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BY
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(RECEIVED SEPTEMBER 10, 1959)

The structural requirements for strong ganglion-blocking activity and long duration of action
amongst some lower homologues of mecamylamine, together with the discovery of similar

activities amongst isomers with enlarged ring structures, are described.

In both series of com-

pounds it was found that the successive introduction of C-methyl groups surrounding the nitrogen
atom resulted in a progressive increase in ganglion-blocking activity and duration of action.

The pharmacology of the potent ganglion-
blocking compound pempidine, 1,2,2,6,6-penta-
methylpiperidine, has recently been described
(Corne and Edge, 1958 ; Spinks, Young, Farring-
ton, and Dunlop, 1958).

The independent discovery of the properties of
this compound by Spinks and Young (1958)
originated from their observation that secondary
and tertiary aliphatic amines in which the basic
group is sterically hindered by attachment to a
tertiary carbon atom have a modest level of
ganglion-blocking activity.

By contrast, we first studied structure-activity
relationships amongst certain aminobicyclo[2,2,1]-
heptanes which were lower homologues of

H
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R
R R
R=H or alkyl
aminobicyclo- bicyclo[3,2,1]azaoctanes.
[2,2,1]heptanes. N atom is endocyclic

N atom is exocyclic

mecamylamine. During this work we
unexpectedly encountered a chemical route to
bicyclo[3,2,1]azaoctanes, isomeric compounds in

*Present address: Department of Pharmacological Re-
search, Parke, Davis and Co., Hounslow, Middlesex.

which the nitrogen atom was endocyclic, instead
of exocyclic.  Structure-activity relationships
amongst these new compounds led us to discover
the ganglion-blocking activity of the structurally
simpler, unbridged compound pempidine. This
work, which has already been very briefly outlined
(Lee, Wragg, Corne, Edge, and Reading, 1958), is
now reported in some detail.

METHODS
Chemical

The first four isomers of mecamylamine examined
in the present work (Table I) were prepared as
follows: N-methyl-d(—)-isobornylamine was prepared
by the method of Wegler and Frank (1936).
N-methyl-d(+)-bornylamine was prepared by the
method of Forster (1899). N-methylfenchylamine was
prepared in 20% yield by the Leuckhart reaction on
fenchone. Hydrochloride sublimed >300°. (Found:
C, 644; H, 10.8; N, 6.9. Required for CuHaN,
HCl: C, 648; H, 108; N, 6.87.) N-methyl-
camphidine was prepared by the method of Auwers
(1868).

Most of the remaining compounds were prepared
from nitrobicyclo[2,2,1]heptenes obtained via classical
Diels-Alder reactions. Mild catalytic reduction of
these intermediates gave the corresponding nitro-
bicyclo[2,2,1]heptanes.  Catalytic reduction under
more drastic conditions gave the expected amino-
bicyclo[2,2,1]heptanes, which could be N-alkylated
by well-established methods to give products which
undoubtedly had the structures shown as (V), (VII),
and (IX) in Table II (Lee and Wragg, 1960a).
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The compounds (X ; Ri=—CHs, R:=—NH.CHj,
—N(CHs), or —NH.CH..CsH:) and (X; Ri=cyclo-
hexyl, R:=—NH.CHs) were obtained similarly. The
compounds (XI; Ri=R:=—CHs, R3=—NH;) and
(XI; Ri=-GCsHs, Re=—H, Ry=—NH.CH:) were
synthesized via reactions between the appropriate
nitrobicyclo[2,2,1]heptanes and formaldehyde. The
compound (IV) in Table II was made by reducing the
corresponding nitro-derivative chemically.

We were able to compare some of the foregoing
aminobicyclo[2,2,1]heptanes (congeners of mecamyl-
amine), in which the nitrogen atom is exocyclic, with
the corresponding isomeric bicyclo[3,2,1]azaoctanes
(structures (VI) and (VIII), in Table II; bridged
congeners of pempidine), in which the nitrogen atom
is endocyclic, as a result of a discovery made during
a concurrent systematic study (Lee and Wragg,
1960b) of the aluminium lithium hydride reduction
of crude 3-nitroisocamphane (XII). The basic
fraction of the product mainly consisted of a single
primary amine (M & B 4333) and, quite unexpectedly,
two secondary amines (M & B 5561 and M & B 5562),
all three of which were isomeric with the expected
product (XIII).

The primary amine did not have the structure
(XIII) because its N-methyl derivative (M & B 4334)
was not identical with mecamylamine (I, Table 1)
(compare Stein, Sletzinger, Arnold, Reinhold, Gaines,
and Pfister, 1956); moreover, both M & B 4333 and
M & B 4334 were inactive when tested for ganglion-
blocking activity and their actual chemical structures
have not been investigated.

On the other hand, chemical evidence (Lee, Lunt,
Wragg, and Barber, 1958 ; Lee, Wragg, Corne, Edge,
and Reading, 1958) revealed that the two secondary
amines had the structures (II; R=H) and (III;
R=H) in Table II or geometrical isomers thereof.
On the basis of chemical evidence, infra-red spectral
data and the estimates of ganglion-blocking activity
(see Results), we have provisionally assigned the
structure (II; R=H) to M & B 5561 and the
structure (III; R=H) to M & B 5562. Both
compounds were N-methylated, giving M & B 5199
(II; R=CH;) and M & B 5200 (III; R=CHb)
respectively, both of which are isomeric with

N. D. EDGE, S. J. CORNE, G. E. LEE, and W. R. WRAGG

mecamylamine. In practice, the two secondary
amines formed in the aluminium lithium hydride
reduction of (XII) were isolated as a mixture of 85%
M & B 5561 and 15% M & B 5562, which could be
separated into its components only by preparative gas
chromatography. The unseparated mixture (M & B
4364) upon N-methylation gave M & B 4348A which
consisted of 759% of the tertiary amine, M & B 5199,
and 25% of its isomer, M & B 5200. M & B 4348
obtained in another experiment consisted of 559%
M & B 5199 and 45% M & B 5200. These mixtures
were studied as such because their separation into
pure components by preparative gas chromatography
was feasible only on a small scale.

We then proceeded to reduce with aluminium
lithium hydride three nitrobicyclo[2,2,1]heptanes
which had previously been reduced catalytically. Gas
chromatography indicated that these reductions, in
contrast to similar reduction of crude 3-nitroiso-
camphane (XII), each yielded only one product.
The resulting single secondary amines were then
N-methylated. Chemical and infra-red spectral
evidence, together with the levels and duration of
ganglion-blocking activity observed, led us to assign
provisionally the symmetrical ring-enlarged structures
(VI and VIII, analogous to II) (Table II) to the
products thus obtained.

Pharmacological

The methods used were as described by Corne and
Edge (1958), with the following exceptions and
additions:

Most of the determinations of ganglion-blocking
activity on the superior cervical ganglion-nictitating
membrane preparation of the anaesthetized cat were
performed using continuous (10/sec.) supramaximal
pre-ganglionic stimulation. A few determinations
were performed using intermittent (50/sec. for
5 sec./min.) stimulation. Several of the compounds
had a short duration of action (comparable to that
of hexamethonium). Greater reliance is placed on
the potency estimates assigned to these compounds
than to those with a long duration of action (com-
parable to that of mecamylamine), whose potency is
difficult to estimate (Corne and Edge, 1958).

Acute oral and intravenous toxicities were studied
in groups of 5 or 10 mice. Mydriatic responses in
groups of 5 mice were observed after intraperitoneal,
as well as oral, administration. Urinary excretion
determinations were performed as described by
Muggleton and Reading (1959).

The compounds were studied as the hydrohalides or
acetates and all activity and toxicity determinations
are expressed in terms of the cations. Other
compounds used were hexamethonium bromide,
acetylcholine chloride, adrenaline hydrochloride,
histamine acid phosphate, nicotine hydrogen tartrate,
and pilocarpine nitrate. With the exception of
hexamethonium and adrenaline, all doses and con-
centrations of these compounds are expressed in terms
of the salts.
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REsuULTS
Four Structural Isomers of Mecamylamine

The activity of these compounds when tested on
the pre-ganglionically stimulated nictitating mem-
brane of the cat was only 4 to 7% of that of
hexamethonium (Table I). None of these results
was thought worth following up. A compound
with an identical planar formula to N-methyl-
d(—)-isobornylamine and N-methyl-d(+)-bornyl-
amine but having an unspecified steric structure

TABLE [
BLOCKING ACTIVITY OF 4 ISOMERS OF

MECAMYLAMINE ON THE PRE-GANGLIONIC-
ALLY STIMULATED NICTITATING MEMBRANE

OF THE CAT
Activity
(Hexa-
Compound Structure nethonium
=100)
CHs

NHCH3
N-Methyl-d-(—)-

isobornylamine

&

CHs
NHCH3
N-Methyl-d(+)-
bornylamine

&y

CHs
NHCH3
N-Methylfenchyl- H H 7
amine 2
CHs
Hs
CH,
|
N-Methylcamphidine| |CHsC-CH3 N-CHs 6
l /
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was reported by Rubinstein, Pedersen, Fakstorp,
and Rgnnov-Jessen (1958) to have a weak
sympathetic ganglion-blocking activity and to be
mildly hypertensive in the anaesthetized cat. A
compound with an identical planar formula to
N-methylfenchylamine but prepared by an
unspecified route was also reported by Rubinstein
et al. (1958) to have appreciable sympathetic
ganglion-blocking activity. As our compound was
short-acting and that studied by Rubinstein ez al.
was long-acting, it is unlikely that the two were
identical chemically.

Aminobicyclo[2,2,11heptane Derivatives (N Atom
Exocyclic, as in Mecamylamine)

All of the phenyl and cyclohexyl derivatives of
structures (X) and (XI) above had a very low
activity, less than 3% of that of hexamethonium.

The ganglion-blocking activity, duration of
action, and oral and intravenous toxicity of the
nor derivatives of mecamylamine (structures IV,
V, VII, and IX) are shown in Table II. Of these
compounds, only two (M & B 4086 and M & B
4620) had a prolonged duration of action on the
pre-ganglionically stimulated nictitating mem-
brane, and M & B 4086 was selected for a brief
examination of its mode of action.

Properties of M & B 4086.—Mecamylamine
and M & B 4086 act specifically at the ganglion
since a large intravenous dose (8 mg./kg.) of
either compound completely inhibited the effect
of pre-ganglionic stimulation on the nictitating
membrane, but had no inhibitory action on post-
ganglionic stimulation or on intravenously
injected adrenaline (Fig. 1).

On the isolated guinea-pig ileum, M & B 4086
in a concentration of 0.08 mg./ml. completely
inhibited the effect of nicotine-induced contrac-
tions and caused a slight reduction in the response
to acetylcholine but had no effect on histamine-
or pilocarpine-induced contractions. The nicotine
response was slow to recover after removal of the
antagonist from the bath. A concentration of
0.8 mg./ml. had an initial stimulant action and
blocked the effect of all four agonists.

M & B 4086 had about 50% of the activity of,
but a similar duration of action to, mecamylamine
when compared by the mydriatic response in mice
after intraperitoneal injection.

An oral dose of 5 mg./kg. in a group of six
rats showed an identical urinary excretion pattern
with that shown by mecamylamine over a period
of 24 hr. Thus recoveries of M & B 4086 at
2, 4, 6, and 24 hr. were 3.3, 9.6, 16.5, and 48.7%
respectively. The corresponding figures for
mecamylamine were 1.3, 8.8, 15.2, and 45.6%.
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TABLE II

BLOCKING ACTIVITY ON THE PRE-GANGLIONICALLY STIMULATED NICTITATING
MEMBRANE OF THE CAT AND TOXICITY IN MICE OF SOME AMINOBICYCLO[2,2,1JHEPTANE
AND BICYCLO(3,2,1JAZAOCTANE DERIVATIVES

VS=Very short duration of action (shorter than hexamethonium). S=Short duration of action (similar

to hexamethonium). M= Medium duration of action (longer than hexamethonium, shorter than pempidine).

L=Long duration of action (similar to pempidine). Where the results were very variable, the range of
activity is given in parentheses.

Activity |Number . LD50 mg./kg.
M&B Structure (Hexa- of Dur:ftlon —_—
No. methonium| Experi- . 1 Intra-
=100) | ments | Action Ora venous
CHjs
NHCH3
Mecamylamine <— 120 5 L 98 12-9
CHj (60-190)
CH3
(0]
CHs
j— H .
5561 — R=H CH: N-R 134 4 L 29-9
) CHy (85-170)
5199 R=CH; <—isomers 100 5 L . 283
Hs (50-200)
| (1)
isomers N/R
5562 l—> R=H CHe f'HJ 75 3 VS 30-3
5200 R=CH; <« CHs 40 5 M 325
CHs (25-50)
(11
4364 Mixture of 852, M & B 5561 and 15%, M & B 5562 140 5 L 470 35-0
(120-190)
4348A\ Mixture of 75% M & B 5199 and 259, M & B 5200 125 2 L 214 37-0
4348 Mixture of 55%; M & B 5199 and 452, M & B 5200 170 6 L
(100-210) ‘
CH3
NH2
4315 CHs 15 1 S :
. H | 1
i |
) : ! : | i
) | i
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TABLE II—continued

| Activity | Number . ( LDS50 mg./kg.
M&B | Structure (Hexa- of Duration | — — ————
No. | methonium| Experi- of Oral Intra-
| —=100) | ments | Action venous
|
4058 R;=R,;=H 15 2 S =135 46-0
CHs
4086 1 R;=CHj;, R,=H <« NRIR? 35 2 L 138 33-8
4620 | R,=R,=CH, ’ CH3 50 2 L =165 | 181
| H
4126 | R,=CH2.C6H5,R2=H{E V) <1 1
1 | - - |
\ !
i | CHs
1 . H ~
4387 : «—isomers CHz N-CHs 50 3 L ==415 48-5
| | CHs
i H
(VD
R
4188 | > R=CH, NHCHs 25 2 S 68-5
CHz
4269 R=C,Hy< H 25 2 S 342
H
|
isomers isomers 420)]
' I
| |
P R
4443 | i_» R=CH, | H 25 2 S =425 | 109
i CHz N-CH3
! H
4442 R=C,Hy«— /1] 20-25 2 S =267 | 54'5
| ICHI
| '
4280 - NHCHs 15 2 s 405 | 44-5
CH3
: 1
ax) \
Bicyclo[3,2,1lazaoctane  Derivatives (N Atom M & B 4348A had a higher activity and a loager -

Endocyclic, as in Pempidine) duration of action than the other, and this finding

The activity, duration of action, and toxicity of
these compounds (structures II, III, VI, and VIII)
are shown in Table II. One of the two isomers in
each of the mixtures designated M & B 4364 and

considered together with the results obtained
amongst mecamylamine congeners strengthened
the chemical and infra-red spectral evidence in
assigning the structures as shown. The effects of
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Fi1G. 1.—Cat, 2.4 kg., chloralose anaesthesia. Contractions of nictitating mem-
brane. At arrows, 10 pg. adrenaline was injected intravenously; the
continuous lines indicate pre-ganglionic stimulation at 10/sec.; the dis-
continuous lines indicate post-ganglionic stimulation at 10/sec.; at the
black dot, 8 mg.'kg. M & B 4086 was injected intravenously. Time, 60 sec.

(a) (b)

* * t - I * *
12.26 12.50 .12 3.17 11.30 12.00 12.40 1.43
HEX HEX M & B 556l HEX HEX HEX M&B HEX

56 12 50 56 56 112 5562 56
100
() (d)

T * s s 2 o .
11.52 12.18  12.41 12.42 12.47 12.11 12.43 1.09 2.04
HEX HEX M & B 5199 HEX HEX M & B 5200 HEX

56 28 28 28 56 112 56 224 56

Fi1G. 2.—Cats, (a) 3.25 kg., (b) 2.5 kg., (¢) 3.0 kg., (d) 2.3 kg., chloralose anaesthesia. Contractions of nictitating
membrane. Continuous line indicates pre-ganglionic stimulation at 10/sec. Kymograph was stopped between
periods of stimulation. Intravenous doses in pg./kg. at times shown. HEX = hexamethonium. Time, 60 sec.
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these two pairs of isomers in comparison with
hexamethonium on the pre-ganglionically stimu-
lated nictitating membrane are shown in Fig. 2.
When compared with hexamethonium on the
pupillary diameter of the anaesthetized cat after
removal of the superior cervical ganglion, M & B
5199 and M & B 5200 had activities of 2509% and
70% respectively. When compared with mecamyl-
amine in mice injected intraperitoneally, respective
mydriatic activities of 100% and 50% were
obtained. Some of the pharmacological properties
of the mixture (M & B 4348A) of these two
isomers were examined in more detail.

Properties of M & B 4348A4A.—An intravenous
dose of 6.7 mg./kg. of M & B 4348A completely
blocked the effect on the nictitating membrane of
pre-ganglionic stimulation but had no effect on
the contraction produced by post-ganglionic
stimulation or by an intravenous injection of
adrenaline. In the same preparation a further
dose of 6.7 mg./kg. caused a small rise in blood
pressure. In other experiments the pressor
response to nicotine (0.1 mg./kg.) was reduced
about 50% by a dose of 0.05 mg./kg., and 0.1
mg./kg. caused an almost total inhibition of the
effect on the blood pressure of peripheral vagal
stimulation. Doses of up to 6.7 mg./kg. had no
effect on blood pressure responses to small doses
of acetylcholine or histamine, and the response to
adrenaline was potentiated. Respiratory arrest
occurred after a total dose of 31 mg./kg. On the
isolated Langendorff rabbit heart preparation
doses of 2.0 to 8.0 mg. injected into the aortic
cannula caused a slowing of the beat.

Oral doses of 3.3 mg./kg. and 4.0 mg./kg. of
M & B 4348A and M & B 4364 respectively caused
a marked mydriasis in mice within 10 min. of
administration and the response was of prolonged
duration.

On the isolated guinea-pig
ileum a concentration of
0.067 mg./ml. of M & B
4348A completely inhibited
the response to nicotine and
reduced the response to pilo-
carpine, but had no effect on |
acetylcholine or histamine }
responses (Fig. 3). The com- JRW¥S:
pound was removed after
being in contact with the gut A
for 14.5 min. and 50%
recovery of the nicotine
response occurred about 3 hr.
later (Fig. 3).

On the isolated frog rectus
abdominis muscle a concen-

'
4l uu_fu 1l

NHP‘ANHPANHPA NHPANHPANIHPAN
6
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tration of 0.67 mg./ml. inhibited responses to
acetylcholine without causing a contracture.

When examined for its potency on nicotine-
induced convulsions in mice M & B 4348 A injected
intraperitoneally was found to have an EDS0 of
0.065 mg./kg. The lower, less active, homologue
(VI; M & B 4387) had an ED50 of 0.25 mg./kg.
Consequently, these two compounds had
respectively 1.66 and 0.43 times the activity of
mecamylamine (ED50=0.108 mg./kg.) and 23
and 6 times the activity of hexamethonium
(ED50=1.5 mg./kg.) in this test. The greater
potency of amine, as compared with quaternary,
ganglion-blocking compounds in this test has been
described for pempidine by Corne and Edge
(1958), and Stone, Meckelnburg, and Torchiana
(1958) have found that peripheral ganglion-
blocking activity and anticonvulsant potency are
not necessarily related in structurally dissimilar
compounds.

DiscussioN

Considering first the structure-activity relation-
ships observed amongst mecamylamine congeners
IV, V, VII, and IX in Table II) it is apparent that
the presence of a double bond in the 5,6-position
had no effect on activity (compare M & B 4315
and M & B 4058). Activity was also unaffected
by the substitution of a C-ethyl for a C-methyl
group (compare M & B 4188 and M & B 4269).
On the other hand, replacement of the N-methyl
group in M & B 4086 by an N-benzyl group
(M & B 4126) eliminated activity. Removal of
one C-methyl group from the 3-position of
mecamylamine (I) giving M & B 4280 (IX)
resulted in a pronounced drop in activity and in
a shortened duration of action. Rubinstein,
Pedersen, Fakstorp, and Rgnnov-Jessen (1958)
have reported that a compound with this planar

|
|
.

U

2.5 170.5 182.5 194.5 206.

Fi16. 3.—Contractions of isolated guinea-pig ileum in a 10 ml. bath. At A,
0.15 pg./ml. of acetylcholine; N, 5.0 ug./ml. of nicotine; H, 0.5 ug./ml. of
histamine; P, 0.5 pg./ml. of pilocarpine.
M & B 4348A was present.
from the bath shown below nicotine responses.

Between arrows 67 ug./ml. of
Time in min. after removal of antagonist
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formula, but prepared by an unspecified route,
paralleled mecamylamine closely in sympathetic
ganglion-blocking activity and in having a long
duration of action. The pharmacological
properties of our product make its chemical
identity with the compound studied by Rubenstein
et al. (1958) unlikely. By contrast, removal of a
C-methyl group from the 2-position of (I) giving
M & B 4086 (V; R,=—-CH,, R,=—H) whilst
lowering activity did not shorten the duration of
action. The corresponding primary amine,
M & B 4058, was less active than M & B 4086,
whereas the corresponding tertiary amine, M & B
4620, was similar both in activity and in duration of
action to M & B 4086. A similar level of activity
in related secondary and tertiary amines was later
encountered again, both in the endocyclic series
(for example M & B 5561 and M & B 5199), and
in pempidine and the corresponding secondary
amine (Corne and Edge, 1958 ; Spinks et al., 1958).

Of the two possible structures (Il ; R= —CH,)
and (Il ; R=-CH,) for M & B 5199, the former
appears more likely because an endocyclic
nitrogen atom attached on each side to alkyl-
substituted carbon atoms is a grouping which, in
pempidine and its congeners, has since been found
to be associated frequently with a high level
of ganglion-blocking activity. Since infra-red
spectral analysis eliminated the possibility that
M & B 5200 is a geometrical isomer of M & B
5199, it probably has the structure (II ; R=CH,).
The fact that M & B 5200 is not only less active
but also has a shorter duration of action than
M & B 5199 is not incompatible with the suggested
assignment of structure, because subsequent work
has indicated that an adjacent bridge-end a-carbon
atom is less likely to confer ganglion-blocking
activity on an endocyclic nitrogen atom than is a
gem-dimethyl group.

Perhaps the most significant implication of our
results as a whole was that it had been possible to
pass from the aminobicycloheptane structure, in
which the nitrogen atom is exocyclic, to the
isomeric bicycloazaoctane structure, in which
the nitrogen atom is endocyclic, without loss
in ganglion-blocking activity. Moreover, the bio-
logical results (Table II) on the pairs of isomers,
M & B 4269 and M & B 4442, M & B 4188 and
M & B 4443, M & B 4086 and M & B 4387, and
mecamylamine and M & B 5199, conformed to a
remarkably systematic pattern. In the first place,
the individual compounds in each pair have both
a closely similar level of ganglion-blocking activity
and a similar duration of action, independent of
whether the C-substituents are methyl or ethyl
groups. Secondly, the successive introduction of
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C-methyl groups into M & B 4188 or M & B 4443
results in a stepwise increase both in activity and
in duration of action in the resulting homologous
series.

It thus became apparent that a high level of
ganglion-blocking activity and a long duration of
action would probably be exhibited by (XIV) in
which the introduction of methyl groups surround-
ing the endocyclic nitrogen atom had been taken
one step further than in M & B 5199.

CHs GHs
CHjs CHs
CH, N-CHs N-CH;3
CHs
CHs s
(X1V) (XV)

In practice we decided to synthesize instead the
corresponding unbridged compound, pempidine
(XV), which did in fact exhibit high activity and
prolonged action.

We are indebted to Dr. H. J. Barber and Dr. R.
Wien for their constructive interest in this work ; to
Mr. A. C. Rasmussen for several estimations ; to Dr.
H. W. Reading for carrying out the excretion experi-
ments in rats ; to Dr. D. F. Muggleton for interpreta-
tion of infra-red spectra; and to Dr. G. A. P. Tuey
for separation and analysis of many samples by gas
chromatography.
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CENTRAL VASOMOTOR EFFECTS OF A NEW GANGLION-

BLOCKING AGENT—1:2:2:6:6-PENTAMETHYL
PIPERIDINE (PEMPIDINE)

BY

K. N. DHAWAN anp K. P. BHARGAVA

From the Department of Pharmacology and Therapeutics, K. G. Medical College,
Lucknow University, India

(RECEIVED JANUARY 12, 1960)

The central vasomotor effects of pempidine were studied in dogs and cats anaesthetized with
pentobarbitone sodium, and in spinal cats. Pempidine lowered the threshold of electrical
stimulation of the medulla oblongata to evoke a pressor response when given intravenously to
cats in a dose insufficient to block autonomic ganglia. Injection of a small dose into the cerebral
ventricles of dogs produced an increase in the pressor responses to occlusion of the carotid artery
and to electrical stimulation of the central end of the cut vagus. In the spinal cat small doses of
pempidine, given either intravenously or intrathecally, augmented the rise in blood pressure
resulting from compression of the spinal cord. Since all these effects were produced by pempidine
in doses insufficient to cause ganglionic block, the observed effects are attributed to central facilita-

tion of the vasomotor responses.
and supraspinal centres.

It is known that piperidine derivatives block
ganglionic transmission ; for example, Zamboni
and Borghetti (1953) reported ganglion-blocking
properties of N-ethyl piperidine. =~ The pharma-
cology of 1:2:2:6:6-pentamethyl piperidine
(pempidine) was independently reported by Spinks
and Young (1958) and Corne and Edge (1958).
This drug has a prolonged hypotensive effect
attributed to strong and persistent ganglionic
blockade. Harrington, Kincaid-Smith and Milne
(1958) have shown that pempidine on parenteral
administration passes through the blood-brain
barrier and is then taken up by the brain. The
present study was undertaken to determine
possible central vasomotor effects of pempidine,
independent of its ganglion-blocking action.

The main difficulty in the study of the central
vasomotor effects of ganglion-blocking agents is
that peripheral ganglionic blockade masks the
central vasomotor effects of these agents (Dontas
and Nickerson, 1956). To overcome this difficulty
the drug was injected into the cerebral ventricles
or intrathecally, or it was given intravenously in
a dose too small to produce ganglionic blockade.

METHODS

The investigation was carried out in dogs and cats
anaesthetized with pentobarbitone sodium (30 mg./kg.

Thus pempidine has a stimulant action on the spinal

intravenously in dogs, and 35 mg./kg. intraperiton-
eally in cats). The animals were maintained on
artificial respiration after cutting both vagi. Blood
pressure was recorded from the left carotid artery.
The intravenous injections were made through a
polythene tube into a femoral vein, the intra-
ventricular injections were made into the lateral
ventricle as described by Bhargava and Tangri (1959),
and the intrathecal injections through a needle
inserted in the vertebral canal at the lumbosacral
articulation.

The action of the drug on the brain stem was
assessed by observing the effects on (a) the reflex
pressor response obtained by occlusion of the right
carotid artery, and by electrical stimulation of the
central cut end of the right vagus nerve (by means of
an electronic stimulator), and (b) on the pressor
responses evoked by direct electrical stimulation of
the medulla oblongata by means of a bipolar needle
electrode using a stereotaxic technique. The electrode
placement was aided by the parameters described by
Wang and Ranson (1939). The site of action of the
drug in the spinal cord was assessed by observing the
effects on the vasomotor responses elicited by the
technique of spinal compression in the spinal cat
(Bhargava and Kulsreshtha, 1959). Contractions of
the nictitating membrane were obtained by pre-
ganglionic stimulation of the cervical sympathetic
nerve, and pressor (‘“nicotinic”) responses by
injection of acetylcholine after atropine.

Pempidine was used as the hydrochloride.
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F1G. 1.—Records of arterial blood pressure (upper tracing) and of the nictitating membrane (lower tracing)
of a dog, 7.2 kg., anaesthetized with pentobarbitone sodium. CO, response to 30 sec. occlusion of the
carotid artery. CV, response to electrical stimulation (4 V, 10 msec., 10/sec. for 10 sec.) of cut end of
the central stump of the vago-sympathetic nerve. (a) Control, (b) 10 min. after intraventricular
injection of 50 pg. of pempidine, (¢) 15 min. after intravenous injection of 0.5 mg./kg. of pempidine.
Time signal in 30 sec.

05V IOV 20V co 0.5V 1.0V 20V coO

F1G. 2.—Record of arterial blood pressure of a cat, 3.0 kg., anaesthetized with pentobarbitone sodium. CO,
response to 30 sec. occlusion of the carotid artery. 0.5 V, 1.0 V, 2.0 V; electrical stimulation of the
medulla oblongata by means of a bipolar electrode using a stereotaxic technique. (a) Control,
(b) 15 min. after intravenous injection of 25 ug. pempidine. Time signal in min. Note potentiation of
all the vasomotor responses.
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Fi1G. 3.—Record of arterial blood pressure of a spinal cat, 3.0 kg. Upper tracing shows
vasomotor responses to compression of the spinal cord (150 mm. Hg for 10 sec.).
Lower tracing shows ‘‘ nicotinic >> pressor responses to 150 ug. acetylcholine after

atropine. Time signal in min,

(a) Control, (b) 20 min. after intravenous injection

of 25 ug./kg. of pempidine, (c) 10 min. after intrathecal injection of 5 ug./kg. of
pempidine. Note the increased responses to spinal compression whereas those

to acetylcholine were unaltered.

RESULTS

The Reflex Vasomotor Responses in the Dog
After Injection of Pempidine into the
Cerebral Ventricles

The effects of intraventricular administration
of pempidine (50 to 100 ug.) on reflex supraspinal
vasomotor responses were studied in 3 dogs. The
results of one experiment are shown in Fig. 1. The
control records (CO) show the pressor responses
to occlusion of the carotid artery for 30 sec. (CO),
and the pressor response as well as the nictitating
membrane contraction obtained by electrical
stimulation of the central cut end of the vago-
sympathetic trunk (CV). On intraventricular

administration of 50 pg. pempidine the blood
pressure rose about 10 mm. Hg, and both the
reflex vasomotor responses increased. The pressor
response to occlusion of the carotid artery
increased from 30 to 80 mm. Hg, and the response
to central stimulation of the vagus increased
from 30 to 45 mm. Hg. The contraction of the
nictitating membrane was unchanged. The sub-
sequent intravenous injection of 0.5 mg./kg.
pempidine produced a marked fall of arterial
blood pressure of 50 mm. Hg, and abolished both
the reflex vasomotor responses (CO and CV). The
nictitating membrane response was also abolished,
therefore the inhibition of the vasomotor responses
can be attributed solely to ganglionic blockade.
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The Vasomotor Responses in the Cat After

Intravenous Injection of Pempidine

The results were essentially the same in 3 cats.
Fig. 2 illustrates the graded pressor responses
evoked by electrical stimulation of the medulla
with increasing voltage and the pressor response
to the 30 sec. occlusion of the carotid artery (CO).
Fifteen min. after the intravenous injection of
pempidine (25 pg./kg.) all these vasomotor
responses were increased. The control response
to 1.0 V was now obtained with 0.5 V, and that
to 20 V with 1.0 V. Thus the threshold of
medullary excitability was lowered after the
pempidine administration.

Spinal Vasomotor Responses After Pempidine in
the Spinal Cat

The effect of pempidine on the spinal vasomotor
responses was studied in 8 cats after intravenous
injection of 25 to 50 pg./kg. and in 3 of these
also after intrathecal administration of 5 ug./kg.
Fig. 3 shows the vasomotor responses to spinal
compression (upper record), and the “ nicotinic ”
pressor responses to 150 pg. of intravenous
acetylcholine after atropine (lower record). After
intravenous administration of pempidine (25
pg./kg.) the blood pressure rose 10 mm. Hg.
Twenty min. later, the vasomotor response to
spinal cord compression was increased. = When
5 pg./kg. of pempidine was given intrathecally
after 1 hr. and the spinal cord was then com-
pressed 10 min. later, the vasomotor response was
further increased. This augmentation of the
response persisted for 1.5 hr.

After intravenous injection of 25 ug./kg. pem-
pidine the augmented response to compression of
the spinal cord appeared within 10 to 20 min. and
persisted for 1.5 hr. In one cat in which 50 pg./
kg. was injected intravenously the blood pressure
was lowered and the response to compression of
the spinal cord was depressed within 10 min. and
abolished within 30 min., but this also occurred
with the response to acetylcholine. In this
experiment this dose of pempidine must, therefore,
already have exerted its effect on ganglionic trans-
mission.

K. N. DHAWAN and K. P. BHARGAV A

DiscussioN

The results of the present investigation showed
that pempidine has a central vasomotor stimulant
effect at the supraspinal as well as at the spinal
level. This central effect which was examined on
reflex vasomotor responses is best seen when the
drug is injected into the cerebral ventricles or
intrathecally. On intravenous administration it
can only be seen when the dose injected is too
small to produce ganglion-biock.

A pressor action of pempidine resulting from
large intravenous doses has been reported by
Corne and Edge (1958) in cats with a low blood
pressure. The pressor action was not blocked by
bilateral adrenalectomy or by administration of
phenoxybenzamine. However, the observation
that the pressor response was considerably reduced
after spinal cord destruction suggests that the
effect was at least partly a result of a central
action. The observation that pempidine in doses
insufficient to block the ganglia manifests a central
vasomotor stimulation may have a bearing on its
clinical use. Small doses of pempidine may raise
the blood pressure by its central action, but with
adequate dosage hypotension must be produced
by its ganglion-blocking effect.

We would like to thank Dr. R. Wien of May and
Baker Ltd., Dagenham, Essex, for the supply of
pempidine.
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THE INHIBITION OF THE PERISTALTIC REFLEX BY
SUBSTANCES FROM PROTEIN SOURCES

BY

R. SCHNEIDER, HILARY BISHOP, anp B. SHAW
From the Department of Medical Biochemistry and Pharmacology, University of Birmingham

(RECEIVED NOVEMBER 26, 1959)

An aqueous extract of gluten, and its ultrafiltrate, depressed the peristaltic reflex of the rat
jejunum. This effect was shared by similar extracts of mammalian skeletal muscle but not by

such proteins as casein, gelatin, and albumin.

Peptic-tryptic digestion did not abolish the effect,

whereas acid hydrolysis of the active fractions destroyed the depressant substance.

Radiographic abnormalities of the small
intestine have been recognized for some years as
one of the features of adult patients with idio-
pathic steatorrhoea (Snell and Camp, 1934;
Kantor, 1939), and children with coeliac disease
(Golden, 1936; Flemming Mgller, Ngrgaard
and Plum, 1948). The classical appearance of
clumped masses of opaque medium invariably
seen in these patients was thought to be due to
alternate areas of hypotonia and hypertonia
resulting from disordered motor function
attributed to vitamin B deficiencies or other
factors (Golden, 1945). A number of workers had
observed slow transit time in these patients, but
this might have been due to increased tone, as well
as to decreased motility. This rather confused
situation was clarified by the demonstration that
the clumped appearance of the barium sulphate
was not due to alternate areas of spasm and
relaxation, but to flocculation of the opaque
medium due to the presence of excessive quantities
of mucus (Frazer, French, and Thompson, 1949).
Avoidance of flocculation by the use of non-
flocculating media revealed that the characteristic
change in these patients was dilatation (Anderson,
Astley, French, and Gerrard, 1952).

Intolerance of dietary wheat gluten has since
been established as the basic cause of the
enteropathy in both adults and children. Wheat
gluten caused deterioration in patients with
gluten-induced enteropathy if it was reintroduced
into the diet of patients in remission on a gluten-
free régime (Dicke, 1950 ; Weijers, van de Kamer,
and Dicke, 1953 ; Anderson, Frazer, French,
Hawkins, Ross, and Sammons, 1954 ; Ross,
Frazer, French, Gerrard, Sammons, and Smellie,
1955 ; Frazer, Fletcher, Ross, Shaw, Sammons,
and Schneider, 1959). A change from the normal

feathery pattern to dilatation was observed
(Anderson, Frazer, French, Gerrard, Sammons,
and Smellie, 1952).

It was, therefore, of interest to study the effect
of gluten, or fractions derived from it, on isolated
intestinal preparations. This paper is concerned
with the examination of the effect of gluten and
gluten fractions, and similar preparations of
other proteins, on the peristaltic reflex of rat
small intestine.

METHODS
Peristaltic Reflex

All fractions were investigated for their effect on
the peristaltic reflex of the isolated rat jejunum.
Biilbring, Crema, and Saxby’s modification (1958) of
the Trendelenburg method was used. Fractions were
applied to the serosal surface only.

Fractionation Procedures (Fig. 1)

Cold Aqueous Extraction.—Gluten (Energen Ltd.)
from untreated wheat flour is only poorly soluble in
water. An aqueous extract (A.E.) was prepared by
shaking 20 g. of gluten with 200 ml. of water for
30 min. at room temperature. The suspension was
centrifuged at 3,000 rev./min. for 20 min., the
opalescent supernatant freeze-dried and the resultant
solid used. An ultrafiltrate (A.E./U.F.) was made
from the supernatant using Visking dialysis tubing
(Grant, Rowe, and Stanworth, 1958).

Hot Aqueous Extraction.—This method consisted
in homogenizing 20 g. of gluten in water and boiling
for 20 min. to coagulate most of the protein. The
mixture was then cooled and subjected to ultra-
filtration. The ultrafiltrate was freeze-dried as above
(A.E.H./U.F.).

Peptic-tryptic Digestion.—A peptic-tryptic digest
(III) was prepared as described by Frazer, Fletcher,
Ross, Shaw, Sammons, and Schneider (1959). This
was further treated either by autoclaving (Frazer,
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Fletcher, Ross, Shaw, Sammons, and Schneider, 1959)
which denatures protein, or by ultrafiltration which
removes proteins of molecular weight over 20,000.
Filtrates from these processes (III A.F. and III U.F.
respectively) were used in the biological investiga-
tions. The separate peptic (I) and tryptic (II) digests
were not prepared.

Acid Hydrolysis—Fractions A.E., III U.F. and III
A.F. were hydrolysed by boiling 1.0 g. material with

R. SCHNEIDER, HILARY BISHOP, and B. SHAW

500 ml. 6N hydrochloric acid overnight. The acid
was removed by distillation in vacuo at 50 to 60°;
water was added to the residue and the distillation
repeated.  Addition of water and subsequent
distillation were then repeated twice. The final
residue was taken up in water and the pH adjusted
to 7.

Mammalian Skeletal Muscle.—Lean beef trimmed
of excess fat was used as the source of mammalian

Starting material
(Gluten, skeletal muscle, etc.)

A.E.

Ultrafiltration
Ultrafiltration

A.E./UF. A.E.H./U.F.

I U.F. N AF.

FiG. 1.—Diagram to illustrate the methods used to prepare the various fractions.

Fic. 2.—lsolated rat jejunum.
Upper tracing: volume ”of
fluid expelled during peri-
staltic reflex. Lower tracing:
contractions of the longitud-
inal muscle. At (a) 2.0 mg./
ml. of an autoclaved peptic-
tryptic digest of gluten. At
(b) 2.0 mg./ml. of an acid
hydrolysate of an aqueous
extract of skeletal muscle.
Time, 30 sec. Doses were
applied to the serosal surface.
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skeletal muscle. Fractions A.E., AE./U.F., AEH./
U.F., IlII and III A.F. were prepared as described
above for gluten.

Chemicals

Pure Proteins.—Casein and gelatin (British Drug
Houses) and albumin (bovine plasma, fraction V,
Armour laboratories) are all water soluble ; samples
from 109 aqueous solutions were used without
further purification. In addition the following
fractions were tested: casein A.E./U.F. and casein
III and III A.F., and gelatin III and III A.F.

Peptides.—Glutathione, glycylglycine (British Drug
Houses) and glycylglycylglycine (Nutritional Bio-
chemicals Corporation, Cleveland, Ohio) were tested
without further purification. Paper chromatography

221

of these peptides showed no evidence of any
ninhydrin-reacting impurities.

Amino Acids.—Glycine, (—)-proline, (—)-glutamic
acid, (—)-tryptophan (L. Light and Co. Ltd.), (+)-
glutamic acid and (—)-asparagine (British Drug
Houses) were also tested.

RESULTS

Effect of Peptic-tryptic Digests of Gluten.—As
the primary interest of this investigation was the
possible inhibitory effect of digests of gluten on
the peristaltic reflex, the following procedure was
adopted. The isolated intestine was first tested
for its response to 2.0 mg./ml. of the autoclaved
filtered peptic-tryptic digest of gluten (III A.F.).

TABLE
EFFECT OF FRACTIONS OF GLUTEN AND OTHER PROTEIN SOURCES ON THE PERISTALTIC
REFLEX OF THE RAT JEJUNUM
Doses in mg./ml. Number of experiments shown in parentheses.

Ultrafiltrate of Peptic- Ultrafiltrate of Filtrate of
Aqueous Extract Aqueous Extract tryptic Peptic-tryptic Autoclaved Peptic-
Digest Digest tryptic Digest
Material A.E.H.
atera AE. AEUE | A5 III U.F. I AF.
Acid Hyd- Acid Hyd- Acid Hyd-
Untreated rc;lysai,e Untreated Untreated | Untreated r(:lysai’e Untreated r(:lysa{e
Inhibition | No effect | Inhibition | Inhibition | Inhibition | Inhibition | No effect | Inhibition | No effect
0-2-2-:0 2:0 (1) 0-02-0-4 | 0-2-0-4 20 (1) 0:2-2:0 | 2:0(2) 1-5-2:0 2:0(3)
Gluten 3) (33) &) &) (@)
No effect Doubtful | Doubtful
0-02 (1) 0-4 (1) 32()
No effect | Stimula- | No effect | Inhibition | Inhibition Inhibition
0-4-1-0 tion 0-2-1-0 0-2-1-0 | 2:0(2) 2:0(2)
Skeletal ) 2:0(1) ) (@)
muscle | Inhibition Inhibition Doubtful
2:0 (4) 2:0 (1) 0-4 (1)
Doubtful
2:0(1)
No effect | Stimula- | No effect Inhibition Inhibition
2:0(1) tion 2:0 (1D 2:0(2) 2:0 (1)
Casein 2-0 (1)
No effect
2-0 (1)
No effect | Stimula- No effect No effect
Gelatin 2:0 (1) tion 1-9-2:0 2:0(2)
2:0 (1) (CY)
No effect | Stimula-
Albumin | 2:0 (1) tion
2:0 (1)
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Inhibition usually occurred (Fig. 2a). Occasion-
ally there was no response ; the intestine was then
discarded. Frequently a slight increase of sen-
sitivity to this inhibitory effect was observed
during the course of the experiment. Inhibition
occurred immediately on injecting the material
into the bath. The preparatory and the emptying
phase of the reflex were affected simultaneously,
movements ceased and usually the baseline of the
longitudinal muscle trace dropped. The duration
of the effect varied with the sensitivity of the
jejunum. With less sensitive preparations move-
ments returned while the material was still in the
bath ; with more sensitive preparations the bath
fluid was changed, after the effect had lasted for
2 to 3 min. After washing, the preparation was
rested for approximately 10 min., when move-
ments invariably returned.

Effect of Aqueous Extracts of Gluten—In
order to obtain further information regarding the
nature of the active material in gluten an
aqueous extract of the unmodified protein was
tested as well as various further modifications.
The results are summarized in Table I. The
aqueous extract of the whole protein (A.E.) was
about 10 times more active than both the original
peptic-tryptic digest (III A.F.), and the peptic-
tryptic digest without treatment by autoclaving
(III). Ultrafiltration of the aqueous extract and
of the peptic-tryptic digest did not alter their
activity.

Effect of Acid Hydrolysis on the Activity—
Acid hydrolysis completely abolished the activity
of the whole protein, as well as of the peptic-
tryptic digest after autoclaving and filtration, and
of its ultrafiltrate.

Effect of Other Proteins on the Peristaltic
Reflex—A comparison with other proteins or
protein-containing material was made in order to
determine whether the inhibitory effect of gluten
on the peristaltic reflex is specific for this sub-
stance. The results are shown in Table I. An
aqueous extract of muscle (A.E.) as well as its
ultrafiltrate (A.E./U.F.) depressed the peristaltic
reflex slightly, but the activity was less than one-
fifth of the corresponding gluten fraction. How-
ever, the ultrafiltrate of muscle extracts obtained by
boiling (A.E.H./U.F.), as well as the peptic-
tryptic digest, were as potent as the correspond-
ing gluten fractions. After acid hydrolysis
extracts of skeletal muscle did not inhibit but
stimulated the intestine.  This stimulation con-
sisted of an increase in the rate of peristalsis and
a rise of the baseline of the longitudinal muscle
trace (Fig. 2b).
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Solutions of the three pure proteins, casein,
gelatin and albumin, showed no depressant
activity in concentrations of 2 mg./ml. After
peptic-tryptic digestion casein but not gelatin
inhibited the peristaltic reflex, After acid
hydrolysis the three pure proteins, like the skeletal
muscle extracts, produced a stimulating effect.

Effect of Peptides and Amino-acids.—Six
amino-acids, glycine, (—)-proline, glutamic acid
((+)- and (-)-), (—)-asparagine and (—)-trypto-
phan, as well as three peptides, glutathione,
glycylglycine and glycylglycylglycine, were tested
in concentrations of 1.0 to 2.0 mg./ml. In no
experiment was there any depression of peristalsis.
Occasionally a slight stimulating effect was
observed. Tryptophan, the only amino acid that
is destroyed by acid hydrolysis, showed such a
stimulating effect.

DiscussioN

The results of this investigation show that
some protein sources such as gluten and
mammalian skeletal muscle contain water-soluble
material that will inhibit the peristaltic reflex in
the isolated rat intestine, when applied to the
serosal surface. No inhibition was observed with
casein, gelatin and albumin under the same con-
ditions. The nature of the active material is as yet
undetermined. It is not a large protein, as
ultrafiltration, which removes molecules of a
weight of over 20,000, did not reduce this effect.
Digestion with pepsin and trypsin did not affect
activity. This is further evidence that the material
is not likely to be a whole protein. Moreover, in
one experiment, peptic-tryptic digestion of casein
led to the appearance of activity in previously
inert material.  This was possibly due to the
preparation of smaller molecules. Furthermore,
denaturation of the protein of such digests by
autoclaving did not reduce their activity,  The
active principle is not a free amino acid, as acid
hydrolysis completely abolished the depressant
effect on the peristaltic reflex, and in some
instances even led to the appearance of a
stimulating action which was also exhibited by
most of the pure amino acids. Attempts at further
purification and identification are being carried
out.

These studies are part of a collaborative programme
of work on the pathogenesis of gluten-induced
enteropathy which is being undertaken in this depart-
ment under the general direction of Professor A. C.
Frazer. We wish to thank Mrs. B. Matthews for
technical assistance and the Energen Foods Co. Ltd.
for supplies of gluten.
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A GANGLION-STIMULATING PRINCIPLE PRESENT
IN PEPTONE

BY

W. T. BERALDO* anp A. ZANOTTO
From the Department of Physiology, Faculty of Medicine, Sdo Paulo, Brazil

(RECEIVED FEBRUARY 16, 1960)

One of us (W. T. B.) has previously described a pressor effect of peptone in the rat.

This

effect was considered secondary to a release of sympathin by the stimulation of sympathetic
ganglia. The present experiments show that peptone causes contraction of guinea-pig ileum
and inferior eyelid of the rat which is antagonized by hexamethonium. Atropine inhibits
equiactive doses of peptone and acetylcholine on the guinea-pig ileum and eserine potentiates
them. Boiling peptone in concentrated hydrochloric acid or N sodium hydroxide destroys its
activity; incubation with proteolytic enzymes (trypsin, pepsin, and chymotrypsin) has no effect

on its activity.

It is concluded that peptone acts upon the intramural ganglia of the guinea-pig

ileun and on sympathetic ganglia which supply the inferior eyelid of the rat.

In a previous paper one of us described
the pressor effect of peptone in the rat (Beraldo,
1958). The peptone-induced pressor effect was
not abolished by adrenalectomy, but it was
abolished by anti-adrenaline drugs and by
paralysing doses of nicotine and hexamethonium.
These experiments suggested that peptone stimu-
lated sympathetic ganglia with the consequent
release of sympathin.

In pursuing this investigation we have studied
the effect of peptone on the guinea-pig ileum, the
inferior eyelid of the rat and on the superior
cervical ganglion of the cat. The results of these
experiments are presented in this paper.

METHODS

Guinea-pig Ileum.—The preparation was suspended
in 10 ml. aerated Tyrode solution at 35°. The
contractions were recorded by means of a frontal
writing lever. The substances employed to make the
intestine contract were always used in submaximal
dose. Doses were applied for 1 min., and then washed
out ; they were given at intervals of 2 to 3 min.
Hexamethonium and cocaine were allowed to act for
periods of up to 4 min.

Inferior Eyelid of the Rat.—This is a modification
of the method described by Gertner (1956) for
studying the effects of drugs acting on smooth muscle
and sympathetic ganglia. Wistar rats weighing 350
to 450 g. were used. The animals were anaesthetized
with ether followed by intravenous chloralose

*Present address: Departomento de Fisiologia, Facul-
dade de Medicina da U.M.G., Belo Horizonte, Brazil.

(12 mg./100 g.). A cannula was inserted into the
trachea. The femoral vein was cannulated with a
hypodermic needle mounted in a polythene tube.
Heparin (50 to 100 units/100 g. body weight) was
injected through the venous cannula. The lingual
artery was similarly cannulated. The solutions, if not
otherwise stated, were injected through the lingual
artery by means of a 1 ml. tuberculin syringe and
were washed in with 0.1 ml. of normal saline. The
eyelid movements were recorded by means of a thread
tied through the lower eyelid and fixed to an isotonic
lever with a frontal writing point ; the magnification
was approximately 17 fold.

Nictitating Membrane of the Cat.—Cats were
anaesthetized with ether followed by intravenous
chloralose (80 mg./kg.). The lingual artery was
cannulated with a hypodermic needle mounted in a
polythene tube. All solutions were injected through
the lingual artery. The nictitating membrane was
connected to an isotonic lever which gave a
magnification of about 10 fold.

Drugs Used—Chloralose (Merck) 120 mg./10 ml.
solution in saline. Heparin (Vitrum) 5% solution
(5,000 units/ml.). Witte’s peptone (Friedr. Witte,
Rostock) 10 to 209% fresh solution in distilled water.
The peptone solution was acidified with concentrated
hydrochloric acid to pH 2 to 3, shaken with permutit
(1 g of permutit/g. of peptone), filtered and
neutralized before use. This treatment removed
histamine from the solution. Most of the experiments
were performed with Witte’s peptone, but other
peptone preparations were also used (Pfanstiehl
Peptone and Bacteriologic Peptone, Parke, Davis).

The quantities of hexamethonium bromide
(Bistrium, Squibb), atropine sulphate (Poulenc Freres),
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1,1-dimethyl-4-phenylpiperazinium iodide (DMPP)
(Parke, Davis), cocaine hydrochloride (Enila),
acetylcholine hydrochloride (Roche) and eserine
sulphate (Evans Medical Supplies Ltd.) used are
expressed as weights of the salts. Nicotine (Schering-
Kahlbaum) is given as the weight of the base.
Chymotrypsin, crystallized salt free; and trypsin,
509% magnesium sulphate (Worthington Biochemical
Sales Co.). Pepsin, 2 x crystallized (Nutritional Bio-
chemical Corporation). Darco (activated carbon,
Atlas Powder Co.) and permutit, Folin (Anachemia).

RESULTS
Experiments on the Guinea-pig Intestine

When peptone in a dose of 20 to 40 mg. (0.1 to
0.2 ml. of a 20% solution) was added to the
guinea-pig ileum, the muscle responded by a
contraction in about 40% of the preparations. In
these same preparations 0.01 to 0.02 pug. of
acetylcholine usually produced a contraction of
3 to 5 cm. In the remaining 60%, peptone
commonly failed to produce a response and the
sensitivity to acetylcholine was correspondingly
low; the effective dose of acetylcholine lay
between 0.1 and 0.5 pg. When 0.5 to 1 pg. of
eserine was added to the bath the sensitivity of the
preparation to acetylcholine and to
peptone increased by about 5 to 15
times.

Fig. 1 illustrates an experiment in
which pronounced potentiation of the
peptone response had occurred.

When atropine was added in a con-
centration which inhibited equiactive
doses of peptone and acetylcholine,
the recovery of the response to sub-
sequent doses of the drugs followed a
parallel course. This fact suggested
that acetylcholine or some other ester
of choline was a constituent of the
peptone solution. Fig. 1 (B) shows the
results obtained in one such experi-
ment.

The possible presence of a choline
ester in the peptone was investigated.
5 ml of 10% peptone solution was
adjusted with N sodium hydroxide to
pH 8.5. Control experiments were
performed with 5 ml. of acetylcholine
solution (10 pg./ml) at the same pH.
Both solutions were left at room
temperature (20°). After 1 hr. the pH
of the solutions was readjusted to 7.4
and the activity of each solution was
tested on the guinea-pig ileum. The
activity of the acetylcholine solution

17 37
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had disappeared completely, but that of the
peptone remained unaltered.

Eserinized guinea-pig ileum did not become
desensitized or show tachyphylaxis on repeated
additions of peptone to the bath over a period of
7 to 8 hr.

Mode of Action of Peptone.—The question
remained whether or not peptone acted directly on
the smooth muscle or on the nervous structures
in the intestine.

Cocaine.—If peptone acted by stimulating
nervous structures in the intestine, cocaine would
be expected to abolish its effect. Feldberg (1951)
has shown that cocaine in weak concentrations
paralyses the nervous tissue of the gut, thereby
abolishing the contractions to nicotine but not to
histamine, the effect of which is actually increased.
The fact that cocaine paralyses the nervous
structures without reducing the response to
histamine may be taken as evidence against a
nervous component in the action of histamine on
the intestine.

When in the present experiments the nervous
structures were paralysed by cocaine, the ileum
did not respond to nicotine and peptone, but

8 10’ 1316’ P ac |

'P ac P ac P ac

FiG. 1.—Guinea-pig ileum preparation in 10 ml. bath. A, Effect of
1 pg. eserine, added previously to the bath, on contractions
caused by 40 mg. peptone (at P) and by 0.02 ug. acetylcholine
(at ac).
acetylcholine and peptone response as the eserine potentiation
disappears. B, Effect of 1 ug. atropine (1), allowed to remain in the
bath for 1 min., on contractions caused by 40 mg. peptone (at P)
and 0.02 ug. acetylcholine (at ac).
in the bath throughout the experiment.
elapsed between (A) and (B). Acetylcholine and peptone were
added to the bath at 2 min. intervals.

Time in min. shows the gradual reduction both of the

1 ug. eserine was maintained
A period of 3 min.
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C Ni H

P H Ni P H C P

FiG. 2.—Guinea-pig ileum preparation in 10 ml.
bath. Effect of 300 ug. cocaine (C) (allowed to
remain in the bath for 2 min.) on the response to
20 mg. peptone (at P), 3 ug. nicotine (at Ni) and
0.1 ug. histamine (at H). The substances were
added to the bath at 2 min. intervals.

histamine retained its full effect and at times
produced a stronger contraction. The results of
these experiments suggest that peptone acts on the
guinea-pig intestine by stimulating nervous
structures in the intestinal wall.  This is illus-
trated in Fig. 2.

Hexamethonium.—Since equally strong con-
tractions to peptone and nicotine were abolished
by cocaine, the further question arose whether
peptone acted by stimulating nerve cells or nerve
fibres in the intestinal wall. An answer was
sought by paralysing the ganglion cells of the
myenteric plexus with ganglion-blocking agents
such as hexamethonium. The effect of hexa-
methonium (100 pg. to 10 mg.) on the response to
doses of peptone (10 to 20 mg.) was tested 22
times on 11 different preparations. The response
was reduced in 17 of the tests, unchanged in 3 and
augmented in 2. In 7 preparations the reduction
was between 80 and 100%, and in 10 between 26
and 649%. The percentage reduction in the
response to peptone was obtained by measuring
the height of the contractions immediately before
and during the action of hexamethonium. In order
to test the effectiveness of ganglionic blockade
after paralysing doses of hexamethonium, either
1,1-dimethyl-4-phenylpiperazinium iodide, a
potent ganglion-stimulating drug studied by Chen,

Portman, and Wickel (1951), or nicotine was
used.  When the responses of the intestine to
equiactive doses of nicotine and peptone were
blocked with hexamethonium, the recovery of
sensitivity to subsequent doses of these drugs
followed a parallel course, as shown in Fig. 3.
Similar results were obtained when 1,1-dimethyl-
4-phenylpiperazinium iodide was used instead of
nicotine. Since the action of peptone under these
conditions was similar to that of nicotine and
DMPP, it is suggested that the effect of peptone
on the guinea-pig ileum was due, at least in part,
to stimulation of parasympathetic ganglia in
the intestinal wall. The gradual return of the
response to peptone, 1,1-dimethyl-4-phenyl-
piperazinum iodide or nicotine after blockade
induced by hexamethonium can be explained on
the basis of the gradual recovery of the sensitivity
of the ganglia following the removal of the
antagonist.

The Action of Peptone on the Inferior Eyelid of
the Rat
It has been shown by Gertner (1956) that the
contraction of the inferior eyelid of the anaes-
thetized rat provides a sensitive method for
studying the effects of drugs acting on smooth
muscle and sympathetic ganglia.

Ni P Ni He P Ni P Ni P

FiG. 3.—Guinea-pig ileum preparation in 10 ml. bath.
Effect of 200 ug. hexamethonium (He) (allowed to
remain in the bath for 4 min.) on the response to
20 mg. peptone (at P) and 5 ug. nicotine (at Ni).
1 pg. eserine was maintained in the bath throughout
the experiment. The substances were added to the
bath at 2 min. intervals.
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Fic. 4.—Inferior eyelid of rat (400 g.).

peptone.
intervals.

Since peptone stimulates sympathetic ganglia in
the rat (Beraldo, 1958), it was decided to
investigate the effect of peptone on the response
of the inferior eyelid of the rat.

When peptone (1.25 to 2.5 mg. or 0.025 to 0.05
ml. of 5% solution/100 g. of body weight) was
injected into the lingual artery the inferior eyelid
contracted within a few seconds. Repetition of
the same dose of peptone at 10 min. intervals
produced a constant effect; desensitization or
tachyphylaxis did not occur. The effect of
peptone was compared with that of 1,1-dimethyl-
4-phenylpiperazinium iodide. Thus, the contrac-
tion of the inferior eyelid produced by 5 to 10 mg.
of peptone in a group of 12
rats was roughly equivalent to 0 10
that produced by 5 to 50 pug.
of 1,1-dimethyl-4-phenylpiper-
azinium iodide. The result is
shown in Fig. 4.

Peptone  Response  After
Hexamethonium.—In order to
investigate whether peptone

acted directly on the smooth
muscle fibre of the inferior
eyelid of the rat or through
stimulation of sympathetic
ganglia, paralysing doses of
hexamethonium were used.
The effectiveness of ganglionic
blockade was tested with 1,1-

Chloralose anaesthesia. 5,
and 10 pg. 1,1-dimethyl-4-phenylpiperazinium iodide. P=5 mg. Witte’s
The injections were made into the lingual artery at 10 min.
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methonium (0.5 to 5 mg.). In
6 of the rats the responses were
reduced by 100% ; in 2 the
reduction lay between 50 and
60%, and in 2 it remained un-
changed as compared with the
height of the tracing of the
contractions of the inferior
eyelid immediately before the
injection of the hexameth-
onium. Fig. 5 shows a partial
blockade of the effect of
peptone and 1,I-dimethyl-4-
phenylpiperazinium iodide on
the inferior eyelid of the rat as
produced by 2.5 mg. hexa-
methonium. The blockade and
recovery of the response to
peptone and 1,1-dimethyl-4-
phenylpiperazinum iodide followed, as on the
guinea-pig ileum, a parallel course suggesting a
similar mechanism of action for the two sub-
stances.

Effect of Peptone on the Nictitating Membrane
of the Cat

The nictitating membrane of the cat did not
contract when a dose of 10 to 50 mg. peptone was
injected into the lingual artery (3 experiments).
However, the injection of 5 to 10 ug. 1,1-dimethyl-
4-phenylpiperazinum iodide or nicotine in the
same preparation caused strong contractions.
Thus, peptone failed to stimulate the superior
cervical ganglion of the cat.

10=5

20 40 60 80 90 100 110

FiG. 5.—Inferior eyelid of rat (370 g.).
Witte’s peptone.
iodide.
of 10 min. elapsed between the injection of hexamethonium and those of
1,1-dimethyl-4-phenylpiperazinium iodide and peptone which were injected
into the lingual artery according to time intervals given in min. at the upper
part of the tracing.

Chloralose anaesthesia. P==20 mg.
5, 10==5 and 10 ug. 1,1-dimethyl-4-phenylpiperazinium
He=intravenous injection of 2.5 mg. hexamethonium. A period

dimethyl-4-phenylpiperazinium
iodide. The response to pep-
tone (2 to 5 mg./100 g. body
weight) was followed in a series
of 10 rats which had been pre-
viously treated with hexa-
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Some Properties of the Active Principle Present
in Peptone

The active principle was dialysable. It was
destroyed by boiling in concentrated hydrochloric
acid as in the method for extraction of histamine
(Code, 1937). However, it withstood boiling for
1 hr. in 0.5 N hydrochloric acid ; boiling for
30 min. in sodium hydroxide destroyed it.
The treatment of peptone solution with permutit,
which removed histamine, did not remove the
active principle from the solution. The active
principle was partially retained on charcoal, but it
was not possible to elute it with 0.05N or 0.IN
hydrochloric acid.

The incubation of peptone for 2 hr. with
proteolytic enzymes such as chymotrypsin, pepsin
and trypsin had no effect on the activity of
peptone when tested on guinea-pig gut or inferior
eyelid of the rat. Parallel tests were performed
with bradykinin and peptone incubated with
chymotrypsin. While the activity of the brady-
kinin was destroyed in 30 min. by chymotrypsin,
the activity due to peptone remained unaltered.

DiscussioN

The results of the experiments described above
provide evidence of a ganglion-stimulating prin-
ciple in peptone. The smooth muscle stimulating
effect on the gut was not abolished or diminished
when peptone was maintained at pH 8.5 for 1 hr.
at 20°, whereas equiactive doses of acetylcholine,
when submitted to similar treatment, were
inactivated. These results indicate that the
ganglion-stimulating principle in peptone is
unlikely to be acetylcholine or some other ester
of choline.

Feldberg (1951) demonstrated that hexa-
methonium depressed the response of the guinea-
pig and rabbit ileum to potassium chloride,
and Ambache and Lessin (1955) showed that the
response to potassium chloride was consistently
reduced after treatment with botulinum toxin.
This finding was taken as evidence that part of the
action of potassium on the intestine was by
stimulation of nervous structures. Both of these
authors used relatively large doses of potassium
chloride (10 to 15 and 8 to 20 mg., respectively) to
evoke contraction of the guinea-pig ileum. Since
in our experiments peptone was used in doses
ranging from 20 to 40 mg., the action of peptone
on the intestine could not have been caused by
potassium in the peptone. Further, the effect of
peptone disappeared after boiling the solution for
30 min. with N sodium hydroxide or with
concentrated hydrochloric acid.

and A. ZANOTTO

It has been shown that histamine stimulates the
superior cervical ganglion of the cat (Konzett,
1952 ; Trendelenburg, 1954). It was therefore
possible that the response of the inferior eyelid to
peptone was mediated through the release of
histamine. The effect of histamine on the eyelid
response was tested in 3 experiments by injecting
doses of 0.1 to 1 mg. into the lingual artery. In
none of the experiments did the inferior eyelid
respond to doses in that range, although a typical
response was obtained with peptone. It is interest-
ing to contrast these results with those obtained
on the guinea-pig ileum: treatment of this
preparation with cocaine abolished the effect
of peptone and nicotine, but not that of
histamine.

Both the spasmogenic effect of peptone on the
guinea-pig ileum and its action on the inferior
eyelid of the rat might have been caused by the
release of  S-hydroxytryptamine. Robertson
(1954a, 1954b) found that S-hydroxytryptamine
stimulated the perfused superior cervical ganglion
of the cat and that this action was not blocked by
hexamethonium. Rocha e Silva, Valle and
Picarelli (1953) obtained evidence that 5-hydroxy-
tryptamine acted on the postganglionic cholinergic
fibres of the intramural nervous system of the
guinea-pig ileum, which explains why hexa-
methonium failed to inhibit the action of 5-
hydroxytryptamine on this preparation. The
spasmogenic action of peptone on the guinea-pig
ileum, as well as its action on the inferior
eyelid of the rat, however, were diminished or
completely inhibited by hexamethonium.

The possible presence in peptone of an active
peptide or peptides which might account for its
ganglion-stimulating action was investigated. The
incubation of peptone with proteolytic enzymes
such as chymotrypsin, pepsin and trypsin, how-
ever, had no effect on the activity of peptone.
These results, however, do not exclude the
possibility that the activity is due to a peptide, or
peptides, present in peptone.

The negative results obtained with the nictitating
membrane of the cat are at variance with those
obtained with the inferior eyelid of the rat. The
failure of peptone to stimulate the superior
cervical ganglion of the cat remains un-
explained.

It is possible that peptone formed during
protein digestion may be concerned with motility
of the gastro-intestinal tract in some animal
species.
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When rats, heavily infected with Trypanosoma rhodesiense, were injected with Prothidium and
killed 1 to 5 hours later, measurable amounts of the drug could be extracted from the parasites:
a million trypanosomes have been shown to absorb 0.01 to 0.06 ug. of Prothidium in vive. When
viewed with the fluorescence microscope, treated trypanosomes appeared to concentrate Prothidium

particularly in the blepharoplast and other cytoplasmic granules.

Prothidium was absorbed

by trypanosomes in vitro in less than 30 min. When equilibrium had been reached the concen-
tration of the drug inside the trypanosome was approximately 400 times the concentration outside,

in the range of concentrations studied.

Prothidium (7-amino-2-(2-amino -6- methyl-
pyrimidin-4-yl)amino-9-p-aminophenylphenanthri -
dine 10,1’-dimethobromide) was introduced by
Watkins and Woolfe (1956) as a powerful prophy-
lactic agent against cattle trypanosomiasis. When
exposed to ultra-violet light, dilute solutions of
the compound in distilled water show a brilliant
orange fluorescence with a peak absorption of
315 mpu, which is detectable down to dilutions of
1 pg./ml. This property of fluorescence has been
used to study the absorption of Prothidium by
Trypanosoma rhodesiense.

METHODS

Trypanosomes.—The strain of T. rhodesiense used
throughout these experiments was the Maun strain
which was isolated in December 1955. The parasite,
which is polymorphic, produces a fatal infection in
hooded Norwegian rats bred in this Institute. It is
sensitive to Prothidium ; the minimum effective dose
in infected mice is 3.75 mg./kg.

Appearance of Trypanosomes after Treatment with
Prothidium.—A fresh blood film was taken from the
tail of a heavily infected rat 1 hr. after an intra-
peritoneal dose of 7.5 mg./kg. of Prothidium. The
coverslip was sealed to the slide with a Vaseline-
paraffin wax mixture and the preparation was
examined with the fluorescence microscope (Fig. 1).
The fluorescence microscope was a simple arrange-
ment of components ; no costly apparatus was used.

Extraction and Estimation of Prothidium.—Intra-
peritoneal doses of 7.5 mg./kg. of Prothidium were
given to 8 rats, all of which had 40 or more trypan-

osomes in each low-power field of a fresh blood
preparation. The animals were killed 4.5 to 5 hr.
later and the blood collected and heparinized.

The trypanosomes were separated by differential
centrifugation, washed three times in saline and then
counted ; they were still actively motile at this stage.
The trypanosomes were spun down, the saline was
removed and replaced by 4 ml. of 5N HCI in order
to extract the drug from the parasites. Five min.
later, the debris was removed by centrifugation and
the supernatant examined under ultra-violet light.
Untreated trypanosomes were used as a control and
were similarly extracted. The acid extract from
treated trypanosomes fluoresced yellow in the ultra-
violet whereas the controls did not fluoresce at all.
Prothidium fluoresces yellow in acid solution and
orange at pH 7.0 to 8.5. The fluorescence is quenched
at pH 9.0 and over; the reactions are reversible.
The Prothidium was estimated quantitatively by
determining the optical density of the acid extract
in a Beckman spectrophotometer (the control extract
serving as a blank), using the wavelength 315 mpu.
The U.V. absorption curve for Prothidium in SN HCI
is shown in Fig. 2. A standard curve prepared at
315 mu is shown in Fig. 3.

Absorption of Prothidium by the Trypanosomes
in Vitro.—Solutions of Prothidium in saline were
prepared so that 0.5 ml. samples contained 20 to 90
pg. of Prothidium and these samples were placed in
a series of small glass tubes of 0.5 cm. bore. A
concentrated suspension of trypanosomes was obtained
by centrifuging the blood of a heavily infected rat.
These were washed in nutrient medium (1 part of
horse serum with 3 parts of Ringer solution containing
0.2% of glucose) and then suspended in this medium
so that there were 140 to 280 million trypanosomes/
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F1G. 1.—The fluorescence microscope.

lamp). B, Collecting lens.

condenser. F, Apochromatic objectives (2 mm. 1.4 NA used in this work).

(no secondary filter).

ml, Samples of this suspension measuring 0.5 ml.
were then placed in each of the small tubes containing
Prothidium and incubated for 30 min. at 35°.
tubes containing Prothidium and nutrient medium
alone were also set up. After incubation the trypan-
osomes were spun down by centrifugation (800 g)
and the supernatant of each tube was removed into
3 ml of 5N HCl and the Prothidium content
determined. Thus the amount of the drug absorbed
by the trypanosomes could be calculated.
partition ratio (concentration inside trypanosomes/
concentration outside) was calculated by the method
of Hawking (1944). The amount of Prothidium in the
trypanosomes was given by the amount which had
disappeared from the supernatant; the volume of
100 million trypanosomes was taken to be 2.4 mm.*
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F1G. 2.—The ultra-violet absorption curve of Prothidium
in 5N HCL

OF PROTHIDIUM BY TRYPANOSOMES 231
D E F G
A, Activating light source (box type mercury vapour
C, Heat absorber. D, Wratten 18A primary filter. E, Cardioid
G, Ocular < 6
08
Control T
0.6 -
fo
2
<
— 04
The 2
[- % W
(o]
0.2 }
0 . . T
2 4 6 8 10

Concentration in ug./ml.

FiG. 3.—Standard curve showing the ultra-violet absorp-
tion of Prothidium in 5N HCI at various concen-
trations, using the wavelength 315 mp.

RESULTS

Trypanosomes from rats treated with
Prothidium exhibited a brilliant orange fluor-
escence (Fig. 4). The intensity of the fluorescence
varied with the type of trypanosome. In the
stumpy forms the blepharoplast, the nucleus and
the cytoplasmic granules around it shone brilli-
antly. Some granules in the anterior region of
the trypanosome also fluoresced brightly ; they
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Fi1G. 4.—Trypanosoma rhodesiense after treatment with Prothidium in vivo.
% 2,750.

were probably volutin granules. The cytoplasm
also fluoresced but the flagellum was invisible.
The red cells and plasma were non-fluorescent.
Long thin trypanosomes did not show much
fluorescence in the cytoplasm or nucleus, but their
cytoplasmic granules and blepharoplasts shone
brilliantly. Thus both types of trypanosome had
a strong affinity for Prothidium, which was
absorbed and deposited in the blepharoplast and
other cytoplasmic granules.

Absorption of Prothidium by Trypanosomes.—
Table I shows a million trypanosomes absorbed

TABLE 1

THE AMOUNTS OF PROTHIDIUM RECOVERED
FROM THE TRYPANOSOMES OF RATS HEAVILY
INFECTED WITH T. RHODESIENSE

7.5 mg./kg. Prothidium was given intraperitoneally.

Hr Number of Total Drug Absorbed

aft e’ " Trypanosomes Drug by 10¢

D Extracted Extracted | Trypanosomes

0se > A

< 108 in pg. in pg.
4-5 323 20:4 0-063
307 12-52 0-041
280 17-2 0-062
247 6-4 0-025
475 272 320 0-012
142 64 0-044
102 31-0 0-031
50 178 10-0 0-056

between 0.01 and 0.06 ug. of Prothidium from
the blood of a rat 4.5 to 5 hr. after intraperitoneal
injection. When trypanosomes were exposed to
the drug in vitro, equilibrium was reached in 15
to 30 min. After 30 min. the organisms were still
actively mobile, but had absorbed a considerable
proportion of the Prothidium originally present
(Table II). Fig. 5 shows the partition of
Prothidium between trypanosomes and medium.
The partition ratio diminished with increasing
concentrations of Prothidium. In Fig. 5, the mean
concentrations of drug have been calculated from
the data in Table II. In these experiments there
was a tendency for the curve to flatten off at the
higher concentrations ; even at the lower concen-
trations the slope did not reach 45°. Over the
range of concentrations of drug used (10 to 45 ug./
ml.) the partition ratio ranged from 140 to 590.
For the purpose of comparing Prothidium with
other drugs a mean figure for the partition ratio
may be taken as 400.

DiscussioN

The above experiments have demonstrated that
“ fixation ” of Prothidium by T. rhodesiense occurs
in less than 1 hr. both in vivo and in vitro.

It has also been shown that there is a
quantitative relation at equilibrium between the
concentration of Prothidium inside the trypan-
osomes and that outside ; the partition ratio over
the range of concentrations studied was approxi-
mately 400. The partition ratio for stilbamidine
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TABLE 11

THE ABSORPTION OF PROTHIDIUM BY 7. RHODESIENSE AFTER EQUILIBRIUM HAS
BEEN REACHED IN VITRO

Temperature 35°; duration of exposure 30 min.

|
Final Concentration of Drug: | Drug Absorbed
Initial pg./ml. " by
Concentration Trypa]moslo(;'::es ! P ;m?on l Trypanosomes :
of Drug: pg./ml. ml % Supernatant atio us.
. Trypanosomes .
Fluid (Mean in Brackets)
308 7,500 200 1[ 128
i ) 28-4 10,100 355 | 164 )
436 3 { 34-8 4,900 140  gegs[ (123
316 7,000 220 I VA
1
176 6,600 375 L1113
) ) 166 7,200 435 | 1243 .
288 73 { 18-7 6,000 410 104 } ar3)
17-6 6,600 375 . ) EX
I
54 3,150 580 | 6:4 )
. . 10-0 5,900 590 | 2:4 l .
12:4 713 { 84 4,950 590 4 | @)
72 4,200 585 ! 53
336 3,600 107 91 )
428 140 {34 3,100 9% 1025]
187 2,120 114 725) ..
258 140 { 20-0 1,940 97 5~85} (6-6)
9:2 2,950 320 ; 0-8 .
102 140 { 84 3,200 380 L8 } a3
is about 1,100, for reduced tryparsamide about
c .40} 5,000 and for acriflavine is about 8,000 (Hawking,
SE . 1938 and 1944) so that Prothidium was absorbed
o o—"° less avidly than these three compounds. Exam-
§;‘ . ination, by the fluorescence microscope, of
2E ~ — trypanosomes which have absorbed the drug shows
o l—/ o . . .
S g _— that it is not evenly distributed over the surface
< of the cell, but that it is concentrated into the
c & blepharoplast and certain other granules. In this
& h S
S0 respect, the absorption of Prothidium by trypan-
= 3.0 osomes is similar to the absorption of stilbamidine
0 1.0 20 (Hawking and Smiles, 1941; Hawking, 1944).

Mean log concentration in medium pg./ml.

FIG. 5.—The relationship between the concentration of
Prothidium in the medium and the concentration in
the trypanosomes after equilibrium has been

reached at 35° (30 min. exposure).

The behaviour of stilbamidine is closely similar
to that of trivalent arsenicals and acriflavine
(Yorke, Murgatroyd and Hawking, 1931;
Hawking, 1938) although studies of drug resistance
indicate that stilbamidine is absorbed by a different
receptor (Lourie and Yorke, 1938 ; Fulton and
Grant, 1955).
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Histochemical studies have led Ormerod (1951)
to suggest that phenanthridinium compounds act
by splitting cytoplasmic ribonucleoprotein into its
constituent nucleic acid and protein. Newton
(1957) has shown that Promidium (Ethidium
bromide) rapidly inhibits deoxyribonucleic acid
synthesis in Strigomonas oncopelti whilst ribo-
nucleic acid and protein synthesis is apparently
unaffected. Since Prothidium is also a phenan-
thridinium compound, it may be that it exerts a
similar action on T. rhodesiense.

My grateful thanks are due to Dr. F. Hawking for
his advice and encouragement and to Messrs. Boots
Pure Drug Company for supplying the Prothidium.

ANGELA E. R. TAYLOR

I would also like to thank Miss B. C. Staehelin for
her willing and skilful technical assistance and Mr.
M. Young for taking the photographs.
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THE ABSORPTION, DISTRIBUTION AND EXCRETION OF
PROTHIDIUM IN RATS, RABBITS AND CATTLE

BY

ANGELA E. R. TAYLOR
From the National Institute for Medical Research, Mill Hill, London

(RECEIVED AUGUST 19, 1959)

2 - Amino-7 - (2-amino-6-methylpyrimidin-4-ylamino)-9-p-aminophenylphenanthridine 10,1’ - di-
methobromide (Prothidium), a prophylactic drug against cattle trypanosomiasis, was concentrated
in the liver and kidneys of rats and rabbits after intraperitoneal or intracardial injection; it was
detectable in these organs for 7 days in rats and 10 days in rabbits. The drug protected adult rats
against Trypanosoma vivax for 8 weeks. Histological examination of the organs of rats treated with
Prothidium indicated that no damage had been incurred from the treatment. When cattle were
treated subcutaneously, elongated swellings appeared at the site of injection which disappeared
within 6 weeks. Excretion of unchanged Prothidium occurred via the bile in rats and the drug
was detectable in the bile for 9 days, but no Prothidium could be detected in the faeces or urine
of rats or rabbits. No metabolic products of the Prothidium were found in the tissues or plasma
of rats, rabbits, or cattle. In rat liver perfused for 6 hours with Prothidium only the unchanged
drug was recovered. A depot of Prothidium was formed at the site of subcutaneous injection
in cattle and this remained for at least 3 months. The prolonged prophylactic action was
probably due to the formation of this depot since Prothidium injected intraperitoneally into a calf

was excreted at a similar rate to that observed in rats and rabbits.

Prothidium (2-amino-7-(2-amino-6-methyl-
pyrimidin - 4 - ylamino) - 9- p - aminophenylphen -
anthridine 10,1’-dimethobromide) was introduced
by Watkins and Woolfe (1956) as a powerful
prophylactic agent against cattle trypanosomiasis.

NHz

An earlier paper (Taylor, 1960) has described
the absorption of Prothidium by Trypanosoma
rhodesiense. The present studies are concerned
with the absorption, distribution and excretion of
Prothidium when administered to rats, rabbits and
cattle. The effectiveness of the drug as a prophy-
lactic agent against 7. vivax in rats was also
investigated.

METHODS

Prothidium is an orange powder, readily soluble in
water or acid. It is less soluble in alcohol and other
organic solvents. Solutions are strongly fluorescent,
the colour depending on pH: acid solutions
fluoresce yellow, neutral solutions fluoresce orange,
and the fluorescence is quenched by strong alkali. A
specially purified sample of Prothidium (kindly
supplied by Dr. G. Woolfe of Messrs. Boots Pure
Drug Company, Nottingham) was used in all
experiments with the exception of those in cattle,
where commercial Prothidium was used.

The free base may be extracted into butanol from
alkaline solution and quantitatively back-extracted
into N sulphuric acid. The solution in sulphuric acid
has a characteristic ultra-violet absorption spectrum
(maximum at 315 mp, Fig. 1) and this has been used
throughout to identify the drug in tissue extracts.
For the estimation of Prothidium at low concentra-
tions it was more convenient to use the more sensitive
fluorimetric method described below.

Chemical Methods

Extraction of Prothidium from  Tissues. —
Preliminary evidence suggested that Prothidium was
strongly bound to proteins; dialysis of solutions of
Prothidium in plasma or in serum at 4° against
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normal saline extracted only 509 of the drug. When
a solution of Prothidium in water was dialysed in a
similar manner, almost all the drug passed into the
dialysate.

Good recovery of Prothidium from either tissue or
from plasma was obtained when the material (5 g)
was homogenized with 2N sulphuric acid (30 ml.) in an
all-glass Potter homogenizer. The resulting suspension
was centrifuged at 16,000 g at 4° for 40 min., and the
solids were discarded. The supernatant fluid was
extracted with ether (10 ml) to remove fats and
subsequently made alkaline by the addition of
sufficient 409, sodium hydroxide (7 ml.) to neutralize
the sulphuric acid. The Prothidium base was
extracted into butanol (10 ml.) and centrifuged to
facilitate separation.

The loss on extraction was small and was accepted
as a necessary defect of a simple routine method for
use on large numbers of samples. For liver, the loss,
estimated by recovery of Prothidium (100 uxg.) added
to a liver homogenate (5 g.) and extracted under the
standard conditions described above, was 25 pug.
(25%). Recovery from plasma (5 ml.) was 95°%. No
correction factor has been applied in the estimation
of recovery in actual experiments since the percentage
loss varies somewhat with different tissues and fluids.
The distribution in different organs is unaffected by
these losses.

Estimation of Prothidium by Fluorescence.—The
butanol extract was washed once with an equal
volume of distilled water and dried over anhydrous
potassium carbonate (2.5 g.) for 30 min. Fluorescence
of the dried butanol extract was measured using a
Farrand fluorimeter with an orange secondary filter
(Wratten No. 25). A blank was obtained by
extracting normal tissue in a similar manner. The
concentration of Prothidium present was estimated
by comparison with a standard curve (Fig. 2). The
performance of the fluorimeter was standardized using
aqueous eosin solution at a final concentration of
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FI1G. 1.—The ultra-violet absorption curve of Prothidium
in N sulphuric acid.
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FiG. 2.—The calibration curve of Prothidium for the
Farrand fluorimeter.

50 »g./ml. As a check that the fluorescence was due
to Prothidium, a sample of the butanol extract was
mixed with N sulphuric acid and separated by
centrifugation. The ultra-violet spectrum of the
sulphuric acid extract was measured in a Beckman
spectrophotometer ; the peak of the absorption
spectrum curve (260 mu—500 my) served to characterize
the drug (Fig. 1).

Biological Methods

Tissue Concentrations.—Prothidium was injected
into adult rats and rabbits intraperitoneally (7.5 mg./
kg.) or intracardially (3.7 mg./kg.). Groups of 2 or
3 animals were killed at intervals and their tissues
assayed for Prothidium.

Excretion.—Thirty adult rats, in 10 groups of three,
were used in these experiments. Two rats in each
group were injected intraperitoneally with Prothidium
and the third rat reserved as a control. Immediately
after the dose, the bile from the rats in the first group
was collected through a cannula in the bile duct over
a 24 hr. period, after which the rats were killed.
Thereafter, each day for 9 days, a fresh group of
rats was treated similarly. The abdomen was
opened under ether anaesthesia; the bile duct was
identified and freed from the lesser omentum along
one inch of its length. The duct was then cannulated
using polythene tubing (0.1 cm. diameter) which had
been introduced through the side wall of the
abdomen. The abdomen was closed and the rat
maintained for 24 hr. in a restraining cage whilst the
bile was collected. The Prothidium content of the bile
(15 to 20 ml.) was estimated after the addition of an
equal volume of 2N sulphuric acid and extraction in
the usual way.

Perfusion of Rat Liver with Prothidium.—Adult
rats were starved overnight and 5 to 8 ml. of blood
were removed by cardiac puncture under ether
anaesthesia. About 55 ml. of blood was collected in
siliconed glass tubes for each perfusion. The plasma
was separated from the erythrocytes by centrifugation.
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To this plasma was added 30 mg. of powdered
Prothidium and the solution continuously stirred
using a glass rod. Ten minutes later a clot had
formed on the rod; the volume of the clot was
decreased by rolling it around the inside of the tube
for about 5 min. The plasma was then centrifuged
at about 600 g for 2 min.; 1 ml. was removed for
fluorimetric estimation of Prothidium, and the pH
of the remainder adjusted to 7.4 with sodium
bicarbonate. The treated plasma was then remixed
with the erythrocytes, which had been washed once
with saline to remove any traces of plasma, and the
whole used as the liver perfusate.

The technique of liver perfusion used was that
described by Cohen and Gordon (1958), and the
surgical technique and the perfusion apparatus were
basically as described by Miller, Bly, Watson, and
Bale (1952). The liver donor (hooded male rat) was
starved overnight. The abdomen was opened along
the mid-line, the bile duct and the portal vein
identified and cannulated without previous ligation
of the gastric and duodenal blood vessels. Perfusion
of the liver was commenced as soon as the superior
vena cava had been cannulated ; the liver was then
removed from the animal. Initially, the liver was
perfused with Ringer solution to wash out any traces
of the donor blood, and the Ringer was then replaced
with the treated blood described above. The
perfusion was allowed to run for 5 hr., and during
this time the bile was collected.

At the end of the experiment the blood was
collected for extraction of Prothidium. A 3 mm.
cube of liver was frozen in dry ice for histological
sectioning at —20° ; a 5 mm. cube of liver was fixed
in Carnoy and another fixed in formal saline, both
for histological sectioning. The remainder of the
liver was homogenized in 2N sulphuric acid and the
Prothidium was extracted and determined. In some
experiments, plasma and bile were extracted by
various methods in an attempt to detect any
metabolites. Samples were also subjected to paper
electrophoresis and chromatography.

A homogenate of the perfused liver was subjected
to electrodialysis using the method of Molle (1956). An
acid liver brei (8 g. liver in 30 ml. 0.1 N sulphuric
acid) was placed in the central cell and the two outer
cells were filled with water. Platinum electrodes were
used and 100 mA. was passed through the apparatus
until the current had fallen to a steady minimum
(after about 2 hr.) indicating that all the ions present
had travelled to the electrodes. The contents of the
cathode cell were removed into 2 ml. of 40% sodium
hydroxide, extracted with 10 ml. butanol and back-
extracted into N sulphuric acid, and the ultra-violet
absorption spectrum determined.

Distribution of Prothidium in a Calf.—Liver
biopsies were carried out on a 6-months calf. I am
indebted to Mr. Ford of the A.R.C. Unit, Babraham
Hall, Cambridge, who kindly demonstrated the
technique of liver biopsy. The method used was
that described by Loosmore and Allcroft (1951). The

I
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tissue samples thus obtained were homogenized in
acid and assayed for Prothidium in the usual way.
The first liver biopsy, taken 3 days after intra-
peritoneal injection of 140 mg. of Prothidium in 7 ml.
water, yielded 650 mg. of liver. A second liver
biopsy (700 mg.) was taken 18 days after injection.
Thirteen days later (1 month after injection) the calf
was slaughtered and the liver, kidney, and a sample
of bile were removed. Samples of the liver, kidney,
spleen, muscle, lung, and heart were fixed in formal
saline and examined histologically.

Absorption in Cattle—Three adult barren Ayrshire
cows were each given a subcutaneous injection of a
49, solution of Prothidium in water (2 mg./kg.). The
site of injection was about a 6-in. square over the
eleventh and twelfth ribs about 8 to 10 in. down
from the dorsal mid-line.

Prophylactic Activity Against T. vivax in Rats.—
Adult or young (60 to 80 g.) hooded rats bred in this
Institute were given 7.5 mg./kg. of Prothidium by
intraperitoneal injection. This dose is close to the
toxic range. A group of 3 treated rats, and 2 control
rats, were infected immediately with 8 to 12m.
parasites. Further groups were inoculated at weekly
intervals. Tail blood films were taken daily for six

TABLE 1

THE DISTRIBUTION OF PROTHIDIUM AFTER
INTRAPERITONEAL AND INTRACARDIAL
INJECTION INTO RATS

Percentage of Dose Recovered
Route [n;ef::zrtls (Mean Values in Brackets)
Injection Liver Kidneys
2 hr. | 11, 26, 24 (20-1)
6, |21,15,17(175)
9, | 16,25,21(20:5)
12,, | 18,23,251-8)
24 ,, | 30,28,38(29:0) | 5,2 (3:45)
Intraperitoneal| 48 ,, | 16, 9,11 (11'5) | 4,2 (3-0)
72,, |11, 511 (87)| 3,2(25)
9 ,, 5, 7, 1 (53) 10:5,3(1-75)
120 ,, Trace 3,3(3-0)
192 ,, 0 3,2(2-5)
216 ,, . 0 2,1(1-5)
2,, |23,15,12(16°6)
6, |21,18,20(19-5)
9, |26,42,29(32:2)
12,, | 37,48,27(362) |
24,, 126,29 (31-) !
Intracardial 48 ,, | 22,15 (22-0)
72 ,, 3,10 (3-2)
9 ,, 7, 4 (34 |
120 ,, Trace
192 ,, 0 |
216 ., 0 |
|
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days after infection and thereafter weekly for 7 to
11 weeks, and examined for the presence of
trypanosomes. The strain of 7. vivax in this work was
the Ilorin (unsupplemented line) strain described by
Desowitz and Watson (1953); this strain was made
available to me by the courtesy of Mr. Reed of
the Wellcome Laboratories of Tropical Medicine,
London. The parasite produces a severe and usually
lethal infection in laboratory rats and mice.

REsuLTS

Absorption and Excretion in Rats and Rabbits

The fluorescence of Prothidium was used to
follow visually the fate of the drug after injection.
Freshly killed rats were observed under an ultra-
violet lamp 2 to 6 hr. after intraperitoneal injec-
tion of Prothidium. Under these conditions the
liver and kidneys took on an orange fluorescence ;
the xiphisternum and a small area of thz
abdominal wall around the site of injection also
fluoresced. No orange fluorescence was observed
elsewhere in the animals.

The percentages of the dose recovered from rat
liver after intraperitoneal and intracardial injec-
tions and from rat kidneys after intraperitoneal
injections are recorded in Table I; the rates of
disappearance of Prothidium from the liver and
kidneys of rats and rabbits are shown in Figs. 3
and 4. There were considerable differences be-
tween individual animals, but it is clear that the
drug appeared in considerable quantities in the
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F1G. 3.—The rate of elimination of Prothidium by rat
liver and kidneys. O—O=liver (each point on the
curve represents the average of 6 rats; 3 rats were
injected intraperitoneally and 3 were injected intra-
cardially, but, as the results from each route were
similar, the average of the 6 rats was jused). A—A=
kidneys (each point on the curve represents the
average of 3 rats after intraperitoneal injection).

R. TAYLOR

o

%

3

o 1000

2

.g

c 750¢

£

El

3 s00f

=

2

o 25¢

R o

S /‘/L'}'g=2\o

= ol . \A R
64 128 256

Time after treatment (hr.)

FiG. 4.—The rate of elimination of Prothidium from
rabbit liver and kidneys. Each point on the curve
represents the average of 2 rabbits, after intra-
peritoneal injection. O—O=liver. A—A=Xkidneys.

liver and kidneys quite soon after injection. Little
or no drug was detectable in the gut, spleen, heart,
lung or muscle of rats. The rate of disappearance
of the drug from the liver and kidneys of both rats
and rabbits was rapid for the first 24 hr. after injec-
tion, but the drug was detectable in thess organs
for 7 days in rats and for 10 days in rabbits. A
typical ultra-violet absorption curve of these
extracts is shown in Fig. 5, demonstrating that
unchanged Prothidium was present in the tissues.

Histological sections of treated liver (cut at
—20°), when viewed with the fluorescence micro-
scope, showed a concentration of fluorescent
material in the nucleoli, nuclear membrane and
basophilic granules of the hepatic cells.  The
Kupffer cells were loaded with fluorescent
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FI1G. 5.—The ultra-violet absorption curve of a rat liver
extract in N sulphuric acid. The liver of a trecated
rat was homogenized in 2N sulphuric acid, extracted
into butanol and back-extracted into acid.
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TABLE 11

EXCRETION OF PROTHIDIUM IN THE BILE
OF RATS

Fach result represents the amount of Prothidium
extracted from the bile excreted by one rat in 24 hr.
One animal was used for each time point.

Time Percentage | Mean
£ Prothidium | Prothidium of Percen-
after g . g
Injection in Bile Given | Prothidium jtage Re-
(hr.) (rg.) (ug.) | Recovered/ | covery/
' 24 hr. 24 hr.
0-24 135-3 2,000 6-75 89
209-0 1,900 11
24-48 285-0 1,500 19 11-7
104-0 2,300 4-5
48-72 46-0 1,600 2-85 49
137-0 2,500 7-0
72-96 39-6 1,800 2-20 22
43-0 1,900 2-25
96-120 256 1,600 16 1-6
250 1,550 1-6
120-192 24-0 2,200 1-1 1-1
24-2 2,200 | 11
192-216 8-64 1,600 0-54 05
10-0 2,300 0-44
Total Pro- | Average Percentage
thidium pg. of of Prothi-
recovered | Prothid- dium re-
(mean of | iumgiven| covered in
each 2 =1,920 216 hr.=
rats)= ne. 30-9%
558-2 pg.

material and were frequently swollen with it.
Sections of treated liver stained with haematoxylin
and eosin appeared little damaged by the drug.

Excretion

Urine from rats and rabbits which had received
Prothidium contained little if any of the drug.
No Prothidium could be detected by heating the
urine samples with acid or alkali to hydrolyse any
metabolic derivative, by electrophoresis, by con-
tinuous ether extraction or by paper chromato-
graphy. If any Prothidium is excreted by this
route it can only be a very small amount.
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FI1G. 6.—The rate of elimination of Prothidium in rat
bile. Each point on the curve represents the average
of 2 rats.

Since the liver was heavily loaded with
Prothidium and since excretion of the drug in the
urine appeared to be negligible, the possibility
was considered that secretion took place via the
bile.

Table II shows the results of experiments in
which bile was collected from treated rats; the
rate of elimination of Prothidium from the bile is
shown in Fig. 6. The drug was rapidly excreted
in the bile for the first 3 days and was detectable
for 9 days. About 31% of the initial dose of
Prothidium was recovered from the excreted bile
in 9 days. The ultra-violet absorption curves of
the bile extracts corresponded closely with that
of the pure drug.

Absorption by Perfused Rat Liver

In view of the concentration of Prothidium in
the liver and its rapid elimination from this organ,
it was considered possible that this was the site of
metabolism of the drug. Plasma, bile and liver
tissue taken after 5 hr. of perfusion and examined
by various methods of extraction and by paper
electrophoresis and chromatography failed to
yield evidence of metabolites of Prothidium. A
butanol extract of the cathode cell after electro-
dialysis of a homogenate of perfused liver gave
an ultra-violet absorption spectrum which corre-
sponded closely with that of pure Prothidium ; no
trace of metabolic products could be found.

Free Prothidium was also found in the plasma
perfusate and in the bile, but no metabolic
product could be detected. Almost all the
Prothidium used in the liver perfusion was
recovered at the end of the experiment.
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TABLE 111

THE DISTRIBUTION OF PROTHIDIUM IN CATTLE AFTER INTRAPERITONEAL
OR SUBCUTANEOUS INJECTION

i.p.=intraperitoneal; s.c.=subcutaneous.

: Prothidium | [ Time Wt. or Conc. of Total Pro- |
Animal | Given Route after Sample Vol. |Prothidium| thidium | F1uOres-
. (mg) Treatment Sample | in Sample |Recovered(ug.) cence
|
Calf | 140 i.p. 3 days | Liver 065g. | 5pg./01g. 35
18 ,, vy 07 ,, | Trace Trace
31, ’s 3-1 kg. ’s v Yellow
Kidney 660 g. Nil Nil Nil
Bile 9 ml. Trace Tracc
Muscle Section .
Lung s N
\ Heart v -
Cow I (4-5 yr.) 1,026 1 s.C. 3 weeks | s.c. tissue 283 g 35 ug./g. 994
I, fluid 12 ml 20 pg./ml. 240
,» 11 (4-5yr) 988 ' 3, s as 23, 99 ,, 227
,, H1(2-3,,) 978 vy 3, v a5 315 ,, 10-1 ,, 3182
5 1l 6 ,, tissue 182 ¢ 33 ug./g. 600-6
,, T 2, . e 173 ,, | 154 ,, 267

The Absorption of Prothidium in Cattle

The results of experiments in cattle treated with
Prothidium are shown in Table III.  The first
liver biopsy, taken 3 days after injection of the
drug in a calf, contained Prothidium, but no trace
of the drug was found in a second specimen taken
18 days after injection. When the calf was
slaughtered one month after injection, traces of
Prothidium were present in the bile and liver but
none was found in the kidneys. The histological
sections of all the tissues examined appeared
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FiG. 7.—The ultra-violet absorption curve of a sub-
cutaneous tissue extract in N sulphuric acid from
cow 1. The subcutaneous tissue was homogenized
in 2N sulphuric acid, extracted into butanol and
back-extracted into acid.
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normal ; only the (unstained) liver sections showed
a yellow fluorescence when viewed with ultra-
violet light.

When Prothidium was injected subcutaneously
into cows, elongated swellings appeared at the site
of injection in all 3 animals; the swellings
remained for 6 weeks. They contained a fluid
exudate with a high concentration of Prothidium
3 weeks after injection. The subcutaneous tissue
at the site of injection also contained a high
concentration of drug (Table III; Fig. 7). Six
weeks and 12 weeks after injection the sub-
cutaneous tissue at the injection site still contained
much unchanged Prothidium, but the swelling had
disappeared and there was no fluid.

Prophylactic Action in Rats

A single dose of 7.5 mg./kg. of Prothidium
protected rats against T. vivax for about 8 weeks
and young rats for at least 5 weeks. Young rats
developed a transient infection before becoming
permanently cured ; infected control rats died 2
to 4 days after inoculation. Adult rats were more
resistant to infection and untreated infected
animals sometimes survived.

DiSCcUSSION

A single dose of Prothidium will protect cattle
against trypanosomiasis for six months (Watkins
and Woolfe, 1956). Suramin (Bayer 205) has a
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similar prophylactic action in human trypano-
somiasis and in this instance the prolonged
protection is due to retention of the drug. This
retention has been demonstrated for the rat,
guinea-pig and monkey (Findlay, 1930). 1t
seemed likely therefore that the protection
afforded by Prothidium might also be due to the
retention of the drug or its metabolites.

In the present investigation the method used for
the estimation of Prothidium was capable of
detecting the drug, added to plasma, down to a
level of about 2 ug./ml. This is the same order of
sensitivity as that of the method used by Boursnell
and Wormall (1939) for the estimation of suramin.
In contrast to their results with suramin,
Prothidium was not detectable in rat blood 1 hr.
after intraperitoneal injection of the drug. How-
ever, the Prothidium was strongly bound to liver
proteins so that the blood concentration was not
an adequate measure of the amount of drug
retained in the body. When rats were given
Prothidium either intraperitoneally or intra-
cardially, the drug could be detected in liver and
kidneys for 7 days, and significant levels of
Prothidium were detected in the bile secreted
between the 7th and 8th days. From a series of
experiments in which bile was collected from rats
over 24 hr. periods, it was evident that the bile
was a major route for the excretion of Prothidium.
Examination of the faeces yielded no evidence of
the presence of the drug or its metabolites.
Prothidium may be broken down by the gut flora
or it may be reabsorbed by the small intestine.
The concentration of Prothidium in rat’s liver and
kidney and its excretion via the bile show that
it is similar in action to another phenanthridinium
compound, carbidium ethanesulphonate, which
has been shown to have a similar distribution in
mice (Goodwin, Goss, and Lock, 1950).

The results of the distribution and excretion
experiments in rats suggested that Prothidium
would protect these animals against 7. vivax
infection for at least 10 days. Experiments have
shown that a single dose of Prothidium protected
adult and young rats against 7. vivax for about
7 weeks in spite of the fact that the young rats
developed a transient infection before being fully
protected. It may well be that sufficient
Prothidium remained bound within the rat tissues
to afford protection for this period of time, but
there seemed a disinct possibility that Prothidium
was converted to an active metabolite which was
responsible for the prolonged action of the drug.
No metabolite was detected in urine, in blood or
in extracts of a liver which had been perfused
in vitro with the drug, but this evidence is
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inconclusive because low concentrations of
unknown metabolites would almost certainly have
escapsd detection. In order to obtain significant
results on the excretion of metabolites it would be
necessary to use radioactive Prothidium and this
has not, so far, been available.

The more prolonged prophylactic action of
Prothidium in cattle suggested that there might be
marked species differences in the rate of excretion
of the drug, and accordingly some of these
experiments were repeated using rabbits. In these
animals Prothidium was detectable in liver and in
kidneys for 10 days after a single intraperitoneal
injection ; the drug also disappeared at about the
same rate from the tissues of a calf after it had
received an intraperitoneal injection of the drug.
The situation was entirely different when cattle
were given Prothidium subcutaneously, the route
of injection which is used in the field. The drug
formed a depdt at the site of injection and was
readily detectable near the site of injection for at
least 3 months after treatment. It seems likely
therefore that the prolonged prophylactic action
of Prothidium is a result of the formation of a
local depdt and to the powerful binding of the
drug by liver tissue. This would explain the failure
to find significant concentrations of Prothidium in
the blood of animals which are resistant to
trypanosome infection.

Williamson and Desowitz (1956) have shown
that a mixture of Prothidium and suramin is less
toxic to cattle and shows a greater prophylactic
action than either compound alone. When
Prothidium and suramin are mixed in the
proportions 1:0.77 an insoluble complex is
formed and it is probable that the effectiveness of
the mixture is due to the formation of a better
local depdt at the injection site by such an
insoluble salt. Several similar complexes were
prepared by these workers by mixing either
quinapyramine sulphate, homidium bromide,
berenil or RD 2902 with suramin. Extensive field
trials were carried out on these substances by
Desowitz (1957), who found that the homidium
bromide-suramin complex was the most efficient
prophylactic in cattle. However, he found that
this substance was still highly toxic, whereas no
severe local reactions or obvious toxic symptoms
were found in the few animals treated with the
Prothidium-suramin complex. Since the 3 cows
used in the present work also showed little sign of
toxic symptoms after treatment with Prothidium,
it may be that the Prothidium-suramin complex
could be used more safely in the field than the
complex of homidium bromide and suramin. No
direct comparisons have so far been made.
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THE ANTIMICROBIAL PROPERTIES OF SOME a-AMINO-OXY-
ACIDS, a-AMINO-OXY-HYDRAZIDES, ALKOXYAMINES,
ALKOXYDIGUANIDES AND THEIR DERIVATIVES

BY

S. A. PRICE, P. MAMALIS, D. McHALE, anp J. GREEN
From the Walton Oaks Experimental Station, Vitamins Ltd., Tadworth, Surrey

A series of compounds containing an amino-oxy-group has been examined for antibacterial
and antifungal activity. The amino-oxy-acids and the alkoxyamines showed little activity, but
the hydrazides, notably the amino-oxydodecyl and the amino-oxytetradecyl compounds, had

appreciable activity against Staphylococcus aureus.

The alkoxydiguanides showed considerable

bactericidal activity in vitro against Gram-positive and Gram-negative organisms and some

activity against Mycobacterium tuberculosis.

The most active compounds were those with a

chain containing 10 to 14 carbon atoms, but the activity was considerably reduced in the presence
of serum. They were also active against the few fungi tested. The most active compound,
decyloxydiguanide, was moderately toxic when administered intraperitoneally to mice and no
therapeutic activity could be demonstrated against an intraperitoneal injection of Streptococcus

pyogenes administered 15 min. previously.

Canavanine, the N-amidino-derivative of an
O-substituted hydroxylamine, is a powerful
inhibitor of certain strains of Neurospora
(Horowitz and Srb, 1948). Hydroxylamine itself
shows slight antibacterial properties (Gray and
Lambert, 1948), while certain alkoxyamines (I) and
N-alkoxyguanidines (II) are active particularly
against Gram-positive bacteria (Fuller and King,
1947).

RONH, RONH.C(:NH).NH, RR'C(ONH,).CO.H
) (1) (1)
RONH.C(:NH).NH.C(:NH).NH,
av)
RCH(ONH,).CO.NH.NH,
W)

RCH(CO,H).0.NH.C(:NH).NH.C(:NH).NH,
(VD

The preparation of some compounds of types
(I) and (IIT to VI) as potential antibacterials based
on hydroxylamine has been described by McHale,
Green, and Mamalis (1960) and by Mamalis,
Green, and McHale (1960); the antibacterial
properties of these compounds are now described.
In order to facilitate comparisons with existing
data, some of the alkoxyamines (I) of Fuller and
King were re-examined. All compounds were
tested in vitro against representative Gram-positive
and Gram-negative organisms; the more active

compounds were also screened against a wider
range of bacteria including Mycobacterium
tuberculosis and against some fungi. One
compound was examined for its ability to protect
mice against Streptococcus pyogenes infection.

METHODS

Antibacterial Studies in vitro.—All the compounds
were screened against Staphylococcus aureus NCTC
4163 and Escherichia coli NCTC 8196 using a simple
serial dilution test in nutrient broth containing Lab.
Lemco 1%, Peptone (Evans) 1%, NaCl 0.5%, at pH
7.5. The compounds, in 0.12% aqueous solution
adjusted to pH 6.8 to 7.0, were added in 5 ml. volumes
to 5 ml. of double-strength nutrient broth to give
600 p.p.m. of the substance under test. Twofold
dilutions were then made in single-strength broth.
The tubes were autoclaved for 10 min. at 10 pounds/
square inch pressure and, after cooling, inoculated
with 0.02 ml. of a 6 hr. log-phase culture diluted 1 in
10°. All tubes were incubated at 37° and the
minimum inhibitory concentrations (M.I.C.) were
observed after 48 hr. Sulphathiazole was included as
a reference compound in all tests. Screening against
Streptococcus pyogenes NCTC 8322, Corynebacterium
diphtheriae NCTC 3989, Eberthella typhosa NCTC
160, Klebsiella pneumoniae PCI/602, and Pseudo-
monas aeruginosa NCTC 8203 was similarly carried
out both in the absencs and presence of 109 normal
horse serum.

To determine whether the compounds were
bactericidal or merely bacteriostatic, subcultures were
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made from the tubes after 18 hr. incubation into large
volumes of nutrient broth or on to agar plates. The
bactericidal concentration was established as the
minimal concentration from which living organisms
could not be recovered.

For determination of activity against Mycobacterium
tuberculosis H 37 Rv, twofold serial dilutions of the
compounds in 3 ml. of Dubos and Davis Tween
Albumin medium were infected with 0.02 ml. of a
10 day Dubos and Davis culture diluted 1 in 10 and
incubated at 37° for 14 days. Isoniazid and
p-aminosalicylic acid were included as standards for
each batch of tests.

Antifungal Studies in vitro.—Antifungal activity
was assessed using techniques essentially similar to
those of Collier, Potter and Taylor (1955). Dequa-
linium chloride and chlorhexidine diacetate were used
as reference compounds.

Antibacterial Studies in vivo.—Attempts were made
to demonstrate systemic activity in mice by protection
experiments using Streptococcus pyogenes (Richards).
A culture of sufficient virulence was obtained after
repeated passage through mice, and a 6 hr. log-phase
culture used. An infecting dose of 0.2 ml. of a 1 in
10° dilution of such a culture (equivalent to 20 lethal
doses) was administered intraperitoneally 15 min.
before administration of the compound.

RESULTS

Alkoxyamines, a-Amino-oxy-acids, and a-Amino-
oxy-hydrazides

In confirmation of the observations of Fuller
and King, we have found that the hydrochlorides
of alkoxyamines (I) have only feeble antibacterial
activity in vitro with M.I.C.s of the order 300 to
600 p.p.m. for both Staph. aureus and E. coli
(sulphathiazole under the same conditions has an
in vitro M.I.C. of 5 to 10 p.p.m.). Slightly greater
activity was observed against M. ruberculosis (75
to 600 p.p.m.) as compared with the control
compounds (0.125 to 0.5 p.p.m.). The following
alkoxyamines (I) were examined: R=hydrogen
(hydroxylamine), ethyl, n-propyl, isopropyl,
n-butyl, n-pentyl, n-hexyl, heptyl, decyl, dodecyl,
and benzyl.

The corresponding a-amino-oxy-acids (III) were
slightly more active than the alkoxyamines (I)
against Staph. aureus and E. coli (ca. 150 to 600
p.p.m.) while activity against M. tuberculosis (ca.
37.5 to 150 p.p.m.) was also somewhat greater.
The following a-amino-oxy-acids (III) were
examined: R=hydrogen, R’=hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl, n-pentyl,
n-hexyl, heptyl, octyl, decyl, dodecyl, 4-cyclohexyl-
butyl ; R=R’=methyl.

The possibility existed that the amino-oxy-acids
might be amino-acid antagonists and this was
investigated with a-amino-oxyisovaleric acid using

D. McHALE, and J. GREEN

Leuconostoc mesenteroides P. 60, an organism
exacting towards valine, the analogous amino-acid.
The growth-promoting effect of valine on a valine-
deficient synthetic medium was found to be
stimulated rather than inhibited by the amino-oxy-
analogue, which in fact exerted a slight but
significant sparing effect on valine utilization. In
the absence of valine, the amino-oxy-compound
was itself utilized to a limited extent, about 1,000
rg. being needed to replace 20 pg. valine.

Some a-amino-oxy-hydrazides (V ; R=n-hexyl,
heptyl, octyl, decyl, and dodecyl) were tested for
antitubercular activity in vitro and shown to be
rather more active (M.I.C.s 9 to 75 p.p.m.) than
the analogous acids. All but two of the hydra-
zides showed little activity against Staph. aureus
and E. coli (about 300 p.p.m.), the exceptions
being (V; R=dodecyl and tetradecyl) which
inhibited growth of Staph. aureus at 30 and 37.5
p.p-m. respectively.

Alkoxy- and Arylmethoxy-diguanides in vitro

While the alkoxyamines (I), the acids (II1), and
the hydrazides (V) showed little or no increase in
activity against Staph. aureus and E. coli with
increasing molecular weight, the same was not true
of the alkoxydiguanides (IV). The hydrochlorides
of a series of diguanides (IV ; R=hydrogen, ethyl,
n-butyl, isobutyl, n-pentyl, n-hexyl, heptyl, octyl,
nonyl, decyl, undecyl, 2-methyldecyl, dodecyl,
tetradecyl, and hexadecyl) were examined. The
M.I.C.s for both the above two organisms were
found to increase rapidly with increasing alkyl
chain length, reaching a maximum (0.6 to 1.25
p.p.m.) at C,, to C,,. The highest members of
the series showed reduced activity, perhaps
associated with decreased aqueous solubility. The
activity of these compounds against M. tuber-
culosis followed a similar pattern with a maximum
effect at C,, to C,, (5 p.p.m.). Branching of the
alkyl chain did not affect activity.

Introduction of a carboxyl group into the
diguanides to give (VI; R=n-pentyl, n-hexyl,
heptyl, octyl, and decyl) resulted in complete loss
of in vitro activity.

Hydrochlorides of arylmethoxydiguanides werz
found, in general, to be less active than the
alkoxydiguanides. Of the following which were
tested [IV ; R=benzyl, p-chloro-, p-bromo-, and
3,4-dichloro-benzyl, 6-chloro-1 ,3-benzodioxan-8-yl-
methyl, 1- and 2-naphthylmethyl, and 1-bromo-2-
naphthylmethyl],  2-naphthyl-methoxydiguanide
hydrochloride was the most active against Staph.
aureus (25 p.p.m.) and E. coli (12.5 p.p.m.) [cf.
decyloxydiguanide dihydrochloride (1.25 p.p.m.)
for both organisms].
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The table shows the activity of the
four most active alkoxydiguanides
against a wider range of organisms,
the least susceptible being Ps. aerugi-
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10

5

5

inium

Dequal-

nosa. In the presence of 109 serum,
the activities were diminished
sharply, the M.I.C.s being increased
from 5 to 50 fold. With each of

Chloride| Diacetate

a
<06
<06
<06
<06

Reference Compounds

Sulphathiazole

the bacteria listed in the table, it
was confirmed that the inhibition was
bactericidal and not merely bacterio-
static.

The table also shows that anti-
fungal and antibacterial activities
run parallel, the peak effect being

6:25
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>1,200
>600
400

40
>1,200
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5

10
300
25
>600

C14H29

R

reached with the C,, and C,, com-
pounds.

Toxicities

o No adverse effects were noted with
any of the four compounds in the
table when neutralized suspensions (in
0.5 ml.) were injected subcutaneously

375 [>300

75
12-5
150
150
>50

>600

No. 134
a
3
10
06

6:25
100
5
>200
20
>20
>20
20

C12H25

in broth + 10%, normal horse serum.

R

TABLE [

| into mice (19 to 21 g.) in doses
up to 1,000 mg./kg. The mice were

killed after 9 days and examined: it
was found that the C,,, C,, and
" " “ C,, compounds remained undissolved

8 | ~Ao~ndg dgoa in the subcutaneous tissue. The
7'\ more soluble acetate of decyloxy-

No. 133

Alkoxydiguanides

ABSENCE OF 10% SERUM
RONH.C(:NH).NH.C(:NH).NH,

in broth. Column b:
C10H2l

R=
No. 130

guanide (C,,) when injected sub-
cutaneously at 1,000 mg./kg. pro-
8 duced no systemic effects, but severe
o necrosis developed at the site of
the injection. The intraperitoneal
toxicity of the latter compound was
determined in mice; the LDS50

5

2

2

2:5
10

5

2:5

Column a:
=C9H17
No. 129

R

(Miller and Tainter, 1944) was found
to be 20+2.5 mg./kg.

2" In vivo Experiments with Diguanides

The activity in vivo of decyloxy-
diguanide acetate (IV; R=decyl),
the most active member of the series,
was examined in groups of mice

10
2:5
2-5

10

12:5

12-5

50

20

20

10

>20

MINIMAL EFFECTIVE CONCENTRATIONS (P.P.M.) OF SOME ACTIVE ALKOXYDIGUANIDES IN THE PRESENCE AND

infected with  Strept.  pyogenes
(Richards). Fifteen min. after intra-
peritoneal infection with 0.2 ml. of a
6 hr. log-phase culture, the compound
was administered intraperitoneally at
10 mg./kg. The treated and control
mice died within three days and no
evidence for any prolongation of
survival times was observed. Al-
though no attempt has been made to
isolate metabolic products, it would
appear, therefore, that the compound

Strept. pyogenes 8322 ..

C. diphtheriae 3989

Kleb. pneumoniae 1/602

Sal. typhii 160

Trichophyton mentagrophytes . .
Epidermophyton floccosum

E. coli 8196
Ps. aeruginosa 8203

Candida albicans

Staph. aureus 4163
Microsporon canis
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is excreted or metabolized too rapidly to show any
protective effect ; diguanides are known to react
rapidly with ketones and keto-esters to form cyclic
products.

We are indebted to Dr. J. H. Humphrey for the
culture of Streptococcus pyogenes (Richards), to Dr.
H. O. J. Collier and Dr. F. L. Rose for the samples
of dequalinium, chloride and chlorhexidine diacetate
respectively, and to Mr. K. J. Stevens for valuable
technical assistance.

S. A. PRICE, P. MAMALIS, D. McHALE, and J. GREEN
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ANALGESIC ACTION OF ETHYL 4-PHENYLPIPERIDINE-4-
CARBOXYLATES WITH OXYGENATED 1-SUBSTITUENTS

BY

A. M. J. N. BLAIR anp R. P. STEPHENSON
From the Department of Pharmacology, University of Edinburgh

WiITH AN ADDENDUM BY R. E. LISTER aAnp R. P. STEPHENSON
(RECEIVED DECEMBER 17, 1959)

The analgesic potency of a series of new compounds related to pethidine has been measured
in rats. The replacement of the methyl group on the nitrogen atom of pethidine by groups
containing ether linkages produces an increase in potency. Two different positions for the
oxygen atom are particularly beneficial, but the effects, in these two positions, appear to be
exerted in different ways and are not additive. Simple toxicity tests in mice and rats and tests on
respiration in rats of five of the more potent compounds revealed no unexpected adverse action.

Until about 1955 it was accepted (see Braenden,
Eddy, and Halbach, 1955) that in analgesics of
the pethidine type, that is, in 4-phenylpiperidines
with an alkoxycarbonyl, acyl, or acyloxy group in
the 4-position, the most desirable substituent on
the nitrogen atom was a methyl group. More
recently, it has been shown that more active
compounds may be prepared by introducing other
substituents on the nitrogen atom (Millar and
Stephenson, 1956 ; Perrine and Eddy, 1956;
Weijlard et al., 1956 ; Elpern, Gardner, and
Grumbach, 1957 ; Janssen et al., 1959).

The present study is concerned with derivatives
of pethidine in which the N-methyl group is
replaced by substituents carrying at least one
ether or thioether function. The substances
tested were synthesized by Frearson and Stern
(1958) and Frearson, Hardy, and Stern (1960), and
are listed in Tables I to IV.

METHODS

Analgesia (Green and Young, 1951).—The pressure
on the tail needed to make a rat squeak was measured:
drug was injected subcutaneously in the flank in
0.2 ml. saline per 50 g. body weight, and the
measurement repeated 6 times at 10 min. intervals.
Analgesia was assessed in terms of the index of
analgesia (Millar and Stephenson, 1956), which was
obtained by dividing the pre-injection pressure by
each post-injection pressure. The mean of the
6 indices gave a measure of the effect in that rat.
The highest pressure applied to the tail was 3 times
the average control value ; if this did not produce a
squeak the index was taken as zero.

The new compounds were first tested, at several
dose levels, in groups of 3 rats. From the results of
these tests, 2 doses, expected to be equipotent with
2 and 4 mg./kg. of morpheridine (TA 1), were
selected. These 4 doses were each administered to 4
or 5 rats. This test was repeated, so that each dose
was given to about 9 animals. Most of the results
listed in Tables I to IV were obtained from these
simple tests.

To obtain a more accurate measure of the potency
of some of the more active compounds and of the
relations within several small series of close
analogues, four-way cross-over tests were performed.
High and low doses of 4 drugs were used in each trial.
Each of 24 rats received each drug, 2 at the high and
2 at the low dose level. Each dose was thus
administered to 12 rats and the design confounded
the variance due to differences in slope and the
variance due to differences between rats. Since there
were 8 doses, the rats were housed 8 to a cage, and
on each day of the test each dose was given to 1 rat
from each of the 3 cages. Three randomized versions
of the design given by Finney (1952) were used to
determine the order of treatment.

In Tables I to III the results from the cross-over
tests are indicated by the inclusion of fiducial limits
(P=0.95).

Respiratory Depression.—Rats were anaesthetized
with urethane. Respiration was recorded by a
modification of Gaddum’s method (1941) using a
Krogh volume recorder converted into a sensitive
pressure recorder (Paton, 1949). Drugs were injected
into the femoral vein.

Peristaltic Reflex.—Trendelenburg preparations of
the guinea-pig ileum were set up as described by
Schaumann (1955). Fresh tissue and also pieces
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stored for 24 hr. at low temperature were used. The
substances were added to the bath (40 ml) 1 min.
before the intraluminal pressure was raised. Three
doses of each drug were given so that the contractions
were reduced by between 20 and 50%.

Toxicity Tests—In acute experiments, the drugs in
saline, 4 ml./kg., were injected intravenously in mice.
Each dose was injected into 5 mice, and if possible the
LD50 for each drug was determined. Some of the
hydrobromides could only be dissolved in warm saline
and the LD50s given for these substances may not be
very accurate. (Attempts to wuse ethanol/water
mixtures were abandoned when it was found that
morpheridine, injected in ethanolic solution, showed
increased toxicity.)

In subacute experiments, 2 groups of 10 newly
weaned rats were weighed and given subcutaneous
injections daily over 12 days. One group, kept as
controls, received saline 4 ml./kg. The other group
received 5 times the larger dose used in the analgesic
cross-over tests. To obtain some indication of the
development of tolerance, an analgesic test was
performed on the thirteenth day; suitable doses of
the drug under test were given to equal numbers of
control and treated animals.

The animals were then killed and blood smears
taken. Samples of liver, kidney, spleen, heart, lung,
brain, and bone marrow were removed and fixed for
pathological examination. Some rats died during
these tests and were usually eaten by the survivors, so
that they were not available for examination.

RESULTS

Analgesia—Since the compounds in the present
series are similar to morpheridine (TA 1)
(Millar and Stephenson, 1956) and since, in
the test used, pethidine and morpheridine do not
give parallel dose-effect curves, we have compared
the new substances with morpheridine rather than
pethidine.

A number of compounds in which the
N-substituent was of the type —-[CH,],.OR were
tested. The results on those in which R was
aliphatic, together with other aliphatic substituents
of the type -[CH,],.OC,H,, are listed in Table
I. In the first category, the most active compound
was the ethoxyethylnorpethidine (R=C,H;; TA
24), which was as active as morpheridine. This
compound is also one of the more active of the
series —[CH,],.OC,H,. The most active com-
pound, up to and including n=6, is TA 33 where
n=4. Independent observations by Morren and
Strubbe (1957) agree with our results for TA 24,
TA 25 and TA 36.

In Table II are listed compounds in which the
N-substituent is again —[{CH,],.OR, but where R
now contains an aromatic residue. Both the
phenoxy- (TA 27) and the benzyloxy-ethylnor-

A. M. J. N. BLAIR and R. P. STEPHENSON

TABLE 1

ANALGESIC ACTIVITY OF
ALKCXYALKYLNORPETHIDINES

CeHs
RO '[CHZ]"N/\:><co~o-Csz

The bases, dissolved in 0.1 N HCI, were examined, except
TA 25 and TA 42 which were available as the hydro-
bromides. Analgesic potency is compared with mor-
pheridine (TA. 1) (=100). In Tables I to IIl, the results
based on the 6 cross-over tests may be identified by the
inclusion in parentheses of fiducial limits (P=0.95).
The superscript numerals identify the number of the
cross-over test so that the more immediately comparable
figures may be identified. The 3rd and 5th tests did not
include morpheridine, since the purpose was to compare
small homologous series, and the fiducial limits, though
quoted for ease of comparison ir terms of the potency
of morpheridine, are strictly valid only for comparison
within the group of compounds in the particular cross-

over test.

]! Relative Intra-

Analgesic venous

TA n R Potency LD50

No. (Limits) (Mice)

in Rats (mg./kg.)

29 2 | Methyl 35 (28, 43)8 20
24 2 | Ethyl 103 (85, 125)1,3;5 20
34 2 | Propyl 44 (36, 54)8 22
35 2 | Isopropyl 50 12
36 2 | Butyl 42 (35, 50)* 15
42 2 | Cyclohexyl 25 12
25 3 | Ethyl 38 (31, 46)3 15
101 3 | Methyl 12 —
33 4 | Ethyl 265 (191, 368)3 15
32 5 ', 73 (56, 94)3 17
69 6 s 47 (38, 61)8 —

pethidine (benzethidine ; TA 28) were rather more
potent than morpheridine, but the 2-naphthyloxy-
norpethidine (TA 54) was much less potent. A
number of substituted phenoxy-compounds were
tested ; all were less potent than the parent com-
pound, TA 27. The phenoxybutylnorpethidine
(TA 62) was about one-third as potent as TA 27.

Table III shows the results obtained with a
miscellaneous group of compounds in which the
substituent on the nitrogen atom contains more
than one ether grouping and/or a cyclic ether
function. The most active member of the present
series, furethidine (TA 48), has both of these pro-
perties (but see addendum).

In Table IV are collected the results with the
sulphur analogues of TA 24, TA 27, and TA 29,
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TABLE 11

ANALGESIC ACTIVITY OF
ARYLOXYALKYLNORPETHIDINES

CeHs

RO-[CHZrN 0.0CaHs

The hydrobromides of the bases (dissolved in saline)

were examined. An asterisk (*) indicates that the

hydrobromide was not sufficiently soluble so the LD50
may be inaccurate.

Relative Intra-
Analgesic venous
TA | , R Potency LDSO0
No. (Morpheridine= | (Mice)
| 100) in Rats  |(mg./kg.)

27 2 | Phenyl 140 (115, 169)* 15
€2 4 | Phenyl .. 40 17
37 2 | m-Chloro-

phenyl 40 30
30 2 | p-Chloro-

phenyl .. 15 20
60 2 | o-Methoxy-

phenyl .. 10 30
39 2 | m-Methoxy-

phenyl .. | 40 15
41 2 | p-Methoxy-

phenyl 20 25
45 2 | o-Tolyl 11 (7, 18) 20*
44 2 | m-Tolyl 31 (22,43)4 12*
47 2 | p-Tolyl 17 (13, 24)4 15
55 2 | o-Nitrophenyl 5 —
53 2 | m-Nitrophenyl| 7 50
46 2 | p-Nitrophenyl | 10 25*
51 2 | 4-Diphenylyl 15 40
40 2 | p-Acetamido-

phenyl .. 30 15
43 2 | p-Ethoxycar-

bonylphenyl 5 40
54 2 | 2-Naphthyl 5 —
28 2 | Benzyl (benz-

ethidine) .. | 145 (117, 177)1 7-5

all of which were less active than the correspond-
ing oxygen ethers.

In view of the activity of furethidine and of
morpheridine, the “ model ” substance 2-morpho-
linoethyl tetrahydrofurfuryl ether was examined :
it had no analgesic potency.

In one of the cross-over tests the analysis of
variance showed deviation from parallelism
significantly greater than chance expectation.
This was caused by TA 49, which produced much
less iucrease in effect with dose than the other

compounds. In other tests TA 33 and TA 45 also
appeared to have lower slopes than the rest of the
compounds, but the difference was not significant.

None of the compounds in this series has
hitherto been compared directly with morphine
and, although many comparisons of morphine and
pethidine in rats have been published, we thought
it desirable to compare morpheridine and
morphine in our conditions. Morpheridine and
its analogues usually showed definite peak activity
10 to 20 min. after injection whereas morphine
maintained its action longer, so that the result of
any comparison depended on its duration. Our
test of 1 hr. duration showed that morpheridine
was 1.2 times as potent as morphine and fur-
ethidine was about 7 times as potent as morphine.

Respiration.—The substances examined all
depressed respiratory minute volume when given
intravenously in rats anaesthetized with urethane.
The rapid onset and short duration of the depres-
sion was very similar to that produced by
pethidine, but differed markedly from that caused
by morphine which was rather slow in onset and
prolonged. The potent analgesics morpheridine,
benzethidine, furethidine, TA 27, and TA 33 pro-
duced respiratory depression in smaller doses than
pethidine, but the difference was usually less than
the difference in analgesic potency. Indeed, fur-
ethidine appeared to have an appreciable advan-
tage over pethidine, though this may reflect the
different conditions and route of administration
rather than any separation of analgesic action
from respiratory depression.

Peristaltic Reflex.—The derivatives depressed
both the emptying and the preparatory phases of
the peristaltic reflex and the relative activity of
some of the compounds was assessed on the
preparatory phase. The results, listed in Table V,
correspond with those of analgesic tests. Results
on fresh tissues differed slightly from those on
stored preparations, possibly because of the
occurrence of the emptying phase in the fresh
tissue.

Toxicity Tests.—The acute intravenous LD50
of most of the substances is listed in Tables I to
IV. Death was apparently due to respiratory
depression and the convulsions which occur with
pethidine were not observed with these derivatives.

In order to obtain some indications of any
pathological lesions produced by the more potent
substances, doses 5 times as great as the high dose
of the analgesic cross-over test were given daily
for 12 days. With each of the 6 compounds
tested this dose was sufficient to kill at least one
of the 12 rats. These deaths were presumed to be
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TABLE 11T

ANALGESIC ACTIVITY OF NORPETHIDINE
DERIVATIVES CONTAINING A CYCLIC ETHER
GROUPING OR MORE THAN ONE ETHER

GROUPING

CeHs
R'”: >(CO-O~C3H5

All substances except TA 61 were available as bases and
were dissolved in dil. HCl. TA 61 was available as the
hydrobromide and was dissolved in saline.

Relative
Analgesic LD50
TA R Potency (Mice)
No. (Morpheridine= | (mg./kg.)
100) in Rats
57 | Tetrahydrofurfuryl 15 45
20 | 2-(Tetrahydropyran-
4-yl)ethyl ... 9 3040
48 | 2-(Tetrahydrofur- i
furyloxy)ethyl
(furethidine) 729 (564, 960)2 25
70 | 3-(Tetrahydrofur-
furyloxy)propyl . . 35 —
63 | 4-(Tetrahydrofur-
furyloxy)butyl .. | 125 75
49 | 2-(Tetrahydropyran-
2-ylmethoxy)ethyl | 265 (167, 420)2 10
65 | 2-(Tetrahydropyran-
2-yloxy)ethyl 17 (13, 22)¢ —
64 | 4-(Tetrahydropyran-
2-yloxy)butyl 35 (27, 45)¢ | =
38 | 2-(2-Ethoxyethoxy)- ‘
ethyl .. .. 1 39@30,5002 20
61 | 2-(2-Phenoxyethoxy)- i
ethyl .. .. | 30 ‘ 20
TABLE 1V

ANALGESIC ACTIVITY OF NORPETHIDINE
DERIVATIVES CONTAINING A THIOETHER

FUNCTION
. CeHs
Rs-{CHgl2N 0-O-CaHs
Relative Analgesic LD50
TA Potency Mice
No. R (Morpheridine (rgg /kg))
=100) in Rats
59 Methyl 15 40
58 Ethyl 5 50
56 Phenyl 10 —
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due to respiratory depression. The survivors did
not show any marked retardation in growth
compared with simultaneous controls. The histo-
logical examination revealed no evidence that the
drugs were harmful. Occasional tissues showed a
variety of abnormalities, but these occurred as
frequently in the controls as in the treated animals.
No signs of kidney, liver, or bone marrow damage
were observed.

The analgesic tests on the rats after the 12-day
treatment showed signs of some—but usually not
very much—tolerance. In Table VI the tolerance
may be judged from the difference beween the
analgesic effects produced in the treated rats and
those in the controls tested simultaneously. The
number of animals tested was too small to permit
firm conclusions, but TA 24 seemed to produce
less tolerance than the other drugs.

DiscussioN

The substances tested by Millar and
Stephenson (1956) were analogues of pethidine in
which the N-methyl group was replaced by tertiary
aminoalkyl groups, most of which were in a ring.
The only compounds showing activity were those
in which the ring also contained an ether linkage.
Our present findings show that neither the addi-
tional nitrogen atom (for example, TA 20) nor the
ring structure (for example, TA 24, TA 33) are
necessary and that enhanced activity may be
achieved by inclusion of simple ether substituents
at the l-position.

It is not easy to see why such an ether grouping
should have this effect. It is chemically inert and
is some distance from what is normally considered
to be the active part of the molecule. Two possi-
bilities are that the oxygen atom provides a new
point of attachment between the molecule and its
site of action, or that it modifies the properties of
the molecule as a whole and, for example, facili-
tates access to the site of action.  The latter
possibility does not appezar likely because: (1) The
pK values of the bases are all about 7.5, irrespec-
tive of potency. (2) One additional carbon atom,
while not expected to affect the physical properties
greatly, changes the analgesic potency very
considerably. (3) Isomers may differ widely in
potency (for example, TA 36 and 33, TA 24 and
101, and furethidine and TA 65). Clearly, the
efficiency of the oxygen atom in enhancing
potency depends rather critically on its position.

In the alkoxyalkyl series (Table I) where only
the oxygen atom is involved, two compounds
(TA 24 and TA 33) are more active than the rest.
In these, the oxygen atom is the third or fifth
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TABLE V
RELATIVE DEPRESSANT POTENCY ON PRE-

PARATORY PHASE OF PERISTALTIC REFLEX
(MORPHERIDINE=1)

Fresh Stored
Substance Intestine Intestine
TA 25 0-4 0-5
TA 27 .. .. 1-0 1-3
Benzethidine (TA 28) 1-0 1-4
TA 33 .. .. 2:6 3-1
Furethidine (TA 48) 65 7-8
Pethidine .. .. 0-3 0-7
Morphine 1-9 5-0

atom from the nitrogen atom. TA 33, where the
oxygen atom is at much the same distance from
the nitrogen atom as in morpheridine and TA 20,
is more potent than TA 24.

In the phenoxyalkyl series (Table II), on the
other hand, TA 27, in which the oxygen atom is
the third atom, is more potent than TA 62, in
which it is the fifth atom from the nitrogen atom.
The proximity of the phenyl group provided an
opportunity to study the effect of changes in the
electronic environment of the oxygen atom in TA
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27. However, the potency was reduced, whatever
the inductive or mesomeric effects of the sub-
stituents which were introduced into the phenyl
group. This general reduction of potency in
the phenoxyethylnorpethidines contrasts with the
variation observed by Elpern et al. (1957) in the
substituted phenylethylnorpethidines. In fact, the
presence of the oxygen atom in the phenoxyalkyl
series appears to be unnecessary: 3-phenyl-
propylnorpethidine (Elpern et al., 1957), in which
the oxygen atom of TA 27 is replaced by a
methylene group, is more potent than TA 27. 1t
thus appears that the phenyl group is more impor-
tant than the oxygen atom in this series. This may
account for the fact that the peak activity in the
phenoxyalkylnorpethidine series occurs when the
oxygen atom is the fourth atom from the nitrogen
atom (Sterling Drug Inc., 1959), in contrast to our
finding in the alkyloxyalkyl series.

The most potent of the present compounds is
furethidine, which in addition to an open-chain
ether linkage has a tetrahydrofuran ring.  This
cyclic ether grouping is obviously very efficient in
enhancing potency ; the potency of the corre-
sponding tetrahydropyran (TA 49) is lower and
that of the open-chain analogue (TA 38) is lower
still. Mr. P. M. Frearson has pointed out to us
that this order corresponds to that of the electron

TABLE VI
SUBACUTE TOXICITY AND DEVELOPMENT OF TOLERANCE
* The lower the index the higher the analgesia.

% Analgesic Tests after 12 Days’ Treatment
Daily Increase
Substance Dose/ Deaths in Wt. Low Mean High Mean
kg. of Dose Analgesic Dose Analgesic

Survivors | (mg./kg.) | Index* | (mg./kg.) | Index*
Saline 4 ml. 0 626 1-5 0-72 3 0-43
TA 27 15 mg. 1 42 1-5 0-86 3 0-56
Saline 4 ml. 0 65-7 2 0-75 4 0-39
TA 24 20 mg. 3 686 2 0-81 4 0-43
Saline .. .. 4 ml. 0 94-8 0-25 0-66 05 0-34
Furethidine (TA 48) 2:5 mg. 1 84-1 0-25 0-85 0-5 059
Saline 4 ml. 0 82-6 2 0-80 4 0-44
TA 20 20 mg. 2 669 2 0-94 4 0-79
Saline .. .. 4 ml. 0 34-4 1-5 0-77 3 0-39
Benzethidine (TA 28) 15 mg. 5 45-6 1-5 0-98 3 0:72
Saline 4 ml. 0 373 05 0-83 1 0-61
TA 33 5 mg. 2 595 05 0-96 1 0-73
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donor properties (Searles and Tamres, 1951), and
it may well be that an oxygen atom in this position
donates electrons at the site of action, for example,
by hydrogen-bond formation.

An oxygen atom nearer to the nitrogen atom,
however, does not produce a greater effect if it is
part of a ring: TA 57 is much less active than
TA 24. Indeed, the relatively high potency of
TA 24 seems to be somewhat anomalous; it
stands out of the otherwise regular rise and fall
of potency as the alkyl group is lengthened in the
ethoxyalkylnorpethidines, and this is not just a
matter of overall chain length since TA 101 is
much less potent than TA 24. Furthermore,
when some group conferring increased potency is
present at a greater distance, an oxygen atom at
the third atom from the nitrogen atom appears to
reduce potency. This occurs in the phenoxyalkyl
series (see above) and in the case of TA 38 and
TA 32. The most active compound we have
tested, furethidine, has such an oxygen atom.
Dr. Stern and his colleagues have now prepared
analogues without this oxygen atom, and these
have been tested by Dr. Lister. His results—given
in an addendum to this paper—show that the
presence of the ether linkage nearer the nitrogen
atom slightly reduced the advantage conferred by
the more distant tetrahydrofurfuryl group.

The nature and shape of possible receptors for
morphine-like analgesics have been suggested by
Beckett and Casy (1954) and by Barlow (1955).
These must be considered as part of an extended
surface. Our findings could well be explained by
the presence on this extended surface of an area
able to accept electrons, situated at a distance
about equal to the length of a 5-carbon chain
from the point at which the nitrogen atom is
supposed to be accommodated.

Such an additional point of attachment would
be expected to provide additional stability or
rigidity to the complex formed between drug and
receptor. Increased electron density at approxi-
mately the right distance from the nitrogen atom
appears to be a common feature of all the nor-
pethidine derivatives recently shown to exceed
pethidine in potency. These include the phenyl-
propyl-, 4-pyridylethyl-, cinnamyl-, p-amino-
phenylethyl- (Elpern er al., 1957), phenoxypropyl-
(Sterling Drug Inc., 1959), 3-phenyl-3-oxopropyl-
norpethidine (Janssen et al., 1959), as well as
morpheridine, benzethidine, TA 20, TA 33,
furethidine, TA 98 and TA 103.

Many of the compounds we have tested are
appreciably more potent than pethidine and the
question arises whether any one of them might be
better than pethidine in clinical use. The capacity
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to produce undesirable side-effects in analgesics
usually runs roughly parallel with the capacity to
produce analgesia. High potency in itself is there-
fore no great virtue (though pethidine is so weak
that doses of 100 mg. are often administered and
2 ml. of solution is required to avoid tissue
damage). The side-effects can be finally assessed
only in man, and even if one compound could be
shown to be superior to the others in animal
tests, it does not follow that it would also be
better in man. We have not attempted to decide
which is best in animals and have contented our-
selves with showing that five of the compounds
did not depress respiration unduly, and did not
produce pathological changes in the subacute
toxicity tests, in the hope that these five may all
be tested in man. Such a test has, in fact, been
undertaken (Cahal, D. A., personal communica-
tion).

We wish to thank Dr. A. E. Stuart, Department of
Pathology, Edinburgh University, for the patho-
logical examinations. We also thank Dr. E. S. Stern
and J. F. Macfarlan and Co. Ltd., who supplied the
compounds, more particularly since they synthesized
a number of compounds which were likely to be of
theoretical rather than commercial interest. J. F.
Macfarlan and Co. also provided a postgraduate
grant which enabled A. M. J.N. B. to do this work.

ADDENDUM
By R. E. ListeR AND R. P. STEPHENSON

Since the completion of the work described in
the main body of the paper a further short series
of compounds has been prepared and assessed for
analgesic activity. The N substituent of these

compounds is
:o: [CHgln~

n being 1 to 5 inclusive.

Analgesic activity was determined by a method
differing slightly from that described above,
namely, by the quantal method of Green and
Young (1951), and EDS0 for analgesia being
determined. Both the method of Millar and
Stephenson (1956) and the method for the present
series use the same pain stimulus and the same
animal, namely, pressure on the tail of young rats,
but somewhat different results were obtained in
the comparison of morpheridine and furethidine.

All five new compounds possessed marked
analgesic activity (Table VII); the activity
increased with increasing chain length up to a
maximum at n=3 and 4, but further increase
in n to 5 reduced the activity. The derivatives



PETHIDINE DERIVATIVES

TABLE VII

ANALGESIC ACTIVITY AND TOXICITY OF
1-(w-TETRAHYDROFURFURYLALKYL)NOR-
PETHIDINES

l l[ 6Hs
O CHZ;-‘“ 'CO-0O-C2Hs
Sub- Relative Intra-
cutaneous | Potency venous
Substance n ED50 |(Morpheri-| LD50
in Rats dine in Mice
(mg./kg.) | =100) | (mg./kg.)
TA 57 1 26 8 45
TA 109 2 37 55 23
TA 98 3 0-3 670 11
TA 103 4 0-3 670 11
TA 108 5 16 125 12
Pethidine — 72 30 58
Morpheridine
(TAD) .. |— 2-0 100 45
Benzethidine
(TA28) .. |— 09 220 11
Furethidine
(TA48) .. | — 0-4 500 15

in which n=3 or 4 were more potent than
furethidine which has an ether linkage in the alkyl
side-chain. They may be formally derived from
furethidine by omission of the open-chain ether
linkage, and by its replacement with a methylene
group. Thus in presence of the cyclic ether group-
ing of furethidine, the open-chain ether oxygen in
the 3’-position is of no importance in producing
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analgesia. This finding supports the view that the
most important factor enhancing the analgesic
potency is an electron-donating group at a
distance of about 5 to 6 carbon atoms from the
nitrogen atom.
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PHARMACOLOGICAL ACTIONS OF TWO NEW
PETHIDINE ANALOGUES

BY

R. E. LISTER
From the Research Department, J. F. Macfarlan & Co., Edinburgh, 8

(RECEIVED DECEMBER 17, 1959)

The behaviour of two new analgesics, benzethidine and furethidine, in a number of different

tests has been compared with that of pethidine.

Some differences in side-effects at equi-analgesic

dosage were observed, particularly a reduction in histamine release.

The synthesis of a number of N-substituted
derivatives of pethidine has recently been reported
by Frearson and Stern (1958) and Frearson,
Hardy and Stern (1960). Many of these com-
pounds have been shown by Millar and Stephenson
(1956) and by Blair and Stephenson (1960) to have
marked analgesic activity. Two potentially useful
analgesics of this series have now been compared
with pethidine. These compounds are benzethi-
dine (I; ethyl 1-(2-benzyloxyethyl)-4-phenyl-
piperidine-4-carboxylate) and furethidine (II;
ethyl  4-phenyl-1-(2-tetrahydrofurfuryloxyethyl)-
piperidine-4-carboxylate).

> CeHs
CeHs*CHy OCHz)* N X M
6HsCHz OCH ) CO-O-CaHs
CeHs
[ 10—1-0-(: ‘N X (I
o 2 OfcHe)2 CO-O-CaHs

METHODS

Analgesia—The elevation of pain thresholds in a
group of 10 weanling rats (4 to 6 weeks old) was
measured 30 min. after the subcutaneous injection of
the analgesic, or 1 hr. after oral administration, by
a modification of the method of Green and Young
(1951). The pain threshold of each rat was determined
before and after administration of the drug ; a squeak
rather than struggle was taken as the end point. Any
animal in which the pain threshold was raised to
double or more than that of its initial value was
judged to be showing significant analgesia. The
EDS50 and 95% limits of error were calculated using
a standard probit analysis.

Respiration.—The respiratory depressant action on
unanaesthetized rats was determined by measuring the

frequency of respiration’ before and 30 min. after the
subcutaneous injection of the drugs. The mean
respiratory frequency per min. of groups of 10 young
rats was determined by counting the respiratory rate
of the animals very loosely restrained in a perspex
tube.

The effect upon respiratory minute volume and
respiratory rate was studied in anaesthetized dogs,
cats and rabbits by the method of Paton (1949). The
cats and dogs were lightly anaesthetized by intraperi-
toneal injection of pentobarbitone sodium 35 to 40
mg./kg. Rabbits were anaesthetized with urethane
1.5 g./kg. injected intravenously.

Cardiovascular System.—The direct effect of the
drugs on the blood pressure of the anaesthetized
rabbit, cat and dog was studied. Heart rate and
electrocardiogram were recorded with a direct writing
Ediswan electrocardiograph. The effect of the drugs
on the normal vascular responses to noradrenaline,
adrenaline, histamine, acetylcholine, nicotine and
vasopressin was recorded.

Behaviour and Activity—The effects on normal
behaviour and activity of the mouse, rat, cat, dog
and monkey were studied. Mice in which hyper-
kinesia had been induced by BB-iminodipropionitrile
after the method of Thuillier and Burger (1954) were
treated with benzethidine, furethidine and pethidine
and the effect on activity was recorded semi-
quantitatively using a jiggle cage.

Antitussive Action—Cough was induced in cats
lightly anaesthetized with pentobarbitone sodium
(35 mg./kg.) either by electrical stimulation of the
superior laryngeal nerve (Green and Ward, 1955) or
by mechanical irritation by means of a polythene
tube passed down the trachea as far as the carina.
The cough was recorded with a spring-loaded writing
lever on a kymograph by means of thread tied to
the abdominal wall in the region of the xiphisternum.

Prolongation of Barbiturate-induced Sleep.—Mice
were injected subcutaneously with twice the analgesic
ED50 20 min. before the intraperitoneal injection of
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75 mg./kg. of hexobarbitone sodium. The time from
injection of the hexobarbitone to the recovery of the
righting reflex was taken as the sleeping time.

Anticonvulsant Action.—Convulsions were induced
in mice by the intravenous infusion of leptazol 20 min.
after the subcutaneous injection of the EDS50 of the
analgesic.

Emetic Action.—The drugs were injected in ascend-
ing doses into the gluteal muscle of mongrel dogs
0.5 hr. after feeding. The criterion of vomiting was
taken as the expulsion of stomach contents.

Mydriatic Effect—The pupil size of mice before
and after subcutaneous and local application of the
drug was determined by measuring the pupil diameter
with a low power microscope.

Local Anaesthetic Action—The local anaesthetic
action was determined in guinea-pigs, after the intra-
dermal injection of the analgesics, by the method of
Biilbring and Wajda (1945), and compared with
procaine as a standard. Qualitative assessments in
man were also made.

Histamine Release.—The histamine-releasing power
was determined in man by injecting the drugs in
0.1 ml. of normal saline intradermally into the skin
of the volar surface of the forearm. The area of the
weal produced was measured using squared paper
(Bain, 1949). Weal area was plotted against log
dose.

Gastro-intestinal Effects—The antagonistic effects
of the three drugs against contractions of the guinea-
pig ileum induced by acetylcholine, histamine and
barium chloride were determined. The prepara-
tion described by Trendelenburg (1917) was used to
study effects on the peristaltic reflex.

The influence on intestinal motility in mice was
studied by comparing the effects of injection of the
drugs and a control solution on the weight of faecal
pellets passed by 4 groups of 8 mice. A cross-over
design was used and each group was given each treat-
ment. The faeces from each mouse were collected
over a period of 2 hr. and the means for each group
compared statistically.

The effect on gastro-intestinal propulsion of the
three drugs under test was also examined using the
method described by Green (1959). For this test
young rats were used and were kept on a diet of
protein hydrolysate for 2 days, being starved for 2 hr.
before the commencement of the experiment.

Antidiuretic Action.—This was determined using
rats which had been loaded with water by stomach
tube at 5% body weight and 1 hr. later with a further
5% body weight of 129 ethanol. The bladder and
jugular vein were cannulated and the urine output
was measured at 4 min. intervals. All drugs were
given by intravenous injection. Antidiuretic potency
was calculated by the method of Dicker (1953).

Acute Toxicity.—The LD50 of the three compounds
was determined after intravenous injection in mice
and oral and subcutaneous injection in rats.
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Subacute Toxicity—This was determined over a
period of 12 weeks on 4 groups of 20 male rats.
Newly weaned rats were injected daily with furethi-
dine, 1 mg./kg.; benzethidine, 5 mg./kg. ; pethidine,
25 mg./kg.; and normal saline, 4 ml./kg. by the
intraperitoneal route.

Each animal was weighed daily and any gross toxic
symptoms were recorded. Blood samples were taken
from randomly selected rats every 2 weeks. The
samples were examined and haemoglobin level, red
cell count and total white cells determined. Differen-
tial white cell counts were performed for each group
at the end of the eleventh week of the test.

After 12 weeks, 10 rats from each group were killed
and sections of the liver, spleen, lung, kidney, adrenal
gland, bone marrow of the femur and skin at the site
of injection were examined for pathological changes.

REsULTS

Analgesia—Both benzethidine and furethidine
had a considerably greater analgesic action in
rats than pethidine. The activity of the three
compounds is compared in Table 1. All these
compounds showed a similar duration of action
by either route. The ratios of analgesic activities
by oral and by subcutaneous administration
appear to be similar, and values obtained are in
satisfactory agreement with those of Blair and
Stephenson (1960).

Respiration.—All three compounds produced
respiratory depression in unanaesthetized rats, and
in the anaesthetized rabbit, cat and dog (Table II).

In unanaesthetized rats a linear relationship
between log dose in mg./kg. and the log of the
difference in respiratory rates before and after
the drug was obtained. The dose-response curves
for the three drugs showed no significant deviation
from parallelism (P>1.0). Similar relationships
between dose and respiratory depression were
obtained when the effect on the minute volume
of anaesthetized cats was studied. The relative
potencies of the drugs as respiratory depressants
are shown in Table II.

Nalorphine and levallorphan both reversed the
respiratory depression which followed the adminis-
tration of pethidine, furethidine, and benzethidine.

Cardiovascular System.—All three compounds
produced a fall in blood pressure when injected
intravenously into the anaesthetized rat, cat and
dog. A qualitative difference was observed, how-
ever, when the drugs were given in the ratio of
their analgesic doses. Pethidine produced an
initial short-lasting rapid fall of blood pressure
which was followed by a secondary more
prolonged fall. With benzethidine and furethidine
this secondary fall in blood pressure was much
less, or frequently absent. Thus the fall in arterial
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TABLE 1

COMPARISON OF THE ANALGESIC ACTION OF BENZETHIDINE, FURETHIDINE
AND PETHIDINE IN RATS

The limits of error (P=0-95) of the ED50’s are shown in parentheses.

|

: Subcutaneous Oral
d ‘ |
Compoun EDS0 | Duration Relative EDS50 Duration Relative
mg./kg. ' (min.) Potency mg./kg. (min.) Potency
|
|
Benzethidine .. 092 6 8 120 115 3
(0-48-1-76) ’ ! (10-0-38)
Furethidine . 045 | 60 16 2:8 130 13
| (0-27-0-65) ' (1-84-4)
Pethidine : 7-2 | 60 E 1 377 90 1
., (3:0-125) ’ (23-445-6) {
\ |

TaBLE 1I

COMPARISON OF THE EFFECTS OF
BENZETHIDINE, FURETHIDINE AND
PETHIDINE ON RESPIRATION

The relative potencies were calculated from the reduction
in respiratory rate of rats, and from measurements of
minute volume in the rabbit, cat and dog.

Relative Potencies
Unan-

aesth:ltized Anaesthetized

Rats (Sub- Rabbit Cat Dog

cutaneous) (Intravenous)

i

Pethidine .. 1 1 1
Benzethidine .. 28 s |3 5

(1-6-5-6) |
Furethidine 24:3 16 8 10

(12-8-45-3)

TaABLE 111

INCREASE IN HEXOBARBITONE-INDUCED
SLEEPING TIME

Subcutaneous injection in mice.

Increase in
Drug Dose Sleeping Time
(mg./kg.) )
0.
Benzethidine . . .. ) 63
Furethidine .. .. 1 130
Pethidine 20 265

blood pressure caused by pethidine was more rapid
and long-lasting than that caused by benzethidine
or furethidine.

A slight reduction in heart rate was observed
with higher doses of all three drugs, but no changes
in the electrocardiogram were observed. The
drugs had no effect on the responses of the vascular
system to injected adrenaline, noradrenaline,
acetylcholine, histamine, nicotine or vasopressin.

Behaviour and Activity—In doses producing
analgesia, no sedative or hypnotic effects were
seen in the mouse, rat, cat, dog or monkey. Higher
doses of furethidine (4 mg./kg.), benzethidine (20
mg./kg.), pethidine (40 mg./kg.), that is, up to
10 times the analgesic doses, produced sedation
in all animals except the cat which showed a
pattern of excitation similar to that caused by
morphine ; lower doses produced no excitement.

No reduction in activity in mice made hyper-
kinetic with 8B-iminodipropionitrile was observed
in analgesic doses ; higher doses reduced the degree
of hyperactivity although the animal still responded
normally to nociceptive stimuli.

Antitussive Action. — All three compounds
prevented artificially induced cough in anaes-
thetized cats: the minimal doses needed to abolish
cough by intravenous injection were benzethidine,
0.5 mg./kg.; furethidine, 0.1 mg./kg.; and
pethidine, 2.0 mg./kg.

Prolongation of Barbiturate-induced Sleep.—
When given in doses producing equal analgesic
effects, benzethidine and furethidine produced less
prolongation of hexobarbitone-induced sleep than
did pethidine (Table III).
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TABLE 1V

RELATIVE POTENCIES OF BENZETHIDINE AND FURETHIDINE (PETHIDINE=1)
IN DIFFERENT TESTS

257

‘ Local Charcoal | Inhibition of | Antagonism Histamine
Compound | Mydriasis Anaesthesia Meal Peristaltic | of Barium | |iperation | Analgesia
. | Test Reflex Chloride
1 i
Benzethidine .. | 135 s 6 06 015 | 8
Furethidine .. 3 20 ‘ 35 10 14 32 0-02 ’ 16
Anticonvulsant Effect.—In doses twice the Gastro-intestinal Effects—In common with

analgesic ED50, none of the three compounds
showed any protective effect against leptazol-
induced convulsions in mice.

Emetic Action—Merlevede and Levis (1958)
claim to produce vomiting in 50% of dogs with
an intramuscular injection of 10 mg./kg. of pethi-
dine hydrochloride. No emesis was observed
in dogs with benzethidine 2 mg./kg. injected
intramuscularly or 5 mg./kg. orally or with
furethidine 0.5 mg./kg. injected intramuscularly
or 1 mg./kg. orally, but 10 mg./kg. of pethidine
injected intramuscularly produced emesis in one
dog out of three.

Pupillary Action. — Benzethidine, furethidine
and pethidine produced mydriasis in the mouse,
rat and cat, but myosis in the dog. The potency
ratios are shown in Table IV.

Local Anaesthetic Action.—Both benzethidine
and furethidine possess local anaesthetic properties
and are approximately 3 times more potent than
pethidine and procaine (Table IV). All 4 com-
pounds had a duration of action of approximately
30 min. in the guinea-pig. When given intra-
dermally in man, furethidine and benzethidine had
a local anaesthetic action which lasted about 60
and 45 min. respectively.

Histamine-releasing Action. — Pethidine, like
morphine, has been shown by previous workers
to be capable of releasing histamine. When
benzethidine and furethidine were compared with
pethidine in doses producing an equal analgesic
effect a striking difference in the histamine-
releasing properties was apparent. Furethidine
and normal saline produced weals of the same
size and the amount of histamine released by
benzethidine was very small.

Table IV shows the relative histamine-releasing
properties of the three compounds as measured by
the weal area produced by approximately
equi-analgesic doses. The plot of weal area
against log dose gave parallel lines.

pethidine, benzethidine and furethidine showed a
general, apparently non-specific depressant effect
on smooth muscle. All three drugs inhibited the
normal spontaneous contractions of isolated rabbit
duodenum. They also antagonized the stimulant
actions of acetylcholine, histamine and barium
chloride on the guinea-pig ileum.

TABLE V

ACUTE TOXICITY OF BENZETHIDINE,
FURETHIDINE AND PETHIDINE

The figures represent LD50s (mg./kg.); limits of errors
(P=0-95) shown in parentheses.

Mice (In- | Rats (Sub- Rats
travenous) | cutaneous) (Oral)
Benzethidine .. 10-9 600 284
(10-1-11-5) | (400-900) | (57-460)
Furethidine 15-5 262 135
(14-1-17-1) | (14-547-1) | (125-146)
Pethidine 585 360 760
(54:2-63-1) | (334-388) |(510-1,140)
TABLE VI

THE EFFECT OF BENZETHIDINE, FURETHIDINE
AND PETHIDINE ON THE GROWTH RATE
OF RATS

Each drug was injected intraperitoneally in a group of

20 male rats and compared with a similar group injected
with saline.

‘ Dose F

D P
g ‘ (mg./kg.) | Ratio
Benzethidine 5 1-4 >0-10
Furethidine 1 1-0 >0-50
Pethidine .. 25 1-1 >0-25
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Like all potent analgesics benzethidine and
furethidine inhibited peristalsis in the isolated
guinea-pig ileum preparation. All three drugs
given subcutaneously reduced the quantity of
faeces passed by normal rats. The potency ratios
are given in Table IV.

Antidiuretic Action—In common with all other
potent analgesics tested pethidine, benzethidine
and furethidine showed antidiuretic properties
when injected intravenously in rats.

The antidiuretic responses of different rats of
200 g. body weight showed a wide variation ; the
total doses of drug to produce a 409 inhibition
of wurine output were benzethidine 11 pg.,
furethidine 30 pg., and pethidine 100 ug.

The antidiuresis appears to be due to the release
of antidiuretic hormone as no antidiuretic response
was observed during a saline diuresis.

Acute Toxicities—Table V shows the acute
toxicities for benzethidine, furethidine and pethi-
dine. The toxic effects of benzethidine and
furethidine appeared to be a result of depression
of the central nervous system ; pethidine, on the
other hand, produced excitation and clonic convul-
sions prior to death, symptoms not seen with
benzethidine and furethidine.

Subacute Toxicities—None of the drugs tested
had any significant influence on the growth rate
of male albino rats, when compared with a control
group of rats treated with saline (Table VI). The
mortality rate in the treated groups was not
significantly different (P>0.1) from that of the
control group.

No pathological changes attributable to the
administration of the drugs were detected in any
of the internal organs ; slight necrotic areas were
apparent at the injection site in 3 rats treated
with pethidine and 2 from the group treated
with benzethidine ; no lesions were seen in the
furethidine or the control groups.

Haemoglobin concentration, red cell count and
differential white cell count were all within normal
limits.

Tanabe and Cafruny (1958) have suggested that
the development of tolerance to the analgesic
action of morphine is accompanied by adrenal
hyperplasia ; in the present investigation, however,
no significant difference (P>0.1) was found
between the adrenal weights of the control and
the treated groups.

DiISCUSSION

For many vyears it was believed (Braenden,
Eddy, and Halbach, 1955) that for high analgesic

R. E. LISTER

potency the optimum substituent on the nitrogen
atom in the pethidine series was a methyl group ;
within the last four vyears, however, many
norpethidine derivatives with markedly higher
potency than pethidine have been prepared.
Little advantage is to be gained by increasing the
potency of an accepted drug if this increase is
paralleled by an increase in the incidence of
undesirable side-effects. Present research is there-
fore aimed at achieving a reduction in side-effects
caused by a drug administered at an adequate
analgesic dose.

Millar and Stephenson (1956) and Blair and
Stephenson (1960) have produced evidence that
the dose-response curves for analgesia of a number
of substituted norpethidine derivatives are not
parallel with that of pethidine. Pethidine is an
inadequate analgesic for severe pain, because
increase of the dose above a certain level does not
produce a corresponding increase in analgesia,
that is, a plateau in the dose-response curve is
reached. As the dose-response curves for
furethidine and benzethidine appear to be steeper
than that of pethidine a greater degree of analgesia
may be possible with these drugs than with
pethidine.

The increased analgesic potency of benzethidine
and furethidine compared with pethidine appears
to be accompanied by an increase in respiratory
depression. Respiratory depression, however, only
occurs in doses which are higher than those
producing an adequate level of analgesia. Since
benzethidine and furethidine are considerably
more potent than pethidine, it may be possible to
control severe pain with these drugs without
causing excessive respiratory depression.

In equi-analgesic doses benzethidine and fur-
ethidine produce less potentiation of barbiturate-
induced sleep in mice than does pethidine ; this
indicates that the latter drug may produce more
general central nervous depression than benz-
ethidine and furethidine. Reduced sedation has
been found particularly useful in obstetric anal-
gesia when it is desirable that the patient should
remain unsedated and fully co-operative.

An interesting finding is that benzethidine and
furethidine on intradermal injection release much
less histamine from the skin than does pethidine
in doses of equal analgesic potency. Gershon
and Shaw (1958) have suggested that a number of
the undesirable side-effects of morphine are due
to its histamine-releasing properties and that many
of these effects can be controlled by the adminis-
tration of an antihistamine ; thus it is possible that
benzethidine, and furethidine in particular, may
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show a decreased liability to produce these trouble-
some side-effects. In the limited experiments
using dogs, no side-effects attributable to histamine
release were produced by benzethidine and
furethidine in effective analgesic doses.

In anaesthetized cats the fall in blood pressure
which follows the intravenous injection of
pethidine is greater than that with benzethidine
and furethidine ; part of this hypotensive response
can be blocked by the administration of an anti-
histamine drug, and this lends further support to
the finding that benzethidine and furethidine are
less potent histamine liberators than is pethidine.

I should like to express my thanks to Dr. E. S.
Stern for much valuable advice and discussion, to
Mr. 1. Beattie for the pathological investigations,
to Mrs. F. Stothers for the antidiuretic estimations, to
Miss M. D. Bradley for technical assistance, and to
the directors of J. F. Macfarlan & Co. for permission
to publish.
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Bretylium (o-bromobenzylethyldimethylammonium) is a new type of hypotensive drug. It

was estimated in extracts of human urine as the methyl orange complex.
a single oral dose was found in human urine within 9 hr.

investigate excretion by cats.

in the urine.

No products of metabolism were found in either human or cat urine.

From 7 to 45% of
The [14C] labelled drug was used to

A minor proportion of a subcutaneous dose was eliminated by
cats in the faeces, probably after secretion into the bile.

Most of the dose was excreted unchanged
The drug

suffered negligible change when incubated with rat liver tissue in vitro.

Bretylium tosylate (Darenthin ; o-bromobenzyl-
ethyldimethylammonium toluene - p - sulphonate)
is a quaternary salt described by Boura, Copp,
and Green (1959) that selectively impairs the
function of adrenergic neurones and lowers the
blood pressure of hypertensive patients (Boura,
Green, McCoubrey, Laurence, Moulton, and
Rosenheim, 1959). It is notable for its freedom
from central effects and for lack of actions on the
parasympathetic nerves which mar the use of
ganglion blocking agents. For a quaternary salt
it is fairly well absorbed as judged by its effects
in both man and animals. By the same criterion
its absorption by any one patient was found to be
fairly constant, but there was considerable
variation in the effective dose needed by different

patients. This paper gives information on the
excretion of the drug and its stability to
metabolism.

METHODS

Assay of Bretylium in Human Urine—A satis-
factory specific method of chemical assay was not
devised ; bretylium is stable to chemical reagents
under mild conditions and lacks physical properties
suitable for assay purposes. Moreover, the drug is
very hydrophilic, its reineckate rather soluble (about
20 mg./l.) and continuous extraction very slow. The
following two methods, based on the well-known
association of bases with sulphonic acid dyes, were
intended to provide approximate values for assessing
the excretion of the drug in human urine.

A preliminary estimate was gained by chromato-
graphy of 100 pl. portions of urine in the organic
phase of n-butanol/acetic acid/water (4:1:5). The

size of the spot revealed at Rf 0.75 by spraying with
Dragendorff’s reagent was compared with standard
spots of 2 to 10 pug. of the cation. Rf values in other
solvent mixtures were 0.75 in s-butanol/acetic acid/
water (12:5:3) and 0.67 in n-butanol/pyridine /water
(1:1:1).

Method A.—The sample was diluted with an equal
volume of ethanol and filtered. An aliquot of the
filtrate, usually 2 ml., was diluted with 5 vol. of
0.05M phosphate buffer, pH 7, and the solution
passed down a column (10x1 cm.) of Amberlite
IRC-50 resin buffered at pH 7. The column was
washed to pH 5 by 300 ml. 0.05M phthalate buffer,
and the eluate, containing interfering bases, rejected.
Bases retained on the column were eluted by 150 ml.
warm 0.5N hydrochloric acid. The eluate was
neutralized, evaporated under reduced pressure, and
extracted with 3x20 ml. portions of ethanol.
Ethanolic methyl orange (0.05%, 3 ml) was added,
and the solution dried under reduced pressure. The
base-dye complexes were extracted with several
portions of warm ethylene dichloride until the
washings were colourless. The extract was adjusted
to volume, usually 25 ml., and the red colour
produced by dilution with an equal volume of
ethanolic hydrochloric acid (1%) was measured at
525 mp.

Recovery of 1 mg. amounts of bretylium iodide
from normotensive urine averaged 98+11% in four
trials. A major source of error arose from colloidal
methyl orange carried over in the ethylene dichloride
if evaporation of water was not sufficiently thorough.
The lengthy procedure could be shortened for urines
containing more than 10 mg. of drug/100 ml. (as
shown by chromatography). The neutralized acid
eluate from the resin was evaporated to a few ml.
and 1 ml. 0.5N sulphuric acid and 5 ml. sodium
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phosphate (5%) added. A blue complex was formed
after shaking with 10 ml. of a cobalt thiocyanate
reagent (Ashbrook, 1959) ; this complex was extracted
by thorough shaking with 10 ml. ethylene dichloride.
Emulsions were troublesome. The blue colour was
read at 620 mp.

Method B.—In single-dose experiments, blank
values were obtainable from urine specimens collected
from the patients at the beginning and end of the
experiment and it was convenient to obtain a result
rapidly by distilling 1 to 2 ml. of the sample with
3 ml. ethanolic methyl orange (0.05%) and 50 ml.
ethylene dichloride, until the distilling temperature
had reached 85°, adding more solvent if necessary.
The solution in the flask was cooled, filtered, adjusted
to 25 ml. and read as in Method A. Recovery of
1 mg. amounts of drug from normotensive urine
averaged 92+139% in three trials.

Assay of ['*C)-labelled Bretylium. — Urines in
appropriate amounts were dried on lens paper on
planchettes and counted under an end window
counter. The results were referred to standards
prepared by adding known amounts of labelled drug
to similar urines. Faeces were digested with hot
2N hydrochloric acid, cooled and filtered. The
volume was adjusted to 100 ml. and aliquots counted
as described for urine. Similar methods were used
in some experiments with tissues in vitro, but where
greater accuracy was desired or where the level of
radioactivity was low, the sample was dried and
combusted in oxygen, with added glucose if neces-
sary, and the carbon dioxide was counted as gas
(Glascock, 1954).

Identity of the Excreted Material—The mobilities
of spots revealed by Dragendorff’s reagent and auto-
radiography of paper chromatograms of whole urines
were compared in the solvent systems mentioned
above with authentic material dissolved in the same
samples.

Attempts to isolate pure specimens of bretylium
iodide or bromide after precipitation of urinary bases
as the reineckates were unsuccessful, and an isotope
dilution method was applied. A cat received 22 mg.
of [**C]-labelled bretylium iodide subcutaneously. The
1to 2 and 3 to 5 day urines were collected separately,
made up to volume, and aliquots retained for ['*C]
assay. Carrier bretylium bromide (400 mg.) was
added to each sample followed by evaporation to
dryness and extraction with ethanol. A portion of
each extract was retained for ['*C] assay before
evaporation and precipitation of the reineckates.
These were crystallized once from dilute acetone, and
the bases were liberated by silver sulphate. The bases
were chromatographed on Whatman 3 MM paper in
n-butanol/acetic acid/water. The region indicated
on small strips sprayed with Dragendorff’s reagent
was eluted with water and the eluate evaporated.
Bretylium was finally isolated as the reineckate for
analysis of [**C] by combustion to carbon dioxide and
counting as gas. The reineckates were crystallized

261

from dilute acetone, m.p. 175-178° (decomp.).
(Found: C, 32.0; H, 4.0; N, 17.5. CisH2N:S«CrBr
requires C, 32.1; H, 4.1; N, 17.5%).

Search for Possible Products of Metabolism of
Bretylium

Carbon Dioxide.—A rat (100 g. wt.) received 1 mg.
of the labelled drug subcutaneously. It was kept in
a metabolism chamber in a slow stream of air, and
the issuing gas was scrubbed in two towers contain-
ing glass beads moistened with 5N potassium
hydroxide. Trapped carbon dioxide was liberated
into a vacuum line and counted as gas.

Bromide Ion.—A portion of a 24 hr. specimen of
urine from a patient who had received 2,250 mg. of
bretylium tosylate the day before was examined for
bromide ion by the method of Belote (1927).

o-Bromobenzoic Acid—A 24-hr. specimen of
urine from a patient who was receiving 900 mg. of
bretylium iodide daily was evaporated to a syrup and
hydrolysed by concentrated hydrochloric acid for
5 hr. at 100°. The solution was diluted to 250 ml.
and extracted with ether. Organic acids were
dissolved out by alkali and transferred back to ether.
Removal of the solvent gave 450 mg. of dark material
which yielded 350 mg. of white crystals, m.p.
153 to 156°, to hot ligroin. Neither these nor the crude
material contained bromine. The crystals were
identified by conventional methods as salicylic acid.

Experiments with Liver Tissue in vitro.—Rat liver
slices were incubated for 2 to 3 hr. in Krebs-Ringer
glucose phosphate saline containing ['*C]-labelled
bretylium iodide (10~° or 2x 107*mM). The rate of
oxygen uptake, 46 p-moles/g. tissue/hr., did not differ
from similar experiments in which bretylium was
omitted. Evolved carbon dioxide was recovered
either from the pooled filter papers containing
potassium hydroxide from the centre wells of mano-
metric vessels or from baryta used to wash the
issuing gas from aerated mixtures. Trichloroacetic
acid extracts of homogenized incubation mixtures
were chromatographed in n-butanol/acetic acid/water
for autoradiography. The spots on chromatograms,
corresponding to controls where the drug was added
after completion of incubation, were excised and
counted directly on the paper by a scintillation
technique (Roucayrol, Oberhauser, and Schussler,
1957) using a non-volatile scintillator (Buck and
Swank, 1958).

Liver homogenates were incubated in the fortified
medium containing semicarbazide to trap formalde-
hyde as described by Axelrod (1956). Any formal-
dehyde produced during metabolism was distilled into
phenylsemicarbazide solution for combustion and
counting.

RESuULTS

Excretion by Cats.—Estimation of the radio-
activity in cat urine after subcutaneous doses of
[**C]-labelled bretylium iodide (10 mg./kg.) showed
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TABLE 1
EXCRETION OF [*C]-LABELLED BRETYLIUM IN CATS

Cats were injected subcutaneously with bretylium tosylate 10 mg./kg. Figures are % of dose excreted. Serial
estimations in single cats except the first row of urine figures and the bile figures.

Hours Days
o , 1
1 L 2|8 1 2 1 34 s
Urine .. .. 15 30 | 7 — = = = |
W= T = | 4es | 102 5T | 42 |
» . . e e - — 141 | 47 @ —
Facces .. .| — — | 0 s | 55 64 | 02
e — = — = s —
Bile 13 j 0s 01 - — | 0006 l
| i |

that excretion began within 1 hr. and that about
half the dose was excreted by this route within
24 hr. (Table I). In one cat, 83% of the dose was
accounted for in urine and faeces within 7 days,
though detectable radioactivity was still present in
urine on the seventh day. The drug was secreted
into bile and this may account for the minor
amounts found in the faeces after the sub-
cutaneous dose. In another experiment, in which
50 mg./kg. of bretylium iodide was given sub-
cutaneously, 12.7 mg. was found in the bile after
18 hr.

Excretion in Human Urine.—Because of the
unsatisfactory nature of the assay used, the results
shown in Tables III and IV can only be regarded
as approximations. The standard deviations in
recovery experiments from normotensive urines
were rather high, but the greatest source of error
arose from the high blanks given by urines from
hypertensive subjects. Normotensive subjects
appeared to excrete less basic material, and their
urines by Method B gave values that ranged from
the equivalent of 1.4 to 8.3 pg./ml. bretylium
tosylate (mean of 6 experiments=4.1 pg./ml).
However, one further specimen of urine from a
normotensive subject gave a value equivalent to
167 pg./ml. bretylium tosylate. Urines from
4 hypertensive subjects gave values equivalent to
50, 158, 214, and 368 pug./ml. These high values
could not be traced to previous drug regimens.
The resin treatment of Method A reduced these
values to an equivalent of between 8 and 32
ug./ml. bretylium tosylate.

Table II gives a comparison of the values
obtained by three variants of the methyl orange
method on the same series of specimens. The
third set of figures refers to the application of
Method B to the eluate after an initial purification
by chromatography.

The figure for the second day by Method A
appears to be high, and recovery of small amounts
of drug from paper was unsatisfactory, otherwise
there was reasonable agreement considering the
very high blank values given by this patient.
High blank values were also found in a specimen
from the same patient before bretylium treatment.
The result suggests that about one third of the
total dose was excreted in urine by this patient.

TABLE II

COMPARISON OF METHODS FOR ESTIMATING
BRETYLIUM IN URINE

24 hr. urine specimens were collected on 5 successive:
days from a patient. During the first 2 days the patient
received 900 mg. bretylium iodide and for the last 3 days.
a placebo only. The specimens were assayed by 3 different
methods. Each figure represents the total 24 hr. excretion
in mg. of total bases or bretylium iodide, and is the mean
of two determinations. Total bases were calculated in
terms of bretylium iodide. The mean of days 4 and 5
was taken as the blank for calculating the amount of
bretylium excreted.

i |
i Method B
Method A Method B with Chroma-
Day \ tography
Bretyl- Bretyl- Bretyl-
| l ium ‘ Total | “jym | Total | jym
\ es |1 odlde1 Bases | 1odide | Bases | [odide
1| 980 | s0s | 595 | 496 | 448 | 424
2 0707 | 232 0 216 | 117 | 127 | 103
3053 6l 168 | 6 2 | 0
4 456 — 106 — 24| —
s 44— @2 — I — | -
Total . 798 | 682 527
1 | |
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Table III shows that excretion of single oral
doses reached a peak at 2 to 4 hr. after the dose,
and that excretion had virtually ceased after
9 hr. The degree of absorption by different
patients was variable. In the one instance studied
(Table III), total absorption did not appear to be
influenced by a heavy meal though the scatter of
the figures after a meal contrasts with the smooth
rise and fall seen in the same patient when
fasting. Table IV shows excretion of total bases
while on continued dosage with bretylium ; it
indicates that excretion became appreciable only
when the total daily dose had exceeded 1 g. The
very high value for the 15th day (confirmed by
chromatography) shows that sudden absorption
may occur for no apparent reason.

Metabolism in Vivo.—Chromatograms and
autoradiograms of urine and bile from cats that
had received the labelled drug showed spots with
the same mobilities as bretylium. Trichloroacetic
acid extracts of heart, spleen, lung, and superior
cervical ganglion also contained unchanged drug.
Examination of these chromatograms, and

TABLE 111

URINARY EXCRETION OF BRETYLIUM
DURING A 24 HR. PERIOD

Patients were given oral doses of bretylium at 9 a.m.
‘Thereafter urine samples were collected at intervals and
assayed for total bases. Values represent mg./br. of
total bases in terms of bretylium. The 9 excretion was
calculated as the total bases excreted from 9 a.m. to 6 a.m.,
less the mean of the 6 a.m. to 9 a.m. and 6 p.m. to 5 a.m.
values. I=bretylium iodide, T*=bretylium tosylate
with a heavy meal. T{=nbretylium tosylate in the same
patient while fasting.

Method B Method A

500 | 300 | 500 | 500 | 500

Dose: | mg. | mg. | mg. | mg. mg.

I I I | T | Tt

mg./ | mg./ | mg./ | mg./ | mg./

Time hr. hr. hr. hr. hr.
6am-9am. .. 1-2 55 2-5 88| 24
9 ,, 10 ,, 413 ) ) 106 3-8
0 ,, 11 - 730120 55| 62
1o, -12 noon} ats|! ) 264| 98
12 noon -1 p.m. . . . .
1pm—3 o, .. 24.3}213 73} 35}73
3 ,,-6,, .. 68| 133 9-0 80| 53
6 ,,—5am... 1-3 24 33 1-0| 19

% of dose excreted

30%’| 12 7% 8%
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TABLE 1V
URINARY EXCRETION OF TOTAL BASES BY
TWO PATIENTS ON CONTINUED DOSAGE
WITH BRETYLIUM TOSYLATE

The total bases were assayed by Method A and expressed
in terms of bretylium tosylate, mg./24 hr.

| | |
| Total ! Total
Day Dose ] Bases % Dose ‘ Bases
1 — 16 | — l —
2 — 13— 205
3 375 15-4 — —
6 750 | 195 875 | 306
7 1,000 | 132 1,125 400
8 1,375 ; 36-8 1,125 349
9 1,750 | 436 1,500 332
14 2,250 492 i — —
15 2,250 ‘ 285-0 ; — —
16 2,250 61-5 i — —
17 2,250 ‘ 40-0 — 256
18 2,250 61-5 — 83
20 2,250 79-2 | — 71
| I

numerous chromatograms of whole human urine,
by ultraviolet light and conventional spray
reagents, failed to disclose anything that could be
interpreted as a metabolic product of the drug.

A rat that had received labelled bretylium
produced radioactive carbon dioxide equivalent to
0.03% of the dose during 6 hr. but none in the
next 17 hr. No bromide ion was found in the
human urine examined.

An isotope dilution method failed to disclose
the presence of metabolic products in the urine of
a cat. The reineckate was used as a convenient
means of purifying the bretylium. The dilution
factor calculated from estimation of ['“C] in the
purified reineckate did not exceed that calculated
from estimation of total [**C] in an alcoholic
extract of the urine. For a 1 to 2 days sample,
the reineckate and alcohol extract factors were
113 and 116 respectively, and for the 3 to 5 days
samples, 137 and 163.

Metabolism in Vitro.—Rat liver slices sus-
pended in saline containing labelled bretylium
evolved small amounts of labelled carbon dioxide
at a rate of 0.15% added drug/g. tissue/hr. The
result parallels the slow rate of evolution of
carbon dioxide by the rat after dosage with the
labelled drug. Attempts to detect formaldehyde
such as could arise by N-demethylation were
negative. Recovery of labelled drug after
incubation with liver tissue was assessed by
chromatography of protein-free extracts and
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counting the appropriate areas of paper directly.
The chromatograms from incubated mixtures gave
1,690 + 265 counts/min., those from mixtures
where labelled bretylium was added after incuba-
tion 1,600 4+ 160 counts/min. (means of 6 results).

Discussion

No evidence was obtained to suggest that
bretylium is metabolized in the body to any
marked extent, though evolution of labelled
carbon dioxide by rats and from liver incubated
with the drug indicates that it is not completely
immune from metabolic attack. Complete
oxidation or extensive debromination by a
dehalogenase would have been revealed by
presence of bromide ion in urine. The evidence
from chromatography and autoradiography can
only apply to products with the quaternary group
intact, but removal of this group would be ex-
pected to give a benzoic acid. The salicylic acid
found in one urine almost certainly arose from
ingested acetylsalicylic acid. Metabolites that
retain the quaternary nitrogen such as a hypotheti-
cal mercapturic acid seem to be unlikely since
isotope dilution give no hint of other products.
Substituted bromobenzenes do not give rise to
mercapturic acids (Williams, 1947).

Compared with many other quaternary salts,
bretylium is absorbed fairly readily from the
alimentary tract. In unpublished work it has been

W. G. DUNCOMBE and A. McCOUBREY

shown to be absorbed from the intestine and not
from the stomach, but the mechanism is obscure.
Current theories on drug absorption, that assume
solution of unionized bases in lipid, are difficult to
apply to quaternary salts, unless they form an
unionized complex analogous to the complexes
with sulphonic acid dyes, with some constituent
of the intestine.

The authors gratefully acknowledge assistance with
animal experiments by Mr. A. L. A. Boura, the
provision of urine specimens by Dr. D. R. Laurence
and Dr. R. Moulton, of University College Hospital
Medical School, analyses by Mr. P. R. W. Baker, and
technical assistance by Mr. S. W. Stock, Mr. A. E.
Lakeman, and Mr. D. W. Richardson.
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THE SELECTIVE ACCUMULATION OF BRETYLIUM IN
SYMPATHETIC GANGLIA AND THEIR
POSTGANGLIONIC NERVES

A. L. A. BOURA, F. C. COPP, W. G. DUNCOMBE, A. F. GREEN,
AND A. McCOUBREY

From the Wellcome Research Laboratories, Beckenham, Kent

(RECEIVED MARCH 16, 1960)

A study of the distribution of [1*C]-labelled bretylium (N-o-bromobenzyl-N-ethyl-N,N-dimethyl-
ammonium) in cat tissues at various times after subcutaneous injection suggests that the specificity
of its blocking action on adrenergic neurones may be related to its selective accumulation in these

neurones.

The rate of rise and fall of concentration in sympathetic ganglia and postganglionic

sympathetic nerves showed a close similarity to the time course of the blocking adrenergic

neurones as manifested by relaxation of the nictitating membranes.

Concentrations found were

similar to those in adrenergic nerve trunks when topical application of the drug had caused a
local block of conduction. Conduction in other types of nerve could be blocked by topical
application, but in general they were less sensitive, heavily myelinated nerves being the most

resistant.

The pharmacology of bretylium (N-o-bromo-
benzyl-N-ethyl-N,N-dimethyl ammonium) has
been described by Boura and Green (1959). The
drug impaired the function of adrenergic
neurones in doses which did not affect the para-
sympathetic or central nervous systems. It has
been successfully used to control hypertension in

man (Boura, Green, McCoubrey, Laurence,
Moulton, and Rosenheim, 1959; Smirk and
Hodge, 1959; Dollery, Emslie-Smith and

McMichael, 1960). This study of the distribution
of the ['*C]-labelled drug in cats suggests that the
specificity of action of bretylium may be related
to its selective accumulation and retention in
adrenergic neurones.

METHODS

N-""C-methyl Labelled Bretylium lodide—Methyl
iodide, containing a nominal 3 mC of [**C] (0.77
m.mole), was condensed in vacuo on to 0.77 m.mole
of N-o-bromobenzyl-N-ethyl-N-methylamine in 1.8
ml. methyl acetate. The mixture was sealed off and
allowed to stand at room temperature for 24 hr. The
product separated as an oil that crystallized on
standing. It was filtered off, washed with methyl
acetate, and wused without further purification
(m.p. 119 to 120° on a hot stage ; yield, 219 mg.). The
material, suitably diluted with inactive carrier, was
combusted in oxygen and ['“C] was counted as carbon

dioxide (Glascock, 1954). It was calculated that the
undiluted material had a specific activity of 3.1
mC/m.mole=79% of the ["*C]-methyl iodide used.
Paper chromatography in several solvent systems
followed by autoradiography revealed one radioactive
spot at the position stained brown by Dragendorff’s
reagent. RF values were as follows: in s-butanol-
acetic acid-water (12:5:3), 0.75; in n-butanol-
pyridine-water (1:1:1), 0.67; and in n-butanol-
ethanol-109% ammonia (40:20:13), 0.58.  This
material was diluted with two or three parts of
unlabelled bretylium iodide before use.

Tissue Sampling After Subcutaneous Administra-
tion of Bretylium Iodide—For most experiments
cats received 10 mg./kg. in saline. After a suitable
time interval they were anaesthetized with ether and
bled out by cutting the aorta. The blood was
collected and heparin added. Tissues were dissected
as rapidly as possible, taking the nerves and ganglia
first, then samples of larger organs, and finally
samples of the central nervous system. The dissection
took about 1 hr.

Ganglia, nerves and other small samples were
rapidly trimmed on filter paper, weighed on a torsion
balance to 0.5 mg., and laid in porcelain boats for
drying at 100°. Larger samples were weighed into
tared tubes and dried over phosphorus pentoxide
in vacuo for two days.

Topical Application to Nerve Trunks.—Labelled
bretylium was applied topically to several nerve
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trunks in cats under chloralose anaesthesia, in order to
determine its uptake by the nerves and its effect on
conduction. The latter was assessed from the
response of a suitable end organ when the nerve was
stimulated proximal to the portion exposed to the
drug. The following nerves were examined:

(a) Inferior cardiac: the heart rate was followed
with a Cushny myocardiograph triggering a Thorp
impulse counter.

(b) Hypogastric: the relaxant effect of nerve
stimulation on the uterus was recorded by means of
a Cushny myocardiograph.

(c) Preganglionic cervical sympathetic: the end
organ response was the contraction of the nictitating
membrane, recorded isotonically with a frontal
writing lever.

(d) Greater splanchnic: carotid blood pressure was
recorded with a mercury manometer. Conduction in
the nerve was considered to be impaired when the
pressor effect of nerve stimulation was decreased.
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(e) Phrenic: isometric
diaphragm were recorded.

In each of these preparations the nerve was cut
and freed from surrounding tissue for a length of
2 to 3 cm., and then drawn through a glass chamber
with rubber dam seals at each end. This was filled
with Tyrode. The proximal end of the nerve, under
warm liquid paraffin, was stimulated through
platinum electrodes with supramaximal shocks at
15/sec., for periods of 30 sec. every 3 or 5 min.
When the response of the end organ was constant, the
fluid in the nerve bath was replaced with Tyrode
containing labelled bretylium. At the times stated
in Table III when the end organ response, usually
diminished, was again fairly constant, the immersed
segment of nerve was excised, quickly rinsed in
Tyrode, blotted, weighed and dried at 100° ready
for assay. In one experiment the superior cervical
ganglion and the adjacent portions of its pre- and
post-ganglionic nerves, freed from connective tissue
but otherwise intact, were immersed in a small plastic

contractions of the

TABLE 1
THE CONCENTRATION OF BRETYLIUM IN PERIPHERAL NERVOUS TISSUES

Values for individual cats at intervals following subcutaneous injection of 10, 6 or 50 mg./kg. of [14C]-labelled bretylium
iodide. Concentrations are expressed as mumoles/g. wet tissue. 1 mumole=0-37 ug. bretylium iodide.

10 mg./kg. 6 mg./kg. | 50 mg./kg.
Tissue ‘
3 hr. 12 hr. } 18 hr. 18 hr. 72 hr. 18 hr. 18 hr.

Adrenergic nerves

Postganglionic cervical

sympathetic 42 78 — 700 31 49 696

Hypogastric — 174 — — 41 61 421

Gastric — 99 — — — 62 —

Inferior cardiac 22 136 — — 19 63 196
Cholinergic nerves

Preganglionic cervical

sympathetic 28 29 — 80 8 23 114

Greater splanchnic 14 30 — — 8 24 37

Vagus .. 15 19 — 40 2 — 47

Phrenic 11 94 — 40 — — —
Sympathetic ganglia

Superior cervical 197 270 445 890 61 174 965

Middle cervical — — — 610 — — —

Stellate 168 315 303 770 16 185 728

Coeliac .. 158 374 450 950 41 225 634

Superior mesenteric . . — 59 258 700 — — —

Inferior . 290 ‘ 362 — 430 49 152 440
Other ganglia

Nodose 38 15 41 30 1 6 37

Ciliary — 64 — 30 — — —

Otic — 7 — 1 — — —

Dorsal root — 16. — 10 — — —

Semilunar — <1 — 1 — — | —

i | i
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TABLE 1I
THE CONCENTRATION OF BRETYLIUM IN VARIOUS TISSUES

Values for individual cats at intervals after subcutaneous injection of 10 or 50 mg./kg. of [14C]-labelled bretylium

iodide. Concentrations are expressed as mpmoles/g. wet tissuz. 1 mpmole=0-37 pg. bretylium iodide.

(a) Other tissue concentrations in this cat were: parotid gland 20 mumole, ovary 38 mumole, thyroid 14 mgmole,

cervical lymph gland 5 mpmole; (b) and (c) are the concentrations in the cortex and medulla respectively; (d) left
ventricle; (e) cerebral and cerebellar cortex and spinal cord.

‘; 10 mg./kg. 50 mg./kg.
1 hr. L 3 hr. 3 hr. 12 hr. 18 hr. (a) 18 hr. 72 hr. 18 hr.
Blood .. .. 23 15 — 13 28 17 <1 24
Liver 288 78 201 62 23 27 — —_
Kidney . 113 ; — — — 9 13 — —
Adrenal gland f 110 (b)
77 1 53 — 20 78 164 (c) <1 85

Heart (d) 400 [ 131 146 44 22 32 <1 38
Spleen 205 | 34 102 235 142 108 25 45
Lung .. .. — ! 88 — — —_ — — —
Diaphragm .. 52 i — — — 45 50 — —
Area postrema .. 1 25 — — 20 — —
C.NS.(e) .. . <1 <1 — <1 — <1 — —
Hypothalamaus .. 1 3 — — — — —

‘ !

trough. Stimulation was applied to the preganglionic
nerve. After immersion in bretylium, the concentra-
tions in the ganglion and in the immersed portions of
the pre- and the postganglionic trunks were assayed
separately.

Assay.—The small samples were combusted in
oxygen and [''C] counted as carbon dioxide (Glascock,
1954). Most of the nerve samples weighed between
7 and 10 mg. Where necessary, inactive glucose was
added to bring the total weight within this range.
From the measured volume of carbon dioxide
produced and the specific activity, the total activity
in each sample was calculated. Large samples were
dried in vacuo over phosphorus pentoxide for several
days, powdered, and plated out on polythene
planchettes for counting at infinite thickness under an
end window counter.

The results were calculated by reference to
calibrations prepared from samples containing known
amounts of activity. Most counts were taken to
within 29 standard deviation, but samples of low
activity had standard deviations up to +10%.

RESULTS

Previous experiments (Boura and Green, 1959)
have shown that the nictitating membranes of cats
injected subcutaneously with 10 mg./kg. bretylium
bromide began to relax after 3 hr., were fully
relaxed at 12 and 18 hr., and regained their normal
tone only after two to three days. The time
course of this effect, found also in the present
series of experiments with the labelled bretylium

iodide, was characteristic of the slow and persis-
tent adrenergic neurone blocking action of the
drug. It was in relation to this that the
distribution of bretylium at various time intervals
after injection (Tables I and II) is of particular
interest.

The levels of radioactivity found in sympathetic
ganglia and their postganglionic trunks showed
that these tissues attained far higher concentra-
tions of the drug than did any others examined
(Tables I and II). At 18 hr. after subcutaneous
injection of 10 or 50 mg./kg., when the nictitating
membranes were fully relaxed, these ganglia
contained as much as 250 to 1,000 mumoles/g.,
and their postganglionic trunks 200 to 700
mpmoles/g. The rate of accumulation of these
concentrations was slow, especially by the nerve
trunks. The values at 72 hr. indicate that the rate
of decline was also slow. The other nerves and
ganglia examined accumulated moderate concen-
trations, in contrast to the high concentrations
found in adrenergic nerves and sympathetic
ganglia.

The concentration of bretylium in blood and in
some other organs is shown in Table II. One
hour after injection the blood contained about
20 mumoles/ml., and similar levels were found at
3, 12 and 18 hr., but much less at 72 hr.
Differential centrifugation of the blood in
siliconed tubes showed that the concentration was
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approximately the same in plasma and red cells.
There was no more bretylium in the platelet
fraction than could be accounted for by residual
plasma. Other organs, for example, liver, kidneys,
spleen and heart, accumulated concentrations far
exceeding that in the blood within 1 hr. Levels
in most organs had greatly declined within 12 to
18 hr., but those in the adrenal gland and spleen
were well maintained. No drug was found in the
central nervous system except for small amounts
in the hypothalamus and area postrema.

After a dose of 6 mg./kg. only partial relaxa-
tion of the nictitating membranes occurred ; 18 hr.
after this dose the concentrations of bretylium in
the tissues were considerably less, those in
sympathetic ganglia being a half to one-quarter of
those in the cats given 10 mg./kg. After 50
mg./kg. of bretylium all tissue levels at 18 hr. were
roughly the same as those in cats given 10 mg./kg.

The possibility was considered that bretylium
might penetrate into nerve axoplasm during the
course of the ionic fluxes associated with impulse
propagation and that this mode of entry would
account for the rather slow rate of accumulation.
A cat in which the right preganglionic cervical
sympathetic nerve had been cut a month before-
hand was given 10 mg./kg. labelled bretylium
subcutaneously. Eighteen hours later the con-
centration of bretylium in the superior cervical
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ganglion of the sectioned side (122 mumoles/g.)
was similar to that of the intact side (117 mpu-
moles/g.) and there was no noteworthy difference
in the amounts of bretylium in the postganglionic
nerves (79 and 41 mumoles/g. respectively). In an
acute experiment, where the nerve of one side was
cut and the other side left intact but stimulated
supramaximally for 3 hr. after intravenous
injection of the drug, there was again little
difference between the bretylium contents of
the superior cervical ganglia with their attached
postganglionic nerves (cut, 232 mumoles/g.;
stimulated, 388 mumoles/g.).

Topical Application.—Table III summarizes
experiments in which various nerves were
immersed in labelled bretylium, the degree of
impairment of conduction assessed from the
response of end organs, and the uptake of
drug measured. The inferior cardiac and
the hypogastric nerves took up the drug to
concentrations exceeding those in the fluid
in which they were immersed, within 20 to
100 min. Stimulation of the inferior cardiac
nerve containing 600 mumoles/g. no longer
affected the heart rate, but, while conduction in the
hypogastric nerve was apparently impaired when
it contained an overall concentration of 90 mpu-
moles/g., blockade was still incomplete with
1,270 mpmoles/g. The preganglionic cervical

TABLE III

CONCENTRATION OF BRETYLIUM IN

NERVES AFTER TOPICAL APPLICATION

The nerve, immersed in Tyrode solution containing [14C)-labelled bretylium iodide, was stimulated at 15 pulses/sec.

for 30 sec. every 3 or 5 min.

Concentration of bretylium calculated from radioactivity determination.

l Bath Inhibition | Concentration
Response C(;ﬂ;e ntt r?tlon Ir_;}.mersilon of End of Drug in
Tested o I:::li{i;um lﬁ?n n Organ Nerve,
| mumoles/ml. : Response mpmoles/g.
Adrenergic nerves ‘
Inferior cardiac .. .. Heart rate 500 20 Complete 600
Hypogastric .. .. .. .. ‘ Uterus 50 100 Partial 90
. .. .. .. el s 500 75 vy 1,270
Cho.inergic nerves ‘
Preganglionic cervical sympathetic .. | Nictitating
| membrane 500 30 None 520
» » » » 500 30 » 500
s LX) ’9 . EX] 1;000 30 EE] 340
' v ' Lol ' 1,000 90 Partial 310
Greater splanchnic . . | Rise in B.P. 500 30 ’ 90
' ’ .. .. oo vs  ay 500 35 v 50
Phrenic. . . | Diaphragm 500 30 None 90
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sympathetic nerve also readily absorbed the drug,
but an impairment of conduction was apparent in
only 1 of 4 preparations. It may be significant
that the nerve which showed blockade, though
containing no greater concentration of the drug,
had been immersed 90 min. instead of 30 min.
The longer period of immersion might perhaps
have allowed deeper penetration into the nerve.
In an experiment not shown in the Table, the drug
was taken up readily not only by the preganglionic
cervical sympathetic trunk but also by the superior
cervical ganglion and its postganglionic nerve
trunk ; these structures contained 850, 420, and
540 mumoles/g. respectively after they had been
immersed together for 30 min. in bretylium at a
concentration of 500 mumoles/ml. The response
of the nictitating membrane to preganglionic
stimulation was abolished.

The greater splanchnic and the phrenic nerve
(Table III) took up bretylium to only about a fifth
of the concentration of the solution in which they
were immersed, within 30 min. Some impairment
of the pressor response to stimulation of the
splanchnic nerve containing 50 to 90 mumoles/g.
was apparent, but supramaximal stimulation of the
phrenic nerve containing 90 mumoles/g. continued
to cause maximal contractions of the diaphragm.

Similar results were obtained with topical
application of unlabelled bretylium bromide. The
inferior cardiac nerve was blocked by immersion
in a solution of 185 mpumoles/ml. for 13 min.
(one experiment), and the postganglionic cervical
sympathetic nerve was blocked by 450 mumoles/
ml. in 25 min. (one experiment). No impairment
of conduction was apparent in preganglionic
cervical sympathetic nerves immersed for 30 min.
in bretylium at 1,000 to 2,700 mumoles/ml. (five
experiments).

DiscussioN

The following conclusions are based on the
assumption that the radioactivity found in samples
was accounted for solely by unaltered drug.
Bretylium has been found to suffer negligible
metabolic alteration in contact with tissues
(Duncombe and McCoubrey, 1960).

The most interesting feature in the distribution
of bretylium after subcutaneous injection in the
cat is the slow accumulation of very high
concentrations of the drug by sympathetic
ganglia and their postganglionic nerve trunks.
Moreover, the results for various time intervals
show that the levels in these tissues are temporally
related to the degree of relaxation of the nictitat-
ing membrane, a manifestation of the adrenergic
neurone blocking action of the drug (Boura and
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Green, 1959). Other ganglia and nerve tissues
never attained such high concentrations of the
drug, and the specificity of the blocking action of
bretylium on adrenergic nerves (Boura and
Green, 1959) may therefore be related to the
preferential accumulation of the drug by the
adrenergic neurones. The sympathetic ganglia
contained higher concentrations than did their
postganglionic trunks, and this may be due to their
having a relatively smaller proportion of
supporting tissue.

Several of the major organs in the body
accumulated tissue levels far exceeding those in
the blood, but the concentrations attained were
considerably less than those in adrenergic
neurones and, except in the spleen, reached their
peak and declined before the onset of sympathetic
block. In experiments in guinea-pigs and rats
(McCoubrey, unpublished), the spleen did not
retain high concentrations of bretylium. In
general, organs known to contain high concentra-
tions of catechol amines accumulated the drug, but
there is no clear relationship between their
catechol amine concentrations and their degree of
retention of the drug. In particular, the concen-
tration in the adrenal medulla was far less than
that in adrenergic neurones. At the highest con-
centration found in the superior cervical ganglion,
there were about 10 molecules of bretylium
present for every molecule of noradrenaline. It
is interesting that, although bretylium did not
penetrate into the cerebral cortex and spinal cord,
small amounts were detected in the hypothalamus
and area postrema, regions known to contain
noradrenaline (Vogt, 1954).

Bretylium has a very persistent local anaesthetic
action and blocks conduction in the adrenergic
nerve trunks supplying the rabbit intestine, uterus
and ear vessels when topically applied in a con-
centration of 37 to 370 mumoles/ml. (Boura and
Green, 1959). The present experiments show that
with topical application block occurs in the post-
ganglionic (adrenergic) nerves of the cat when
they contain an overall concentration similar to
that found when blockade has been produced by
a subcutaneous dose. However, the distributions
within the nerve cannot be expected to be the
same in the two cases. Nerves of other types
could also be blocked by topically applied drug
but, in general, those examined were less sensitive.
The available evidence is not sufficient to show
how far the degree of block is related to the thick-
ness of nerve trunks or to the ease of access to
individual fibres. The differences observed after
topical application of the drug, for example the
high sensitivity of postganglionic fibres and the
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insensitivity of the phrenic nerve, are compatible
with myelin acting as a barrier to the bretylium
ion. Fibre size may also be important in relation
to sensitivity, as it is with other local anaesthetics.
These factors are presumably of importance not
only when the drug is applied topically but also
when it is given systemically.

We conclude that bretylium may act in a
manner analogous to that of the local anaesthetic
drugs, as was originally postulated to explain
the adrenergic nerve blocking action of choline
2,6-xylyl ether bromide (Hey and Willey,
1954). Its specific action on adrenergic neurones
may be related to their ability to selectively
accumulate the drug, as well as to the greater
sensitivity of finer and less protected fibres. It
seems reasonable to assume that the whole of the
adrenergic neurone is susceptible to bretylium, but
that the ease of access and therefore of block will
be influenced by differences in the richness of the
local blood supply. The vascularity of the ganglia
appears to be greater than that of nerve trunks, and
this is in keeping with their more rapid attainment
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of a blocking concentration. The drug may also
have a comparatively ready access to the nerve
terminals, and after subcutaneous injection these
may well suffer impairment of function first.

We are indebted to our respective Departmental
Heads, Dr. A. C. White and Dr. H. T. Openshaw, for
their co-operation in these investigations, and to Mr.
S. W. Stock and Mr. A. E. Lakeman for technical
assistance.
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THE RELATIONSHIP BETWEEN THE CHEMICAL STRUCTURE
AND NEUROTOXICITY OF ALKYL ORGANOPHOSPHORUS

COMPOUNDS

BY

D. R. DAVIES, P. HOLLAND anp M. J. RUMENS
From the Chemical Defence Experimental Establishment, Porton, Salisbury, Wilts

(RECEIVED DECEMBER 22, 1959)

Thirty-six alkyl organophosphorus compounds have been tested for neurotoxicity in the chicken.
The individual compounds were chosen to enable the importance of each portion of the molecule
to be assessed in relation to the property of neurotoxicity. Seventeen substances were found to
be neurotoxic, fifteen for the first time. All of these contained fluorine. On the basis of the
results reported, certain predictions have been made about the chemical structure of compounds
which would be expected to be neurotoxic. The importance of fluorine suggests that it plays a
direct role in the development of the biochemical lesion, and this may occur as the result of its
being carried by the molecule as a whole to specific areas in the nervous system. By the action
of cholinesterase, the P-F bond may be ruptured and ionic fluorine liberated where it blocks

some metabolic cycle.

Ginger paralysis, Jake paralysis, Jamaica ginger
polyneuritis or triorthocresyl phosphate poisoning
were some of the names given to a condition which
afflicted a very large number of people throughout
the Southern States of the United States of
America during 1930 (Kidd and Langworthy,
1933). It was caused by the ingestion of an
alcoholic extract of Jamaica ginger adulterated
with tri-o-cresyl phosphate (Smith, Elvove and
Frazier, 1930).

Since a similar condition has been observed in
man after poisoning by NN’-diisopropylphos-
phorodiamidic fluoride (mipafox) (Bidstrup and
Bonnell, 1954) and in chickens following diiso-
propyl phosphorofluoridate (dyflos), mipafox
(Barnes and Denz, 1953) and a number of aryl
phosphates other than tri-o-cresyl phosphate
(Hine, Dunlap, Rice, Coursey, Gross and
Anderson, 1956 ; Henschler, 1958), the names
above are no longer satisfactory for this condition.
Because the histological lesions produced by these
substances are confined to the nervous system
(Smith and Lillie, 1931 ; Barnes and Denz, 1953 ;
Fenton, 1955 ; Cavanagh, 1954) it is proposed to
refer to this condition as organophosphorus neuro-
toxicity or, for brevity, neurotoxicity.

Detailed accounts of both the clinical and histo-
logical picture have been given by many writers,
and the following due to Kidd and Langworthy

(1933) is typical of the clinical picture in man after
poisoning by tri-o-cresyl phosphate. Following a
symptomless period of 5 to 30 days there occurs
a tingling numbness or cramping pain in the
calves, which lasts for 1 or 2 days. This is
followed by a rapid onset of complete or partial
paralysis of the extensor muscles of the toes and
feet, together with variable degrees of weakness,
but always with loss of ankle jerks. A week later
the muscles of the hand and forearm develop a
sudden weakness and bilateral paralysis involving
both sides to an equal extent. The course of the
illness is chronic and little improvement can be
observed for months after onset. Even when it
occurs, progress is slow.

There is considerable variation in both the
clinical and histological appearances of the disease
in various species (Smith, Elvove and Frazier,
1930) and it is only in the hen and the cat that the
appearances closely resemble those seen in man
(Smith, Engel and Stohlman, 1932). Most experi-
mental work has been carried out in chickens
where the histological lesions are limited to the
ascending and descending fibres of the sciatic
nerve, the spinal cord and the cerebellum. The
changes consist of myelin and axon degeneration
(Cavanagh, 1954 ; Fenton, 1955).

Previous to the work to be described in this
paper only a limited number of compounds were
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known to be neurotoxic. These were dyflos,
mipafox and certain triaryl phosphates. Conse-
quently it was not possible to recognize any
correlation between chemical structure and neuro-
toxicity.

This paper presents the results of a systematic
study of the relationship between the structure of
certain organophosphorus compounds and neuro-
toxicity. A number of these compounds have been
shown for the first time to be neurotoxic. All of
these contain fluorine ; in addition the significance
of the other groups in the molecule has been
worked out.

METHODS
Chemical Methods

Phosphorofiuoridates.—The majority of these were
prepared by the method of Ford-Moore, Lermit and
Stratford (1953). This was modified for the prepara-
tion ethyl propyl phosphorofluoridate (British Intelli-
gence Objectives Subcommittee, 1945) and for
di(1-methylbutyl) phosphorofluoridate (Goldwhite and
Saunders, 1955).

Diethyl Phosphorofiuoridothionate. — This was
prepared from the phosphorochloridothionate,
replacing the chlorine atom by a fluorine atom, by the
action of antimony trifluoride in the presence of
antimony pentachloride,

Alkylphosphonofluoridates—These were obtained
by the action of phosgene on the appropriate alkyl
alkylphosphonate to give the alkylphosphono-
chloridate, and this on treatment with sodium fluoride
gave the alkylphosphonofiuoridate (Coe, Perry and
Brown, 1957).

Dialkylphosphinic Fluorides—Treatment of the
corresponding chlorides with a mixture of sodium
fluoride and sodium bifluoride gave the dialkyl-
phosphinic fluorides.

Dialkylpyrophosphonates.—These were obtained
pure by reacting the silver salt of an alkyl hydrogen
alkylphosphonate with an alkyl alkylphosphono-
chloridate (Kosolapoff, 1950).

Tests of Purity and Identification.—The purity and
identity of all the compounds were established by
examination of the infra-red spectrum, determination
of the refractive index and, in some cases, determina-
tion of the carbon and hydrogen. With one exception,
which is discussed in the text, all the compounds were
at least 959% pure at the time of testing. The chemical
structure and physical constants of the 36 compounds
examined are shown in Table 1.

Biological Methods

Chickens of mixed breed and both sexes were used
throughout, and since age is significant in the develop-
ment of neurotoxic effects all the birds used were at
least 18 months old (Barnes and Denz, 1953).

The agents were given intramuscularly as a 1%
dilution in 10% ethanol saline (Austin and Davies,
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1954), within 0.5 hr. of preparation of the solution.
Where an agent was known to be unstable or insoluble
in water the solution was made up in isopropanol.
Slight deviations from this procedure were made when
the dose to be administered was greater than 10 mg./
kg. Under these circumstances the concentration of
the agent was adjusted to keep the volume of the
injected solution between 0.2 and 1.0 ml.

Many of the agents used were so lethal that each
bird had to be protected by the intramuscular injec-
tion of 2-hydroxyiminomethyl-N-methylpyridinium
methanesulphonate (P2S) 100 mg. /kg. and of atropine
sulphate 1 mg./kg. 10 min. before the injection of
the agent. Preliminary experiments with dyflos
showed that, whilst such treatment saved the
lives of birds given many times a lethal dose, it had
no effect upon either the incidence, the severity or
the onset of neurotoxic effects. Despite the protective
effect of P2S and atropine some compounds were so
toxic that the dose levels necessary for adequate
testing could only be given in 20% daily aliquots of
the total.

Occasionally, for very specific reasons, P2S was not
administered. In these instances the dose of atropine
was increased and this is indicated either in the tables
or the text. )

In the chicken the interval between poisoning and
the onset of paralysis is always between 9 and 14
days ; all birds were therefore observed for a period
of 21 days from the completion of the injections. The
absence of bilateral leg weakness and. ataxia at the
end of this period was taken as a negative result
and the compound was considered inactive. With a
number of the compounds, particularly those which
did not produce leg weakness or ataxia, the period
of observation was longer. The onset of such signs
in a shorter interval than 7 days was regarded as
atypical and the test was repeated.

All the birds were Kkilled either at the end of the
observation period or when they developed unequi-
vocal clinical signs. The sciatic nerves, spinal cord
and cerebellum of many of these clinically positive
birds were examined histologically.

RESULTS

The Acute Effects of Organophosphorus Com-
pounds in the Presence of P2S and Atropine

With the exception of four compounds, all the
agents were tested in the presence of P2S and
atropine, with the result that very much larger
doses of agent could be administered than was
otherwise possible. For example, the LD50 of
sarin injected intramuscularly to hens is approxi-
mately 50 ug./kg. whereas 20 times this dose was
given in the presence of P2S and atropine without
lethal effects.

Despite protection against the lethal action of
these substances acute signs of anticholinesterase
poisoning invariably occurred, and at the highest
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dose levels some birds died. The effects varied
in severity with the class of compound and with
the individual members of any class. Immediate
collapse followed by violent convulsions was a
characteristic feature of poisoning by doses of
0.5 mg./kg. or more of both phosphonic and
phosphinic fluorides. The protective effect of
P2S and atropine was more marked in the case
of the phosphorofluoridates. Although the rate of
recovery was more rapid after this class of com-
pound it was mainly dependent upon the actual
substance.

Large doses of dialkylpyrophosphonates could
be given after P2S and atropine, without causing
much distress. Although collapse and convulsions
occurred, these were much less frequent and much
less severe. For example, after the administration
of ethyl pyrophosphate 50 mg./kg., only slight
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signs were observed and recovery was complete
within 1 hr.

The Neurotoxicity of Organophosphorus Com-
pounds

The Phosphorofluoridates—Eleven compounds
of this type were examined (Table II). All of
them, with the exception of dimethyl phosphoro-
fluoridate, were neurotoxic at dose levels between
0.3 mg. to 2.5 mg./kg. The dimethyl compound
was neurotoxic at 30 mg./kg., but this may reflect
the hydrolytic instability of this compound. In
general, however, all the phosphorofluoridates
were neurotoxic at about the same level, and
neither the character of the alkyl groups nor the
fact that they may be straight or branched chains
seemed to influence this neurotoxic property. The
onset of ataxia was markedly uniform, first signs

TaABLE 1I RO O
N\ 7
THE NEUROTOXICITY OF PHOSPHOROFLUORIDATES IN CHICKENS /P\
R;O F
Each chicken was injected intramuscularly with P2S 100 mg./kg. and atropine sulphate 1 mg./kg., 10 min.
before intramuscular injection of the agent.
Maximum | Minimum | Proportion Mean
Range of | Dose at | Dose at of Birds Time
Doses | which No | which Positive at | of Onset
R, R, Tested | Hens were | Ataxia was| Minimum of Remarks
(mg./kg.) | Ataxic | Observed | Dose or Ataxia
(mg./kg.) | (mg./kg.) Greater (Days)
CH;- CH;- 1-540 20 30 1/1 11
C.H;- C.H;- 0-25-5-0 05 0-75 26/27 10 1 bird died from
acute effects
C;H,- CsHo- 0-1-1-0 01 0-25 12/13 12 . v
i-CsHq— i-C3H— 0-2-1-0 0-2 0-3 10/12 10 2 birds showed
no signs at
0-3 mg./kg.
CyH,- CiHy- 0:5-5-0 —_ 05 12/14 9 1 bird showed
no signs. 1
bird died from
acute effects
i-CoHy— i-C4Hy— 1-5-5-0 — 1-5 6/6 14
s-CyHo— s-CyHy— 1:5-5-0 — 15 5/6 12 1 bird died from
acute effects
CsHy;— CsHy,— 1:040-0 1-0 2-5 7/11 10 4 birds showed
no signs
C;H;.CH(CH;)- | C3H;.CH(CH;)-| 2:5-10-0 — 2-5 4/6 9 2 birds died
from acute
effects
cyclohexyl- cyclohexyl- 1-0-5-0 1-0 2:5 3/4 10 1 bird died from
injury
C,H;- C;H—~ 1-0-5-0 — 1-0 5/6 12 1 bird died from
acute effects
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TaBLE III
R,O O
N\ 7
THE NEUROTOXICITY OF ALKYLPHOSPHONOFLUORIDATES IN CHICKENS P
Dose schedule as described in Table II. N
Rg F
|
Range Maximum | Minimum Propo.rtion M.ean
Vof thsg ;t Do;e }a:t POf .B.ll‘dS fT:)me
which No | whic ositive at | of Onset
Ry R, ,ll.) 0S¢5 | Hens were | Ataxia was| Minimum of Remarks
ested . .
(mg. /kg.) Ataxic | Observed Dose or Ataxia
(mg./kg.) | (mg./kg.) Greater (Days)
i-CsHo— CH;- 0-5-2-5 05 1-0 9/28 12 In general the total dose was
built up by giving 20% daily
aliquots. 19 birds died
during period of dosing
i-C3H;— CoHs— 1-0-5-0 — 1-0 5/6 13 1 bird died of acute efiects
CH;- i-C3Hq— 2-5-15-0 2-5 50 3/8 10 2 birds died of acute effects at
15 mg./kg. 3 birds showed
no signs
C,Hs- CH;- 1-0-2-9 2-25 29 5/7 11 2 birds showed no signs
i-C4He— C.H;- 29 — 29 2/6 6 4 birds died from acute effects.
Dosing was spread over 7
days. The delay period was
therefore difficult to assess
always being noticeable 9 to 15 days after to account for the neurotoxicity of the sulphur

poisoning (Table II).

The Alkylphosphonofluoridates.—The toxicity
of the alkylphosphonofluoridates was so great that
demonstration of their neurotoxicity was very
difficult. Treatment with P2S and atropine was
consistently effective in protecting birds against
the lethal effects of 0.5 mg./kg., but not against
higher doses. These were therefore given in divided
doses, usually 209 daily aliquots of the total dose
to be tested. Where this was done is indicated
in Table III. Five compounds were examined at
doses ranging from 0.5 to 15.0 mg./kg. All five
were active between 1.0 and 5.0 mg./kg.
(Table III).

The Phosphorofluoridothionates.—Diethyl phos-
phorofluoridothionate was examined in order to
determine the significance of the oxygen atom
directly attached to the phosphorus atom. It was
neurotoxic at 5.0 mg./kg., but the sample con-
tained 10% of an impurity, which was probably
the oxygen analogue.

Diethyl phosphorofluoridate was therefore
re-tested under comparable conditions. It was
non-neurotoxic at 0.5 mg./kg. and neurotoxic at
0.75 mg./kg. Thus even if all the impurity present
in the sample of diethyl phosphorofluoridothionate
was the oxygen analogue it would not be sufficient

compound.

The Dialkylphosphinic Fluorides.—Four com-
pounds of this type were tested. Their formulae
are shown in Table I. In a preliminary experi-
ment the di-n-propyl and the di-n-butyl analogues
were examined, in the presence of P2S and
atropine at maximum doses of 5.0 and 2.5 mg./
kg. respectively. Neither was neurotoxic. Since it
was thought that the oxime might catalyse the
breakdown of the agent, all four compounds were
tested in the absence of the P2S, but the dose of
atropine was increased to 10 mg./kg. Again the
compounds produced no effect, although one bird
given 5.0 mg./kg. di-n-propylphosphinic fluoride

exhibited atypical symptoms 27 days after
poisoning.
The Dialkylpyrophosphonates.—Five dialkyl

dialkylpyrophosphonates and ethyl pyrophosphate
were examined. With the exception of ethyl
pyrophosphate they were tested at doses varying
from 1 to 10 mg./kg. Ethyl pyrophosphate was
tested more vigorously, cumulative doses of up to
100 mg./kg. being administered over a period of
a week. The period of observation was also
prolonged and in some cases lasted for 56 days.
None of these compounds produced neurotoxicity.
It is possible that the maximum doses of 10 mg./
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TABLE 1V
R,O S
' N A/
THE NEUROTOXICITY OF PHOSPHOROFLUORIDOTHIONATES P
Dose schedule as described in Table IL. /N
edule a ribed in Table RO F
Maximum | Minimum | Proportion Mean
Range Dose at Dose at of Birds Time
R R of Doses | which No which Ataxic at of Remark
1 2 Tested Hens were | Ataxia was | Minimum Onset of marxs
(mg./kg.) Ataxic Observed Dose or Ataxia
(mg./kg.) | (mg./kg.) Greater (Days)
C,H;s- C.H;- 2-5-7-5 2:5 50 4/4 7 Sample contained 109
impurity—(infra-red)
kg. were too low to define adequately a negative TABLE V

response. The intrinsic toxicity of these com-
pounds, however, is so high that even with these
comparatively small quantities the birds received

NEUROTOXICITY OF VARIOUS CLASSES OF
ORGANOPHOSPHORUS COMPOUNDS

many times the LD50 dose. No. of No
Miscellaneous Compounds—The formulae of Class of Compound Compounds | p o0

nine miscellaneous compounds investigated are Tested

also shown in Table I. These are essentially .

* phosphorofluoridates > in which the fluorine has iﬁ;ﬂ?ﬁg&gﬁfgﬁd&m' ) 1; ! ;

been replaced by other radicals. These were also  phosphorofiuoridothionate 1 1

non-neurotoxic, even though some were tested at  Dialkylphosphinic fluorides 4 0

50 to 100 mg./kg., for example, diethyl phosphoro-  Dialkylpyrophosphonates and

cyanidate, diisopropyl phosphoramidate, di-o- ethyl pyrophosphate 6 0

cresyl methyl phosphate and diethyl phosphoro- Miscellaneous compounds .. 9 0

chloridate.

Di1scuUsSsION

Thirty-six organophosphorus compounds have
been examined for neurotoxicity. The various
classes of compounds and the individual members
of each were chosen with the object of assessing
the importance which the individual groups,
attached to the phosphorus atom, have in
producing these effects. The results are sum-
marized in Table V.

All the phosphorofluoridates tested were neuro-
toxic, from the dimethyl to the di(1-methylbutyl)
homologue, suggesting that the actual nature of
the ester alkyl group is not critical; this is
supported by the observation that dicyclohexyl
phosphorofluoridate and the mixed alkyl ester,
ethyl propyl phosphorofluoridate, also produce
neurotoxicity.

At least one alkoxyl group seems to be necessary,
for the alkylphosphonofluoridates are neurotoxic,
whereas the dialkylphosphinic fluorides are not.
The ester oxygen of the phosphorofluoridates may
be replaced by an amino-group as in mipafox, but

it is not known whether an alkyl N-alkylphos-
phoramidofluoridate would be neurotoxic. The
phosphoryl oxygen may be replaceable by sulphur,
but, in view of the possible presence of the oxygen
analogue of diethyl phosphorofluoridothionate as
an impurity in the only compound of this type
examined, this is by no means established.

The most significant structure is the fluorine
atom, for replacement of this atom with a wide
variety of groups always results in loss of neuro-
toxicity. Thus a compound with the general
formula, I, will possess neurotoxic properties,
provided that R, is an alkyl group, R, is an alkyl,
alkoxyl or alkylamino-group, A is an oxygen or
secondary amino-group, and B is an oxygen or
possibly a sulphur atom.

R,A B
\ 7
P
RN
R, F
o
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The significance of the fluorine atom suggests
that it plays a direct role in the development of
the biochemical lesion. This may result from its
being carried by the compound as a whole to
specific areas in the nervous system. At these
sites ionic fluorine may be liberated by rupture of
the P-F bond. This may occur by the action of
cholinesterase, but this need not be the only
mechanism involved. The need to deposit the
fluorine at these specific sites determines the
character of the rest of the molecule.

Substitution of the fluorine atom by a chlorine
or bromine atom results in a very unstable
molecule which almost certainly does not pene-
trate the central nervous system intact. This is
borne out by the lack of toxicity of such com-
pounds. Compounds like the dialkyl dialkylpyro-
phosphonates are more stable, and there is little
doubt as judged by their acute toxic effects that
they enter the central nervous system. An
explanation for their lack of neurotoxicity must
therefore be sought elsewhere. The hypothesis
offered above is capable, however, of explaining
the absence of neurotoxicity of these substances,
for the rupture of the P-X bond in different
compounds will result in the production in vivo
of a variety of substances with markedly different
properties. Thus the pyrophosphates would yield
derivatives of orthophosphoric acid, and these do
not possess properties similar to hydrofluoric
acid.

Whilst this working hypothesis offers at least
a partial explanation of the neurotoxicity of
organophosphorus compounds of type I, it must
not be forgotten that triaryl phosphates are
similarly neurotoxic. This hypothesis, however,
can be modified to cover such compounds, but its
adaptation to these cases will be considered in a
later communication.

The neurotoxic hazard which these substances
constitute to man is a difficult problem to assess
because of (a) known species differences in the
response to organophosphorus compounds, and

D. R. DAVIES, P. HOLLAND and M. J. RUMENS

(b) the absence of any direct evidence that organo-
phosphorus compounds other than tri-o-cresyl
phosphate and mipafox are neurotoxic in humans.
Both of these have been extensively examined
in the chicken. The delay period, the clinical
character of the condition and the distribution and
nature of the histological lesions are all the same
as those found with dyflos and the compounds
which have, in this study, been reported active
for the first time. It must therefore be assumed
that all the organophosphorus compounds shown
to be neurotoxic in chickens will, under appro-
priate conditions, produce neurotoxicity in man.

The authors wish to acknowledge the help given
by Mr. W. Pearce with the animal experiments.
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A NOTE ON THE DEMYELINATION PRODUCED IN
HENS BY DIALKYLFLUORIDATES

BY

M. C. LANCASTER
From the Microbiological Research Establishment, Porton, Salisbury, Wilts

(RECEIVED DECEMBER 22, 1959)

Hens were treated with organophosphorus compounds until signs of neurotoxicity developed.
The sciatic nerves, spinal cord, and medulla were then examined histologically by the Marchi

method, to determine the extent and distribution of demyelination.

The lesions were proportional

to the dose of compound injected, and the spinal cord was more sensitive than the sciatic nerves.
It is suggested that the spinal cord, and not the sciatic nerves, is the main site of damage in clinical

paralysis following dyflos poisoning.

In order to confirm the clinical findings
described in the previous paper (Davies, Holland,
and Rumens, 1960), a number of active com-
pounds were examined for their ability to produce
demyelination in the hen. The distribution of
lesions in the peripheral and central nervous
system following organophosphorus administra-
tion has been described by Barnes and Denz
(1953), Fenton (1955), and Cavanagh (1954), who
found demyelination in the sciatic nerve, spinal
cord, medulla, and cerebellum.

METHODS

The sciatic nerves, spinal cord, and medulla or
cerebellum from seriously ataxic or paralysed birds
were taken for histological examination. The birds
were killed by the injection of pentobarbitone,
perfused, and tissues taken as described by Barnes and
Denz (1953). They were stained by the modified
Marchi staining methods of Swank and Davenport
(1935), Poirier, Ayotte and Gauthier (1954), and
Adams (1958). Using these methods the degenerating
myelin stains black, and, for recording, all the positive
sections were scored from + to +++ depending
upon the intensity of the staining. This method is
used in Table I in which are summarized the effects
of nine compounds to indicate the severity of the
lesions. All sections were made at comparable levels
in each tissue.

Normal controls and diisopropyl phosphorofluorid-
ate(dyflos)-poisoned birds were similarly treated for
comparison with other compounds.

RESULTS

Although all these compounds produced
demyelination in the spinal cord, some failed to
do so in the sciatic nerve, but there was no
essential difference in the distribution of lesions

TABLE I

DEMYELINATION OF THE SCIATIC NERVE,

SPINAL CORD AND MEDULLA IN HENS AFTER

POISONING WITH CERTAIN ORGANOPHOS-
PHORUS COMPOUNDS

All comparisons of Osmium staining were made at
similar levels in corresponding tissues.

Demyelination
Dose | cyinical
(mg./ ' Effects |Sciatic| Spinal | Med-
ke.) Nerve| Cord | ulla
Phosphoro-
Auoridates
1. Diisopropyl | 0-2 | None — — -
0-4 | Slight - + -
0:6 | Defin-
ite — ++ -
09 | Severe | + ++ +
2.Diethyl .. | 25 ' + ++ +
3.Dibutyl .. | 2-5 v ++ 4+ 4+ +
4. Dipentyl 200 ' +4+ | ++ +
Phosphoro-
Auorido-
thionate
5. Diethyl .. | 75 ++ | ++ -
Alkylphosphono-
Auoridates
6. Isopropyl 1-0 | Slight - + —
ethyl- 50 | Severe | + | 44+ | ++
7. Ethyl 29 ’ + | +++| +
methyl-
8. Isobutyl 29 ' + 4+ -
methyl-
9. Methyliso- | 5-0 » + | +++ | +
propyl-
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DYFLOS Sciatic Cord Medulla

0.4 mg./kg.

0.9 mg./kg.

ETHYL SARIN

1.0 mg./kg.

5.0 mg. kg.

=2k

+ + + 4+ + -

F1G. 1.—Sections at different levels of sciatic nerve, spinal cord and medulla illustrating demyelination in
hens poisoned with dyflos and eihyl sarin (magnification X 8).
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from that produced by dyflos. The distribution
and severity of lesions produced by dyflos are
summarized in Table I. The effects are
proportional to the dose over the range 0.2 mg./
kg. to 0.9 mg./kg. Their extent and distribution
are similar to that described by Fenton (1955). It
should be noted that the low dose levels produced
lesions in the spinal cord but not in the sciatic
nerve, and this clearly demonstrates the greater
sensitivity of the spinal cord to damage by the
fluoridates.

For comparison the distributions of Marchi
staining after dyflos 0.4 mg./kg. and 0.9 mg./kg.
and isopropylethylphosphonofluoridate (ethyl
sarin) 1.0 mg./kg. and 5.0 mg./kg. are shown in
Fig. 1, and illustrate the comparable distribution
of demyelination obtained with both these
compounds.

The importance of the sciatic nerve lesions in
the clinical paralysis with dyflos seems to have
been over-emphasized, for the present results
indicate that it is the spinal cord which is the main
site of damage.

The distribution of the histological lesions
produced by the other fluoridates is identical to
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that seen after dyflos poisoning, and since the
clinical picture is also closely similar to that
caused by these other compounds, it is highly
probable that all the fluoridates produce an
identical clinical and pathological neurotoxic
syndrome.

The author wishes to thank Miss G. Meaden for
preparing the Marchi sections, Mr. G. B. Carter for
the Adams method, and Mr. E. Cuff for the photo-
micrographs.
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THE INFLUENCE OF THIOPENTONE ANAESTHESIA ON
THE BLOOD LIPID AND BLOOD SUGAR LEVEL

BY

J. FODOR anp D. GRAFNETTER
From the Institute for Cardiovascular Research, Prague, Czechoslovakia

(RECEIVED JANUARY 1, 1960)

Thiopentone anaesthesia in dogs and rats was accompanied by a sharp fall in blood non-

esterified fatty acids and a small increase in blood sugar.

No pronounced changes in the blood

concentrations of cholesterol, phospholipids or fatty acid esters were observed. Ether anaesthesia
had no effect on the blood non-esterified fatty acids in rats. The fall in non-esterified fatty acids
during thiopentone anaesthesia is therefore not related to the state of anaesthesia itself.

Thiopentone has a special position among
anaesthetics of the barbiturate series. It acts
almost immediately and its action is of very short
duration. This latter property of thiopentone is
due to its ready solubility in body fat (Brodie,
Bernstein, and Mark, 1952), and the amount of body
fat is the main factor influencing the duration of
thiopentone anaesthesia. A decrease in body fat
prolongs the duration of anaesthesia (Hermann
and Wood, 1952). On the other hand, alimentary
lipaemia in rats reduces the duration of anaes-
thesia due to a partial binding of thiopentone by
blood lipids (Anderson and Magee, 1953).

In view of the great affinity of thiopentone for
body fat, the possibility that other metabolic
changes, particularly in lipid metabolism, might
occur during thiopentone anaesthesia has been
investigated. Valuable information in this respect
can be obtained from investigations of the level
of non-esterified fatty acids, an important lipid
fraction in the mobilization, transport and utiliza-
tion of fats.

METHODS

The experiments were carried out on dogs of both
sexes, fasted for 12 hr. prior to experiments, and on
7-month-old albino rats kept on a standard laboratory

TaABLE 1

CONCENTRATIONS (M.EQUIV./L.) OF NON-ESTERIFIED FATTY ACIDS IN THE BLOOD OF CONTROL
DOGS (1-5) AND OF DOGS (6-10) ANAESTHETIZED WITH THIOPENTONE

The initial sample (0) was taken just before the injection. Subsequent samples were taken at the times indicated

up to 2 hr.
Time in min.
Treatment Dog

No 0 10 30 40 60 70 90 100 120
1 037 — 0-37 — 0-42 — 0-42 — 0-48
Intravenous 2 0-58 0-53 — 0-74 — 0-79 — 0-69 0-93
saline 3 0-89 0-85 — — 0-90 — 0-89 — 0-93
4 1-01 098 — 1-03 — 0-98 — 1-03 0-98
5 0-74 0-90 0-85 — 0-85 — 0-90 — 0-95
6 0-37 0-37 0-21 — 019 — — — 016
Intravenous 7 0-77 0-74 0-58 — 0-48 — 0-42 — 0-37

thiopentone 8 0:66 0-45 — 0-40 — 0-40 — 0-34 —

9 062 0-53 — 0-37 —_ 0-37 — 0-32 —_

10 0-69 —_ 0-48 0-42 — — — — —
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TABLE 1I
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MEAN CONCENTRATIONS (+S.E.) OF LIPID FRACTIONS AND GLUCOSE IN THE SERUM
OF 5 DOGS DURING THIOPENTONE ANAESTHESIA

i Non-esterified Total L. Fatty Blood
Time Fatty Acids Cholesterol Phospholipids Acid Esters Sugar
(min.) m.equiv./l. mg./100 ml. mg./100 ml. mg./100 ml. mg./100 ml.
0 1-36 +0-34 133 .44 363 4+ 87 33568 70 +15
30 0-85+0-18 125440 3394-85 30663 90+ 8
60 0-81+0-19 125444 349493 307474 102+17
90 0-824-0-27 1254-44 347481 310+-69 102+ 8
120 0-69-+0-40 125446 348+88 305+77 104+ 9
diet.  Anaesthesia was induced by injection of REsuLTS
Thiopental-Spofa, a Czechoslovak preparation of Serjes 1

thiopentone.

Series 1.—Thiopentone was administered intra-
venously to 5 dogs. Each dog received first an initial
dose of about 30 mg./kg. thiopentone as a 2.5%
solution in saline; later, supplementary injections
were given to maintain anaesthesia. Each dog
received a total of about 60 mg./kg. An equivalent
amount of saline was administered to 5 control dogs.
Venous blood was drawn from a limb and 1 ml.
portions were immediately pipetted into an extraction
mixture and the non-esterified fatty acids were esti-
mated by Dole’s method (Dole, 1956), using an
alcoholic solution of Nile blue as indicator. At first,
whole blood was employed to avoid spontaneous
lipolysis which might occur during the separation
of serum.

Controls Thiopentone

In a further group of 5 dogs blood was
allowed to coagulate, since spontaneous 2.0-
lipolysis was found to be negligible under
these conditions. In the corresponding
serum samples, total cholesterol was esti-
mated according to Abell, Levy, Brodie,
and Kendall (1952), phospholipids by
King’s method (King, 1951) and fatty
acids by the method of Stern and Shapiro
(1953). Blood sugar was estimated by a
ferricyanide-titrimetric method.

Series 2.—Six female rats were injected
intraperitoneally with thiopentone 40
mg./kg. as a 2.5% solution in saline.
The control animals received saline only.
The animals were killed by decapitation
60 min. after thiopentone and the blood
was collected into test tubes. After
coagulation and centrifuging, sugar and
non-esterified fatty acid were estimated
in the serum. 0-

Non-esterified fatty acid m.equiv./l.

Series 3.—Fourteen experimental rats
were kept for 1 hr. under ether anaes-
thesia. The control group consisted of
16 untreated rats. Subsequent proce-
dures were similar to those of series 2.

The results of this series of experiments are
summarized in Table I. It is evident that
thiopentone anaesthesia caused a marked fall of
non-esterified fatty acid concentrations in all the
dogs. In the 5 control dogs the concentration
showed a slight tendency to increase.

In another 5 dogs (Table II) the serum lipid
and sugar concentrations during thiopentone
anaesthesia were investigated. A marked decline
of non-esterified fatty acid was observed, whereas
the blood sugar values increased. These changes
were greatest during the first hour of anaesthesia.
Total cholesterol and phospholipid concentrations

Controls Thiopentone
400-

320

240

Blood sugar mg./100 ml.

80- (J

%

0-

FiG. 1.—The effect of thiopentone on the concentrations of non-
esterified fatty acids and sugar in rat blood.
were injected intraperitoneally with thiopentone 40 mg./kg. and
six control rats with saline.
after the injections.

Six rats

Blood samples were collected 1 hr.
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-160

-120

Non-esterified fatty acids %,
8

o

Ether

FI1G. 2.—The effect of ether on the non-esterified fatty acid
concentration in rat serum. 14 rats were anaesthe-
tized with ether and 16 rats were untreated. Blood
samples were collected at the end of 1 hr.

Controls

remained practically unchanged throughout the
experiment. The concentrations of fatty acid
esters had a tendency to fall, but as the standard
errors were high the change cannot be considered
significant.

Series 2

As can be seen from Fig. 1 a similar action of
thiopentone on the concentration of non-esterified
fatty acids and sugar was found in rats. The
effects on fatty acid concentrations were highly
significant (P<<0.001, t=6.359); those on sugar
significant (P<<0.05, t=2.534; P<<0.01 by the
approximate rank test H).

Series 3

Fig. 2 presents the combined results of two
experiments, the concentrations of non-esterified
fatty acids being expressed as percentages of the
mean value for the control group. It was found
that 60 min. ether narcosis was without effect.

DiscussioN

Our results show that during thiopentone
anaesthesia the blood concentrations of non-
esterified fatty acid in dogs and rats decline,
-whereas the blood sugar rises. Non-esterified

J. FODOR and D. GRAFNETTER

fatty acids are important as intermediates in the
utilization of fat, and as a mobile fraction
necessary for fat resynthesis and deposition. In
view of their significance study of their concen-
trations under different conditions has attracted
much interest in recent years. When such
experiments are carried out under thiopentone
anaesthesia a primary response may be combined
with side-effects of the thiopentone anaesthesia.

Results so far do not allow an unequivocal
explanation of the mechanism leading to the drop
of non-esterified fatty acids during thiopentone
anaesthesia. One possible explanation might be
a direct action of thiopentone on lipolysis in
adipose tissue. On the other hand it is possible
that during thiopentone anaesthesia the catabolism
of fat is enhanced, and that the non-esterified
fatty acids are in consequence removed more
rapidly from the blood stream. However, a
similar effect could also be accounted for by
increased lipogenesis.

Blood sugar changes due to thiopentone anaes-
thesia have already been reported many times.
Most authors report a slight increase of blood
sugar (Blackberg and Hrubetz, 1937 ; Raskov4 and
VIgek, 1947) while a decrease has been reported
only after the cessation of anaesthesia (Bene$ovd,
Koutenskd and Wenke, 1959).

An unequivocal interpretation of our results is
not possible since among other factors our control
animals, which were not under anaesthesia, were
allowed to move, in contrast to the animals under
anaesthesia. The question as to what extent the
fall of non-esterified fatty acids is caused specific-
ally by thiopentone, or whether it is a change
primarily due to anaesthesia, is therefore left open
at present. Our results with ether suggest that
the former alternative is more reasonable.
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APOMORPHINE-INDUCED PECKING IN PIGEONS

BY

B. N.

DHAWAN anp P. N. SAXENA

From the Department of Pharmacology, K.G. Medical College, Lucknow, India

(RECEIVED JANUARY 12, 1960)

Apomorphine produced persistent pecking in pigeons, the latent period, intensity and duration
of which were related to the dose. The ED50 was estimated as 78.14+11.1 pg./kg. On chronic
administration of apomorphine there was a significant decrease in latent period and weight
which quickly returned to normal on stopping the drug. No conditioning and no tolerance
were observed. The uncertain emetic effect of apomorphine in pigeons has been confirmed.
Ten other centrally acting agents tested (caffeine, cocaine, 5-hydroxytryptamine, lysergic acid
diethylamide, methamphetamine, morphine, nalorphine, pentylenetetrazol, strychnine, and
yohimbine) failed to produce similar effects in pigeons.

While engaged in a comparative evaluation of
anti-emetic drugs in pigeons (Gujral, Saxena and
Dhawan, 1956), an attempt was made to produce
emesis by apomorphine. It was seen that instead
of emesis the drug- constantly produced persistent
pecking. The birds pecked rapidly at the tin floor
and wires in the side and ceiling of the cage as if
pulling off particles from them and swallowing
them. They ignored any grain that was put in the
cage. The effect came on very quickly, persisted
for 0.5 to 1 hr. and was so compulsive that in
many cases the beak got injured and started bleed-
ing. The pigeons were depressed for some time
after the pecking had stopped.  This type of
fruitless pecking was not seen in normal pigeons.
No reference could be found in the literature
about this effect of apomorphine in pigeons. Our
interest in the problem was revived by a report of
similar effects of apomorphine in pigeons by
Koster (1957). It was decided to undertake a
detailed study of apomorphine-induced pecking in
pigeons and to see if a similar behaviour could be
induced by some other drugs as well.

A preliminary report of this work was presented
before the 1959 session of the Association of
Physiologists and Pharmacologists of India at
Poona (Dhawan and Saxena, 1960).

METHODS

Three hundred and fifty pigeons of either sex
weighing between 200 and 400 g. were used in this
study. The birds were housed in groups of 8 to 10
(regardless of sex) in large cages, and had free access
to water and mixed grains. They were not used more
than twice a week except when studying the effects of

chronic administration. At the time of use they were
placed separately in small wire mesh cages, and food
and water were withdrawn. Experiments were carried
out in a quiet room diffusely illuminated with
daylight.

The drugs were dissolved in distilled water or
suspended in a 4% homogenized gum acacia solution.
Whenever possible solutions or suspensions were
prepared immediately before use. Each dose was
tested in at least one batch of 10 birds. Intra-
muscular injections were made in the pectoral
muscles, intravenous injections through alar veins,
and oral administration by letting the suspension drop
in the mouth from a tuberculin syringe.

The birds were observed for at least 1 hr. after
administration of drugs, and pecking was considered
positive only if the bird pecked more than 10 times
during this period. Active expulsion of crop contents
was employed as the criterion for vomiting. The
latent period was the period elapsing between the
drug administration and the first act of pecking or
vomiting respectively. The duration of pecking was
the period during which at least 509% pigeons were
pecking. Only an approximate estimate of the
duration could, therefore, be made. The pecking was
so rapid that it was difficult to count the exact
number in each bird and an accurate gradation of the
intensity could not be done.

RESULTS

Effects of Graded Doses of Apomorphine.—
In a few preliminary experiments it was observed
that there was little difference in the onset,
duration or intensity of pecking following
intravenous or intramuscular administration of
apomorphine. Hence it was decided to give the
drug intramuscularly. Graded doses of apo-
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morphine hydrochloride (British Drug Houses)
from 12.5 to 12,000 ug./kg. were adminis-
tered and the effect was assessed in terms of (a)
the percentage of birds affected, (b) the latent
period, (c) the duration of pecking, (d) the inten-
sity of pecking and (e) the presence or absence
of vomiting.

The final regression line obtained by the
method of Bliss (1935a and b) is shown in Fig. 1.
It was tested for goodness of fit by the x2
test (Finney, 1952) and found to be homogeneous.
The ED50 was found to be 78.1+11.1 ug./kg.
When higher dose levels of apomorphine were
tested, an occasional bird was met with which did
not respond at certain dose levels (Table I, 600,
800 and 2,400 ug./kg. respectively). With still
larger doses, however, all the birds responded.
The latent period progressively decreased as the
dose of apomorphine was increased. The
duration of pecking also was more in batches
receiving higher doses of apomorphine. It was
not possible quantitatively to evaluate the severity
of pecking in various groups, but it was observed
that pecking was more vigorous with increasing

B. N. DHAWAN and P. N. SAXENA

TABLE I
THE EFFECTS OF APOMORPHINE ON PIGEONS

Groups of pigeons were treated with apomorphine in
doses ranging from 125 pg. to 12 mg./kg. The incidence
of pecking and vomiting was recorded. A pecking
frequency greater than 10/min. was considered a positive
response. The duration was the period during which
509 or more of the birds were pecking. The latent
period was the time between drug administration and the
onset of pecking or vomiting respectively. The mean
latent period for pecking was calculated for each group
and the standard error is given in parentheses.

doses. None of the pigeons vomited in response
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FIG. 1.—Showing the final regression line for apomor-
phine-induced pecking in pigeons. The ordinate
shows the transformed probit values for percentage
of birds responding. The ED50 value has been
marked. The points refer to the experimental data
obtained.

Mean Vomiting
Apomor-| No. of | % | Dura-| Latent
phine |Pigeons| Peck-| tion | Period Latent
pg./kg. | Tested | ing |(min.) in % | Period
min. (min.)
125 | 10 0
25 10 20 7 | 60(1-0)
50 10 20 7 | 60(1-0)
75 20 35 8 | 801
100 10 70 25 | 6:0(0-8)
150 10 100 35 | 61(09)
200 10 100 40 | 3-3(0:4)
250 20 100 40 | 4-0(0-4)
400 10 100 40 | 5:5(0-8)
600 7 86 40 | 6:5(0°9)
800 8 88 60 | 4-0(0-6)
2,400 10 90 | 105 | 43(1-2) | 10 4
3,600 10 100 | 120 | 2:4(0-3)
4,800 10 100 | 120 [ 2-:0(0-5) | 70 | 18
4,800 10 100 | 120 | 2-1(0-8)
6,000 10 100 | 120 | 2:0(0-3) | 40| 18
12,000 10 100 | 120 | 1-4(04) | 20| 10

to doses of apomorphine below 2,400 ug./kg.
Even in higher doses the response was erratic (see
effects of 4,800 pg./kg., Table I).

Effects of Chronic Administration.—In one
batch of 10 pigeons effects of daily administration
of 250 pg./kg. (approximately 2 x ED99) apo-
morphine for 15 days were studied. The results
obtained are shown in Fig. 2. The percentage of
birds affected and the duration of pecking were
unaltered by daily administration. = There was,
however, a significant decrease (P=0.05) in the
latent period from the third day of the start of the
experiment (Fig. 2). After stopping apomorphine
the latent period returned towards the control
level and a week later no significant difference
from the initial value could be seen (Fig. 2). The
weights of the birds also started falling, and by
the tenth day a significant (P=0.05) loss in weight
was observed. After stopping the apomorphine,
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Fic. 2.—Showing the effect of chronic intramuscular injection of apomor-
phine (250 pg./kg. daily) on the mean weight and latent period for

pecking of a group of 10 pigeons.

The points surrounded by a circle

(O) differ significantly (P=0.05) from the starting values. The vertical
lines represent standard errors of the mean. At Saline a sham
procedure was performed with saline injection. Note the quick recovery

on stopping apomorphine.

the weight returned towards the initial level. The
difference in weight on the 19th and 22nd day is
not significant statistically from control values.
A sham procedure with normal saline injections
was performed on 2 occasions (fifth and thirteenth
day) during the study (Fig. 2). There was,
however, no conditioned pecking after saline
injection.

Effects of Various Factors on Pecking.—
Hypoglycaemia produced by fasting, adminis-
tration of insulin (0.2 unit/kg. injected
subcutaneously) or tolbutamide (100 mg./kg.
orally) failed to alter the incidence, duration or

latency of subsequent pecking induced by 250
png./kg. of apomorphine. The response to
apomorphine was also unaffected by previous
administration of a carbonic anhydrase inhibitor,
acetazoleamide (150 mg./kg. orally). The results
have been summarized in Table II.

Intensity of pecking was considerably reduced
if the room was made dark and in some cases the
pecking stopped altogether in darkness. The
pecking could be interrupted by vigorous thump-
ing on the table, loud noise, etc., but was always
resumed with the same intensity after a few
minutes. Occurrence of vomiting also subdued
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TABLE II

THE EFFECTS OF VARIOUS PROCEDURES ON APOMORPHINE (250 xG./KG.) INDUCED
PECKING IN PIGEONS. THE CONTROL GROUP RECEIVED APOMORPHINE ALONE

P values refer to difference between treated and control groups.

L.P.=latent period.

Number | Apomorphine % Positive Mean L.P. Approximate
Procedure or Drug of Challenge Responses to in min. P Duration
Birds After Apomorphine +S.E. in min.
Control 10 100 49405 40
Fasting 10 24 hr 100 4-64+-0-4 05 40
Insulin 10 05 ,, 100 5:0+1-0 0-1 40
Tolbutamide 10 ' 100 49410 09 40
Acetazoleamide 10 3, 90 3-54+0-44 05 40

pecking for some time. Pecking could be induced
even in pigeons where both eyes had been
destroyed.

Testing of Other Drugs for Pecking Effect.—
Ten centrally acting agents, caffeine citrate (100
mg./kg.), cocaine hydrochloride (24 mg./kg.),
5-hydroxytryptamine creatinine phosphate (250
and 1,000 pg./kg.), lysergic acid diethylamide (25
and 100 pg./kg.), methamphetamine hydrochloride
(5 mg./kg.), morphine tartrate (1 and 10 mg./kg.),
nalorphine hydrochloride (1 and 20 mg./kg.),
pentylenetetrazol (25 mg./kg.), strychnine hydro-
chloride (500 pg./kg.) and yohimbine hydro-
chloride (75, 150 and 600 ug./kg.), were tested for
their ability to produce pecking in pigeons. All
drugs were given intramuscularly. Occasional
pecking (frequency never more than 10/hr.) was
observed in some of the birds receiving yohimbine
(150 pg./kg) and cocaine. Lysergic-acid-
diethylamide-treated birds appeared unusually
sedated as contrasted with its excitatory effect in
other species. Many of these agents produced
emesis in some of the pigeons.

DISCUSSION

The results obtained clearly demonstrate that
pecking is a characteristic and well defined
behavioural disturbance induced by apomorphine
in pigeons. The phenomenon can be produced by
such minute amounts that the procedure might be
useful for detecting small amounts of apomorphine.
Results of chronic administration (Fig. 2) suggest
that tolerance does not develop to this effect of
apomorphine. There is a definite facilitation
after a few days which may be due to
accumulation of the drug in the body or due to a
sensitization of the receptors concerned.  That
facilitation is not due to conditioning is shown by

the fact that sham procedures with saline injec-
tions are ineffective in eliciting a pecking
response (Fig. 2). The loss in weight seen during
the chronic administration of apomorphine could
be due either to the excessive muscular activity
involved in the pecking or to some toxic effect of
the drug itself.

It is difficult to explain the mechanism of this
effect of apomorphine on the basis of the existing
data. The reaction does not seem to be identical with
pre-emetic nausea of other emetic agents. Our data
confirm the findings of several other workers that
apomorphine is an uncertain emetic in pigeons
(Madjarek and Stern, 1956 ; Zeehuisen, 1895).
This inability of apomorphine to produce con-
sistent emesis in pigeons strongly suggests that the
chemoreceptor trigger zone for emesis (Wang and
Borison, 1950) is either rudimentary in pigeons or
is qualitatively different from that in other
species.
with digitalis emesis in pigeons also support this
contention. Again tolerance has been reported to
emetic action of apomorphine in other species
(Co Tui, 1931), while no tolerance is observed to
its pecking effect. Finally, large doses of
apomorphine are capable of preventing
apomorphine-induced vomiting in dogs (Dordoni,
1951 ; Hatcher, 1924 ; Koppanyi, 1930; Leake,
1922). The pecking effect is, however, more
intensive with increasing doses of apomorphine.

Koster (1957) has suggested that the distur-
bance might be a feeding hallucination. However,
some known hallucinogenic agents (lysergic acid
diethylamide, cocaine, yohimbine, nalorphine)
tested fail to produce pecking. The response is
unaffected by hypoglycaemia induced by fasting,
insulin or tolbutamide. Hypoglycaemia is known
to increase excitability of nervous structures
(Kety, Polis, Nadler, and Schmidt, 1948).

The results of Hanzlik and Wood (1929—

"

l
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Similarly decreased brain excitability produced by
acetazoleamide (Millichap, Woodbury, and Good-
man, 1955) has not altered the pecking response.
The response is also unaffected by prior
administration of azacyclonol, an antihallucino-
genic agent (unpublished observations).

It is possible that the phenomenon may be
identical with chewing movements produced by
apomorphine in rat (Du Toit and Christensen,
1948) and rabbit (Brucke, Petsche, Sailer, and
Stumpf, 1957). Brucke et al. (1957) have shown
that there is a pronounced and long-lasting
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electroencephalograph accompanying it in rabbits.
A similar electroencephalographic pattern is
produced by methamphetamine. Methamphet-
amine is, however, unable to produce a pecking
response in pigeons. Some valuable data about
the mechanism of apomorphine pecking may be
obtained by studying the effect of various groups
of pharmacological agents on this response.
Work on these lines is already in progress and
will be published in a separate communication.
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THE BRONCHOCONSTRICTOR ACTION OF BRADYKININ
IN THE GUINEA-PIG

BY
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aND PATRICIA G. SHORLEY

From the Department of Pharmacological Research, Parke, Davis & Company, Hounslow, Middlesex,
and the Department of Physiology, University College London

(RECEIVED JANUARY 21, 1960)

Bradykinin was found to be a potent bronchoconstrictor agent in the guinea-pig anaesthetized

with urethane.

This action was not affected by vagotomy, or by treatment of the animal with
mepyramine, atropine, lysergic acid diethylamide, or cortisone.

Adrenaline and isoprenaline

suppressed the bronchoconstrictor responses to bradykinin and histamine. Small doses of
acetylsalicylic acid, however, suppressed only that to bradykinin. Bradykinin also produced
bronchoconstriction in the isolated perfused lungs of the guinea-pig. The closely related peptide,
wasp kinin, was also a potent bronchoconstrictor.

Bradykinin is known to affect smooth muscles
of intestine, uterus and blood vessels. When the
action of bradykinin on bronchiolar muscle of the
guinea-pig was investigated, it was found to be
a potent bronchoconstrictor agent. A preliminary
report of this observation has already been made
(Collier, Holgate, Schachter and Shorley, 1959),
and the present account describes the findings in
detail.

METHODS

Materials—Bradykinin was prepared by the action
of crystalline trypsin on heated bovine serum globulin
and was purified chromatographically (Lockhart and
Jones, personal communication). The potencies of
the various samples used, assayed on guinea-pig ileum
against a standard preparation (Rocha e Silva,
Beraldo and Rosenfeld, 1949), ranged from 7 to 900
units/mg. After the work described below was
completed, Elliott, Lewis and Horton (1960) kindly
provided us with a sample of pure bradykinin; and
comparison with our reference preparation indicated
that about 12,000 to 12,500 units were equivalent to
1 mg. pure bradykinin, or that 1 unit was equivalent
to about 80 ng. Wasp Kkinin was prepared by washing
dried venom glands with alcohol, extracting the kinin
from the residue with glacial acetic acid and precipi-
tating it with ether (Holdstock, Mathias and Schachter,
1957). Chymotrypsin and trypsin (Armour) were
crystalline preparations. The following salts were
used: acetylcholine chloride, adrenaline hydro-
chloride, atropine sulphate, pL-cysteine hydrochloride,
5-hydroxytryptamine creatinine sulphate, isoprenaline

hydrochloride, lysergic acid diethylamide tartrate,
mepyramine maleate, sodium phenylbutazone. All
weights are expressed in terms of the active acid or
base. Acetylsalicylic acid was suspended in 5% gum
acacia for intraperitoneal administration. For intra-
venous injection, 10 parts by weight of acetylsalicylic
acid were mixed with 3 parts of calcium carbonate
and 1 part of citric acid, and the mixture dissolved
in water immediately before use. Cortisone, as the
alcohol, was suspended in saline for intramuscular
or subcutaneous injection. Amidopyrine was
administered as the base.

Whole Animal Preparations—The method was
based on that of Konzett and Rossler (1940). Guinea-
pigs (300 to 700 g.) were anaesthetized with urethane
(1.0 to 1.25 g./kg. i.p.). Further urethane was given
intraperitoneally when necessary to maintain suppres-
sion of spontaneous respiratory movements. The
trachea was cannulated and the lungs inflated with
air by a miniature Starling pump operating on a
partially-closed circuit (5 to 10 ml. stroke volume,
generally at 72 strokes/min.). A sidearm from the
cannula permitted some air to escape through a water
valve offering a resistance of 10 cm. water, and the
escaping air operated a piston recorder. When resist-
ance of the lungs to inflation increased, more air
passed through the sidearm, causing a greater
excursion of the recording lever. Solutions of drugs
in saline were injected at 5 to 10 min. intervals
through a cannula in the external jugular vein and
0.05 to 0.4 ml. washed in with 0.4 ml. heparinized
saline (10 units/ml.). After a marked response of the
lungs, increased resistance to inflation might persist
for some time. This was overcome by momentarily
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FiG. 1.—Resistance to inflation of guinea-pig lungs in vivo.

Time: 10 sec.

Increased resistance caused by brady-

kinin (Br), histamine (Hi), and 5-hydroxytryptamine (HT). Doses were administered intra-

venously at 10 min. intervals.

closing the sidearm of the cannula, thus more forcibly
inflating the lung.

Isolated Perfused Lungs—Isolated lungs were
perfused with Tyrode solution through a cannula in
the pulmonary artery. Drugs were injected into the
perfusion fluid, and inflation and recording were as
in whole animal preparations.

RESULTS
Action of Bradykinin

In Whole Animals—In the course of experi-
ments on 87 guinea-pigs, prepared for recording
resistance of the lungs to inflation, bradykinin was
administered intravenously in doses ranging from
1.25 to 80 units. In all animals, bradykinin
increased resistance to inflation, doses of 2.5 to
10 units normally being effective (Fig. 1). This
figure shows that the response to bradykinin differs
slightly from those to histamine and 5-hydroxy-

tryptamine in its slower onset and longer
persistence at or near peak level. In four experi-
ments, cutting the vagi in the neck produced no
significant alteration of the pulmonary response
to bradykinin. In a number of guinea-pigs, the
chest wall was opened to permit visual inspection
of the lungs. This procedure also failed to
influence significantly the recorded response to
bradykinin. We observed that effective doses of
bradykinin or histamine invariably reduced lung
excursion. After larger doses of either drug, there
appeared in the lungs cyanotic patches, some of
which persisted. These patches could be removed
by closing the sidearm of the tracheal cannula
and so forcing air into the lungs.

When bradykinin was given repeatedly, refrac-
toriness usually developed. This was more
noticeable than it was with histamine, to which
refractoriness developed less readily or not at all.
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Before refractoriness became serious, however,
increasing the dose of bradykinin produced
increased resistance to inflation, enabling dose-
response curves to be obtained. In Fig. 2 are
illustrated a number of such curves, each from
a different animal, obtained with samples of brady-
kinin assayed at 7, 200 and 900 units/mg. on the
guinea-pig ileum. All curves were less steep than
that of histamine in a similar experiment. It is
evident from Fig. 2 that the samples of bradykinin
containing 200 and 900 units/ mg. showed the same
relative potencies on lung as on ileum. In order
to ascertain whether the potencies of the 7 and
200 unit samples also ran parallel on lung and
ileum, we administered doses of 5 and 10 units
of each to alternate guinea-pigs in a series of 12
animals. Statistical analysis of the results showed
that the relative potency of these preparations on
lung did not differ significantly from their activity
ratio on the guinea-pig ileum.

The activity of bradykinin on the lungs was
abolished by incubating it with chymotrypsin
(25 pg. in 0.1 ml. saline + 10 units bradykinin in
0.1 ml. saline) for 10 min. at room temperature.
Incubation of bradykinin with trypsin in the same
way, however, did not abolish its activity. Incuba-
tion with guinea-pig serum (0.05 ml. + 5 units
bradykinin in 0.05 ml. saline) for 30 min at 35°
also inactivated bradykinin. This effect was
reduced if 1 mg. cysteine was added to the
mixture incubated (5 units bradykinin in 0.05 ml.
saline + 0.1 ml. serum). Records of these experi-
ments are shown in Fig. 3.

In Isolated Perfused Lungs.—Bradykinin and
histamine increased the resistance to inflation of
isolated perfused lungs, as in whole animals
(Fig. 4). To evoke responses from isolated lungs,
larger amounts of both agents were required, but
their relative potencies were unchanged.
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FiG. 3.—Resistance to inflation of guinea-pig lungs in vivo. Inactivation of bradykinin on incubation
with guinea-pig serum (Ser) or with chymotrypsin (Chy), but not on incubation with trypsin
(Try). Protection of bradykinin by cysteine (Cys).
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FI1G. 4.—Resistance to inflation of guinea-pig lungs in
vitro. Responses of isolated perfused lungs to
histamine and bradykinin. In the histamine
experiment, lungs were inflated at 60 strokes/min.;
in the bradykinin experiment, in another preparation,
at 72 strokes/min.

Action of Wasp Kinin

Intravenous injection of wasp kinin in 10 guinea-
pigs increased resistance to inflation. In the
experiment illustrated in Fig. 5, the partially
purified preparation of wasp kinin exhibited about
one-third of the potency of histamine on a weight
basis. Like the response to bradykinin, that to
wasp kinin was slower in onset and more sustained
than the histamine response. As with bradykinin,
opening the chest wall did not significantly alter
the effectiveness of wasp Kkinin, which also
produced in the lungs cyanotic patches that could
be removed by more forcible inflation.

Effects of Drugs on the Response to Bradykinin

The action of bradykinin was unaffected by
intravenous doses of mepyramine or lysergic acid
diethylamide that abolished the responses to
equivalent doses of histamine or 5-hydroxytrypt-



294

GUINEA-PIG 660g.

GUINEA-PIG 430g.
D BB G S e Sre e Bon s sme S S e e g o

FI1G. 5.—Resistance to inflation of guinea-pig lungs ir vivo.

H. 0. J. COLLIER AND OTHERS

Time: 10 sec.
| JEac Fomm GEmm SRR memn PO SeOm LRAD RevR SR e b e ! )

Increased resistance caused by wasp

kinin (WK) and histamine.

amine. In the experiment illustrated in Fig. 6,
small doses of antagonists were used ; but in other
experiments as much as 0.5 mg./kg. mepyramine
failed to affect the response to bradykinin. Doses
of atropine that suppressed the response to acetyl-
choline likewise did not affect that to bradykinin.
Intravenous injection of adrenaline (2 pug./kg.)
or isoprenaline (0.6 pg./kg.) given together with
histamine or bradykinin completely suppressed
their actions on the lungs. The response to
adrenaline was of brief duration, and, a few
minutes after its injection, responses to histamine
and bradykinin could again be elicited.
Acetylsalicylic acid, injected intraperitoneally or
intravenously, completely suppressed the response
to bradykinin without materially affecting those
to histamine or 5-hydroxytryptamine (Fig. 7).
This effect could be obtained with doses as low

as 2 mg./kg. when given intravenously. Amido-
pyrine and sodium phenylbutazone, given intra-
venously, had comparable effects, but possessed
only about one-half to one-eighth the potency of
acetylsalicylic acid.  Acetylsalicylic acid also
suppressed the response to wasp Kkinin.

Cortisone was administered subcutaneously to
a guinea-pig in three successive daily doses of
2 mg./kg. After the last dose, the animal was
prepared for recording pulmonary resistance to
inflation, and injected with bradykinin and
histamine. The responses to these two agents
were unaffected by pre-treatment with cortisone.
In another experiment pre-treatment of a guinea-
pig, with successive intramuscular doses of 2, 10
and 25 mg./kg. cortisone, administered within
2.5 hr., failed to influence the bronchoconstrictor
action of bradykinin or histamine.
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Failure of mepyramine maleate (Me¢)

and lysergic acid diethylamide (LSD) to reduce response to bradykinin.

DiscussioN

Increased resistance of the lungs to inflation
after bradykinin might be due to (1) increased
resistance of the chest wall; (2) an increase of
fluid in the lungs; or (3) bronchoconstriction.
The first possibility can be eliminated because the
response occurs after opening the chest wall and
in the isolated lungs. The second possibility is
very unlikely because (a) the response was
obtained in the isolated lung without obvious
change in the rate of flow of perfusion fluid, and
(b) at the height of response the lung could some-
times be seen to be deflated, with no sign of fluid
engorgement. We are left with the conclusion that
the effect of bradykinin is due to bronchoconstric-
tion. This is supported by the close resemblance
of the response, except in small details of time-
course, to that to histamine, which is an established

bronchoconstrictor. The view that the effect of
bradykinin is due to bronchoconstriction is also
supported by its suppression by adrenaline and
isoprenaline, which are well known to dilate
bronchioles. The same evidence was obtained for
a bronchoconstrictor action of wasp kinin, except
that it was not tested on isolated lungs.

Since 1 unit is equivalent to about 0.08 pug.
pure bradykinin, it is evident from Fig. 1 that,
weight for weight, bradykinin is at least as potent
as histamine. Wasp kinin, of which an impure
preparation was used, must also be of this
order of activity. In terms of molecules, there-
fore, the two peptides must rank among the
most potent known stimulants of bronchiolar
smooth muscle. It may well be that other
natural peptides also possess bronchoconstrictor
properties.
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by aspirin.
of AcA given 4 min. before bradykinin.

The relatively slow onset of the response to
bradykinin allows the possibility that it acts
through release of histamine or other substance.
This possible explanation is made unlikely by the
fact that mepyramine, atropine and lysergic acid
diethylamide, in doses which antagonized known
endogenous bronchoconstrictor substances, did not
suppress the response to bradykinin.

Until a pure preparation is available, it will be
impossible to state with certainty that the principle
which constricts bronchiolar muscle is the same as
that which contracts guinea-pig ileum. None the
less, two facts strongly suggest that the two
principles are identical. First, throughout purifi-
cation, the potencies of bradykinin preparations
on guinea-pig ileum and on lung ran parallel.
Secondly, like the ileum-stimulating principle
(Werle, 1955; Schachter, 1960), the broncho-
constrictor principle is inactivated by guinea-pig
serum and by chymotrypsin, though not by
trypsin, and is stabilized by cysteine.*

* Note added in proof. Subsequent experiments with
pure bradykinin by Elliott, Lewis, and Horton, and by
ourselves, confirm that the pure material exerts the
expected bronchoconstrictior action and that this is
specifically suppressed by aspirin,

Time: 10 sec.
Suppression of response to bradykinin

Ca Ac=calcium acetylsalicylate, dose as acid. AcA=acetylsalicylic acid. Dose

The experiments reported also raise the question
whether bradykinin or a related peptide partici-
pates in human asthma. We have no evidence
concerning this at present ; but the amounts of
kinin that might be present in plasma in certain
circumstances are sufficient to allow the question
to remain open.

The action of acetylsalicylic acid in suppressing
the response to bradykinin is interesting for
several reasons. First, this is a potent in vivo effect
of acetylsalicylic acid which occurs at concentra-
tions in the blood that are much lower than those
reached in man during salicylate therapy. Also,
amidopyrine and phenylbutazone, two other anti-
rheumatic substances which were tested, suppressed
the bradykinin response. This raises the question
whether suppression of a response to bradykinin
or to a related peptide contributes to the anti-
rheumatic action of non-steroid agents.

We wish to thank Dr. I. M. Lockhart and Mr.
W. A. Jones for supplies of bradykinin, Dr. B. T.
Warner for statistical advice and Miss L. Deeming,
Miss S. Horwood-Barrett and Miss M. Nicholas for
technical assistance. We also wish to thank Dr. D, F.
Elliott, Dr. G. P. Lewis, and Dr. E. W. Horton for
a sample of pure bradykinin.
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POTENTIATION OF SULPHADIMIDINE BY 24-DIAMINO-6,7-
DI-ISOPROPYLPTERIDINE AND OTHER 6,7-DISUBSTITUTED
2,4-DIAMINOPTERIDINES AGAINST EIMERIA
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Six 2,4-diaminopteridines substituted in the 6 and 7 positions were tested as potentiators of
sulphadimidine against Eimeria tenella. 2,4-Diamino-6,7-di-isopropylpteridine and 2,4-diamino-
1’-propylindolo(2”,3’ : 6,7)pteridine were selected for further study. Both potentiated sulpha-
dimidine against E. tenella and the di-isopropylpteridine potentiated it against E. necatrix. A
10% mixture of the di-isopropylpteridine with sulphadimidine (or other sulphonamides) appears
to offer advantages in the treatment of E. tenella and still more of E. necatrix.

Coccidia are protozoal parasites of the alimen-
tary tract of fowls. Eimeria tenella is the cause
of caecal coccidiosis, a common and often lethal
disease of young chickens. There are also several
forms of intestinal coccidiosis which are becoming
increasingly important in Britain as diseases of
older fowls. The different forms of intestinal
coccidiosis are caused by different species. A form
of intestinal coccidiosis caused by E. necatrix is
often responsible for a high death rate in flocks.
Owing to their economic importance, the species
E. tenella and E. necatrix were selected as the
infective agents in the present work.

Certain sulphonamides exhibit pronounced anti-
coccidial properties and have been used in the
control of field outbreaks of caecal coccidiosis
for a number of years. Horton-Smith and Taylor
(1945) showed that sulphadimidine could be used
successfully to treat established infections of
E. tenella in chickens. Later Horton-Smith and
Boyland (1946) and Waletzky and Hughes (1946)
found that its inhibitory effect could be reversed
by p-aminobenzoic acid. These observations
suggested that “ more potent inhibitors of this
parasite (E. tenella) might be found among other
more active structures known to interfere with
the p-aminobenzoic acid-folic acid sequence”
(Lux, 1954). Lux obtained encouraging results
when 2,4-diaminopyrimidines or 2,4-diamino-

Parke,

*Present address: Davis

and Company,
Hounslow, Middlesex.

dihydro-s-triazines were mixed with sulphonamides,
pyrimethamine being a particularly effective
synergist. Joyner and Kendall (1955, 1956)
confirmed this observation and showed that full
therapeutic control of caecal coccidiosis was
obtained with 0.005% pyrimethamine mixed with
0.05% sulphadimidine. = Kendall and Joyner
(1958) extended this work and showed that 2,4-
diamino-6,7-di-isopropylpteridine and other folic
acid antagonists potentiated sulphadimidine
against E. tenella.

Collier, Campbell and Fitzgerald (1950) first
described 2,4-diamino-6,7-di-isopropylpteridine as
a vibrostatic agent, which potentiated sulpha-
guanidine in antibacterial activity, but not in
toxicity to mice. Collier and Waterhouse (1950)
described the antagonism between this pteridine
and folic acid, and Collier and Phillips (1954) the
antagonism between folinic acid and the pteridines
used in the present investigation. Pteridines of
this type were also shown to be active inhibitors
of Streptococcus faecalis and Staphylococcus
aureus (Collier and Waterhouse, 1952) and of
Plasmodium gallinaceum (Bishop, 1954) and
P. berghei (Thurston, 1954). The pteridines
selected for the present trial were those shown
most active in the above experiments.

We describe below extended observations
showing potentiation of sulphadimidine by
admixture with pteridines against E. tenella. We
also describe the successful treatment with a
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mixture of 2,4-diamino-6,7-di-isopropylpteridine METHODS

and sulphadimidine of chicks infected with a strain Chemicals.—Sulphadimidine and the six 2,4-diamino-
of E. necatrix not particularly susceptible t0  pieridines were administered as bases and p-amino-
sulphonamides alone (Horton-Smith and Long, benzoic acid as the acid. All the pteridines were
1959). substituted in the 6 and 7 positions, and are listed

TABLE 1

EFFECTS OF SIX DIFFERENT PTERIDINES ON THE SULPHADIMIDINE TREATMENT OF CHICKS
INFECTED WITH E. TENELLA

Groups 1 to 7 were given diets containing 0-05% sulphadimidine, and groups 1 to 6 diets containing 0-005%, of the
appropriate pteridine.

Experiment 1
Group Treatment No. of No. of
Birds Deaths
1 2,4-Diamino-6,7-di-isopropylpteridine+ sulphadimidine .. .. 12 4
2 2,4-Diamino-6,7-di(cyclohexylmethyl)pteridine+ sulphadimidine .. 12 8
3 2,4-Diamino-1’-methylindolo(2’,3’ : 6,7)pteridine+ sulphadimidine .. 12 8
4 2,4-Diamino-1’-propylindolo(2’,3’ : 6,7)pteridine+sulphadimidine .. 12 2
S 2,4-Diamino-6,7-dibutylpteridine+ sulphadimidine .. .. .. 12 9
6 2,4-Diamino-6 7-d1pentylpter1dme+sulphadlmldme .. .. .. 12 9
7 Sulphadimidine alone .. .. .. .. 12 7
8 No treatment .. .. .. .. .. .. .. .. 12 12
TaBLE II

EFFECTS OF 2,4-DIAMINO-6,7-DI-ISOPROPYL- AND 2,4-DIAMINO-1’-PROPYLINDOLO(2,3": 6,7)-
PTERIDINE ON THE SULPHADIMIDINE TREATMENT OF CHICKS INFECTED WITH E. TENELLA

Pteridine gulp;a- Experiment 2 Experiment 3 Total
4 o/ imidine
Preridine éig: % No. of | No. of | No. of | No. of | No. of | No. of %
in Diet Birds | Deaths | Birds | Deaths | Birds | Deaths | Mortality
0-00625 0-0C0625 9 7 9 7 78
0-00125 0-0125 9 6 9 6 67
0-0025 0-025 9 7 9 2 18 9 50
Di-isopropyl 0-005 0-05 9 1 9 2 18 3 17
0-01 0-1 9 0 9 0 0
0-005 — 9 7 9 7 78
0-01 — 9 7 9 7 78
0-000625 0-00625 8 6 8 6 75
0-00125 0-0125 8 5 8 5 63
0-0025 0-025 8 3 9 1 17 4 24
Propylindolo 0-005 0-05 8 1 9 1 17 2 12
0-01 0-1 9 0 9 0 0
0-005 — 9 7 9 7 78
0-01 — 9 8 9 8 89
— 0-05