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A CLASS EXPERIMENT ON GANGLION
BLOCK IN HUMAN SUBJECTS

BY
W. D. M. PATON, D.M. F.R.S.*
AND

HANNAH STEINBERG, Ph.D.

From the Department of Pharmacology, University College,
and University College Hospital Medical School, London

The recent development of ganglion-blocking agents has
led to their use principally in patients suffering from
hypertension and a number of other disorders. Their
effects in normal subjects have not been examined in
the same detail, although numerous scattered observa-
tions are recorded and an attempt has been made with
a group of normal subjects to correlate actien with
plasma concentration (Morrison and Paton, 1953). The
human pharmacology class at University College pro-
vided an opportunity whereby some knowledge about
the action of these drugs could be obtained in a popula-
tion of healthy voung adults, at the same time helping
to train the students in making a number of clinical
observations and in rendering these observations quanti-
tative in a way already found valuable in a previous
class (Wilson, Crockett, Exton-Smith, and Steinberg,
1950).

An experiment of this type naturally requires stringent
safeguards, and in no case was a drug administered
without the consent of the student. Demonstrators were
always at hand to supervise the observations. Further-
more, a dose of drug and a route of administration were
chosen which were known to produce only mild or
moderate effects of reasonably brief duration. The
class has proved successful, and has yielded valuable
information on the individual variation of response to
a ganglion-blocking agent. The class has now been
running for four successive years, enabling observations

* Present addras:?: Department of I;harmamlugy, Royal College
of Surgeons of England.
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to be made on more than 70 students, without any mis-
hap. The development of the experimental procedure
has also prompted us to devise some methods for
measuring autonomic function which may be of use to
others.

Methods

Systemic Blood Pressure.—This was measured, using the
conventional cuff, by auscultation at the elbow, combined
with palpation of the radial pulse when difficulty was found
in hearing the sounds in the brachial artery. The blood
pressure was taken in the supine position and then standing.
To estimate the standing blood pressure sixty seconds, timed
with a stop-clock, was allowed to elapse after the subject
had got to his feet, and the systolic and diastolic pressures
were recorded as near as possible to this time. Where pos-
tural hypotension made it impossible to obtain a reading,
the subject was made to lie down despite the absence of a
reading. Under these circumstances it was usually possible
to state that the blood pressure was at least below a certain
level.

Pulse Rae.—This was measured in the supine position
and in the standing position at the same time as the blood
pressure was measured, the observations being made by a
second observer.

Skin Temperature—This was measured using a thermo-
couple and galvanometer, with a reference junction in ice.
It was usual to place a thermocouple on the plantar surface
of the right big toe, marking the region with a spot of ink
so0 that the same place could be used each time. The thermo-
couple unit used was that devised by Professor F. R. Winton :
it consisted of a copper—constantan junction mounted on a
coil of two wires enclosed in a glass tube of 8 mm. internal
diameter. When the end of the tube was applied to the
skin the thermocouple was held lightly in contact with the
skin and shielded by the surrounding tube from draughts.
The reading was taken when a steady value was obtained
after about thirty to sixty seconds. The body temperature
was also recorded, using a clinical thermometer under the
subject’s tongue and taking the reading after three minutes.
These measurements were not made systematically during
the first year, since it was not then appreciated how great
a fall in bodv temperature could occur under the conditions
of the experiments. The room temperature was also
recorded.

Salivary Secretion.—As a rough measure of the salivary
secretion by the subject the following procedure was used.
While in the supine position he was instructed to swallow
any saliva already in his mouth. He was then fed eight half-
circles of filter paper (12.5 cm. in diameter), one at a time,
which had been impregnated with 2.59% citric acid. The
subject moved these about gently in his mouth so as to
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absorb the saliva formed. Sixty seconds after the administra-
tion of the first piece of paper the pieces were collected from
the mouth and rapidly weighed. The differences in weight
between the dry filter paper and the paper collected from
the subject’s mouth represented the saliva secreted in one
minute in response to this moderately acid stimulus.

Ocular Accommodation—The near point and the far
point were determined on the supine subject, using the con-
ventional metre rule carrying a movable object. To measure
the far point a 2-dioptre lens was inserted in the holder in
front of the right eye so as to bring the normal far point
to a distance of 50 em. The readings were taken by moving
the object-carrier towards the subject until the printing on
it just became blurred and the distance of the object from
the eye was noted. The carrier was then moved nearer
still and then away again to find the point at which the
object just became clear again. The mean of these two
distances was taken as the near or the far point and then
converted into dioptres.

Reaction to Light—As it was impracticable to obtain
constant conditions of illumination, a cylinder of aluminium
sheet was devised which fitted at one end over the face of
the subject well enough to exclude light at the junction of
cylinder and face ;: at the other end it fitted over the ob-
server’s face, enabling him to inspect the subject’s pupils.
A 15-watt light bulb was fitted half-way between the two,
shielded from the observer ; it was arranged that this could
run normally at 230 volts to give a bright light or (by intro-
ducing a similar concealed bulb in series) at 115 volts to give
a dim light, the change being made by a switch below the
main cylinder. The size of the subject’s right pupil was
measured by means of a * perspex ™ scale on the sideinf
which was cut a series of semicircles of diameters ranging
from 5/64 to 24/64 in. (2 to 9.5 mm.) ;-it was arranged so
as to slide through the cylinder at a position close enough
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FiG. |.—Diagram of apparatus used for measuring size of pupil.




4

to the pupil to enable the diameter of the pupil and that of
the semicircles to be compared (Fig. 1).

Sweat Secretion—The difficulty in measuring sweat secre-
tion was that there was a steady diminution in sweating
rate during the progress of the experiment. 'With methods
siich as the starch and iodine procedure it was usually found
that no worth-while record of sweating was obtained after
the first few periods of observation. The method devised
by Sutarman and Thomson (1952), in which a plastic
imprint was taken of the sweat glands, proved somewhat
more satisfactory. This allows one to see the number of
sweat ducts open and their size, but it is difficult to quanti-
tate. Three records obtained by this technique from one
subject are shown in Fig. 2. For the purpose of analysis
these results have been regarded as qualitative.

FiG. 2.—Sweat prints taken from one subject by the method of
Sutarman and Thomson (1952). A : Before injection. B: Forty
minutes after 25 mg. of hexamethonium. C: Sixty minutes after
hexamethonium, when sweating had returned. Openings of sweat
ducts are the circula® clear spaces on the skin ridges.

Plan of Experiment

The students worked in groups of four, with one student
as subject and the remaining three as observers dividing
the various duties among themselves. A set of observations
was made every twenty minutes, timed with a stop-clock, in
the following order : supine blood pressure and pulse rate ;
standing blood pressure and pulse rate ; skin temperature,
body temperature, and room temperature ; salivary secretion
and sweating rate ; ocular accommodation and reaction to
light. This sequence was strictly followed, so that the
interval between successive particular types of observation
was kept constant. Two sets of control observations were
made before injection of the drug, the subject having been
instructed to take a light lunch, not to drink too much, and
to empty his bladder, since he would be confined to his
couch for about three hours. Immediately after the second
set of control observations, 25 mg. of hexamethonium
bromide was injected subcutaneously into the deltoid area



by one of the demonstrators; in some of the later experi-
ments the students themselves, under supervision, made the
injections. -

These observations were continued for six observation
periods, giving a total period after administration of the drug
of two hours. By this time postural hypotension had in
almost every case subsided. Occasionally, after this time, if
the student stood still for as long as five or ten minutes he
felt a little faint ; if this happened he was made to sit down
and remain behind until he had completely recovered. As
a further safeguard subjects were always asked to arrange
beforehand that a colleague could see them home that
evening if necessary. They were also asked to fill in the

following day a report sheet on their sensations and com-
ments on the experiment.

Pooled Average Results

Fig. 3 gives the magnitudes of the average effects of hexa-
methonium on the supine and standing blood pressure and
the pulse rate, on the body temperature, on the temperature
of the skin of the big toe, on salivary secretion, on the
near and far points, on the size of the pupil in dim light,
and on its reaction to bright light. Although these averages
conceal large individual variations presently to be discussed,
they serve to provide a fair picture of the predominant effects
of the drug and of the time course of action. The most
prominent effects are a fall in the blood pressure on standing,
together with a considerable increase in standing pulse rate,
an increase in the temperature of the big toe, and a fall in
body temperature. In addition, there is a distinct reduction
in the ability of the eye to accommodate for near vision
and to react to light. There is also a detectable acceleration
of the heart in a supine position and a small constriction of
the pupil under dim illumination. The effect on salivary
secretion is small, partly because there was a steady fall in
the rate of spontaneous secretion as the experiment pro-
gressed and the time from the last meal increased.

Time of Onset of Effects

It is notable that, whereas the fall in standing blood
pressure reached its peak something like forty minutes after
the injection of the drug, and the rise in skin temperature
a peak at about the same time or possibly a little earlier,
yet the visual effects had a distinctly greater latency, usually
being maximal at about sixty minutes and sometimes per-
sisting after the cardiovascular effects had ceased. The
standing systolic blood had usually returned at the end of
100 to 120 minutes to levels high enough to aveid faintness
or any other symptom at the end of the one minute’s stand-
ing, but might not quite have reached normal levels. The
earliest sign of the action of the drug to make its appearance
was usually the change in standing pulse rate, which reached
a peak approximately twenty minutes after the injection.
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Relative Incidence of Effects

Different subjects varied greatly in their responses to the
injection of hexamethonium. Not only did the magnitude
and time course of a particular effect vary from subject to
subject, but also the distribution of effects on different
bodily functions. Thus one subject might display pro-
nounced postural hypotension, with no ocular signs, whereas
another might have |
a great reduction I5
of accommodation |4
to light or near
vision with hardly
any cardiovascular
effect. These differ-
ences in response
have the result that
the mean curves
already given in
Fig. 3 are seri-
ously flattened.
Fig. 4 illustrates
the variation in
maximum effect on
the standing blood
pressure ; no aver-
aged curve can 0 —192039 60798099 MM. HG.

satisfactorily con-  Fig. 4 —Graph of the variation in inci-
vey the fact that in  dence of maximum fall in systolic blood
many individuals Pressure on standing for one minute
postural hypoten- after hexamethonium. (N=34.)

sion is slight, whereas in others it may lead to a fall of
80-100 mm. We have therefore attempted an analysis of
the variability of the responses.

To do this, we first set arbitrary criteria for the presence
or absence of a given ganglionic effect, and determined the
incidence of each effect for each subject (Fig. 5). These
criteria, chosen bearing in mind the average results, the
accuracy of the measurements, and the size of a physio-
logically significant change, are shown in the Table. Some
subjects, for whom complete records were not obtained, have
been omitted. The results for diastolic blood pressure and
for far point have not been included.

The Table shows that the commonest effects are on the
cardiovascular system, or result from such an action—for
example, loss of heat from the body, through vasodilatation.
But even the least common action, that of reducing accom-
modation, was seen in over one-third of the subjects.

A point of particular interest was whether there was any
pattern (in Fig. 5) in the distribution of block among
different ganglia. To analyse this, comparisons were made
of the simultaneous presence or absence of pairs of physio-
logical effects, yielding a series of 2 x 2 tables to which
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Incidence of Ganglionic Blocking Actions

Physiological Criterion for 4 Incidence
Sign Effect {Out of 41)
Fall in body temperature 0-2° C. or more G90-2
Rise in skin temperature BN e 756
Reduction in supine systolic blood
PrEssure . 10 mm. or more 683
Reduction in stan-dmg systulur:
blood pressure . . e | RN e 65-9
Increase in supine pulse rate 10 beats a minute or 48-8
more
Reduction in salivary secretion .. | 1 g. or more 48-8
Increase in standing pulse rate .. | 20 beats a minute or 46-3
more
Reduction in reaction to light 0-8 mm. or more; or 39.0
absolute reaction
to light after hexa-
methonium  less
than 0-4 mm.
Reduction in accommodation at
near point 1 dioptre or more 366

the x* test was applied, using Yates's correction. These
indicated that some cardiovascular effects tend to be well
correlated ; thus the effects on supine and standing blood
pressure and the effects on supine and standing pulse are
associated. But, apart from these, there was no consistent
association or dissociation of the wvarious autonomic
responses.

The failure to demonstrate any association extended even
to two functions involving a single ganglion, the ciliary
ganglion, Thus, in 14 subjects the reaction to light was
significantly depressed, but not that to accommodation. If
one compares this with the Argyll Robertson pupil.
ignoring the other features of such a pupil, one could
characterize hexamethonium occasionally as a * syphilo-
mimetic " drug.

These comparisons have not enabled us to support the
well-known concepts of * vagotonia™ and * sympathetico-
tonia,” so far as they imply that in particular individuals
the activity of the sympathetic as a whole, or the para-
sympathetic as a whole, may predominate. This does not
exclude the possibility, however, that autonomic activity in
particular individuals may sometimes concentrate itself down
particular pathways. Indeed, it was remarkable to find,
when Fig. 5 had been constructed, that the distribution of
ganglionic action by hexamethonium was different in each
of the 41 subjects. If one assumes that those ganglionic
functions which were blocked were those most active in a
given subject, it seems possible that the pattern of auto-
nomic activity may be individual to each person. We have
not retested any of our subjects ; but, if such tests proved
reproducible, it would then be possible to assign to each
individual a characteristic “ autonomic fingerprint.”
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Special Observations

Two other observations of interest were made. The first
was that when hexamethonium caused a substantial rise in
skin temperature and fall in body temperature the para-
doxical situation arose of a subject with warm feet who
was shivering vigorously ; as the vasodilatation of the legs
passed off and the body temperature rose the shivering
ceased. This provides evidence from an unexpected quarter
that shivering may be controlled more by the temperature
of the blood than by the temperature sensations of the skin.

It was also noted that not long after the hexamethonium
was injected the subjects became more relaxed, almost sleepy.
Those who volunteered were often the most energetic mem-
bers of their groups and usually tried to direct operations
even from their couch. There was a striking tendency
for this bossiness to dwindle or even to be replaced by a
gentle doze so far as the making of observations permitted.
As the effects of the drug wore off, the subject’s normal
character reasserted itself. The basis for this action is
obscure. There is no reason to postulate a narcotic effect
for the drug. Possible explanations are the cutaneous vaso-
dilatation or the reduction, by an action at the cholinergic
nerve endings of the small motor nerve fibres innervating
the muscle spindles, of the proprioceptive inflow to the
brain.

The students” reports on their sensations and after-effects
vielded little information of physiolegical interest. Many
reported no after-effects at all. Others complained of tired-
ness, mental dulling, feeling cold, headache, dizziness. an
unlocated thoracic pain, bags under the eyes, diarrhoea or
constipation, sleeplessness or sleeping very well, irritability
or feelings of calmness, loss of appetite or increased thirst.
and loss of prowess at sport (missing putts on the 18th
green ; “ Old Elthamians 13, U.C.H. 8 ").

Discussion :

The observations described, giving hexamethonium to a
group of 50 young students, correspond well with clinical
experience of the drug. One of our purposes was to
examine whether the response to the drug showed the same
variations in a fairly homogeneous group as are seen clini-
cally, and whether any pattern in the incidence of its effects
could be delineated. But the variability was well marked
even in this relatively restricted group ; the ganglionic sys-
tems studied (sympathetic vasomotor ganglia, vagal ganglia
to the heart, ciliary ganglion, parasympathetic ganglia to
salivary glands, and the ganglia supplying the sweat glands)
were all capable of being affected independently of each
other, It appears that for the present such variation in
intensity and in character of effect must be accepted.

As a teaching method the class offered a number of
advantages.  First, it introduced the students to methods
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they would use in their clinical work, and stressed the
necessity of making their observations quantitative, even
when using simple apparatus, Secondly, it provided a
valuable supplement to their teaching in autonomic physio-
logy and pharmacology. The discussion of the results with
the class after the experiment was over often served to clear
up some misconceptions. Thirdly, the experiment introduced
the students to a therapeutic agent which they would later
encounter in the wards and showed them some of its effecis
and side actions.
Summary

The results of a class experiment on ganglionic block
are described, in which the effect of 25 mg. of hexa-
methonium on healthy student volunteers, judged by ten
autonomic tests, was studied.

The most common effect was a fall in body tempera-
ture (909 incidence) and rise in skin temperature
(76 9) : and then (in descending order of frequency), fall
in supine and standing systolic blood pressure, rise in
supine and standing pulse rate and reduction in salivary
secretion, and reduction in the reaction of the pupil to
light and to accommodation (30-409%, incidence). Sweat-
ing was also reduced.

The incidcnce of ganglionic block over the wvarious
autonomic functions tested was different in every one of
the 41 subjects for which complete records were obtained.

Variability in the response to a ganglion-blocking
agent is as great in normal subjects as in patients. Tt
may be regarded as a result of the varying autonomic
constitution of different individuals.

We wish to acknowledge the help of our colleagues, Dr. D. R.
Laurence, Dr. J. W. Thompson,.Dr. G. 8. Crockett, Dr. A. N.
Exton-Smith, Dr. J. Beck, and Dr. M. Harington, and the co-
operation of the pharmacology classes at University College, with-
out whose skilled and patient observation this investigation would
have been impossible. One of us (H.S.) was in receipt of a
personal grant from the Medical Research Council.
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