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ABSTRACT OF THE DISCLOSURE 

This disclosure describes the method of inhibiting the 
ulcerogenic effect induced by non-steroidal anti-inflamma 
tory agents in mammals ‘by administering orally the prosta 
glandins of the E series and certain ll-deoxy derivatives 
thereof and the prostaglandins of the A series. 

BRIEF SUMMARY OF THE INVENTION 

This invention relates to compositions of matter useful 
for inhibiting the ulcerogenic effect induced by non 
steroidal anti-in?ammatory agents in mammals. More par 
ticularly, it relates to therapeutic compositions contain 
ing prostaglandins of the E series and certain ll-deoxy 
derivatives thereof, and prostaglandins of the A series. 
The invention includes the new compositions of matter 
and the method of inhibiting the ulcerogenic effect of non 
steroidal non-in?ammatory agents in mammals there— 
with. 
The protective agents of the present invention may be 

represented by the following general formulae: 

, 
, 

R: 

H OH 

wherein R1 is hydrogen or alkyl having up to 12 carbon 
atoms, R2 is hydrogen or hydroxy, the moiety —C5-C(,-— 
is ethylene or cis-vinylene, and the moiety —C17—C18— 
is ethylene or cis-vinylene with the proviso that when the 
moiety --C5—C6— is ethylene then the moiety 

_C1'7_C18_ 
must be ethylene. 
Also embraced within the scope of the present inven 

tion are the non-toxic pharmaceutically acceptable cation 
ic salts of the prostanoic acid derivatives of the above 
general formulae, when R1 is hydrogen. The cations com~ 
prised in these salts include, for example, the non-toxic 
metal cations such as the sodium ion, potassium ion, calci 
um ion, and magnesium ion as well as the organic amine 
cations such as the tr_i(lower alkyl)amine cations (e.g., 
trimethylamine), procaine, and the like. 
DETAJLED DESCRIPTION OF THE INVENTION 

We have found that the substances of the above gen 
eral formulae are useful when administered by the oral 
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route as protective agents against the ulcerogenic and 
gastrointestinal effects induced by certain otherwise valu 
able pharmaceutical agents, particularly non-steroidal 
anti-in?ammatory agents such as indomethacin, phenyl 
butazone, and aspirin. Thus, with the concomitant use of 
the protective agents of this invention, it should be pos 
sible to administer larger and potentially more e?icacious 
doses of these anti-in?ammatory agents without increasing 
the danger of increased ulcerogenic or gastrointestinal side 
effects. Indicative of the serious nature of this problem 
are the following statements concerning indomethacin 
(Indocin®) taken from Physician’s Desk Reference, 1972 
(Medical Economics Inc., Oradell, NJ .), p. 964. 

“Gastrointestinal effects-Because of the occurrence 
and, at times, severity of gastrointestinal reactions to in 
docin, the prescribing physician must be continuously 
alert for any sign or symptom signalling a possible gas 
trointestinal reaction. The risks of continuing Indocin 
therapy in the face of such symptoms must be weighed 
against the possible bene?ts to the individual patient. The 
gastrointestinal effects may be reduced by giving the drug 
immediately after meals, with food, or with antacids. As 
advancing years appear to increase the possibility of ad 
verse reactions, Indocin should be used with concomitant 
ly greater care in the aging.” 

“Gastrointestinal reactions.%ingle or multiple ulcera 
tions, including perforation and hemorrhage of the esoph 
agus, stomach, duodenum or small intestines. Fatali 
ties have been reported to occur in some instances. Gas 
trointestinal bleeding without obvious ulcer formation. 
Perforation of pre-existing sigmoid lesions (diverticulum, 
carcinoma, etc.). Increased abdominal pain in ulcerative 
colitis patients or the development of ulcerative colitis 
and regional ileitis have been reported to occur rarely. 
Gastritis may persist after the cessation of the drug. 
Nausea, vomiting, anorexia, epigastric distress, abdominal 
pain and diarrhea.” 

It is further to be noted that prostaglandins in general 
are not effective when administered by the oral route. 
Thus, it is most unexpected that for the novel use of this 
invention the subject prostaglandins are indeed effective 
orally and at relatively low doses. The assay to deter 
mine the protective effect of these compounds is carried 
out in the following manner. 

Rats were starved for 48 hours (water was given ad 
libitum). Indomethacin (20 mg./kg. of body weight) was 
administered by the subcutaneous route and one-half the 
dose of the test compound was administered by gavage 
at the same time. After three hours, the second half of 
the test compound was administered, also by gavage. Five 
hours after the administration of indomethacin the ani~ 
mals were decapitated and the stomachs removed. The 
stomachs were washed with distilled water, blotted on 
gauze, cut along the larger curvature, and the contents 
rinsed with distilled Water. The stomachs were spread out, 
pinned on a cork and visualized under magnifying glass 
for ulcers. The criteria for scoring of ulcers was as previ— 
ously reported. [Abdel-Galil et al., Brit. J. Pharmac. 
Chemotherapy 33:1-14 (1968).] 

Score: 
0~—Norm'al stomach 
1—Petechial hemorrhage or pin point ulcer 
2—-1 or 2 small ulcers 
3—Many ulcers, a few large 
4--Many ulcers, mainly large 

Control animals treated with indomethacin but not test 
compound usually give scores of about 2.5-3.7. Com 
pounds which reduce the ulcer score by 0.7 unit are con 
sidered active. Control animals treated with neither in 
domethacin nor test compound give scores of about 0.5 
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0.8. The results obtained in this assay with typical pro 
tective compounds of the present invention are set forth 
in the Table I below. 

TABLE I 

Total oral 
dose (mg./ 

kg. of bed 
weight 

3. 12 

Ulcer score 

Treated 
animals Compound Controls 

l-Prostaglandin El--...'..'.-'.'-'-'----- 

l-Prostaglandln E I l l l 5» rs» PP $8 
d,l-11-dooxy-prostaglandin E1 .r. 21:: 

l-prostaglandln A], methyl ester. .: 50 

d,l-Prostsglandln Ei--::':::r.::=::: 

The active compounds of the present invention and the 
non-toxic pharmaceutically acceptable cationic salts 
thereof when R1 is hydrogen have thus been found to be 
highly useful for inhibiting the ulcerogenic effect induced 
by relatively high doses of non-steroidal anti-inflamma 
tory agents in mammals when administered orally. A pre 
ferred dosage regimen for optimum results would be from 
about 0.003 mg. to about 0.7 mg. per kilogram of body 
weight per day and such dosage units are employed that 
a total of from about 0.20 mg. to about 50.0 mg. of ac 
tive ingredient for a subject of about 70 kg. body weight 
are administered in a 24-hour period. 
The active compounds of the present invention may be 

orally ‘administered, for example, with an inert diluent or 
with an assimilable edible carrier, or they may be en 
closed in hard or soft shell gelatin capsules, or they may 
be compressed into tablets, or they may be incorporated 
directly with the food of the diet. For oral therapeutic 
administration, the compounds may be incorporated with 
excipients and used in the form of tablets, troches, cap 
sules, elixirs, suspensions, syrups, wafers, and the like. 
Such compositions and preparations should contain at 
least 0.1% of active compound. The percentage in the 
compositions and preparations may, of course, be varied 
and may conveniently be between about 5% to about 
75% or more of the weight of the unit. The amount of 
active ingredient in such therapeutically useful composi 
tions is such that a suitable dosage will be obtained. Pre 
ferred compositions or preparations according to the pres 
ent invention are prepared so that an oral dosage unit 
form contains between about 0.05 and 20 milligrams of 
active compound. It may also be desirable to combine a 
protective compound of the present invention with in 
domethacin, aspirin, phenyl'butazone, or the like in one 
capsule or tablet for convenience of administration. 
The tablets, troches, pills, capsules and the like may 

also contain the following: a binder such as gum traga 
canth, acacia, cornstarch, or gelatin; an excipient such 
as dicalcium phosphate; a disintegrating agent such as 
cornstarch, potato starch, alginic acid, and the like; a 
lubricant such as magnesium stearate; and a sweetening 
agent such as sucrose, lactose, or saccharin may he added 
or a. ?avoring agent such as peppermint, oil of winter 
green, or cherry ?avoring. When the dosage unit form is 
a capsule, it may contain, in addition to materials of the 
above type, a liquid carrier such as a fatty oil. Various 
other materials may be present as coatings or to other 
wise modify the physical form of the dosage unit. For in 
stance, tablets, pills or capsules may be coated with 
shellac, sugar, or both. A syrup or elixir may contain the 
active compounds, sucrose as a sweetening agent, methyl 
and propyl parabens as preservatives, a dye and ?avoring 
such as cherry or orange ?avor. Of course, any material 
used in preparing any dosage unit form should be phar 
maceutically pure and substantially non-toxic in the 
amounts employed. 
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The racemic active agents of the novel compositions 

of this invention can be resolved at appropriate stages 
into their optically active components by a number of 
methods of resolution well known in the art. It is to be 
understood that the above pictorial representation of the 
active compounds of the present invention is to be con 
strued as inclusive of other forms including enantiomers 
and racemates, and not to be construed as limited to the 
particular form shown. 
The invention will be described in greater detail in 

conjunction with the following speci?c examples. 
EXAMPLE 1 

Preparation of capsule formulation 
Ingredient: Milligrams per capsule 

Prostaglandin A1 ________________________ __ 5 
Starch 80 
Magnesium stearate ______________________ .._ 5 

The active ingredient, starch and magnesium stearate are 
blended together. The mixture is used to ?ll hard shell 
capsules of a suitable size at a ?ll weight of 90 milligrams 
per capsule. 

EXAMPLE 2 

Preparation of tablet formulation 
Ingredient: Milligrams per tablet 

Prostaglandin E2 ______________________ _a_ 2 
Lactose u 200 

Corn starch (for mix) __________________ __ 50 
Corn starch (for paste) _________________ _._ 50 
Magnesium steal-ate ____________________ .. 6 

The active ingredient, lactose and corn starch (for mix) 
are blended together. The sorn starch (for paste) is sus 
pended in water at a ratio of 10 grams of corn starch 
per 80 milliliters of water and heated with stirring to form 
a paste. This paste is then used to granulate the mixed 
powders. The Wet granules are passed through a No. 8 
screen and dried at 120° F. The dry granules are passed 
through a No. 16 screen. The mixture is lubricated with 
magnesium stearate and compressed into tablets in a suit 
able tableting machine. Each tablet contains 2 milligrams 
of active ingredient. 

EXAMPLE 3 

Preparation of oral syrup formulation 

Ingredient: Amount, mg. 
ll-deoxy prostagulandin E1 ______________ __ 100 
Sodium benzoate _______________________ __ 150 

Sucaryl 90 
Saccharin 10 
Red Dye {F.D. & C. No. 2) ______________ __ 10 
Cherry ?avor 50 
Sorbitol solution (70% NE): 40 ml. 
Distilled water: q.s. to 100 ml. 

The sorbitol solution is added to 40 milliliters of distilled 
water and the active ingredient is suspended therein. The 
sucaryl, saccharin, sodium benzoate, ?avor and dye are 
added and dissolved in the above solution. The volume 
is adjusted to 100 milliliters with distilled water. 

Other ingredients may replace those listed in the above 
formulation. For example, a suspending agent such as ben 
tonite magma, tragacanth, carboxymethylcellulose, or 
methylcellulose may be used. Phosphates, citrates or tar 
trates may be added as buifers. Preservatives may include 
the parabens, sorbic acid and the like and other ?avors 
and dyes may be used in place of those listed above. 

EXAMPLE 4 

Preparation of capsule formulation 

Ingredient: Milligrams per capsule 
Prostaglandin E1 ________________________ _... 1 
Starch 80 
Magnesium stearate _____________________ __ 5 
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The active ingredient, starch and magnesium stearate are 
blended together. The mixture is used to ?ll hard shell 
capsules of a suitable size at a ?ll Weight of 86 milligrams 
per capsule. 

EXAMPLE 5 

Preparation of tablet formulation 

Ingredient: Milligrams per tablet 
ll-deoxy-prostaglandin E2 _______________ __ 2 

Lactose ____ 200 

Corn starch (for mix) __________________ __ 50 
Corn starch (for paste) _________________ __ 50 
Magnesium stearate _____________________ __ 6 

The active ingredient, lactose and corn starch (for mix) 
are blended together. The corn starch (for paste) is sus 
pended in water at a ratio of 10 grams of corn starch per 
80 milliliters of water and heated with stirring to form a 
paste. This paste is then used to granulate the mixed pow 
ders. The wet granules are passed through a No. 8 screen 
and dried at 120° F. The dry granules are passed through 
a No. 16 screen. The mixture is lubricated with magne 
sium stearate and compressed into tablets in a suitable 
tableting machine. Each tablet contains 2 milligrams of 
active ingredient. 
What is claimed is: 
1. The method of inhibiting the ulcerogenic eliect in 

duced by non-steroidal anti-in?ammatory agents in a 
mammal which comprises administering concomitantly 
with said agents and orally to said mammal and effective 
amount of a compound selected from the group consist 
ing of those of the formula: 

wherein R1 is hydrogen or alkyl having up to 12 carbon 
atoms, R2 is hydrogen or hydroxy, the moiety —C5—C6— 
is ethylene or cis-vinylene, and the moiety -—C17-C18—- is 
ethylene or cis-vinylene with the proviso that when the 
moiety -—C5-C6— is ethylene then the moiety 
—C17-C18— must be ethylene, and the non-toxic phar 
maceutically acceptable cationic salts thereof when R1 is 
hydrogen; in association with a pharmaceutical carrier to 
provide a daily dosage of from about 0.003 mg. to about 
0.7 mg. per kilogram of body Weight of said mammal. 

2. The method according to claim 1 wherein R1 and 
R2 are 'both hydrogen, the moiety —~C5—C6—— is cis-vinyl 
ene, and the moiety —C17—C18-— is ethylene; ll-deoxy 
prostaglandin E2. 

3. The method according to claim 1 wherein R1 and R2 
are both hydrogen, and the moieties —C5-C6— and 
-—-C17—C18- are both cis-vinylene; ll-deoxy-prostaglandin 
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4. The method according to claim 1 wherein R1 is hy 

drogen, R2 is hydroxy, the moiety —C17—C18— is ethyl 
ene, and the moiety —C5-C6-- is cis-vinylene; pros 
taglandin E2. 

5. The method of inhibiting the ulcerogenic effect in 
duced by non-steroidal anti-in?ammatory agents in a 
mammal which comprises administering concomitantly 
with said agents and orally to said mammal an effective 
amount of a compound selected from the group consisting 
of those of the formula: 

wherein R1 is hydrogen or alkyl having up to 12 carbon 
atoms, the moiety -—C5—C6— is ethylene or cils-vinylene, 
and the moiety —-C17—C18-—- is ethylene or cis-vinylene, 
with the proviso that when the moiety ——C5—C6—- is ethyl 
ene then the moiety --C1q-C18~— must be ethylene, and 
the non-toxic pharmaceutically acceptable cationic salts 
thereof when R1 is hydrogen; in association with a phar 
maceutical carrier to provide a daily dosage of from 
about 0.003 mg. to about 0.7 mg. per kilogram of body 
Weight of said mammal. 

6. The method according to claim 5 wherein R1 is hy 
drogen, and the moieties —C5-C6-- and —~C17-C13—- are 
both ethylene; prostaglandin A1. 

7. The method according to claim 5 wherein R1 is hy 
drogen, the moiety —-C5—C6—- is cis-vinylene, and the 
moiety —C17-C18—- is ethylene; prostaglandin A2. 

8. The method according to claim 5 wherein R1 is hy 
drogen, and the moieties —C5-C6—- and -—C17-C18— are 
both cis-vinylene; prostaglandin A3. 

9. The method of inhibiting the ulcerogenic effect in 
duced ‘by non-steroidal anti-in?ammatory agents in a 
mammal which comprises administering concomitantly 
with said agents and orally to said mammal an effective 
amount of a compound selected from the group consist 
ing of 13,14-dihydro-prostaglandin E1 and the non-toxic 
pharmaceutically acceptable cationic salts thereof; in as 
sociation with a pharmaceutical carrier to provide a daily 
dosage of from about 0.003 mg. to about 0.7 mg. per 
kilogram of body weight of said mammal. 
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