The number of patients in 
the allopurinol group (59) and DMSO group 
(54) achieving the same outcome was significantly 
higher (p<0.01). The results of the second en- 
doscopic examination demonstrated signs of hem- 
orrhagic inflammation. (deeply congested red col- 
ored mucosa) in every stomach inspected. 
However, erosions (multiple breaches in the gas- 
tric mucosa) were present in significantly (p< 
0.01) more patients in the control group (20) 
relative to the allopurinol (five) and DMSO 
(four) groups. The clinical progress of these pa- 
tients continued and they were all discharged 
after three days of hospitalization. Therefore, the 
number of patients tolerating solid food and then 
discharged was significantly (pe0.0 1 ) larger in 
the allopurinol and DMSoh groups, relative to 
the control group (Table 111). 

Nineteen patients in the control group required 

TABLE 111.-4LINIC;XL PROGRESS 

. . . . . . . .  Number studied 
Stable after 48 hours . . . . .  
Second endoscopy 

Hemorrhagic inflam- 
mation . . . . . . . . . . . .  

Erosions . . . . . . . . . . . .  
Blood transfusion be- 

cause 
. . . .  Continued blood loss 

Rebleed . . . . . . . . . . . .  
Surgical treaunen t be- 

cause 
. . . .  Continued blood loss 

Rebleed . . . . . . . . . . . .  
Return to solid food 

. . . . . . . .  after 48 hours 
Discharge from hospital 

after 3 days . . . . . . . . . .  

Dimthjd 
Control Albpurinol sulfoxtdr 

39 63 58 
40 (68) 59 (94)* 54 (93)' 

*P<0.01 comparing with the conuol group. 
Numbers in parentheses are percentages. 

blood transfusion because of continued blood 
loss in ten patients and because of a rebleed in 
nine patients. Two patients given allopurinol re- 
quired blood transfusion because of continued 
hemorrhage and another two required transfu- 
sion because of a rebleed. In the DMSO group, 
three patients required blood transfusion for con- 
tinued bleeding and one patient was given blood 
because of rebleeding. Emergency operation was 
necessary in seven patients in the control group 
who continued to lose blood, in six patients in 
the control group who had a rebleed, in one 
patient from each of the allopurinol and DMSO 
groups who continued to bleed and in one of 
the patients in the allopurinol group who had 
rebleeding (Table 111). Four patients in the con- 
trol group died during the immediate postop 
erative period (two of cardiac arrest, one patient 
of respiratory failure and one patient of bron- 
chopneumonia), giving an operative mortality 
rate of 31 percent and an overall group mortality 
rate of 7 percent. 

A series of Cox proportional hazards models 
was fitted using, as covariates, all factors other 
than treatment with the radical scavengers to 
obtain a group of patients and conditions that 
independently and significantly influence recov- 
ery from the hemorrhagic episode. Treatment 
with allopurinol and DMSO was then added as 
separate covariates. Age of more than 60 years, 
a rebleed during the same admission,. receipt of 
blood, continued bleeding after hospitalization 
and shock had a significantly (p<0.001) detri- 
mental effect upon the recovery rate at the 5 
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percent level. When these and all the other non- 
significant variables were allowed for, treatment 
with allopurinol or DMSO continued to exert a 
significantly beneficial effect upon recovery from 
the hemorrhagic episode (p<0.01). 

The influence of method of analysis on the 
clinical progress and recovery from the hemor- 
rhagic episode was studied. Analyses of intention 
to treat were performed to determine what might 
have happened if all patients had been evaluable. 
This required assuming that some patients would 
have remained stable and experienced no rebleed 
or continued blood loss while others would have 
had a further rebleed or continued to lose blood 
at various time periods. 

When all the excluded patients were assumed 
to have remained stable after admission to the 
hospital and had no further blood loss or a re- 
bleed or when they were assumed to have de- 
teriorated, treatment with allopurinol and DMSO 
continued to afford a significant therapeutic ad- 
vantage (p<0.01) in terms of the numbers of 
patients remaining stable and the recovery from 
the hemorrhagic episode. This advantage, how- 
ever, was lost when only the patients excluded 
&om the control group were assumed to have 
remained stable and to have made a full recovery, 
whereas all those excluded from the other groups 
deteriorated because of rebleeding or continued 
blood loss. 

DISCUSSION 

The gastrointestinal tract is particularly vulner- 
able to the adverse effects of NSAID, which can 
produce damage ranging from acute gastric mu- 
cosal injury to a perforating peptic ulcer (1-3). 
The incidence of the mucosal injury is approxi- 
mately 30 percent and may increase to 51 percent 
in patients taking multiple NSAID (2). Inhibition 
of cyclo-oxygenase by NSND prevents prostaglan- 
din synthesis, an action that initiates acute gastric 
mucosal injury (11). Prevention of this synthesis 
depresses gastric mucosal blood flow and bicar- 
bonate secretion, reduces mucus production and 
causes atrophy of the gastric epithelium (12). 
The mucosal defensive properties are thereby im- 
paired, alloi$lng gastric acid to attack the mucosa 
and to injure it (12, 13). 

DMSO and allopurinol scavenge hydroxyl radi- 
cals (14, 15) and the latter also inhibits the en- 
zyme xanthine oxidase. which is responsible for 
the formation of superoxide radicals (14). The 
use of two radical scavengers instead of just one 
has several advantages. Results similarly achieved 

by two different agents are more convincing and 
attributable to an actual pharmacologic mecha- 
nism rather than to a nonspecific action or to 
an experimental error. Moreover, such similarity 
at a time when the only action shared between 
the agents used is scavenging oxygen derived 
free radicals implicates this action rather than 
any other one in the mechanism of the effects 
achieved. The results of the present investigation 
demonstrate that the radical scavengers used were 
equally effective in stimulating the healing of 
acute gastric mucosal injury produced by NSND 
and in protecting against the complications as 
sociated with the hemorrhagic episodes (Tab!e 
111). Continued bleeding and a rebleed are 
among such complications and are particularly 
serious because they may demand emergency o p  
eration, with a mortality rate as high as 30 per- 
cent. The similarity in e6cacy between allopuri- 
no1 and DMSoh suggests, on the basis of the 
aforementioned explanation, that scavenging oxy- 
gen derived free radicals was the mechanism by 
which these agents produced their actions. There- 
fore, from the results and the knowledge that 
free radicals are cytotoxic and mediate tissue dam- 
age ( 6 1  0, 14), it  is construed that these radicals 
are directly implicated in the mechanism of 
NSAID induced acute gastric mucosal injury and 
that removing them prevents injury progress and 
stimulates healing. This last effect is probably 
achieved bv scavenging the deleterious agents 
causing tissue injury and, thus, providing a more 
suitable environment for healing. The bleeding 
produced by erosive gastritis represents the mag- 
nitude of mucosal damage and the disruption 
of its vasculature. By scavenging the agents that 
seem to cause these adverse mucosal effects, the 
potential for continued bleeding or for initiating 
a fresh bleed are minimized because the process 
of tissue damage is impaired and the natural 
tendency for repair and healing is, therefore, 
being enhanced. 

The acute inflammatory reaction generated in 
the gastric mucosa by NSAID is associated with 
infiltration by neutrophils, which produce oxi- 
dative bursts that field free radicals. DMSO in- 
hibits the function of these cells (16), suggesting 
that its action on free radicals could have been 
achieved through prevention of inflammatory cell 
functions. 

The knowledge that allopurinol and DMSO 
have no known antibiotic effects capable of af- 
fecting Helzcobact~r /yZ~?i, excludes any actions 
against this bacterium horn being responsible for 



the results noted in the present investigation. I t  
might be argued that the criteria for abandoning 
conservative management and undertaking emer- 
gency operation may have been responsible for 
the high operative rate noted in the present study. 
in that they were too tight and might have, there- 
fore, denied some patients a successful outcome 
with conservative management, were it to be con- 
tinued for a longer period. Although these cri- 
teria aimed at striking a balance between earlier 
intervention before the patient becomes a poor 
risk for operation when conservative management 
is unlikely to succeed and a chance for this man- 
agement to achieve a successful outcome, it must 
be stressed that they applied to patients who 
required blood transfusion because of continued 
hemorrhage or a rebleed. These events may well 
reflect a more aggressive degree of NSAID in- 
duced acute gastric mucosal injury that may prove 
to be refractory to conservative management and 
that may, therefore, benefit from earlier opera- 
tion. 

The doses of allopurinol and DMSO were the 
same as those of another trial (17) in which 
they had been extracted on the basis of dose 
response experiments in animals and therapeutic 
ranges in humans. Among the well-known side 
effects are that allopurinol may induce hepatic 
injuries and skin reactions and DMSO may cause 
hemolysis, dermatitis, neuropathy and enceph- 
alopathy. Adverse events, whether or not mild 
or sufficiently troublesome to lead to withdrawal, 
occurred in a few patients in each of the active 
therapy groups (Table I). Furthermore, there 
were no obvious treatment related changes in 
hematologic or biochemistry values, including he- 
patic and renal function tests. These findings 
illustrate the safety of the radical removing agents 
when used within the range of their elected doses. 
It would be, however, an advantage if the daily 
doses could be reduced, without compromising 
efficacy. 

The compliance of patients with the various 
regimens was carefully monitored and any in- 
fringements led to exclusion (Table I). This com- 
pliance was similar among the groups. Therefore, 
the results cannot be ascribed to differences in 
patient compliance or to an unintended bias in 
favor of a particular group, which may influence 
compliance. 

Although DMSO can be detected in the breath, 
it was never mentioned by any patient as a sig- 
nificant source of inconvenience. Furthermore, 
it could not be seen as a source of bias in favor 

of any of the study groups, because the primary 
parameters of assessment were objective ones (Ta- 
ble 111). 

The results suggest that oxygen derived free 
radicals are directly implicated in the mechanism 
of NSAID induced acute gastric mucosal injury. 
Scavenging the radicals prevents injury progress, 
stimulates healing and protects against the com- 
plications of its hemorrhagic episodes. 

SUMMARY 

The current prospective randomized double 
blinded controlled study investigated the effect 
of the free radical scavengers allopurinol (30 mil- 
ligrams taken orally, four times a day) and di- 
methyl sulfoxide (DMSO, 500 milligrams taken 
orallyt four times a day) on the clinical outcome 
of hematemesis resulting from NSAID induced. 
erosive gastritis. 

In 180 patients with osteoarthritis or rheuma- 
toid arthritis, administration of allopurinol (n= 
63) or DMSO (n=58) enabled significantly (p< 
0.01 ; chi-square test with Yates' correction) more 
patients to remain hemodynamically stable with 
no rebleed relative to controls (n=59). The results 
of endoscopic examination 48 hours after ad- 
mission demonstrated that gastric erosions were 
still present in significantly more patients in the 
control group (p<0.01; n=20; 50 percent) than 
in the allopurinol (n=5; 9 percent) or DMSO 
(n=4; 7 percent) groups. 

Nineteen controls required blood transfusion 
because of a rebleed or continued bleeding rela- 
tive to only four patients in each of the allopuri- 
no1 and DMSO groups who required the same 
transfusion (p<0.01). Emergency operation was 
necessary in 13 patients in the control group, 
in two of the patients in the allopurinol group 
and in one patient in the DMSO group who 
were given blood. Four patients in the control 
group died postoperatively (operative mortality 
rate of 31 percent; overall group mortality rate 
of 7 percent). .. 

The results suggest that oxygen derived free 
radicals are directly implicated in the mechanism 
of NSAID induced erosive gastritis. Scavenging 
these radicals impairs the gastritis, stimulates heal- 
ing and protects against the complications of its 
hemorrhagic episodes. 
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