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solutions (three times isotonic) of either glucose or saline
will bring on the dumping symptoms ; but hypertonic
causes less severe symptoms than glucose, with
much less weakness and smaller electrocardiographic
changes and does not produce the usual fall in serum-

saline
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potassium (figs. 6 and 7 and table). Abnormally rapid
absorption of carbohydrate is a feature of these patients
(Smith et al. 1951) ; this will lead to an unusually rapid
deposition of glycogen, associated with intracellular
binding of potassium and lowered serum-levels of
potassium and inorganic phosphate (Harrop and Benedict

1923, Kendall 1938). Thus there may be a lack of
available potassium in the serum as a result of its movement to glycogen-storing cells after the rapid absorption
of carbohydrate.
Since the dumping symptoms can be reproduced by
the introduction of food direct into the jejunum,
and since rapid entry of food into the jejunum is common
to the several operations that predispose to dumping
attacks, it seems that the operations most likely to be
followed by dumping symptoms are those which seriously
impair the reservoir and diluting functions of the

stomach.
6UAIMA-KY

Six patients subject to severe dumping attacksfour after partial gastrectomy, one after total gastrectomy
with oesophagojejunostomy, and one after vagotomyhave been studied before and after standard meals.
During dumping attacks there was shown to be an
abnormal fall in serum-potassium, electrocardiographic
changes characteristic of potassium deficiency, and
electromyographic evidence of impaired function of
voluntary muscle, indicating a postprandial lack of
available potassium in the blood-serum.
Potassium injected intravenously did not prevent the
dumping attack but prevented the usual muscular
weakness, reversed the electrocardiographic changes, and
terminated the attack prematurely.
It is suggested that two mechanisms contribute to this
potassium lack-( 1 ) the release of some adrenaline-like
substance into the blood, and (2) unduly rapid absorption
of ingested carbohydrate, leading to rapid deposition of
glycogen and binding of potassium inside the glycogenstoring cells.
I wish to thank Dr. Russell Fraser especially for his guidance
and criticism ; Dr. J. F. Goodwin for advice on the electrocardiograms ; Dr. P. Bauwens and Dr. A. T. Richardson, of
the department of physical medicine at St. Thomas’s Hospital,
for the electromyograms ; Mr. H. Daintree Johnson, Prof.
R. A. H. Plimmer, and Miss A. Rogers for their help;
Miss P. Burrows for planning the diagrams ; and the lady
dietitians of the Postgraduate Medical School for their
collaboration.
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remedies for motion
is
one of the best
sickness, hyoscine hydrobromide
Hill
and
Guest
et
al.
1945, Tyler 1946;
1944,
(Holling
Tyler and Bard 1949, Strickland et al. 1950, 1951). It
is safe in doses of up to 1-2 mg. (Holling et al 1944) and
in a hot climate (Hill and Guest 1945).. Moreover, repeated
doses, amounting to 2-25 mg. daily, have been givenwith no other relevant side-effects than dryness of the
mouth in most people and blurred vision in some (Chinnet al. 1950).
’
Anti-histamine compounds have also been widely used
in the treatment of motion sickness since the simultaneous
and accidental discovery of their efficacy by Gay and
Carliner (1949a and b) and McEvedy (1949). A particularly strong claim was made out for diphenhydramine8-chlorotheophyllinate (’ Dramamine’) by Gay and
Carliner (1949a and b), and there is no doubt that this
drug often prevents seasickness and airsickness (Chinn
et al. 1950, Lewis et al. 1949, Strickland et al. 1950, 1951).
There is much evidence, however, that only part of its
molecule is responsible for this action ; for 8-chlorotheophylline has no effect on vomiting (Chen and Ensor
1950, Chinn and Oberst 1950, Nickerson 1950), while

AMONG the many

drugs

used

as

diphenhydramine hydrochloride (’Benadryl’) prevents
motion sickness in much the same way as dramamine
(Chinn et al. 1950, Chinn and Oberst 1950, Wright 1950).
Mitchell (1950) has suggested that 8-chlorotheophylline
may prevent vomiting after the administration of emetine
in cats, but he himself considered some of his data
inconclusive.
Promethazine-8-chlorotheophyllinate (’ Avomine ’) is
another anti-histamine substance which has been claimed
to prevent motion sickness (Harper 1951). Since 8-chlorotheophylline has no such action, the effects of avomine
must be those of promethazine. There was, indeed, some
to

regard promethazine hydrochloride (’ Phenergan ’) as the most promising among the anti-histamine
drugs because of its well-marked " central or hyoscinelike " action (Bain 1951, Burn 1950). In an isolated

reason

observation Ambrus and Ambrus (1950) found phenergan
et al. (1950) dismissed it as ineffective,
The purpose of the present experiment was to test the
most promising drugs in safe doses, and it was decided to
compare hyoscine hydrobromide, benadryl, and phenergan in a controlled experiment which could be
interpreted objectively. Motion sickness is best studied
in a rough sea, but changes in the weather may cause
errors.
The use of fast patrol boats, however, made it
possible to obtain similar boat movements under varying

useful, but Chinn
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sea

conditions, and " crossing over" further

the risk of such

reduced

errors.

MATERIAL AND METHODS

Subjects
68 soldiers were used who had volunteered from
various Army units in England, Scotland, and Wales.
Their ages ranged from 18 to 42, but 52 (76-5%) were
aged 18-21. There were 51 private soldiers (or equivalent
rank), the others being non-commissioned officers. 46
of them were on National Service and 22 were regular
soldiers. All branches of the Army were represented.
Preliminary questionnaires gave the following information
about previous exposure and experience of motion
sickness :

each

sailed in a rough sea, seldom or
had motion sickness.
13 men (19%) had either sailed in rough seas or often flown
without becoming sick.
7 men (10%) had been exposed to seasickness or airsickness
and had become sick.
10 men (15%) were regarded as very susceptible to motion
sickness either because they became sick in a calm sea or
because they were both often sick at sea and had other forms
of motion sickness. (The men’s own assessments of a rough sea
may have been influenced by whether they were seasick or
not, but the purpose of this questionnaire was to find out
whether there was a predominance of those who believed.
themselves to be particularly susceptible or resistant to motion
38

never

men

(56%)

flown, and

had

never

never

sickness.)
It may be concluded that a fairly representative’
sample of the Army’s lower ranks had volunteered for
this experiment.
Dru.gs
To avoid entirely arbitrary dosage it was decided to
use each drug in the largest dose which, according to
published reports, was certain not to cause undesirable

side-effects in adult men. It was understood, however,
that the optimal doses might have to be determined later.
There was reason to believe that 1 mg. of hyoscine would
be a safe dose (Martindale 1941, Holling et al. 1944).
Both 100 mg. of dramamine and 50 mg. of benadryl,
however, have been found to be toxic (Shaw 1949, Rust
and Fosbery 1949, Strickland et al. 1950, 1951, Wright
1950), although others considered such doses safe (Gay
and Carliner 1949a, Chinn et al..1950). On the above
criterion a dose of 25 mg. of benadryl was chosen. A
dose of 25 mg. of phenergan also seemed safe (Bain et
al. 1949). Harper (1951), moreover, had given repeated
doses of 25 mg. of avomine without any side-effects.
Since phenergan is excreted very slowly (Bain et al.
1948), this confirmed the view that single doses of 25 mg.
of phenergan would be safe.
The

drugs were given in indistinguishable capsules.
kept in identical tins inconspicuously marked
with numbers, and the issuing was done entirely by
numbers. The code to these numbers was kept in sealed
envelopes at the Admiralty and at the Department of
Experimental Medicine, Cambridge. Nobody connected
with the experiment knew the code until after the results
had been worked out. The remaining capsules were
then checked by qualitative chemical analysis which
showed that there had been no error in the coding.
The subjects of the experiment were told that various
safe drugs would be tested, and that the same drug
might or might ’not be issued on different occasions,
but they were not told that a dummy substance was
included. These precautions were well justified, becaujjjp
those who were seasick sometimes blamed the drug,
but it was subsequently found that the " drug " was
usually the placebo. Holling et al. (1944) also observed
that experimental subjects tended to think that drugs
They

drug.

The

men

were

divided into

twenty-four

groups at random, and each group received each substance
in turn in one of the twenty-four possible sequences.
This was designed to cancel out the effects of variations
in the sea conditions on different days, and of such
possibilities as adaptation to the motion or modification

were

had made them sick.
Experimental Routine
Four tests were made forty-eight hours apart, and
in each test a quarter of the subjects (17 men) received

of the action of one drug by another given forty-eight
hours earlier.
When an experiment was going to be done, the men
had their usual breakfast at 7.30 A.M. and then remained
in their quarters. At 10.45 A.M. they were given a meal
of tea, sandwiches, cakes, and biscuits, which never
varied from man to man or day to day. Before the men
ate anything, they filed up with their tea to a desk, where
they were given a capsule which they were made to
swallow. They could not see how many tins there were
Three persons
or what manipulations were going on.
worked as a team to make sure that each man was given
the correct capsule and that he swallowed it before
returning to the table.
At 11.30 A.M. the men walked a mile to the boat base
and were distributed between two boats. Parties were
made up differently on each experimental day but
included equal numbers of recipients of each drug. The
men sat in the forward mess deck all the time, and they
were somewhat tightly packed. They were not allowed
to sing, smoke, eat, or organise games or debates, but
they were allowed to read, talk, and play cards. The
temperature in the mess decks was always about 18&deg;C

(65&deg;F).
Sailors who had been trained in experimental methads
for over a year acted as additional observers. There was
always one observer on each mess deck. He had a
nominal roll and entered the exact time against the name
of any man who vomited. Although the mess decks were
comparatively small, the men were moved around two
or three times during each trip so that no error could
have been caused if the motion had varied in different
parts of the mess decks. Paper bags and buckets were
available, but this fact was neither overemphasised nor
tactfully concealed, for either extreme might have made
the men wish to use them.
The ships left harbour at noon, 1&frac14; hours after the
drugs were taken. During the four experimental days
rough motion was always encountered within 1&frac12;-2 hours
after the drugs were taken, and it always ceased within
another 2 hours. Identical or very similar sister ships
were used.

Questionnaires

Although Wendt (1951) has found that questionnaires
rarely falsified in this type of experiment, answers so
obtained are inevitably subjective, and they will be dealt
with separately. Besides the one which has been referred
to before, questionnaires were filled in by all men immediately on landing after each test. These were designed
are

men had any symptoms of seasickand
whether symptoms were noticed
side-effects,
at times when the sea was not rough or before boarding
the ships. Except after the first of the four tests the men
were also asked which of the substances they preferred.
The questionnaires were self-explanatory, and only
general instructions were given verbally. All questions
and possible answers were put in random order, and the
men were asked to underline whichever answer was true.
Space was allowed for remarks.

to show whether the
ness or

Wasted

Trips
Only the results of four successive trips carried out
according to the above plan are given below. Twice
during the previous week, however, the men were given
drugs and went to sea. On the first occasion an unsuccessful attempt was made to distribute the men over a
number of inflatable floats, but as a result of technical
- difficulties in a rough sea only some of the men got on
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TABLE I-RECORD

OF

BOAT

MOVEMENTS

OBTAINED

A

WITH

DOBBIE MCINNES ACCELEROMETER

proportion of susceptible men who were
’protected by any particular substance (Holling et al.
1944), hyoscine hydrobromide protected 94% of those
who might otherwise have vomited, while phenergan
protected 61% and benadryl 44%. The 3 men who did
not have phenergan could not have altered the figure
for that drug outside the range of 58-64%.
The Z2 distribution with a correction for continuity
(Fisher 1934) was worked out for all possible comparisons
to show the

.

craft, and their activities, the grouping, and the
could not be controlled according to the experimental plan. The findings, however, in no way contradicted those reported below. The first attempt to do
the test in fast patrol boats was also a failure because,
in spite of a weather forecast to the contrary, the sea
was calm and no amount of seamanship could produce
adequate motion. These wasted trips, however, eliminated any apprehension or overexuberance the men may
have had before the experiment.

to these

timing

Boat motion
A record of the sea conditions and the boat motion
is given in table i. By varying the speed of the
boats it was possible to obtain very similar degrees
of movement over a wide range of sea conditions. Records
of vertical acceleration were taken at short intervals
with a Dobbie McInnes recording accelerometer placed
amidships in the centre of the forward mess deck.
Occasional peaks of about 1 g were obtained in all trips,
and these were particularly frequent in one test (March 14,
1951), when there was also some horizontal " rolling."
Most of the men receiving a dummy substance were sick
on that day (see below).
Non-starters
One man who had been very sick throughout the tests
(except when he had had hyoscine) asked to be excused
before the last run and was allowed to return to his unit.
Another man was absent on one day because he had to
attend a court of inquiry, and a third man missed one
trip because of a bad toothache. It is unfortunate that
all 3 men happened to miss the day when they should
have taken phenergan.
_

RESULTS

Vomiting

significant.
About 80% of those who vomited after phenergan and
the placebo, and both men who vomited after hyoscine,
began to do so within 30 minutes of reaching rough seas,
but only 60% of those who vomited after benadryl did
so during the first 30 minutes. This observation, however,
does not justify any definite conclusions about the effect
of these drugs on the time of onset of vomiting. The
TABLE III-STATISTICAL SIGNIFICANCE OF DIFFERENCES GIVEN
IN TABLE II

(Values

for P

are

parentheses if they
significant)

shown in

are

not

.

number of vomits among those who were sick was not
affected by previous medication.
On one day, when
there were more vertical peaks than usual and some
rolling," all but 3 men receiving the placebo were sick.
8 men each vomited after phenergan and benadryl,
but only 1 after hyoscine.
Answers given in the questionnaires tallied with the
observers’ records of those who vomited.
"

-

Table 11 shows that after hyoscine hydrobromide
only 2 of the 68 men vomited, whereas more men did
so after phenergan and benadryl.
About half the men
vomited after the placebo. If the results are worked out
TABLE II-INCIDENCE OF VOMITING AND NAUSEA

*Calculated from formula (Holling et al.

between the effects of any two substances, and the results
are shown in table ill.
The differences between the
number of men who vomited after hyoscine hydrobromide
and the number of men who vomited after any of the
other substances were highly significant, and so was
the difference between the number of men who vomited
after phenergan and the number of men who vomited
after the placebo. The difference between the numbers
vomiting after benadryl and after the placebo was
significant, but the difference between the numbers
vomiting after benadryl and phenergan was not

1944) :

Nausea
Some men who did not vomit stated on the questionnaires that they felt sick. The results are shown in table 11.
Among those who did not vomit, phenergan seems to
have given better protection from nausea than hyoscine
If vomiting and nausea are considered
or benadryl.
the
and
proportion of those protected is worked
together
out according to the method of Holling et al. (1944),
hyoscine protected 77% of those who might have felt
or been sick, phenergan 65%, and benadryl 30%.
(The
correct number of those protected by phenergan must
lie between 63 and 67%.)
Table in shows that, as regards the number of men
who vomited or felt sick, there was a highly significant
difference between hyoscine and benadryl and between
The difference between
hyoscine and the placebo.
phenergan and the placebo was also highly significant,
while the differences between benadryl and phenergan,
and benadryl and the placebo, were significant.
The
R2

752
TABLE IV-SYMPTOMS OTHER THAN NAUSEA AND VOMITING

hyoscine and phenergan was not
statistically significant.
Minor Symptoms and Side-effects
Table iv gives the incidence of symptoms other than
nausea and vomiting. Most of these symptoms were about
equally frequent or rare whatever the medication,
except that there were more headaches and giddiness
after the placebo and more dry mouths after hyoscine.
Both dry mouths and.drowsiness were present in 44%
of those receiving the placebo. Elation and excitement
difference between

.

rare, and there was no evidence of confusion or
oculomotor disturbances.
No other symptoms were
from
occasional
nausea immediately after
reported, apart
taking the tablets. On one occasion the capsule was
vomited immediately after it had been taken, but
another capsule was given and retained. There was no
evidence that the sight of other men vomiting caused
many men to become sick or nauseated. There was no
evidence that the men became accustomed to the motion
during the experiment, because the highest number
were sick on the second trip and the lowest on the third.

were

.

individual Preferences
As stated above, the men were asked, after the last
three trips, which of the substances they preferred. They
were asked not to consider the capsules given before the
two wasted trips, and this was also made clear on the
questionnaires. They were allowed to express more than
one preference.
If all preferences expressed for any
drug on any of the last three days are taken together,
there were 73 for hyoscine, 58 for phenergan, 45 for
benadryl, and 21 for the placebo. On the fourth day
and looking back on the whole experiment 29 preferences
were expressed for hyoscine, 24 for phenergan, 21 for
benadryl, and 10 for the placebo. The number and
proportion of preferences expressed was about equal on
different days of the experiment.
DISCUSSION

The present findings strongly confirm previous observations that hyoscine hydrobromide effectively prevents
seasickness in a large number of people, and that, at any
rate in fit men, 1 mg. is a safe dose. Hyoscine, moreover,
seems to be even more effective than previous trials have
suggested (Holling et al. 1944, Hill and Guest 1945,
Tyler 1946, Chinn et al. 1950). The difference may in
part be due to the fact that some previous experiments
did not separate those who vomited from those who felt
sick, and that smaller doses of hyoscine were used in
other experiments. The fact that efforts to eliminate
subjective and accidental influences were more stringent
in the present experiment than in previous ones and that
every man was given each substance may, however, have
contributed to this difference. Possibly the best effect
of hyoscine is evident in small craft when the period of
motion is short and the incidence of seasickness high

The

findings on the day when most men receiving the
placebo were sick bear out this view but do not allow
definite conclusions.
Hyoscine did not prevent nausea
with equal success ; and, if nausea and vomiting are
considered together, the apparent superiority of hyoscine
over phenergan was not statistically significant.
Since,
however, for those affected the choice lay between feeling
sick without vomiting or feeling sick and vomiting,
there can be no doubt that hyoscine would be preferable.
Subjective answers bear this out.
It can be concluded also that all three drugs in the
present doses were remarkably free from side-effects. It
seems that
headaches, dry mouths, giddiness, and
drowsiness are all symptoms of seasickness which are
present in a large number of untreated men (table IV),
and that these symptoms can be made a little worse or a
little better by the drugs used. Hyoscine hydrobromide
1 mg. caused a feeling of dryness of the mouth in most
subjects, but hyoscine should not be condemned on that
account alone, especially since nearly half the men had
that symptom after being given a dummy substance.
It was pleasing to note that the men’s own assessment
of their symptoms and their preferences conformed with
objective observations, but this does not mean that it is
safe to rely on subjective data alone. The large number
of preferences expressed for the placebo shows that users’
opinions on seasickness remedies can only give a rough
idea of their efficacy.
It cannot be said how effective benadryl would have
been in larger doses, but there is no reason to believe
that the main conclusions of the present experiment
would have been different if more bendaryl had been
given, because both 50 mg. of benadryl and 100 mg. of
dramamine have been found to protect fewer people from
airsickness than 0-65 mg. of hyoscine (Chinn and Oberst
1950, Strickland et al. 1950, 1951). The superiority of
phenergan over benadryl may in part be a result of its
greater central depressant or hyoscine-like action, to
which the effectiveness of anti-histamine drugs against
motion sickness is probably due (Burn 1950, Bain 1951).
Future tests will have to show whether the present results
can be modified by different dosage.
"

"

SUMMARY

A controlled and crossed over experiment was made
sea in which 68 men were in turn given 1 nig. of hyoscine hydrobromide, 25 mg. of benadryl (diphenhydramine

at

hydrochloride), 25 ing. of phenergan (promethazine
hydrochloride), and a dummy substance.
96% of those who might otherwise have vomited were
protected from vomiting by hyoscine, 61% by phenergan,
and 44% by benadryl.
If nausea and vomiting are considered together,
hyoscine protected 77%, phenergan 65%, and benadryl
30%.
Except for the difference between the numbers
vomiting after benadryl and phenergan, and the difference
between the numbers suffering from nausea and vomiting
after hyoscine and phenergan, the differences were
statistically significant.
All drugs were remarkably free from undesirable sideeffects in the doses given.
Our thanks are due to Prof. R. A. McCance, F.R.S., for his
advice and help ; to Surgeon Commander J. W. L. Crosfill,
R.N., for making the administrative arrangements and for
helpful suggestions ; to Mr. G. C. Maynard for navigational
advice and for obtaining the accelerometer records ; to Dr.
W. I. M. Holman for doing tli3 chemical analyses ; and to
Miss V. R. Cane for advice over the statistical approach. We
are also very grateful to the sailors and soldiers who took part
in the experiment. The drugs and placebo were supplied by
Messrs. May & Baker and Messrs. Parke, Davis. & Co.
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Symptoms

PANNICULITIS
DORIS M. BAKER
M.D. Lond., M.R.C.P.
PHYSICIAN, ELIZABETH GARRETT

ANDERSON HOSPITAL

AND SOUTH LONDON HOSPITAL FOR WOMEN

PATIENTS with arthritis always command sympathy
and attention. Sufferers from other forms of rheumatism
receive less heed, because they have little to show for
their pains and discomforts. Too often they are denied
the dignity of a diagnosis ; or their disorder may be termed
" psychogenic rheumatism," so that they do not get
the treatment that would bring them a fair measure
of relief. Yet at clinics for rheumatic diseases patients
with non-articular rheumatism are in a majority ; and
this large group deserves serious consideration.
To W. S. C. Copeman and his associates must go the
credit for focusing attention on the various syndromes
which come under the heading of non-articular rheumatism. Panniculitis (to be clearly distinguished from the
skin disease of that name) is one such syndrome that is
commonly overlooked. It is, however, worth recognising
since it can give rise to a curious array of disturbing
and distressing symptoms.

The patient complains of a feeling of weight or
heaviness in the affected parts, giving rise to undue
fatigue on exertion. When the added bulk is in the
lower limb and the gluteal region, she is exhausted by
walking ; when the arms and neck are involved, work
requiring lifting of the arms-as in polishing, typing, or
even the simple act of brushing the hair-can cause
fatigue, heaviness, and aching discomfort. In addition,
the patient complains of a sore, bruised, or burning
feeling when the affected parts are warmed-for example,
before a fire or in bed at night. In bed this symptom
is one cause of " fidgety legs," for the patient restlessly
seeks out cool areas in the bed. The pain is usually
felt in patches or areas of the body ; and after being
for a time in one spot-for example, the,front of one
thigh-it may spread to a similar position in the other
limb, or to another area of the body. In addition to
pain, there may be patches of numbness and a sensation
of pins and needles; and when such parseathesi&aelig;

THE CLINICAL SYNDROME

The condition is common at the menopause, whether ’.’
natural or artificial, probably for two reasons : (1) at
this time there is often a rapid increase in weight ; and
(2) there is also a readjustment in endocrine function.
The syndrome can, however, occur in quite young
people, though this is less usual. It can also develop
without associated rapid increase in weight ; but this is
very uncommon,
The patient’s added bulk may be evenly distributed,
but commonly certain areas of the body are more
affected than others. The areas usually involved are in
the region of the deltoid muscles, the back of the upper
arm, the back of the neck, over the pectoral muscles,
the lumbar region over the sacrum and the buttocks,
the front and outer side of the thigh, the front of the
lower leg, and at times the region of the heel to either
side of tendo achillis (see fig. 1). For diagnosis a convenient spot to examine is in front of the external auditory
meatus, in the region of the parotid gland ; of my series
of cases 70% showed the characteristic thickening in
this position.
’
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Fig.

I-Areas of body most

commonly affected by panniculitis.

bilateral they can easily give rise to difficulty in
One of my patients had a patch of numbness
on the outer side of one heel which remained relatively
insensitive to pinprick for fully three weeks, after
which sensation gradually returned ; she was most
conscious of the altered sensation when in a hot bath.
Panniculitis may cause another curious symptom-the
patient says that she has an area of the body which
she " cannot get warm," even a hot-water bottle bringing
no comfort to the cold patch. These patients also bruise
easily ; and this may first lead them to seek advice.
Finally, they notice that the skin no longer perspires
are

diagnosis.

freely.
Signs
With this syndrome two main signs

so

are found. First,
the skin is tacked down over the affected part so that
it is impossible to lift it away from the underlying
tissue, and mottling or a peau d’orange effect- is
produced when the skin texture is tested by palpation.
Secondly, over the affected area the skin feels dense,
almost indurated, with a lack of elasticity ; one of the
easiest areas in which to elicit this sign is in front of
the external auditory meatus. Many of the indurated

areas

may be tender

on

palpation ;

the tissues feel

