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Concentration of (14C)indomethacin (ID) in the skin (A) and muscle
(B) of guinea-pigs by the topical application. @—®, Skin at the
applied site; O-----O, non applied skin; M——1R, shallow muscle
under the applied site (ca. 3 mm in depth); ——@, deep muscle
(ca. 5 mm in depth); C}---0, muscle under the non applied skin
(ca. 3 mm in depth). Each symbol represents the mean value of 5
experiments. The vertical bars show SD.

the figure. The concentration of ID in the skin of the
applied site increased with the repeated applications and
reached a constant level of about 400 pg ID/g after
5 applications (figure 1A). The concentration of ID in the
shallow part of the muscle under the applied site reached a
constant level of about 0.7 ug ID/g after 5 applications, and
that in the deep part of the muscle reached a level of 0.04-
0.5 ug ID/g (about 0.2 ng ID/g in average) after 10 applica-
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tions (figure 1B). The concentration of ID in the skin and
muscle of nonapplied portion was negligible.

Discussion. It was reported that some drugs diffused into
the muscle through the skin% However, the p.c. penetra-
tion of drugs with repeated applications has not been well
studied. The present experiments show that the topically
applied ID penetrated through the skin, reached to the
muscle as deep as 5 mm from the surface, and the concen-
tration of ID in the muscle increased to a constant level
after the several applications. Some drugs including anti-
inflammatory agents are known to distribute preferentially
in the inflamed tissue® Therefore, the concentration of ID
in the inflamed s.c. tissues attained by the topical applica-
tion of ID may be higher than that in noninflamed tissues.
The concentration of ID in the synovial fluid from arthritic
patients after the oral administration of 50 mg of ID was
reported to be 0.3-0.9 ug/ml* The present study suggests
that ID may possess anti-inflammatory activity in some s.c.
soft tissues when applied to the skin as an ointment.
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Antihypertensive activity of some novel pyridinylidene arylurea derivatives in spontaneously hypertensive rats

C.T. Ludden, A. Scriabine, E.H. Ulm, G. Morgan, M. H. Fisher and W.V. Ruyle!
Merck Institute for Therapeutic Research, West Point (PA 19486, USA), and Rahway (NJ 07065, USA), 18 September 1978

Summary. 3 novel pyridinylidene arylurea derivatives were found to lower arterial pressure in spontaneously hypertensive
rats. Their relative oral potency ranged from 6 to 32 times that of guanethidine. The onset of antihypertensive action
following their oral administration was less than 1 h and the duration of action ranged from 8 to over 24 h. The antihyper-
tensive activity of the pyridinylidene arylureas was found to be associated with depletion of tissue catecholamines.
Compound C depleted cardiac norepinephrine with little or no effect on total brain norepinephrine levels. It is suggested
that compound C may have useful antihypertensive properties without CNS$ depressant activity.

In the search for antihypertensive drugs with povel chemi-
cal structures, we evaluated a series of antihypertensive
pyridinylidene arylurea derivatives. A detailed structure
activity study with this class of compounds will be pub-
lished elsewhere® The preliminary pharmacological studies
with 3 compounds of this series are reported here. The
chemical structures of the 3 selected compounds (A,B,C)
are shown below:

=_ 1
N N— C—NH cl
Q \_ )
R
Compounds "R
A F
B Cl
C OCH,

Spontaneously hypertensive (SH) rats of the Wistar Oka-
moto strain were purchased from Charles River/Lakeview
Co. (Wilmington, MA). Arterial pressure was recorded in
conscious male rats of 300-350 g b. wt by a direct technique
involving cannulation of the caudal artery as described by

Watson and Ludden? Mean arterial pressure and heart rate
values were printed at 0.5-h intervals through a data
acquisition system (Data Graphics Corp., San Antonio, TX
and Novatronics Co., Montgomeryville, PA) by means of
ASR-33 teletype units. All drugs were administered in

-volumes of 2 ml/kg. Compounds A, B and C were suspend-

ed in 1% methylcellulose while guanethidine was dissolved
in distilled water. The doses of all drugs were expressed in
terms of base weight. Compound A was used as a fluorosul-
fonate salt, compound B as a free base, compound C as a
hydrochloride salt and guanethidine as a sulfate salt. The
calculations of the relative potency, its 95% confidence
limits and regression lines were based on procedures de-
scribed by Finney*

All 3 compounds were first tested in SH rats at 20 mg/kg
1.p.; they lowered mean arterial pressure and reduced heart
rate. At this dose, compound A was lethal in ! and
compound B in %, rats, while % rats which were treated with
compound C survived. In further studies the compounds
were administered p.o., each at 3 doses with 2-8 rats per
dose. Their relative potency was calculated on the basis of
maximal fall in arterial pressure over a 24-h period and
compared with that of guanethidine which was previously
evaluated under similar experimental conditions. The
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Table 1. Relative antihypertensive potency of 3 pyridinylidene
arylureas and guanethidine in SH rats by the oral route
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Compound Relative potency* 95%
confidence limits**
Guanethidine 1 -
A 13 7-27
B 32 18-71
C 6 3-12

*2-6 animals were used at each of 3 dose levels of each drug.
The potency was calculated on the basis of maximal fall in mean
arterial pressure over a 24-h period. ** Since the limits do not
include the value of 1.0, they can be conmsidered significant
(p<0.05).

results are summarized in table 1. If the potency of
guanethidine was considered to equal 1, the relative poten-
cy of the three pyridinylidene arylureas was 13, 32 and 6 for
compounds A, B and C respectively. All 3 compounds were
significantly more potent than guanethidine and compound
B was significantly more potent than compound C. The
calculated dose-response regression lines for the three pyri-
dinylidene arylureas are shown on figure 1. The statistical
test for parallelism indicated that the regression lines were
not significantly different from being parallel. The onset
and duration of antihypertensive action of the pyridinyli-
dene arylureas at 5 mg/kg p.o. and that of guanethidine at
20 mg/kg p.o. are compared in figure 2. The onset of
antihypertensive action of all compounds was less than 1 h.
The maximal effect was reached at 4 h for guanethidine
and compounds A and C while the maximal effect of
compound B was seen at 18 h after treatment. The maximal
antihypertensive effect of compound B at 0.312 mg/kg p.o.
was reached at 4-8 h while at 5 mg/kg p.o., the maximal
effect was observed at 8-24 h. The effects of pyridinylidene
arylureas at 5 mg/kg p.o. and guanethidine at 20 mg/kg
p.o. on the heart rate of SH rats are shown in figure 3.
Guanethidine at 20 mg/kg p.o. and compounds B and C at
5'mg/kg p.o. reduced heart rate while compound A had no
significant cardiac slowing effects; at 20 mg/kg p.o. all 3
compounds reduced heart rate.
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Fig. 1. Dose-response regression lines for antihypertensive effects of
pyridinylidene arylurea derivatives (compounds A, B and C) and
guanethidiine in SH rats. Maximal recorded decrease in mean

arterial pressure is plotted against oral doses of the drugs. 2-8
animals were used at each dose level of each drug.

To evaluate the effects of the pyridinylidene arylureas on
tissue catecholamine levels, male Sprague Dawley rats of
200-350 g b. wt were treated with the test compounds at
5 mg/kg in 2 mi/kg 1% methylcellulose p.o. 4-6 animals
were used in each treatment group. A separate control
group was used for each agent and analysis of control and
experimental tissues were carried out at the same time.
Tissue catecholamines were determined according to the
differential fluorescence technique of Porter et al.’. The
results are summarized on table 2. At the dose tested
(5 mg/kg p.o.), compounds A and B significantly decreased
brain norepinephrine and dopamine and heart norepineph-
rine levels whereas compound C decreased only cardiac
norepinephrine. Other studies on the effects of the 3
compounds on catecholamine levels recently reported by
Ulm et al.b confirmed these original findings.

To study in vitro inotropic activity of the pyridinylidene

Table 2. Effect of pyridinylidene arylureas at 5 mg/kg p.o. on tissue catecholamines in rats*

Compound Brain 3 Heart
Dopamine Norepinephrine Norepinephrine
. Control Drug Control Drug Control Drug
A 6.79+0.98 1.24 £0.39%* 2.84+0.24 0.7110.12%* 4.91+£0.24 1.06+:041%*
B 4.77+0.39 1.04+0.52** 4.14+0.35 1.30+£0.41** 8.10+2.5 1.05+£0.30%*
C 5.59+0.41 5.49+0.25 4354043 . 4.35+0.30 6.38+1.06 1.324£0.43%*

*4 animals were used in each group; animals were sacrificed 6 h after treatment. ** Significantly different (p<0.001) from

corresponding control value as determined by Student’s 2-tailed t-test.

Table 3. Effect of pyridinylidene arylureas on the contractile force of isolated cat heart papillary muscles

Drug Concentration No. of Contractile force (mg+ SE) Maximal change in the
(ng/ml) experiments Before treatment 30 min after drug  contractile force during
30-min period + SE (%)
Saline 1 ml 12 433+ 31 403+ 35 — 9+ 5
Compound A 2.5 4 950+ 50 1010482 + 6+ 4
10 5 932+142 672+82 —26+ 8
40 4 645+ 42 305459 —53+ 8*
Compound B 2.5 6 463% 22 627£63 +30+ 14*
10 6 488+ 29 453429 -11£ 3
40 6 507+ 48 253146 —49+ 8*
Compound C 25 6 407+ 32 333+20 -17+ 6
10 6" 487+ 36 373+63 —-21+ 8
40 6 460+ 35 393+49 —-14+10

o Significantly different from control experiments, p<0.05.
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Fig.2. Onset and duration of antihypertensive action of guanethi-

dine and pyridinylidene arylureas in SH rats. N=number of
animals per treatment group.

arylureas, papillary muscles from the right ventricle of cat
hearts were isolated and electrically stimulated in accor-
dance with the technique of Cattell and Gold’. None of the
3 compounds had significant myocardial depressant activity
at 2.5 pug/ml although compounds A and B at 40 pg/ml
reduced the isometrically recorded contractile force of
papillary muscles (table 3). These findings suggest that the
myocardial depressant effect is not likely to represent the
major mechanism of the antihypertensive action of the
pyridinylidene arylureas.

In preliminary behavioral studies in mice, all 3 compounds
were tested at doses up to 150 mg/kg i.p. Compounds A
and B but not C produced ataxia and ptosis and reduced
exploratory behavior at doses below 50 mg/kg ip. Com-
pound C reduced exploratory behavior and produced ptosis
only at doses exceeding 100 mg/kg i.p. Compound B was
more toxic than compound A or C; its estimated 24-h LDy,
in mice was 35.2 mg/kg i.p. whereas that of compound A or
C was greater than 150 mg/kg i.p.

The findings in this study suggest that depletion of cate-
cholamines represents a likely mechanism of the antihyper-
tensive action of pyridinylidene arylureas. The relative

Fig.3. Effects of guancthidine and pyridinylidene arylureas on
heart rate in SH rats. Same experiments as in figure 2. N=number
of animals per treatment group.

inability of compound C to deplete brain catecholamines
suggests that antihypertensive and central catecholamine
depleting effects can be separated in this series of com-
pounds and that compound C, while retaining antihyper-
tensive activity, may be relatively free of CNS depressant
properties of presently used catecholamine depleting
agents, e.g. reserpine. :
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Dépression of spontaneous and ionophore-induced neurotransmitter release by Salmonella’

R.J. Person

Department of Physiology and Biophysics, The University of Oklahoma Health Sciences Center, P.Q. Box 26901, Oklahoma

City (OK 73190), 7 February 1979

Summary. Exposure of frog neuromuscular junctions to heat-killed, lyophilized Salmonella typhimurium (SR 11) produces
an early increase in spontaneous transmitter release followed by depression of release and blockade of the obligatory

release usually induced by ionophore X537A.

Previous studies in our laboratory have shown that both
crude and purified preparations of gram-negative bacteria
depress neuromuscular transmission. Crude preparations of
Escherichia coli, more commonly known as endotoxin,
produce an increase, then a decrease in the frequency of
miniature endplate potentials (MEPPs) recorded at the frog
neuromuscular junction and block evoked endplate poten-
tials (EPPs) by reducing quantal content’. The transient
increase in MEPP frequency requires extracellular calcium.
Purified preparations of the bacterial cell wall contain
lipopolysaccharides (LPS) free of the protein contamina-

tion usually found in endotoxin. LPS similarly depresses

_spontaneous transmitter release but fails to produce the

early, transient increase in MEPP frequency produced by
endotoxin®. Sufficient exposure to LPS also apparently
protects the presynaptic terminal from the usually destruc-
tive effects of the carboxylic cation ionophore X537A
which, at untreated terminals, produces a transient rise in
MEPP frequency to 100 times control levels followed by an
abrupt abolition of both evoked and spontaneous transmit-
ter release®>.

In general, the effect of LPS exposure seems to be one of



