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57 ABSTRACT 
Dextrorotatory stereoisomers of beta-adrenergic stim 
ulatory phenethanolamines such as isoproterenol, 
soterenol, salbutamol, carbuterol, terbutaline, and 
metaproterenol lower normal or elevated intraocular 
pressure when topically administered to the eye. Re 
duction in intraocular pressure is of particular impor 
tance in the treatment of glaucoma, a disease marked 
by ocular hypertension. The dextrorotatory phene 
thanolamine compounds employed in the process. of 
the present invention are notable for the low order of 
adrenergic activity in contrast to levorotatory and ra 
cemic stereoisomeric forms which are very potent be 
ta-adrenergic stimulatory agents. Consequently, those 
side effects generally associated with adrenergic acti 
vation such as tachycardia, mydriasis, hypertension 
and hypotension are absent. 

18 Claims, 3 Drawing Figures 
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FIGURE I 

THE EFFECTS OF d- SOPROTERENOL 
BITARTRATE (4.4%) AND SALINE O 
ON NORMAL AND ELEVATED INTRAOCULAR 
PRESSURE (IOP). 
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FIGURE 2 

THE EFFECTS OF d!-- SOPROTERENOL HC 
(3. O%) AND SALNE ON NORMAL AND 
ELEVATED INTRAOCULAR PRESSURE (IOP). 
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FIGURE 3 

CONCENTRATION- EFFECT RELATIONSHIP OF 
d- SOPROTERENOL BITARTRATE ON ELEVATED 
INTRAOCULAR PRESSURE (IOP). 
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OCULAR HYPOTENSIVE PROCESS EMPLOYING 
DEXTROROTATORY PHENETHANOLAM NES 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part application 

of United States patent application Ser. No. 263,496 
filed June 16, 1972, now abandoned. 

FIELD OF THE INVENTION 

This invention involves a process and compositions 
of the drug, bio-affecting, and body treating type. Topi 
cal treatment of the eye with a solution of d 
phenethanolamines such as d-isoproterenol, d 
soterenol, d-salbutamol, d-carbuterol, d-terbutaline, 
d-metaproterenol and the like or a salt thereof is in 
volved. 

DESCRIPTION OF THE PRIOR ART 

Glaucoma is a disease of the eye characterized by a 
progressive increase in intraocular pressure which oc 
curs over a prolonged period of time which if untreated 
continues until the optic nerve is damaged and blind 
ness results. The goal in the treatment of glaucoma is 
to reduce the intraocular pressure sufficiently to pre 
vent damage to the optic nerve. The adrenergic amine 
epinephrine applied topically to the eye is a widely used 
treatment. Miotics which include certain parasympa 
thomimetics such as pilocarpine and cholinesterase in 
hibitors such as physostigmine are also widely used top 
ically. Improved drugs for topical application to the eye 
to reduce intraocular pressure are needed, however, 
due to side effects caused by existing drugs. Common 
undesired effects induced by the miotics include 
twitching of the eye lids, browache, headache, ocular 
pain, conjunctival congestion, etc. Localized allergy 
occasionally develops. Absorption of the topically ap 
plied drug occasionally causes systemic effects. This is 
particularly true with the cholinesterase inhibitors 
which may cause salivation, sweating, nausea, vomit 
ing, bradycardia, hypotension, etc., and with epineph 
rine which may cause tachycardia, hypertension, head 
aches, sweating, tremors, etc. The alpha-adrenergic 
stimulating action of epinephrine frequently causes my 
driasis and sometimes retinal maculopathy on pro 
longed usage. Epinephrine is contraindicated in many 
instances. 

Isoproterenol, whose adrenergic action differs from 
epinephrine in that it is considered almost exclusively 
a beta-adrenergic stimulator, has been elvaluated by 
Ross and Drance, Arch. Ophthal.., 83, 39-43 (1970), in 
patients with ocular hypertension. Satisfactory reduc 
tion in intraocular pressure as a result of ocular instilla 
tion of a 5% isoproterenol hydrochloride solution was 
obtained but, concomitant side effects of a serious na 
ture were also seen which prohibited the practical use 
of isoproterenol for glaucoma treatment. Among side 
effects associated with the administration of isoprotere 
nol for reduction of intraocular pressure were marked 
and dangerous tachycardia of up to 100 to 150 beats 
per minute as well as palpitations, a nervous feeling, 
and weakness. 
Salbutamol, another relatively pure beta-receptor 

stimulant, has also been tested for effects on intraocu 
lar pressure. According to G. D. Patterson and G. Pat 
terson, Postgraduate Medical Journal, 122-124 
(1971), ocular instillation of 4% salbutamol in glau 
comatous patients lowered intraocular pressure. How 
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2 
ever, the treatment was not satisfactory in that a con 
siderable proportion of patients receiving salbutamol 
developed side effects such as a hyperaemic condition 
of the conjunctiva with an associated irritation of the 
eyelid as well as a tachyphlactic change in potency of 
salbutamol therapy. In regard to potency, these investi 
gators established that a concentration of 4% sal 
butamol (racemate) induced a fall in intraocular pres 
sure equivalent to 1% (levorotatory) adrenalin and 
stated that the equivalency ratio of levorotatory adren 
alin to levorotatory salbutamol would be of the order 
of 2:1 rather than the apparent 4:1 inasmuch as the le 
vorotatory stereoisomer of salbutamol was considered 
to be the active component in dl-salbutamol. Patterson 
and Patterson (supra) base this conclusion regarding 
activity of d-salbutamol and l-salbutamol compared to 
the racemate on the fact that, like the stereoisomers of 
isoproterenol, the dextrortatory stereoisomer of sal 
butamol is essentially inactive with only about 0.02 the 
activity of the levorotatory stereoisomer as a beta 
adrenergic stimulant. 

SUMMARY OF THE INVENTION 
This invention relates to a process for lowering intra 

ocular presssure. More particularly, the present inven 
tion is concerned with the process of lowering intraocu 
lar pressure in the mammalian eye which comprises 
topical application thereto an effective ophthalmolog 
ically acceptable amount of the dextrorotatory stereoi 
somer of compounds and ophthalmologically accept 
able acid addition salts thereof selected from the group 
consisting of a compound of Formula I 

OB 

CHCHaNH-R 
Formula I 

R 

where R1 is isopropyl or tert-butyl; R2 is hydroxy, hy 
droxymethyl, ureido or methanesulfonamido; and one 
of R3 and R is hydrogen and the other is hydroxy. 
The terms "hydroxymethyl', "ureido', and "me 

thanesulfonamido’ used herein refer to the radicals 
HOCH-, 

NHaCNH-, 

and CHSONH- respectively. 
The term “ophthalmologically acceptable acid addi 

tion salts' used herein in describing the salts of the 
phenethanolamines characterized by Formula I, is in 
tended to define those salts and compositions which are 
non-toxic or non-irritating on topical application to the 
eye, storage stable, and otherwise generally in accord 
with the requirements, practicalities and good pharma 
ceutical practice with respect to ophthalmic products. 
By way of example there can be mentioned those salts 
derived from organic and inorganic acids which are not 
irritating to the eye such as hydrochloric, hydrobromic, 
sulfuric, phosphoric, methanesulfonic, acetic, citric, 
malic, succinic, lactic, tartaric, benzoic, and the like. 
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It is to be understood that the symbols “d, l, and dl' 
employed herein are used in accord with standard 
chemical nomenclature and refer to dextrorotatory, le 
vorotatory and racemic stereoisomeric forms, respec 
tively. 

Prior attempts to use isoproterenol for reducing in 
traocular pressure on topical application to the eye uti 
lized the racemate (Ross and Drance, supra) or the 
pure levorotatory form (McDonald, et al., Archives of 
Ophthalmology, 82,381-384 (1969) because the intra 
ocular lowering effect was assumed to involve the ad 
renergic action of the compound. According to the 
present state of the art, adrenergic activity is believed 
to reside almost exclusively in the l-isomer of adrener 
gic phenethanolamines such as adrenalin, isoprotere 
nol, soterenol, salbutamol, carbuterol, terbutaline, and 
metaproterenol. 

It has now been discovered that topical administra 
tion of the pure dextrorotatory stereoisomer of isopro 
terenol and other beta-adrenergic stimulants to the 
mammalian eye effectively lowers intraocular pressure 
in a dose-related fashion without the intrusion of any 
significant adrenergically mediated side effects on 
pupil size, heart rate and blood pressure resulting from 
drug absorption. For instance, ocular instillation of an 
effective intraocular lowering dose of the d 
stereoisomer of isoproterenol does not produce any sig 
nificant increase in heart rate compared to an equimo 
lar dose of dl-isoproterenol which results in at least a 
50% increase in heart rate. 
The present invention is based on the highly unex 

pected finding that ocular instillation of “so-called 
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without practical utlility) than the l-stereoisomer or ra 
cemate; refer to Lands, et al., J. Pharm. Exptl. Therap., 
1 11, 469-474 (1954); D. Colella, et al., The Pharma 
cologist, 15 (No. 2) 464 (1973). 

In accord with the present invention, a substituted 
d-phenethanolamine characterized by Formula I or an 
ophthalmologically acceptable salt thereof applied top 
ically to the eye in an effective ophthalmologically ac 
ceptable amount provides a therapeutically useful re 
duction in intraocular pressure which has a duration of 
from 4 to 6 hours. It is to be understood that the term 
“effective ophthalmologically acceptable amount’ as 
used herein refers to the quantity of active ingredient 
necessary to lower intraocular pressure without causing 
any harmful or deleterious side effects associated with 
adrenergic activation such as tachycardia, mydriasis, 
hypertension and hypotension. The process of the pres 
ent invention comprises topical administration of a 
composition consisting of a compound of Formula I or 
an ophthalmologically acceptable salt thereof contain 
ing from 0.16% to 5.2% by weight of the base form of 
said compound in an amount sufficient to deliver an ef 
fective dose of from 0.08 mg. to 10.4 mg. per eye and 
a non-toxic pharmaceutically acceptable ophthalmo 
logical carrier therefor. Compounds of Formula I par 
ticularly preferred for their intraocular lowering effect 
and absence of adrenergically mediated side effects 
such as tachycardia are selected from the group con 
sisting of the dextrorotatory stereoisomers ofisoproter 
enol, soterenol, salbutamol, carbuterol, terbutaline and 
metaproterenol. These compounds are identified below 
according to structural formula. 

STRUCTURAL FORMULAS OF PREFERRED 
INTRAOCULAR LOWERING COMPOUNDS 

Ra 

Rs 

Name 

Isoproterenol 

Soterenol 

Salbutamol 

Carbuterol 

Terbutaline 

Metaproterenol 

pharmacologically inactive' d-stereoisomers of phene 
thanolamine beta-adrenergic stimulating agents effec 
tively lower intraocular pressure in the mammal. This 
is an extremely significant and important discovery 
since, heretofore, d-stereoisomers of beta-adrenergic 
stimulators such as isoproterenol, soterenol, sal 
butamol, carbuterol, terbutaline, metapropterenol, and 
the like were found to be many orders of magnitude 
pharmacologically less active (to the point of being 

65 

OH 

CHCHaNH-R 
Formula I 

R Ra Rs R 

CH (CHs) a OH OH H 

CH(CHs) a CHSONH O 

CHCCH) a HOCH O B 

O 

C(CHs) is NHaCNH O 

C(CHs) is OH B OH 

CH (CHs) OH B OE 

A group of compounds of Formula I preferred for 
their high degree of intraocular lowering activity and 
absence of tachycardia compared to the dl-racemate 
consists of d-isoproterenol, d-soterenol, and d 
salbutamol. d-Isoproterenol is a particularly preferred 
compound. 
Aspects of this invention include an ophthalmologic 

process for reducing intraocular pressure by topical ad 
ministration of d-phenethanolamines of Formula I, 
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compositions adapted for practicing it, and methods of 
administration by polymeric insert or soft contact lens. 
When compounds of Formula I are administered top 

ically to the mammalian eye, a solution having a con 
centration in the range of 0.16% to 5.2% by weight and 
preferably 0.16% to 3.4% by weight, the latter in an 
aqueous isotonic vehicle such as 0.9% sodium cholo 
ride, is preferred. One to four drops of such solution is 
sufficient. Other vehicles and additional active ingredi 
ents may be included in the compositions. The forego 
ing concentration ranges were selected on the basis of 
measurements made in rabbits treated according to the 
present invention. The literature on the subject indi 
cates that precedence exists for believing that the same 
concentration ranges will be preferred for man and 
other species also, but some species variation and sensi 
tivity may be encountered. 

In the case of isoproterenol, the most preferred con 
centration range is from 0.65% to 2.6% by weight since 
the maximal intraocular pressure lowering effect is 
achieved within this range. Solutions having a concen 
tration greater than 2.6% by weight may be employed, 
but no added benefit with respect to reducing intraocu 
lar pressure above that concentration is generally ob 
tained. However, solutions of d-isoproterenol having 
concentrations of up to 10.2% by weight have been ad 
ministered without ill effect. At concentrations of less 
than 0.6% by weight, only a minimal intraocular lower. 
ing effect is obtained. 

In practicing the process of the present invention, it 
is essential that the d-stereoisomers of Formula I be 
substantially free of the l-stereoisomer otherwise there 
is a decrease in activity and an increase in beta 
adrenergically mediated side effects such as heart rate. 
The d-stereoisomers of Formula I are preferably used 
in the form of an opthalmologically acceptable water 
soluble salt such as tartrate, bitaritrate, sulfate, or hy 
drochloride. The weight concentrations of the solutions 
employed in the process of the present invention are 
expressed herein in terms of the base forms of Formula 
I and, in practicing the invention, a water soluble oph 
thalmologically acceptable salt is generally selected for 
use and administered in an amount sufficient to provide 
the concentrations referred to above. 
The di-racemic forms of the compounds of Formula 
are well known beta-adrenergic stimulating agents 

prepared from the appropriate aryl methyl ketone ac 
cording to methods elaborated by R. T. Brittain, et al., 
Advances in Drug Research, Vol. 5, page 209 (1970). 
Resolution of the racemic forms by conventional meth 
ods such as salt formation with an optically active acid 
followed by fractional crystallization affords the opti 
cally active d-stereoisomers of phenethanolamines 
characterized by Formula I. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph comparing the effects of d 
isoproterenol bitartrate and saline on normal and ele 
vated intraocular pressure in the rabbit. 
FIG. 2 is a graph comparing the effects of dil 

isoproterenol hydrochloride and saline on normal and 
elevated intraocular pressure in the rabbit. 
FIG. 3 is a graph showing the effects of solutions hav 

ing various concentrations of d-isoproterenol bitartrate 
on elevated intraocular pressure in the rabbit. 
DESCRIPTION OF SPECIFIC EMBODIMENTS 
I. Treatment Process 
A so-called water provocative test is used clinically 
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6 
in man to aid in the diagnosis of primary open angle 
glaucoma. According to the diagnostic procedure the 
patient is required to drink a pre-determined quantity 
of water and the intraocular pressure is measured at in 
tervals thereafter. This procedure has been adapted to 
the evaluation of chemical entities possessing anti 
glaucoma activity in rabbits by McDonald, et al. loc. 
cit. and validated with respect to various drugs which 
are effective for lowering intraocular pressure in man 
including epinephrine bitartrate, l-isoproterenol bitar 
trate, pilocarpine hydrochloride, physostigmine salicy 
late, etc. It has been adapted as follows for demonstrat 
ing the operativeness of the present invention. 
Female New Zealand white rabbits weighing from 1.8 

to 2.5 kg. each were grossly examined for ocular de 
fects that might preclude their used in the test. Each 
rabbit was kept unanesthetized in a restrainer box 
throughout the experiment. Food with withheld for ap 
proximately 18 hours prior to the use of the animals in 
the experiment. Intraocular pressures were measured 
with a Mackay-Marg Model No. 12 electronic tonome 
ter (Biotronics, Inc., 838 Butte Street, Redding, Calif., 
96001; E. Marg. Journal of the American Optometric 
Association, 34,961-5 (1963)). 

Intraocular pressure was measured at the outset to 
obtain a normal value and then the rabbits were given 
tap water, approximately 60 ml/kg. of body weight 
rapidly via gavage. Intraocular pressures were again 
measured 10, 20 and 30 minutes later to determine the 
peak increase in intraocular pressure resulting from the 
water loading. The procedure was then repeated in the 
same animals, 2, 4, and 6 hours later following topical 
application of the test drug or control solutions. In each 
instance, after water load, there is a substantial in 
crease in intraocular pressure (unless controlled by the 
test drug) which reaches maximal elevation within 30 
minutes and returns to pretreatment levels before the 
next water load. 
Drug solutions were prepared by dissolving the test 

agent in 0.9% aqueous saline vehicle. In the test proce 
dure, 100 pull. (approximately two drops) of the test so 
lution was applied to one eye and 0.9% saline was ap 
plied to the contralateral eye which serves as the con 
trol eye during the course of the experiment. Pre 
treatment measurements (designated 0-hours) were 
previously made of normal intraocular pressure, and of 
the response to water loading to establish that no signif 
icant difference in intraocular pressure between the 
test eye and the contralateral control eye existed prior 
to the administration of the solution of the test agent, 
Test solutions were randomized between right and left 
eyes. By comparing the change (reduction) in intraocu 
lar pressure in the test eye compared to the contralat 
eral eye, which serves as a control, a measure of the ef 
fectiveness of the test agent as an intraocular lowering 
agent is obtained. The diameter of the pupil was mea 
sured under constant illumination to the nearest 0.5 
millimeter with a clear straight edge ruler. Blood pres 
sure and heart rate were measured in unanesthetized 
rabbits with a force displacement transducer via cannu 
lation of the central artery of the xylocaine infiltrated 
ear. Separate groups of animals were used for the car 
diovascular and intraocular pressure experiments. 
FIG. 1 is a bar graph of the mean values of intraocu 

lar pressure for a group of 6 rabbits at various time in 
tervals. The shaded bar of each pair represents the eye 
treated with 4.4% d-isoproterenol bitartrate (equiva- . 

; lent to 2.6% d-isoproterenol base). The unshaded bar 
represents the values for the contralateral eye treated 
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with 0.9% saline. Readings from each eye were made 8.8% did not further enhance the response. At 6 hours 
at 0, 2, 4, and 6 hours. The lower end of each bar repre- the activity of d-isoproterenol in reducing elevated in 
sents the intraocular pressure prior to water loading traocular pressure had decreased from its maximal 
while the upper end of the bar represents the intraocu- value at each of the effective concentrations. 
lar pressure after water loading. The length of the bar 5. In cardiovascular measurements following topical ap 
in each instance represents the extent of intraocular plication to the eye of the test solutions, the effects of 
pressure elevation as a result of water loading. Water a 3% dl-isoproterenol hydrochloride solution, a 4.8% 
loading is conducted at each of the 0, 2, 4, and 6 hour l-isoproterenol bitaritrate dihydrate solution, a 4.4% d 
intervals but drug treatment takes place only immedi- isoproterenol bitartrate solution and 0.9% saline were 
ately after the 0 time interval. With d-isoproterenol 10 compared. These solutions were equimolar with rep 
treatment, there developed a decrease in normal intra- sect to isoproterenol base. Three animals were em 
ocular pressure, that is the value prior to water loading, ployed in each drug treatment group and 4 animals 
and an antagonism to the elevation of intraocular pres- were employed in a 0.9% saline control group. d 
sure resulting from water loading, a shortening in bar Isoproterenol bitartrate at either 4.4% or 8.8% concen 
length 2, 4, and 6 hours after treatment. The maximum 15 trations was without effect on heart rate or blood pres 
effect seemed to occur within 2 hours but the duration sure as compared to saline. On the other hand both dil 
of the intraocular pressure reducing effect lasts at least isoproterenol and l-isoprotereneol caused pronounced 
6 hours. Pupil size remained unchanged. and immediate increases of 105 and 148 beats per min 

ute respectively in heart rate which effects lasted for 
FIG. 2 illustrates the results obtained in a similar ex- 20 more than 1 hour. A concurrent drop in mean arterial 

periment employing 3.0% dl-isoproterenol hydrochlo- blood pressure was also observed within one minute 
ride (equivalent to 2.6% dl-isoproterenol base) in one following drug instillation of either dl-isoproterenol or 
eye and 0.9% saline in the contralateral eye in a group l-isoproterenol. These effects also lasted for more than 
of 6 rabbits. The effect of the dil-compound was much 1 hour in each case. 
less pronounced than that of the d-compound. Again 25 The effectiveness of representative phenethanola 
there was no effect on pupil diameter. mines of Formula I in the process of the present inven 
FIG. 3 is a representation of concentration-effect re- tion as measured by the above test procedure can be 

lationships at 2, 4, and 6 hours following instillation of seen by comparative data presented in Table II. 

comparative effects of equinolar mounts of the d and di Forms of Inoprotaranol, soterinol and salbutanol on introcular Preasure, 
Heart Rate and Pupil size Two Hours. After Topical Application to Eyes of thanasthetized Rabbits 

Heart Rate (Mean S.E. 
s effect on 

Pretrozaurent Pretreatment Pupil Size 

m Hg m is Rauction : ree 
Saline Drug Saline s Beats/lain BeatsMain Beats 
Eyes Eyes Eyes /min 

4.4 233.0 it 24.8 371.8 it 10.l 38.8 65.6 
.3 + 3.7 20.9 19.2 

233.0 it 12.3 266.0 it 12.l 32.0 3.9 
it 5.l it 2.6 

3 
t) 

2 
6 

3 ; 22 i oes OO 2 

p 

i. 9 2 2 2 3 i 2 . 3. 2 3. O 

d2-Isoproterenol 
C. 

d-Isoprotorenol 
bitaritrate 

at-rool 31.7 30.8 25.9 3.7 5.9 17.8 229.1 + 9.1 275.8 + 8.2 46.7 2.5 Mydriasis 
+ 0.9 till + 1.0 + 1.4 + 1.3 it 3.9 + l2.3 6.8 

d-strenol 30, 6 30.6 2.9 30.9 9.0 29.2 233.3 it 8.8 250.0 - 10.0 16.7 . 
ill + 0.9 il.0 till it 0.7 + 1.9 it 3.3 l.5 

----- COOOOO 
al-Sulbutamol 

sce 2 g 8 5 

6 i 4. 
3 

O 2 

2 pi. 3. 2 
8 

2 E. l 2 

it. 27.5 + 14.9 285.0 + 5.0 

d-stol 3.7 32.2 26.2 33.3 7.2 2ll.7. 22.4 231.7 - 22.0 20.0 
- it l. l it 1.9 it l.4 it l.5 + 2.0 + 0.0 MYT:... thanolate 

216.5 till.5 243.l. it l.2 

60 
d-isoproterenol bitartrate and measurement of elevated In the above table, the numerical superscripts 1-6 
intraocular pressure response to water loading as de- refer to the footnotes below: 
scribed above. Each point represents the difference in 1. Drug concentrations are equimolar with respect to 
intraocular pressure between the drug treated eye and base. 
the contralateral saline treated eye. The minimally ef- 65 2. Water load induced elevated intraocular pressure 
fective concentration was 0.275% and the maximally in rabbits. 
effective concentration was 4.4%. Increasing the con- 3. Two hours after topical drug application to the 
centration of the d-isoproterenol bitartrate solution to eye. 

  

  

  

  

  

  

  



3,885,047 
9 

4. Reduction of intraocular pressure in drug-treated 
as compared to contralateral, saline-treated eyes. 

S. Maximum occurring within 60 minute interval 
after topical drug application to the eye. 

6. Post-treatment as compared to pretreatment heart 
rate. 
Pretreatment values listed in the above table for in 

traocular pressure with respect to the drug eye and sa 
line eye establish that no initial significant difference 
exist prior to the administration of the test drug and 
therefore reduction in intraocular pressure is a valid 
measure of the effectiveness of the test agent. 
The increase in heart rate seen for the “d- 

stereoisomers' is not significant inasumch as the saline 
solution which serves as a vehicle for administering the 
test agent produces a 14% increase in heart rate. 
As is evident from the data, intraocular pressure 

measurements before and after topical administration 
of d-isoproterenol, di-soterenol, and d-salbutamol con 
clusively show that d-stereoisomers are substantially 
more effective in lowering intraocular pressure than 
the corresponding dl-forms. Activity ratios (d-/dl-) for 
isoproterenol, soterenol, and salbutamol are 2.2, 1.6 
and 4.6 respectively. This increased efficacy is ob 
tained without inducing adverse side effects such as 
tachycardia or mydriasis. The reduction in intraocular 
pressure by the dextrorotatory phenethanolamines of 
Formula I is outstanding when considered in the light 
of prior art which teaches that, with respect to biologi 
cal action, the d-stereoisomers of beta-adrenergic 
phenethanolamines such as isoproterenol, soterenol, 
and salbutamol have minimal activity and are generally 
considered pharmacologically ineffective as adrenergic 
agents. 

II. Compositions 
Pharmaceutical composition comprised of a com 

pound of Formula I and a non-toxic pharmaceutically 
acceptable ophthalmological carrier therefor which are 
suitable for ocular instillation are preferred for practice 
of the present invention. These include ophthalmic so 
lutions and ointments. Aqueous ophthalmic solutions 
formulated in accord with good pharmaceutical prac 
tice as set forth for instance in Chapter 83 of Reming 
ton's Pharmaceutical Sciences, 14th Edition, Mack 
Publishing Company are preferred, although petrola 
tum based ointments may be employed. The ophthal 
mic solutions are sterile and preferably contain a bacte 
riological preservative to maintain sterility during use. 
The quaternary ammonium bacteriostats such as benz 
alkonium chloride are satisfactory. An antioxidant is 
also used in those cases wherein the phenethanola 
mines of Formula I such as d-sioproterenol are highly 
susceptible to oxidative decomposition. Suitable anti 
oxidants include sodium bisulfite, N-acetylcysteine 
salts, sodium ascorbate and other water soluble oph 
thalmologically acceptable antioxidants known to the 
pharmaceutical art. 
Tonicity of the solution of the Formula I compounds 

is adjusted with inert ingredients such as sodium chlo 
ride or boric acid to provide a solution which is com 
fortable for application to the eye. For example, com 
positions containing up to about 4.4% d-isoproterenol 
bitartrate or 3.0% hydrochloride, 0.9% sodium chlo 
ride, or a vehicle of equivalent tonicity such as 1.9% 
boric acid may be employed. For higher concentrations 
of d-isoproterenol salts, water alone or a sodium chlo 
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10 
ride solution of less than 0.9% concentration or other 
vehicle of appropriate tonicity may be employed. 
Ointments are prepared with conventional petrola 

tum vehicles employing liquid petrolatum and white 
petrolatum in such proportions as to afford an ointment 
of desirable fluidity. 

Ophthalmic Solution 

d-soproterenol 4.40 g. 
Benzalkonium chloride 0.01 g. 
Sodium bisulfite 0.10 g. 
Water, qs. 100.00 g. 

If desired, 0.9% by weight aqueous sodium chloride 
may replace water as the solvent. The solution is steril 
ized by filtration and asceptically packaged. d 
Isoproterenol tartrate, d-isoproterenol sulfate, or d 
isoproterenol hydrochloride may be substituted for d 
isoproterenol bitartrate in chemically equivalent (equi 
molar) amounts. 

Ophthalmic Ointment 

d-soproterenol bitartrate, micronized 1.1 g. 
White petrolatum, q.s., 
Liquid petrolatum, q.s., 100.0 g. 

The product is prepared and packaged under asceptic 
conditions to yield a sterile ointment. 
By substituting an equimolar amount of the com 

pounds of Formula I, (e.g., d-soterenol, d-salbutamol, 
d-carbuterol, d-terbutaline, d-metaproternol) or For 
mula II for d-isoproterenol in the foregoing formula 
tions, additional ophthalmic ointments and solutions 
are provided. 
The phenethanolamines of Formula I such as d 

isoproterenol and piperidylcarbinols of Formula II, and 
ophthalmologically acceptable acid addition salts 
thereof, may also be applied to the eye through the ve 
hicle of a polymeric insert or soft contact lens. For the 
latter purpose the polymeric hydrophilic hydrogels pre 
pared from polymers of acrylic and methacrylic esters, 
modified collagens, cross-linked polyether gels, cross 
linked polyvinyl alcohol, or cross-linked partially hy 
drolyzed polyvinylacetate as disclosed in U.S. Pat. Nos. 
2,976,576, 3,220,960, and 3,419,006 may be em 
ployed. Ocular inserts prepared from these or other 
polymeric materials which are insoluble in tear liquid 
but which may absorb tear liquid to form a swollen hy 
drogel as disclosed in U.S. Pat. Nos. 3,416,530, 
3,618,604, and 3,632,200 may also be employed. All 
such means of applying d-isoproterenol or an ophthal 
mologically acceptable salt thereof or other com 
pounds of Formula I to the eye are included within the 
present invention as are compositions adapted for such 
SC. 

In practicing the process of the present invention for 
lowering intraocular pressure by topical administration 
of compounds of Formula I and Formula II, an ophthal 
mologically acceptable polymeric ocular insert placed 
and retained in contact with an eyeball is preferred 
wherein the compound diffuses from the insert at a rate 
sufficient to provide an effective intraocular pressure 
lowering dose from 0.08 mg. to 10.4 mg. over a period 
of 6 hours. 
Ocular inserts particularly preferred in the practice 

of the process of the present invention are convention 
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ally prepared, for example, by soaking the polymeric 
insert or soft lens in a 0.16% to 5.2% solution of a For 
mula I or II compound or an ophthalmological salt 
thereof until equilibrium is established, which is gener 
ally within a period of 1 to 5 minutes. Inserts prepared 
in this manner diffuse at a rate sufficient to provide a 
dose of from 0.08 mg. to 10.4 mg. to the eyeball over 
a period of 6 hours. 
The process of the present invention concerned with 

lowering intraocular pressure in the mammalian eye 
comprising topical application thereto an effective 
ophthalmologically acceptable amount of the dextroro 
tatory stereoisoner of compounds of Formula I or an 
Ophthalmologically acceptable acid addition salt 
thereof also includes topical administration of a com 
pound or an ophthalmologically acceptable acid addi 
tion salt thereof selected from the group of piperidyl 
carbinols characterized by Formula II 

O 

ar Formula II 

wherein R is hydroxy, hydroxymethyl or methanesul 
fonamido. 

Specific compounds of Formula II preferred for their 
high degree of intraocular lowering activity and ab 
sence of adrenergically mediated side effects are identi 
fied below: 

A Name 

CHSONH d-4-Hydroxy-3-methanesulfonamidophenyl-2- 
piperidylcarbinol 

CHOH d-4-Hydroxy-3-hydroxymethylphenyl-2- 
piperidylcarbinol 

OH d-3,4-Dihydroxyphenyl-2-piperidylcarbinol. 

It is to be understood that method of administration, 
pharmaceutical compositions, percent concentrations 
and dosage ranges set forth hereinabove in the instant 
process for compounds of Formula I are applicable to 
compounds of Formula II and ophthalmologically ac 
ceptable salts thereof. The dextrorotatory stereoisomer 
of both erythro and threo-diastereoisomeric forms of 
the compounds of Formula II are useful in the instant 
process with the d-stereoisomer of the erythro diastere 
oisomer particularly preferred. 
U.S. Pat. No. 3,743,737 discloses preparation of ery 

thro and threo 4-hydroxy-3- 
methanesulfonamidophenyl-2-piperidylcarbinol and 
that the erythro and threo-stereoisomers may be re 
solved to provide the d-optical isomers. U.S. Pat. No. 
3,655,676 discloses preparation of 4-hydroxy-3- 
hydroxymethylphenyl-2-piperidylcarbinol and separa 
tion of the erythro and threo-diastereoisomers by frac 
tional crystallization. I Carney, et al., Arch. Int. Phar 
macodyn., 194, 334–345 (1971) discloses 3,4- 
dihydroxyphenyl-2-piperidylcarbinol. 
The dextrorotatory forms of the compounds of For 

mula II are obtained by resolving the racemic erythro 
and threo-stereoisomers in accordance with the proce 
dures well-known to the art as illustrated herein for the 
d-stereoisomers of Formula I. 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
What is claimed is: 
1. The process of lowering intraocular pressure in the 

mammalian eye which comprises topical application 
thereto of an effective ophthalmologically acceptable 
amount for lowering intraocular pressure of the dextro 
rotatory stereoisomer substantially free of the levorota 
tory stereoisomer of a compound selected from the 
group consisting of phenethanolamines having Formula 
I 

OH 
w 

R2 S-CHCH-NH-R, 
Rs. 21 Formula 

R 

wherein 
R is isopropyl or tert.-butyl; 
R2 is hydroxy, hydroxymethyl, or uredio; and one of 
Ra and R is hydrogen and the other is hydroxy; 

and an ophthalmologically acceptable acid addition 
salt thereof said amount being substantially free of 
adrenergically mediated side effects. 

2. The process of claim 1 wherein said compound is 
d-isoproterenol or an ophthalmologically acceptable 
acid addition salt thereof. 

3. The process of claim 1 wherein said compound is 
d-salbutamol or an ophthalmologically acceptable acid 
addition salt thereof. 

4. The process of claim 1 wherein said compound is 
d-carbuterol or an ophthalmologically acceptable acid 
addition salt thereof. 

5. The process of claim 1 wherein said compound is 
d-terbutaline or an ophthalmologically acceptable acid 
addition salt thereof. 

6. The process of claim 1 wherein said compound is 
d-metaproterenol or an ophthalmologically acceptable 
acid addition salt thereof. 

7. The process of claim 1 wherein the ophthalmolog 
ical acceptable salt is water soluble and is applied topi 
cally in an aqueous solution. 

8. The process of claim 7 wherein said solution con 
tains a molar amount of said water soluble ophthalmo 
logically acceptable salt of said phenethanolamine 
equivalent to from 0.16 to 5.2% by weight of said 
phenethanolamine. 

9. The process of claim 1 wherein said compound is 
topically applied by an ophthalmologically acceptable 
polymeric ocular insert placed and retained in contact 
with the eyeball, said compound being diffusible from 
said insert at rate sufficient to provide an ophthalmo 
logically acceptable effective intraocular pressure low 
ering dose thereof to the eyeball when said insert is in 
contact therewith. 

10. The process of claim 9 wherein an effective intra 
ocular pressure lowering dose of said compound of 
from 0.08 mg. to 10.4 mg. is delivered to the eyeball 
over a period of 6 hours. 

11. The process of claim 1 wherein said compound 
is d-salbutamol acetate monoethylate. 

12. The process of claim 1 wherein said compound 
is d-carbuterol hydrochloride. 

13. The process of claim 2 wherein said salt is d 
isoproterenol tartrate. 
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14. The process of claim 2 wherein said salt is d 
isoproterenol bitartrate. 

15. The process of claim 2 wherein said slat is d 
isoproterenol sulfate. 

16. The process of claim 2 wherein said salt is d 
isoproterenol hydrochloride. 

17. An ophthalmologically acceptable polymeric oc 
ular insert for placement and retention in contact with 
the eyeball containing the dextrorotatory stereoisomer 
substantially free of the levorotatory stereoisomer of a 
compound selected form the group consisting of 
phenethanolamines having Formula I 

OH 

CHCHNH-R 

Formula I. 
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14 
wherein 
R1 is isopropyl or tert.-butyl, 
R2 is hydroxy, hydroxymethyl, or ureido; and one of 
Ra and R4 is hydrogen and the other is hydroxy; 

and an ophthalmologically acceptable acid addition 
salt thereof, said compound being diffusible from said 
insert at a rate sufficient to provide an effective intra 
ocular pressure lowering dose thereof to the eyeball 
when said insert is in contact therewith said dose being 
ophthalmologically acceptable and substantially free of 
adrenergically mediated side effects. 

18. The ophthalmologically acceptable polymeric oc 
ular insert according to claim 17 wherein said effective 
intraocular lowering dose of from 0.8 mg. to 10.4 mg. 
is provided over a period of 6 hours. 


