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Within the last decade a new series of chemical
compounds, the 2-substituted imidazolines, have
claimed wide attention because of their vascular
actions. Several of them, phedracin, priscol,
privine and otrivin, have been used clinically in
peripheral vascular disorders.
Hartmann and Isler (1939) made a preliminary

pharmacological investigation of a large number
of these imidazolines. They found that small
changes in the imidazoline molecule sometimes
caused great quantitative or even qualitative
changes in the effect upon the blood pressure.
Similar abrupt transitions have been described
among sympathomimetic amines (Beyer, 1946).
Since the substitution of an N-methyl group in the
noradrenaline molecule causes significant differ-
ences in its properties (Barger and Dale, 1910) it
was decided to investigate what changes the in-
troduction of an N-methyl group would effect in
priscol. The structural formulae of these com-
pounds are as follows:
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2-benzylimidazoline
(priscol)

2-benzyl-l-methyl-imidazoline
(N-methylpriscol)

2-Benzyl-l-methyl-imidazoline was one of the
compounds investigated by Hartmann and Isler.
They stated that it had approximately the same

toxicity and effect on the rabbit's intestine as

priscol, but caused a rise of blood pressure,
whereas priscol caused a fall.
The general pharmacology of priscol and its

N-methyl derivative is here described as part of
an attempt to elucidate the mechanism of action
of the imidazolines.

EXPERIMENTAL RESULTS
Cardiovascular action of priscol.-The action

of priscol on the blood pressure varies in different
species. Meier and Muller (1939) observed a fall
of blood pressure in rabbits; Hermann, Jourdan
and Bonnet (1941) found that in dogs priscol
usually caused a fall but occasionally a rise of
blood pressure. In cats Chess and Yonkman
(1945) observed either no effect or a fall with
larger doses.

Since priscol is structurally related to histamine
it seemed possible that the fall of blood pressure
might be antagonized by neoantergan. How-
ever, in a cat under ether anaesthesia, a dose of
neoantergan which virtually abolishes the depres-
sor effect of histamine did not prevent the fall of
blood pressure caused by a large dose of priscol.
All the workers quoted above observed that
priscol reduced or reversed the pressor action of
adrenaline. An example of this in the spinal cat
is shown in Fig. 1. After the injection of 10 mg.
priscol, which was itself without action on the
blood pressure or spleen volume, 10 [g. adrena-
line caused a small fall of blood pressure accom-
panied by dilatation of the spleen; the pressor
effect and the contraction of the spleen caused by
5 [tg. adrenaline before the injection of priscol
were absent. When a larger dose of adrenaline
was injected, however, the original effect was seen
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FIG. 1.-Upper record; spleen volume; lower record:
blood pressure of spinal cat. At A, 5 [Lg. adrenaline
caused contraction of spleen and rise of pressure.
At B, 10mg. priscol. At C, long. adrenaline caused
slight dilatation of spleen and fall of blood pressure.
At D, 0.1 mg. adrenaline caused contraction of
spleen and a small rise of pressure.
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once more ;- 0.1 'mg. adrenaline caused a small rise
of blood pressure and contraction of the spleen.
This observation suggested that the effect of

priscol on the pressor response of adrenaline
might be attributed to competition between 'priscol
and adrenaline molecules for the same "-receptor."
The 'effect of different amounts of priscol on a
range of doses of adrenaline was therefore deter-
mined in a series of spinal cats. The results are
shown in Fig. 2 in which curve A shows the mean
height of the pressor response to a given dose of
adrenaline in the absence of priscol. 'Curve B
shows the effect on the adrenaline response of
administering priscol in a dose of 2.5 mg./kg., and
curve C that of 5 mg. /kg. It can be seen from
Fig. 2 that the reversal of the pressor action of
adrenaline by priscol is only possible when small
doses of adrenaline are injected, and that the
reversal is easily overcome by larger doses.

Priscol on blood vessels.-The action of priscol
on the blood vessels was determined by perfusing
the rabbit ear, using the method of Gaddum and
Kwiatkowski (1938). In Fig. 3 the vasodilatation
produced by 0.5 mg. priscol is shown. The action
on the adrenaline response was also examined in
this preparation and the record in Fig. 4 shows the
reversal of the constrictor action when priscol was
added to the Ringer's solution perfusing the ear:
(a) shows two vasoconstrictor effects due to the
injection of 0.1 ttg. adrenaline; at (b), in the
presence of priscol, 0.8 ILg. adrenaline caused

Dose adrenaline (pg.) on log scale
FIG. 2.-Priscol-adrenaline antagonism on blood pressure of spinal cat. Mean blood-pressure

rise (ordinate mm. Hg.) plotted against dose (ig) adrenaline as abscissa on logarithmic scale.
Curve A shows blood-pressure rise before priscol (mean of 3 exp.); curve B after 2.5
mg./kg. priscol (mean of 2 exp.); curve C after 5.0 mg./kg. priscol (mean of 3 exp.).
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Fio. 3.-Record of outflow from vessels of rabbit ear
obtained by Gaddum's drop timer. At A, 0.025 jig.
adrenaline caused vasoconstriction; at P, 0.5 mg.
priscol caused vasodilatation.

vasodilatation, and 1.6 jug. was without effect; at
(c) 3.2 ,ug. adrenaline caused a slight vasoconstric-
tion, and at (d) 4 ug. a constriction similar to the
initial effects. Thus not only does priscol cause
vasodilatation and reverse the vasoconstrictor
action of adrenaline in isolated perfused vessels,

but as in the spinal cat the relationship between
priscol and adrenaline is quantitative and not
qualitative. Histamine also causes vasoconstriction
in the rabbit's ear; larger doses of priscol than those
necessary to abolish the action of adrenaline
abolished the vasoconstriction caused by histamine,
but no reversal was seen.

Similar observations were made when the hind-
leg of a dog was perfused with blood (containing
heparin) by a Dale-Schuster (1928) pump. The
injection of 10 mg. priscol caused -vasoconstric-
tion (in contrast to the vasodilatation seen in the
rabbit's ear) and converted the previous constric-
tor action of 4 jug. adrenaline to a dilator action.
When 20 mg. priscol was injected the dilator
action of 4 jzg. adrenaline became greater and
resembled that of 20 jaLg. histamine. The effect
of histamine itself was unchanged by priscol.

Priscol on the heart.-The action of priscol on
the heart was examined by perfusing the isolated
heart with Locke's solution by Langendorff's
method. In two rabbit hearts, the injection of
10-20 ,ug. priscol decreased the amplitude and
reduced the coronary flow. A similar action was
observed in three experiments on cat hearts, but
in other experiments on cat hearts an increase in
the heart's action was observed especially with
larger doses (1-3 mg.). An example of this is

FiG. 4.-Record as in Fig. 3. In (a) two injections of 0.1 tug. adrenaline causing
vasoconstriction. Between (a) and (b) perfusion with Ringer containing priscol
(0.2 mg. per ml.) was begun. In (b) at first arrow 0.8' ,g. adrenaline caused
vasodilatation, and at the second, 1.6 jig. was without effect. In (c) 3.2 [ig.
caused vasoconstriction, and in (d) 4.0o tg. caused an effect similar to that in (a).
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given in Fig. 5 which shows the effect of 2 mg.;
this dose not only increased the amplitude but also
both the rate (from 102-200 per min.) and the
coronary flow (from 6.0-10.4 ml. per min.).
Although the increase in amplitude did not last
more than 8 min. the increase in rate and in coron-
ary flow continued for 15 min.

FIG. 5.-Record of contractions of isolated cat heart
perfused by method of Langendorff. At A, 0.3 Fg.
adrenaline increased force of contraction; heart
rate from 104/min. to 140/min., and coronary, flow
from 5.6 ml./min. to 7.8 ml./min. At P, 2 mg.
priscol increased force of contraction; heart rate
from 102/min. to 200/min., and coronary flow from
6.0 ml./min. to 10.4 ml./min. There is prolonged
stimulation due to priscol: 8 min. after injection,
heart rate still 173/min. and coronary flow 9.6 ml./
min.

On- isolated rabbit auricles at 29° C. priscol in
concentrations of 2 jpg.-4 pig. per ml. augmented
the amplitude though it slowed the rate. Priscol
lengthened the refractory period when examined
by Dawes's method (1946a), though the concen-
trations required were large; 20 jug. per ml. in-
creased it by 6 per cent., and 0.1 mg. per ml
increased it by 22 per cent. Priscol did not affect
the action of either adrenaline or acetylcholine on
the spontaneous beats of the isolated auricles.

Cardiovascular action of N-methylpriscol.-The
N-methyl derivative of priscol, unlike priscol,
always caused a rise of blood pressure, as Hart-
mann and Isler (1939) had observed. An example
is given in Fig. 6 in which the effect of injecting
N-methylpriscol (20 mg.) is shown at A1 ; the pro-
longed rise of blood pressure was accompanied by
a great increase in heart rate. At B. 10 jig.
adrenaline was injected. A series of doses of
nicotine was then given, until no further pressor

action was observed; a total of 31.5 mg. nicotine
acid tartrate was required. The injection of 10 jug.
adrenaline at B2 then caused about the same rise
of blood pressure as at B1, but the injection of
20 mg. N-methylpriscol at A2 was almost without
effect. This suggested that the pressor action of
N-methylpriscol was due to liberation of adrena-
line and it was found that the pressor action of
N-methylpriscol was greatly reduced by adrena-
lectomy.

FIG. 6.-Record of blood pressure of spinal cat. At Al,
20 mg. N-methylpriscol caused rise of blood
pressure; at B1, 10 t±g. adrenaline had pressor action.
Between BL and B, nicotine was injected until it no
longer caused a rise (total injected 31.5 mg.). At
B,, 10 [±g. adrenaline had a similar effect to that at
B,, but 20 mg. N-methylpriscol at A. had almost
no action on blood pressure.

Since the pressor action of N-methylpriscol is
largely due to the release of adrenaline, and since
priscol abolishes the pressor action of adrenaline,
it would be expected that priscol would modify
the pressor action of N-methylpriscol. This
proved to be so. In Fig. 7 a record of the nictita-
ting membrane and of the blood pressure of a
spinal cat is shown. At A, 20 jig. adrenaline was
injected and, at B, 5 mg. N-methylpriscol. The
latter caused a small prolonged contraction of the
nictitating membrane. At C, 5 mg./kg. priscol
was injected, and the nictitating membrane con-
tracted strongly and persistently. At D, the same
dose of adrenaline as was previously given at A
caused a fall of blood pressure. The injection of
5 mg. N-methylpriscol at E now had a much
smaller pressor action.

N-methylpriscol on the blood vessels.-When
examined on the vessels of the rabbit's ear, doses
of N-methylpriscol up to 1 mg. were without
action.
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FiM. 7.-Upper record: contractions
of nictitating membrane; lower
record: blood pressure ofspinal
cat. At A, 20 ,tg. adrenaline
caused contractionofnictitating
membrane and rise of blood
pressure; at B, 5 mg. N-methyl-
priscol caused slow contraction
of nictitating membrane and
rise of pressure; at C, 5 mg./kg.
priscol caused powerful pro-
longed contraction ofnictitating
membrane; now at D, 20 F±g.
adrenaline was depressor, and
5 mg. N-methylpriscol at E
had little pressor action.

N-methylpriscol on the heart.-On the cat heart
perfused with Locke's solution through the coron-
ary vessels, N-methylpriscol was fouhd to have a
stimulant action as shown in Fig. 8. At A, 0.-5 mg.
N-methylpriscol increase4 the rate from 120 to
206 per min., the coronary flow from..9.0 to 15.0
ml. per min. and the amplitude as shown in the
figure. At B, 50 ug. nicotine produced a similar
effect but of much shorter duration. Since
N-methylpriscol caused a rise of blood pressure

FIG. 8.-Record of contractions of isolated 'cat heart
perfused by method of Langendorff. At A, 0.5 mg.
N-methylpriscol increased force of contraction;
heart rate from 120/min. to 206/min., and coronary
flow from 9.0 ml./min. to 15.0 mnl./min. At B,
50 jig. nicotine acid tartrate increased amplitude of
contraction; heart rate from 128/min. to 160/min.,
and coronary flow from 8.6 ml./min. to 11.0 ml./min.

and increase of heart rate by a "nicotine-like"
liberation of adrenaline from the adrenals, it was
expected that its action upon the isolated heart
would be another manifestation of the same
" nicotine-like " property. But it was found that
perfusion- of the cat's heart with nicotine (2 mg.
per ml.) abolished the stimulant action of nicotine,
but not that of N-methylpriscol. In this respect
N-methylpriscol resembles adrenaline and hista-
mine, rather than nicotine, in its action upon the
isolated heart.

N-methylpriscol increased the rate and the
amplitude of contraction of the isolated rabbit
auricles; again it differed from nicotine, since
tetraethylammonium iodide abolished the action
of nicotine, but had no effect on that of N-methyl-
priscol; nor was the action of N-methylpriscol
reduced by the antihistamine substance neoan-
tergan.

N-methylpriscol did not affect the refractory
period of the electrically-driven auricles even in
a concentration as high as 10-', though this was
enough to increase the spontaneous rate and the
amplitude.

Relation to amidines.-The chemical structure
of the imidazoline ring is related to that of the
amidines. Dawes (1946b) showed that the latter
potentiated the pressor action of adrenaline when
injected into the splenic vein so as to pass through
the portal system before entering the general cir-
culation. Similar experiments were therefore per-
formed with N-methylpriscol. Fig. 9 shows the
blood pressure responses of a spinal cat to six
injections of 20 jug. adrenaline; 5 mg. N-methyl-
priscol was mixed with the adrenaline in the
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FIG. 9.-Record of blood pressure of spinal cat, all
injections made into portal circulation through
splenic vein. At each A, 20 t±g. adrenaline produced
rise of blood pressure; at B, 5 mg. N-methylpriscol
was mixed with 20 ,ug. adrenaline and caused much
greater rise of blood pressure.

second injection. The effect of the second injec-
tion was much greater than that of the first, and
the succeeding injections progressively declined.
Since the injection of 5 mg. N-methylpriscol alone
had no effect on the blood pressure when given

by this route, it clearly potenttedtc action of
adrertaline,
Snooth muscle.-The action of priscT l was

studied in the anaesthetised cat by inserting bAl-
loons in the oesophagus, duodenum and colon. In
some experiments the vagi were stimulated below
-the heart, and in others the spontaneous intestinal
movements were increased by the injection of
eserine. Fig. 10 shows the record of the duodenal
contractions; they were inhibited by adrenaline;
a large contraction was induced by priscol
(5 mg./kg.); 13 min. later another injection of
adrenaline increased the contractions of the intes-
tine, at the same time causing a fall of blood
pressure.; This reversal of the effect of adrenaline
on the duodenum was not seen in other parts of
the gastrointestinal tract.

In the isolated duodenum of the rabbit priscol
reduced the inhibitory action of both adrenaline
and privine, but did not reverse their action.
Both priscol and N-methylpriscol were found

to potentiate the action of acetylcholine on the
guinea-pig ileum, while N-methylpriscol also
potentiated the action of histamine in the guinea-
pig ileum as shown in Fig. 11. It should, how-
ever, be observed that the spontaneous movements
were also increased.

FIG. IO.-~-Upper record:, contractions
of duodenum recorded by in-
testinal balloon, water manometer
and piston recorder, lower record
blood pressuft of cat under
chloralose anaesthesia. At the
first A, 10 [±g. adrenaline inhibited
duodenum and caused rise of
blood pressure; at P, 5 mg./kg.
priscol caused fall ofblood pressure
and large contraction of duo-
denum;- 3 min. after priscol 10 j~g.
adrenaline, at second A, had
depressor action but no effect on£ ~~~~~duodenumn;, 13 min,. after priscol
10 t±g. adrenaline, at last A, caused
fall of blood pressure and con-
traction of duodenum.
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FIG. 13.-Record of contractions of nicti-
tating membrane caused by supra-
maximal electrical stimulation of

FIG. 11 .Record of contractions of isolated guinea-pig ileum pre-ganglionic fibres of cat's superior
in Tyrode solution. All contractions caused by 0_15 tg cervical ganglion perfused with warm
histamine except at arrow where 2 mg. N-methylpriscol Locke solution. At arrows stimulations
was added to bath and left in for 30 sec. before the next lasting 15 sec. (given every 3 mini.). At
0.15 t±g. histamine was added (at dot). Note the increased MP, 0.5 mg. N-methylpriscol caused
spontaneous activity after N-methylpriscol. contraction; it abolished the contrac-

tion due to the next stimulation, and
Skeletal rnuscle.-Priscol and N-methylpriscol reduced the second succeeding con-

potentiate the contractions -of the frog's rectus traction.
abdominis caused by acetyicholine. When the
cat's sciatic nerve is stimulated by maximal single both priscol and N-methylpriscol when injected
shocks (16 per mm.) the injection of either priscol into the perfusing fluid caused a contraction of
or N-methylpriscol into the central end of the the membrane. The contraction due to N-methyl-
external iliac artery near the bifurcation caused a priscol was more rapid in onset and in relaxation
curariform depression of the contractions of the than that due to priscol, in contrast to the effect
gastrocnemius muscle as shown in Fig. 12. The produced in the whole animal (Fig. 7). The injec-
same effect was observed in the phrenic nerve tion of N-methylpriscol also abolished the effect
diaphragm preparation of the rat (BUlbring, 1946), of the next stimulation of the preganglionic fibres
and in the frog gastrocnemius. as shown in Fig. 13.

Superior cervical ganglion.-When the superior Gastric secretion.o-When priscol was infused at
cervical ganglion of the cat was perfused with a uniform rate into a vein it was found to cause
Locke's solution, and the contractions of the nicti- a large output of gastric juice (collected by a wide
tating membrane were recorded, it was found that cannula introduced through tle pylorus in the

stomach); this was observed in six cats anaesthe-
tised with pentobarbitone. When N-methylpriscol
was infused in four times the concentration, it
failed to produce any secretion in two cats.

DiscussioN
The observations described in this paper show

Superior ~~ ~ ~ ~~~~ ~ta cerica ganglion. ofe the conror Gstrictoein.We riso wactionofueadrn

c aline by priscol, which is seen in the whole animal,
\\\ke's\soluton, and the cntractions o the attlhre orv era h stric torace vctioof a oden

astomc) bes aobserved inthe perfse vnesshelso_ ~ ~~ ~ ~ ~ ~~~~~~~h rabbinfusearitisu iterestnthe rnconrdton tha

Rothlin (1925) found that ergotamine also would
reverse the action of adrenaline in isolated vessels.
The reversal of the pressor action of adrenaline

. mu w u mwUN is usually demonstrated in the whole animal; the
FiG. 12.-Record of contractions of gastrocnemius fact that it also occurs in isolated vessels makes

muscle of spinal cat caused by supra-maximal it more probable that it is due to a direct action
electrical stimulation (rate 16/min.) of sciatic nerve. of adrenaline itself, rather than to liberation of,
At A, 8 mg. N-methylpriscol injected into external
iliac artery had curariform action, and at B, 8 mg. for instance, histamine, as has been suggested by
priscol had same action. Staub (1946).
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The observations here described show further of the provisional classifications of drugs which
that the introduction of a methyl group into the in the past have proved so useful. This point can
imidazoline ring of priscol changes the vascular be more effectively illustrated. by the following
action so that the peripheral vasodilatation is no table:
longer seen ; instead a pressor action appears Priscol N-Methylpriscol
which can be atfributed to a release of adrenaline Blood pressure Fall Nicotine-like rise
by stimulation of the sympathetic ganglia. The Adrenaline action
pressor effect of N-methylpriscol is greatly reduced on blood pressure Reversed Unaffected
by the administration of either full doses of nico- Adrenaline pres- -
tine or of tetraethylammonium iodide, and also by sor effect after
the removal of the suprarenal glands. It is there- portal injection ?Unaffected Augmented
fore very curious that though N-methylpriscol Blood vessels Vasodilatation No direct effect
stimulates the isolated cat heart and the rabbit Adrenaline effect
auricles, this does not appear to be a nicotine-like on vessels Reversed Unaffected
action, but may more properly be compared to the Smooth muscle Abolishes adre- No effect onlres-
effect of adrenaline. In cardiac tissue the action - naline in-vitro ponse to adrena-
of N-methylpriscol was in some respects similar Reverses adren- line
to that of priscol. aline in vivo
While priscol converts the motor effects of (cat)

adrenaline on the vessels to inhibitor effects, it Spleenin vivo Slight dilatation Contraction
reduces the inhibitory effects of adrenaline on the Cardiac muscle Stimulated Stimulated
intestine, and in at least one instance converts Refractory period Prolonged Unaffected
them to motor. Thus after the injection of priscol Nictitatin mem- Strongly stimu- Slight stimulation
which itself caused a contraction of the cat's duo- brane lated (ganglion
denum (in vivo), the injection of adrenaline . . removed)s *' . . . ~~~~~~Gastric secretion Stimulated Unaffectedcaused a contraction. The observations are very Skeletal muscle Like nicotine Like nicotine
similar to those which have been made with ergo- Superior cervical
toxine and ergotamine, for these substances also ganglion . * * c
convert the motor action of adrenaline on the
vessels to an inhibitor action and as Planelles It will be impossible to explain their mode of
(1925) found, convert the inhibitor action on the action until we have achieved more knowledge
intestine to a motor action. Priscol potentiated of the physiology of these tissues, but two points
the action of acetylcholine on the intestine. may provide a lead for subsequent investigations.
On skeletal muscle priscol and N-methylpriscol The first is the structural relationship between the

were alike in action. On the one hand, the stimu- imidazolines, adrenaline and histamine, and the
lation of the frog rectus by acetylcholine was second is the observation that the reversal of~the
augmented, and on the other the contractions of pressor action of adrenaline by priscol is dependent
the cat's gastrocnemius, when evoked by stimula- upon the relative concentrations of the two sub-
lion of the sciatic nerve, were diminished as by an stances.
injection of tubocurarine. This curariform
action was also observed in the-phrenic-diaphragm SUMMARY
preparation of the rat. In the perfused superior 1. Reversal of the constrictor action of adren-
cervical ganglion there was again evidence of a aline by priscol, demonstrated'in the whole animal,
double action. Both priscol and N-methylpriscol, can also be observed in the perfused vessels of the
on injection into the perfusion fluid, stimulated the rabbit's ear. The dilator action of adrenaline in
ganglion ; after the injection of N-methylpriscol, these c ance is mor likl ob duentoite
stimulation of the preganglionic fibres was tem- these CirCumstanceS IS more likely to be due to the
porarily ineffective. We therefore have in priscol action of adrenaline itself, rather than to the liber-
and in N-methylpriscol substances which augment ation of a substance such as histamine.
or imitate the action of acetylcholine in the 2. The introduction of an N-methyl group into
sympathetic ganglion and in skeletal muscle; in priscol changes the vascular action so that, instea¢
certain circumstances they have, as nicotine, has, of peripheral vasodilatation, a pressor action is
the opposite, curariform, action as well. observed, which can be attributed to a release of
Perhaps the most striking conclusion to which adrenaline by stimulation of the sympathetic

we are driven by a study of the pharmacology of ganglia. The stimulating effect of N-methylpriscol
these substances is that they will not fit into any on the isolated heart, however, does not appear to

T
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be a nicotine-like action, but may be compared
to the effect of adrenaline. In cardiac tissue the
action of priscol is, in some respects, similar to
that of N-methyl derivative.

3. Priscol reduces the inhibitory effects of
adrenaline on the intestine, and in at least one
instance converts them to motor. Both priscol and
N-methylpriscol potentiate the action of acetyl-
choline on the intestine.

4. In the sympathetic ganglion and in skeletal
muscle priscol and N-methylpriscol augment or
imitate the actions of acetylcholine, and in certain
circumstances they have the opposite, curariform,
action as well.

5. A study of the pharmacology of these sub-
stances indicates that they cannot be fitted into
the provisional classifications of drugs which have
hitherto been so valuable.

The N-methylpriscol was very kindly supplied by
Dr. W. F. Short, Director of the Chemical Research

Laboratories of Messrs. Boots Pure Drug Co., Ltd.
I wish to thank Prof. J. H. Burn and Dr. G. S. Dawes
for the guidance and advice which they have given
throughout this study.
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