lem would be most pronounced with Products A, Pp, Pr, and V.
The slow absorption coupled with the inability to control the actu-
al amount of drug available to a given patient raises serious ques-
tions as to the usefulness of the presently available aspirin suppos-
itory dosage forms for aspirin or salicylate therapy.
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Central versus Peripheral Anticholinergic

Activity as Assessed by Two In Vivo
Procedures in Mice

JEFFREY B. MALICK * and ALLEN BARNETT

Abstract O The activity of tertiary and quaternary anticholinergic
drugs was compared in two different test procedures designed to
measure cholinolytic activity in mice. The four drugs utilized were
atropine sulfate, atropine methylnitrate, scopolamine hydrobro-
mide, and scopolamine methylnitrate. The results led to the con-
clusion that one of these test procedures, the induction of mydri-
asis (increase in pupil size), primarily measures peripheral anti-
cholinergic activity whereas the other procedure, inhibition of phy-
sostigmine lethality, primarily measures anticholinergic activity in
the CNS. These two test procedures can be utilized to characterize
the nature of the cholinolytic properties of prospective therapeutic
drug candidates.

Keyphrases O Anticholinergic activity—determination of central
versus peripheral cholinolytic activity, tertiary and quaternary de-
rivatives of atropine and scopolamine, mice O Mydriasis induction
as measure of peripheral anticholinergic activity—tertiary and
quaternary derivatives of atropine and scopolamine, compared to
physostigmine-induced lethality inhibition (central activity),
mice O Physostigmine-induced lethality inhibition as measure of
central anticholinergic activity—tertiary and quaternary deriva-
tives of atropine and scopolamine, compared to mydriasis induc-
tion (peripheral activity), mice O Atropine and scopolamine, terti-
ary and quaternary derivatives—central versus peripheral cholino-
lytic activity, mice O Scopolamine and atropine, tertiary and qua-
ternary derivatives—central versus peripheral cholinolytic activi-
ty, mice

The measurement of anticholinergic activity is im-
portant in the evaluation of drug candidates for hu-
mans. Peripheral anticholinergic liability is consid-
ered to be an undesirable side effect of many thera-
peutic agents, particularly with regard to antidepres-
sants (1) and antihistamines (2). Central [i.e., within
the central nervous system (CNS)] anticholinergic
activity may not be as troublesome (except at toxic
doses) and, in fact, may even be desirable under cer-
tain circumstances. Central anticholinergic drugs
(e.g., scopolamine) produce sedation in humans, and
amitriptyline, a potent central anticholinergic and
sedative drug, may be the antidepressant of choice in
cases of agitated depression, a condition in which
sedative effects have utility (3).
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In the present studies, two test procedures in mice
were evaluated for their ability to detect central ver-
sus peripheral anticholinergic activity. To evaluate
these procedures, tertiary and quaternary forms of
atropine and scopolamine were utilized. The tertiary
forms readily cross the blood-brain barrier whereas
the quaternary forms are retarded by the blood-
brain barrier and, consequently, are concentrated to
a much lesser extent in the CNS than they are in the
periphery following parenteral administration. Thus,
by comparing the relative potency of these agents in
the two procedures, the induction of mydriasis and
the antagonism of physostigmine-induced lethality,
the extent that each can predict central or peripheral
anticholinergic activity was determined.

EXPERIMENTAL

Male CF No. 1-S mice, 18-22 g, were used. All drug doses were
calculated in terms of milligrams per kilogram of free base, and all
drugs were dissolved in distilled water. The volume of injection
was 10 ml/kg for both the intraperitoneal and subcutaneous routes
of administration. The drugs used were atropine sulfate, atropine
methylnitrate, scopolamine hydrobromide, and scopolamine
methylnitrate.

Induction of Mydriasis (Increased Pupil Size) in Mice—
Mice were administered test drugs and were tested for mydriatic
activity 30 min later. These studies were performed under double-
blind conditions such that the investigator did not know what
drugs or doses were being tested. Normal pupil size was scored as 0
and increases in pupil size were scored as 1, 2, and 3 (slight, moder-
ate, and maximal increases in size, respectively). A score of 2 was
approximately 50% of maximal pupil size, which was a modifica-
tion of the scoring system of Janssen and Niemegeers (4).

Any mouse exhibiting a pupil size of 2 or greater was considered
to be significantly affected. Mean pupil sizes for each group were
also calculated. The dose intervals for each test drug were kept
constant (0.5 logio units). The MEDj5( (minimal effective dose) for
producing a significant increase in mydriasis in 50% or more of the
mice tested was determined for each test drug. The EDgg's could
not be calculated since there were very small intervals between
doses at which no animals exhibited significant effects and doses
producing effects in 100% of the mice.

Inhibition of Physostigmine-Induced Lethality in Mice—



Table I—Induction of Mydriasis (Increase in Pupil Size) by Tertiary and Quaternary Anticholinergic Drugs in Mice

Number of Mice

Exhibla;indg Significant
Mean ycriasis MED;,, mg/kg ip,
Dose, Pupil Number of for Inducing
Treatment mg/kg ip® Size? Mice Tested Mydriasis?
Saline control 1 0.0 0/30 —
Atropine sulfate 0.1 0.7 0/6 0.3
0.3 2.3 5/6
1.0 2.8 6/6
3.0 3.0 6/6
Atropine methylnitrate 0.01 0.0 0/6 0.1
0.03 0.3 0/6
0.1 2.8 6/6
0.3 3.0 6/6
Scopolamine hydrobromide 0.01 1.0 0/6 0.1
0.03 1.3 2/6
0.1 1.7 5/6
0.3 2.7 6/6
1.0 2.5 6/6
Scopolamine methylnitrate 0.003 0.2 0/6 0.03
0.01 0.5 0/6
0.03 2.3 6/6
0.1 3.0 6/6

% Drug administered 30 min prior to testing. ? Pupil size scored as follows: 0 = normal size, 1 = slight increase, 2 = moderate increase, and 3 = marked
increase. © Number of mice exhibiting a significant increase in pupil size (score of 2 or greater). ¢ Minimal effective dose for producing significant mydriasis in

509, or more of the animals tested.

The method used was a modification of the technique reported by
Collier et al. (5). Physostigmine salicylate (1.0 mg/kg sc) produced
100% lethality when administered to mice grouped 10 per cage
[12.7 X 28 X 12.7 em (5 X 11 X 5 in.)] 20 min after drug adminis-
tration. Test agents were administered intraperitoneally 30 min
prior to physostigmine. Inhibition of lethality was then calculated
as percent of control. The EDsg, the dose that prevented lethality
in 50% of the mice, was calculated for each drug by the Maximum
Likelihood Probit Analysis Method (6).

RESULTS AND DISCUSSION

The induction of mydriasis by the four anticholinergic drugs is
summarized in Table I. All four drugs produced dose-related in-
creases in pupil size, as indicated by mean pupil size. The MEDg’s
for induction of mydriasis by atropine sulfate, atropine methylni-
trate, scopolamine hydrobromide, and scopolamine methylnitrate
were 0.3, 0.1, 0.1, and 0.03 mg/kg ip, respectively. The quaternary
forms of the anticholinergic drugs were more potent as mydriatics
than their respective tertiary forms; both atropine methylnitrate
and scopolamine methylnitrate were approximately three times as
potent as their respective tertiary forms.

Table II summarizes the results of studies to determine the rela-
tive potency of the four anticholinergic drugs as inhibitors of phy-
sostigmine-induced lethality in mice. The EDsg’s for atropine sul-
fate, atropine methylnitrate, scopolamine hydrobromide, and sco-

Table II—Antagonism of Physostigmine-Induced
Lethality in Mice

ED:, mg/kg ip, for
Antagonism of

Physostigmine
Number Lethality (95%
of Mice Confidence
Treatment® Used Limits)?
Atropine sulfate 90 1.6
(1.2-2.3)
Atropine methylnitrate 150 12.8
(6.3-54.9)
Scopolamine hydrobromide 140 0.35
(0.19-0.40)
Scopolamine methylnitrate 100 6.1
(4.1-8.4)

polamine methylnitrate were 1.6, 12.8, 0.35, and 6.1'mg/kg ip, re-
spectively. Although all four drugs inhibited the lethality produced
by physostigmine, a cholinesterase inhibitor, the tertiary forms, in
contrast to the results obtained in the mydriasis studies, were con-
siderably more potent than their respective quaternary forms. At-
ropine sulfate was eight times more potent than atropine methyl-
nitrate, and scopolamine hydrobromide was 18 times more potent
than scopolamine methylnitrate in this procedure. This result was
believed to be due to the blood-brain barrier impeding the passage
of the quaternary derivatives into the CNS.

Table III summarizes the potency ratio comparisons of the vari-
ous drugs in the two anticholinergic test procedures. As men-
tioned, there was a reversal of the potency relationships when ap-
propriate tertiary and quaternary derivatives were compared such
that the quaternary forms were more potent mydriatic agents
whereas the tertiary forms were more potent inhibitors of physo-
stigmine lethality. When scopolamine hydrobromide was com-
pared to atropine sulfate, the former was approximately three to
four times more potent than the latter in both procedures. The
same relationship between the quaternary derivatives held true;
t.e., scopolamine methylnitrate was approximately two to three
times more potent than atropine methylnitrate as an anticholiner-
gic in both procedures (Table III).

From these results, it was concluded that the induction of my-

Table III—Potency Ratio Comparisons of the Activities
of Anticholinergic Drugs in Two Procedures in Mice

Induction Antagonism of
of Physostigmine
Mydriasis Lethality Potency
Potency Ratio (95%
Comparison Ratio® Confidence Limits)®
Atropine sulfate versus 0.33 8.1
atropine methylnitrate (5.0-14.7)
Scopolamine hydrobro- 0.30 18.1
mide versus scopol- (12.3-27.7)
amine methylnitrate
Scopolamine hydrobro- 3.00 4.7
mide versus atropine (8.2-7.2)
sulfate
Scopolamine methylni- 3.33 2.1
trate versus atropine (1.3-3.5)
methylnitrate

¢ Drugs administered 30 min prior to physostigmine (1.0 mg/kg sc).
b The EDso and 95% confidence limits were calculated by Probit Maximum
Likelihood Analysis (6).

¢ Calculated from MEDs¢’s from Table 1. ® The potency ratio and 95%
confidence limits were calculated by Maximum Likelihood Potency Probit
Analysis (6) from data in Table II.
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driasis was primarily a peripheral anticholinergic response since
both the tertiary and quaternary derivatives of atropine and sco-
polamine were potent inducers of mydriasis. It also was concluded
that inhibition of physostigmine-induced lethality was primarily a
measure of central anticholinergic activity since the quaternary
derivatives were much less potent inhibitors of physostigmine-in-
duced lethality than their respective tertiary forms.

A careful evaluation of a drug’s relative activity in these two
procedures in the same species, the induction of mydriasis and the
inhibition of physostigmine lethality, should predict its relative ac-
tivity as a central and a peripheral anticholinergic in humans.
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N-14C-Azure C (Methylthionine) in the Rat

R. ENG, S. LINDBERG, K. WHITE, and
L. A. SPITZNAGLE *

Abstract O The distribution of radioactivity at 5-, 10-, and 15-min
intervals following the intravenous administration of N-14C-azure
C was determined. The concentrations of radioactivity observed
indicated that radioactive derivatives of azure C would not be use-
ful pancreas or parathyroid scanning agents.

Keyphrases O Azure C, radiolabeled—tissue distribution, consid-
erations related to use as pancreas or parathyroid scanning agent
O Methylthionine, radiolabeled—tissue distribution, consider-
ations related to use as pancreas or parathyroid scanning agent
0O Scanning agents—tissue distribution of radiolabeled azure C

The report (1) that the intravenous administration
of the phenothiazine dye tolonium chloride (toluidine
blue O) caused a blue coloration of the pancreas and
parathyroid glands but not of surrounding organs
generated much interest and has been verified in ex-
perimental animals (2-4) and humans (5-7). Tolui-
dine blue O has been used for the identification of
the parathyroid gland at surgery (5-7) and as an aid
in the diagnosis of small oral cancers (8), and it has
been suggested as a potential parathyroid and pan-
creas scanning agent if labeled with a suitable radio-
nuclide (2-4, 6, 7). Recent studies with an iodinated
analog of toluidine blue O labeled with 3! showed it
to be useful for imaging parathyroid adenomas (9).

DISCUSSION

Kang and DiGiulio (3) found the highest concentrations of tolui-
dine blue O in the parathyroids, heart, pancreas, kidneys, stomach,
lungs, thyroid, muscles, liver, and blood, in that order. They ex-
tracted the excised tissues with ethanol and measured the dye con-
centrations colorimetrically. Mortenson and McRae (2) reported
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similar results using a similar assay. In both studies, rather low
concentrations were observed in the organs surrounding the pan-
creas, suggesting the development of a pancreas scanning agent
provided a suitable labeled derivative could be prepared.

Larose et al. (10) studied the distribution in rats of an iodinated
derivative of toluidine blue O labeled with 125I. Using an assay
method that allowed the measurement of tissue radioactivity with-
out extraction, they found the concentrations of radioactivity in
the pancreas, liver, and kidneys to be similar for up to 60 min after
intravenous administration. Likewise the parathyroid was ob-
served to have concentrations of radioactivity similar to those
found in the thyroid gland. They concluded that iodinated tolui-
dine blue O was an unsatisfactory scanning agent for the pancreas
and parathyroid glands.

Archer et al. (11) also studied the tissue distribution of a 1251-
labeled derivative of toluidine blue O. However, they extracted the
tissues with ethanol and measured the radioactivity of the ex-
tracts. Their results differed from those of Larose et al. (10) in
that the parathyroid extract contained approximately three times
the concentration of extractable radioactivity as did the thyroid.
The pancreas extract contained only a slightly higher concentra-
tion of radioactivity than the liver extract, indicating that iodinat-
ed toluidine blue O was an unsatisfactory scanning agent for the
pancreas. However, these investigators observed that the percent-
age of the injected dose taken up by the pancreas was much great-
er when unlabeled toluidine blue O was given instead of iodinated
toluidine blue O.

Preliminary work in this laboratory confirmed the results of
Klopper and Moe (1); 30 min after the intravenous administration
of toluidine blue O, extracts of the pancreas had 10 times the con-
centration of dye compared to extracts of the liver when measured
colorimetrically (12). In a preliminary investigation of the distri-
bution of 35S-labeled toluidine blue O (12), concentrations of ra-
dioactivity in the pancreas, liver, and kidneys were found to be
similar. These results seemed to confirm the conclusions of Larose
et al. (10) and Archer et al. (11) that labeled derivatives of tolui-
dine blue O were unsatisfactory pancreas scanning agents.

One possible explanation of the blue coloration of the pancreas
consistent with these results is that the dye molecule may be



