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range within a well defined chemical con­
figuration.l. i , ;, ,6 Such sensitivity patterns have
been perfectly identical in different persons
and therefore may be regarded as essential in
the mechanism of the sensitization. In the
group of procaine sensitive patients. for in­
stance, 3 cases have been reported in which
the sensitivity was restricted to those p­
aminobenzoic acid derivatives which contain
a tertiary amino nitrogen in the side chain.v"
The case herein described is similar to 3
cases reported by Schwarzschild! in which
the sensitivity pattern was restricted to the
alkyl esters of p-aminobenzoic acid. Schwarz­
schild reported in one case that the methyl

1 Schwarzschild, L., Arch. Dermai, und Syph.,
1928, 156, 432.

2 James, B. M., J. A. M. A., 1931, 97, 440.
3 Goodman, M. H., J. Invest. Dermai., 1939,

2,53.
4 Strauss, M. .T., J. Invest. Dermat., 1947, 8, 403.
5 Rostenberg, A., and Kanof, N. M., J. Invest.

Dermat., 1945, 6, 201.
(3 Rothman, S., Orland, F. ,T., and Flesch, P.,

J. Invest. Dermat., 1945,6, 191.

ester of p-aminobenzoic acid caused con­
siderably less reaction than the ethyl, propyl
and isobutyl esters.

A repeatedly encountered feature of these
group sensitivities is that maximum sensitiv­
ity is found not with the actually sensitizing
compound but with one of the related homo­
logues.v" This was the case in the present
observation. The patient was sensitized to
the butyl ester but was 100 times more sen­
sitive to the propyl ester with which he ap­
parently never had contact before. The sen­
sitivity patterns studied so far in eczematous
reaction can be well explained by Pauling's
theory of antibody formation."

Summary. A case is reported with eczem­
atous hypersensitivity restricted to alkyl
esters of p-aminobenzoic acid. No reaction
was obtained with substances deviating from
this basic structure in the ring or in the side
chain.
~~----------------

7 Pauling, L., Campbell, D. n., and Pressman, D.,
Physiol. Rev., 1943, 23, 203.
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Mydriatic Activity of Some New Synthetic Anticholinergic Esters."

A. M. LANDS, t K. Z. HOOPER, H. M. MCCARTHY, AND R. F. FELDKAMP. t

Fro-m the Pharmacological and Organic Research Laboratories, Frederick Stearns and Cornpany,
Division of Sterling Drug, Lnc., Detroit, Mich.

Numerous publications during recent years
have indicated that mydriasis and cyclo­
plegia may be brought about by drugs that
are primarily anticholinergic in action. Ny­
man! determined the relative mydriatic ac­
tivity in man of various alkaloidal and syn­
thetic substances. Scopolamine, l-hyoscy­
amine and atropine methyl-nitrate exceeded

.:. The authors wish to acknowledge the assistance
of Miss Bernice L. Dertinger in the preparation of
these data for publication.

t Present address is Sterling-Winthrop Research
Institute, Rensselaer, N.Y.

1 Nyman, Ebbe, Acta Physiol. Scand., 1942,
3. suppl., 10.

the activity of atropine whereas synthetic
agents such as trasentine, euphthalmine and
di-n-butylcarbaminoylcholine sulfate (dibut­
oline) are distinctly less active. Fromherz?
found that the diphenylglycolic acid ester of
y-diethylamino-~,~-dimethylpropanol would
produce maximum mydriasis in rabbits when
instilled into the conjunctival sac in a con­
centration of 0.2%. Swan and White" have
described the mydriatic activity of dibutoline

2 Fromherz, K., Arch. f. expo Path. u. Pharmakol.,
1933, 173, 86.

3 Swan, K. C., and 'White, N. G., J. Pharm, Exp.
Therap., 1944, 80, 285; Arch. Ophth., 1944, 31,
289; Am. S. Ophth., 1944, 27, 933.
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TABLE 1.
Spasmolytic Action of Anticholinergic Drugs.

453

Drug

612
1:565

606
600

1597
623

Trasentine
109

Atropine sulfate

Spa·smolytic action against
acetylcholine induced contractures

Structure (Isolated segments of rabbit ileum)

j3-Dicthylaminoethyl di-ct.-thienylacetate H01 3 M*
j3-Diethylaminoethyl di-ct.-thienylglycolate HCI 50 M:
j3-Diethylaminoethyl phenyl-a-thienylacetatc HCI 4 M
j3-Diethylaminoethyl phenyl-ct.-thienylglycolatc HCI 60 M
j3-Diethylaminoethyl cyclohexyl-ct.-thienylacetate HOI 17 M
j3-Diethylaminoethyl eyclohcxyl-g-thienylglycolate HOI 100 M
j3-Diethylaminoethyl diphenylacetate HOI . 1 M
j3-Diethylaminoethyl diphenylglycolate HOI 33 ]\I

50 ]\I

* Dilution of the drug in parts pel' million.

and recommend a concentration of 7.50;0 for
clinical use. lng, Dawes and Wajda" deter­
mined the mydriatic activity in mice of a
large number of new synthetic compounds
and found several to be more potent than
atropine. However, since these drugs were
given intraperitoneally, direct comparison
cannot be made with results obtained in
other investigations of mydriatic substances
wherein the material was applied externally
to the eye.

Lands, Nash and Hooper" described the
pharmacology of a series of anticholinergic
esters containing a few drugs with marked
mydriatic effects. The synthesis of additional
mydriatic drugs has permitted this laboratory
to carry out further experiments in an effort
to develop synthetic substitutes for atropine
and homatropine. A portion of the results
obtained is described in this communication.

Results. All drugs were screened for anti­
cholinergic activity by determining the dilu­
tion required to abolish acetylcholine con­
tractures in isolated intestinal segments of
the rabbit (Magnus), as previously described."
Results obtained are shown in Table 1. Esters
of acetic acid, disubstituted by phenyl, cyclo­
hexyl, or a-thienyl groups, or combinations
thereof, were tested for anticholinergic ac­
tivity. Disubstitution in the acetate portion
by unlike groups, such as phenyl / a-thienyl
(No. 606) or cyclohexylja-thienyl (No.

4 lng, H. R., Dawes, G. S., and Wajda, Isabelle,
J. Pharm, Exp. Therap., 1945, 85, 85.

5 Lands, A. M., Nash, V. L., and Hooper, K. Z.,
J. Pharm. Exp. Therap., 1946, 86, 129.

1597), in the group of compounds tested, gave
compounds which were more spasmolytic than
either the corresponding diphenyl (trasen­
tine) or di-a-thienyl analogues. The esters of
disubstituted hydroxyacetic acid tested were
from 6 to 33 times as spasmolytic (anti­
cholinergic) as the nonhydroxy compounds.
The most active compound, ~-diethylamino­

ethyl cyclohexyl-a-thienylglycolate ncr (No.
623) exceeded atropine sulfate in spasmolytic
potency.

Mydria tic action was determined in albino
rabbits selected at random from our colony.
The drugs, dissolved in distilled water, were
instilled directly into the conjunctival sac;
the eyes were held closed for one minute and
upon release the excess drug was allowed to
drain away. The pupillary response to strong
direct illumination (1OO-watt electric light
bulb with reflector held near the eye) was
determined before and at intervals after
drug instillation. The results obtained are
shown in Table II. In general, mydriatic po­
tency parallels spasmolytic potency. The di­
substituted acetates, trasentine, No. 612, No.
606 and No. 1597 produce incomplete mydri­
asis when used at a concentration of 0.5 to
2.0%. The corresponding glycolates are ef­
fective mydriatics. No. 623 produces definite
mydriasis in rabbits at a concentration of
0.02%. A 0.1% solution produces maximum
mydriasis lasting more than an hour with
some mydriasis lasting more than 7 but less
than 24 hours. With a 1.0% solution there
was prolonged mydriasis, corneal anesthesia
and moderate irritation of the conjunctival
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membranes. None of the synthetic drugs
described here is more mydriatic than atropine
sulfate.

Because of limited solubility of the hydro­
chloride, other salts were prepared and tested.
Results obtained are shown in Table III. The
nitrate is completely soluble in water and
equals the hydrochloride in its mydriatic po­
tency. A 1.0% aqueous solution of this salt
is slightly irritant to the conjunctiva but
causes no demonstrable damage to either
the cornea or conjunctiva. Solutions at a
concentration of 2.0 and 5.0%, made isos­
motic to tears by adding glycerine, were
instilled into rabbit eyes daily for 5 days.
At the end of the test period the eye was
bathed with sodium fluorescein and the cor­
nea examined for damage. Irritation was slight
with the 2.0% solution and there were only
a few fluorescent areas on the corneal surfaces.
These were small, being about 1-3 mm in
diameter. They disappeared rapidly after
treatment was discontinued. The 5.0% solu­
tion, similarly applied, caused edema and
hyperemia of the conjunctiva and nictitating
membrane and by the 5th day of treatment
there was a large amount of mucoid discharge
and cloudiness in the corneas of the treated
eyes. This cloudy area covered half of the
corneal surface from the inferior corneal mar­
gin upward and was strongly fluorescent when
bathed with sodium fluorescein. Recovery was
rapid after medication was discontinued and
by the 4th day no evidence of corneal damage
or irritation could be found.

Gilman et al.6 have described significant
local anesthetic effects for ~-diethylamino­

ethyl diphenylglycolate Hel and related struc­
tures. The local anesthetic effect of a few
of the drugs in our series has been deter­
mined in albino rabbits. The drugs were
dissolved in distilled water to make a 1.0ro
solution of the hydrochloride salts and in­
stilled directly into the conjunctival sac of
the rabbit eye, as described above for the
determination of mydriatic action. The me­
dial surface of the cornea was touched lightly

6 Gilman, A., Goodman, L., Thomas, J. M., Hahn,
G. A., and Prutting, J. M., J. Pharm, Exp. Therap.,
1942, 74, 290.

with a blunted pencil at 2- to S-minute
intervals after drug application. The absence
of the wink reflex was taken as an indication
of anesthesia. The results obtained were: No.
606-20 min.; No. 600-18 min.; No. 109­
5 to 20 min.; No. 623--43 min. Gilman et
al.G have reported that No. 109 and .rasentine,
in a 2.0% solution, cause corneal anesthesia
for 18 and 21 minutes. No. 606 and 600
appear to have comparable anesthetic effects.
No. 623 is distinctly more anesthetic than
the above drugs.

Discussion. Lands et al.5 have shown that
~-diethylaminoethylacetate has a cholinergic
action on the isolated intestinal segment.
Anticholinergic action was observed in those
compounds containing an hydroxyl and
phenyl, cyclohexyl or a-thienyl groups on the
acetate portion of the ester. High spasmolytic
potency against acetylcholine induced con­
tractures was associated with high mydriatic
potency. Both actions appear to be the result
of "blocking" at the cholinergic receptors of
the effector cells. Direct comparison of rela­
tive effects on these two types of cells is
difficult because of the differences in methods
used for studying and evaluating the actions
described here. The determination of my­
driasis was by direct instillation of drugs
into the conjunctival sac. The actual con­
centration of drug in the aqueous humor
would be influenced greatly by the rate at
which it passed across the corneal barrier
and by the rate of absorption from the aque­
ous humor. On the other hand, the isolated
intestinal segments were bathed directly by a
known concentration of drug. However, it
should be noted that drugs with low potency
for the intestinal segment were also poor my­
driatics (No. 612, 606 and trasentine).

Blicke and Kaplan? have reported results
obtained by Dr. John G. Beall with a large
group of mydriatic drugs synthesized by
them. They report that a 2.0% solution of
the y - dimethylamino-ji, ~-dimethylpropanol
esters of mandelic, ~-phenyl-a-hydroxypropi­

onic, ~-phenyl-~-hydroxypropionic and ~,­

~-diphenyl-~-hydroxypropionic acids are with-

7 Blicke, F. F., and Kaplan, H. M., J . .Am. Chem:
Soc., 1943, ·65, 1967.
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out mydriatic action whereas the esters of
the corresponding tropic and benzilic acids
are strongly mydriatic. The importance of
the structure of the acid portion of the mole­
cule is similarly emphasized in our series.
The mydriatic and spasmolytic potencies of
the ~-diethylaminoethyl glycolates described
here were much greater than those found for
the corresponding acetates. Although two of
the drugs described by us (Nos. 600 and 623)
have spasmolytic action exceeding that of
atropine, none is as strongly mydriatic as
atropine. The reasons for this discrepancy are
not readily apparent.

SU1nma1'Y. The ~-diethylaminoethyl esters
of di-u-thienyl-, diphenyl-, phenyl-o-thienyl­
and cyclohexyl-a-thienylglycolic acids are
anticholinergic drugs with significant mydri­
atic action. Of these, the cyclohexyl-a-thienyl­
glycolic acid ester (No. 623) is the most
mydriatic substance. The nitrate salt of this
ester is very soluble in water and causes only
small damage to sensitive tissues when used
daily for several days at a concentration of
1.0 or 2.0%. It is suggested that this sub­
stance may have clinical applications as a
mydriatic and cycloplegic agent.
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EnZYlne Studies on Human Blood. I. Proteolytic Activity Associated
with a Fraction of Plasma."

GEORGE Y. SHINOWARA. (Introduced by Emmerich von Haam.)
From the Department of Pathology. College of Xledicine, Ohio State University, Columbus, O.

The demonstration of the proteolytic en­
zyme activity of the blood serum and plasma
has attracted the attention of many workers
since Dastre! originally inferred such an ac­
tivity in serum. Delezenne and Pozerski- re­
ported the proteolytic activity of serum which
had been shaken with chloroform. Tagnorr'r'-"
studying this problem more thoroughly found
that this enzyme is an euglobulin. Tillett and
Garner" extracted from cultures of hemolytic

.)" The protein fractions and the dried whole
plasma were obtained through the courtesy of Dr.
E. J. Cohn. They were prepared in collaboration
between the Department of Physical Chemistry,
Harvard Medical School, Boston, Mass., and the
Division of Biologic Laboratories of the Massa­
chusetts Department of Public Health from blood
collected in collaborat.ion with the American Red
Cross.

I Dastre, 1893, cited by 'I'agnon.e 1942.
2 Delczenne, C., and Pozerski, E., O. R. Soc. biot.,

1903,55, 690.
B Tagnon, H. J., Science, 1942, 95, 334.
4 Tngnon, H. J., Davidson, C. S., and Taylor,

F. H. L., J. Olin. Inoest., 1942, 21, 525.
;)Kaplan, M. H., Tagnon, H. ,T., Davidson, C. S.,

and Taylor, F. H. L., J. Olin. Lwoest., 1942,21, 533.

streptococci a substance capable of dissolving
fibrin dots. Milstone" later showed that this
material did not act on highly purified fibrin­
ogen and that a plasma euglobulin fraction
was necessary for the "fibrinolysis." Christen­
senS,lO and Christensen and Macl.eod" found
that the substance isolated from the strepto­
coccic culture acted as an activator ("strepto­
kinase") transforming the inactive plasma
enzyme ("plasminogen") into "plasmin."
They believe that this "plasmin" differs from
trypsin but is identical with the chloroform­
activated enzyme. Ferguson et at. ll employing
"fibrinogenolysis" as an assay technic of

6 Tillett, \V. S., and Garner, R. L., J. Exp. ue«,
1933, 58, 485.

7 Milstone, H., J. Tmmunoi., 1941, 42, 109.
s Christenson, 1.1. R., ,T. Gen. Physiol., 1945, 28,

363.
9 Christensen, L. R., and MacLeod, C. M., J. Gen.

Physiol., 1945, 28, 559.
10 Christensen, L. R., J. Gen. Physiol., 1946, 30,

149.
11 Ferguson, J. H., Travis, B. L., and Gerheim,

E. B., PROO. Soo. Exr-, BIOL. AND MED., 1947,
i64, 285.




