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ducts heat more readily than air, but also to the high pecific
heat of water. In general it has been found that heat balance
is not maintained in water below about 20°C (68°F); the
body temperature teadily falls until death eventually ensues.
In freezing water, survival for about an hour may be ex­
pected. Shivering cannot prevent the fall in body tempera­
ture. The same danger of injury or death of the tissues
occurs when limbs are immersed in cold water.

The muscular effort of swimming produces enough heat
to balance the heat lost in ice-cold water and may maintain
the normal body temperature for a short time. Further
research is needed on this point, since there is the possibility
that in thin individuals, who lack the insulation of a layer
of fat, swimming may increase heat loss as well as heat
production. Even when the body is not immersed in water,
exposure in a cold environment such as cold air, especially
if there is a wind, or snow and spray, or wet clothes, may
render it impossible to maintain heat balance.

In hot climates an important physiological problem is
loss of water and electrolyte balance. As much as 5 litres
of sweat a day may be lost by a man lying on a raft in the
tropical sun, and death might occur within two or three
days. There is, however, less hazard in hot climates than in
cold ones.

The clearer understanding of the phy iological a pect of
naval life- aving has lead to improvements in the de ign of
equipment in raft and lifeboat. The essential requirement
are to give protection from water and cold, and in the tropics
to provide hade and air movement. Specially designed
suits, tents and rafts have been thoroughly tudied under
various climatic conditions.

The supply of water i the outstanding problem. Survival
for 2 wee~s without water is unlikely even in favourable
circumstances. It has been found that carbohydrate (100 g.
daily) reduces the break-down of protein and the output
of urine; thus barley-sugar sweets will ave more than their
own weight of water. Other measures that may be adopted
include the prevention of sea- ickness, the collection of
rain water, and the chemical de-salting of sea water. The
drinking of sea water must be forbidden. If a ration of
fresh water is mixed with sea water it will not enable an
individual to survive as long as the fresh water ration alone.
Fish do not yield much water and the fluid obtained from
them is not of favourable composition. As a food, fish con­
tains much protein and need to be avoided unless plenty of
fresh water is available.

1. Hervey, G. R. (1955): Science ews, 38, 72.
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Although Rauwolfia serpentina has been widely used in
India for many years, it is only since Vakil's paper in 19491

that this drug has aroused pharmacological interest and has
come into general medical use in the treatment of hyperten­
sion. During the few years that have elapsed since the first
report on this subject a large volume of literature has
accumulated and a number of different preparations have
become available for the treatment of hypertension.

These preparations can be divided into 3 groups as follows:
(1) Whole-root preparations (Serpina, Preparation 1043,
Raudixin), (2) pure alkaloids (reserpine, rescinnamine), and
(3) 'Alkaloidal extracts (Roxinil, Rauwiloid).

I. Whole-root preparations consist of powdered dried root.
'Serpina' is a preparation which was originally used in
India, and was reported on in the earlier American com­
munications.1•2 Preparation 1043 (Riker) and Raudixin
(Squibb) next became available. 3 Raudixin is still in common
use where administration of a whole-root preparation is
desired.

2. Pure alkaloids. The hypotensive action of Rauwolfia
serpentina is due to its alkaloids, of which so far about 15
have been isolated.4 Only 2 alkaloids that have been used
in the pure form are so far available to the profession, viz.
reserpine (Serpasil, Ciba) and rescinnamine (Riker).

3. 'Alkaloidal' extracts. There is some evidence that
other alkaloids apart from reserpine and rescinnarnine

exert a hypotensive action, and 2 alkaloida1 extracts have
become available, namely Roxinil (Merck) and Rauwiloid
(Riker). Roxinil contains a number of alkaloids of reserpine­
like action and a serpentine-like material. Rauwiloid is an
extract of the alseroxylon fraction of the alkaloids, consisting
of reserpine and rescinnamine, which provide about 60 %
of the activity, and other, as yet unidentified active alkaloids.

PHARMACOLOGICAL ASPECTS

Most of the detailed work on the action of Rauwolfia
serpentina has been done with the pure alkaloid reserpine.
It is now well established that it has a sedative and
tranquillizing action on the central nervous system, which
is quite different from the sedation produced by barbiturates.
In addition it stimulates the reticular formation of the medulla
of certain animals. Rinaldi and Himwich5 have suggested
that this action is the basis of the parkinsonian-like tremor
which is sometimes produced in man. Reserpine has also
been shown to lower the threshold for convulsive seizures,8

thus increasing the frequency of fits in epileptics? and to be
antagonistic to phenytoin.s

Although it has been widely used, and in large doses, in
mental hospitals for its tranquillizing effect, reserpine can
cause severe depres ion, agitation and psycho i in hyperten­
sive patients on long-term treatment.
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There is ample evidence to suggest that the blood-pressure..
lowering effect of reserpine is of central origin. However,
it is obvious that any hypotensive drug must produce its
ultimate effect either by diminishing the force of cardiac
contraction and cardiac output or by reducing the peripheral
resistance. In dogs, cardiac output is not decreased to any
significant extent after the administration of reserpine9

and the fall in blood pressure is due to a decrease in the
peripheral resistance.

Reserpine appears to produce its effect by damping down
the afferent impulses reaching the medulla and thus reflexly
diminishing the central sy"mpathetic outflow.lo It is well
established that inhibition of central vasoconstrictor im­
pulses can effectively reduce peripheral resistance and cause
lowering of the blood pressure. Depression of sympathetic
activity leads to overaction of the parasympathetic nervous
system, thus producing myosis, bradycardia and diarrhoea,
which was first observed by Beinll to occur after the ad­
ministration of reserpine.

AUTHORS' INVESTIGATIO S

A. ACUTE EXPERIMENTS

The effect of intravenous injection of reserpine on blood
pressure and peripheral blood flow.

Reserpine* was given by single or repeated intravenous
injection to 10 patients, 2 of whom had severe hypertension,
2 were cases of mild hypertension, 4 had a recurrence of
hypertension after a lumbo-dorsal splanchnicectomy (Smith­
wick operation), I had had all four limbs sympathectomized
for Raynaud's disease, and I had had a unilateral lumbar
sympathectomy for varicose ulceration. Continuous records
were obtained of the peripheral circulation by means of the

* We gratefully acknowledge the supply of 'Serpiloid', a pure
reserpine preparation, by Riker Laboratories, Port Elizabeth.

optical digital plethysmograph described in detail else­
whereY-14 This sensitive method not only allows correct
registration of the height of the pulse volume of two digits
simultaneously, but also permits calculation of the arterial
inflow by means of the venous-eongestion test. The blood
pressure was taken at regular intervals by clinical methods
and the heart rate was, of course, available from the
plethysmographic records. Only those 'Smithwick' patients
were selected in whom the operation had included removal
of the first and second lumbar ganglia, i.e. the lower limbs
had been sympathectomized. All were examined for
sympathetic activity in the lower extremities' to ascertain
that the sympathectomy was complete. As at Groote Schuur
Hospital, at one time, sympathectomy had been extended
to include the thoracic chain up to D 2,15 the hands were
examined as well to ascertain whether the vessels of the
hands were under full sympathetic control.

Fig. 1. demonstrates such a preliminary test in the patient
whose response to reserpine is shown in Fig.·4. Mter body
heating by immersion of one upper limb in water at 45°C
there is marked reflex vasodilatation of the other upper
limb, due to the release of sympathetic tone. In the lower
(sympathectomized) extremities, however, a decrease in
pulse volume is recorded.

As has previously been demonstrated12 this is typical of a
sympathectomized limb and is due to shunting of blood
away from the sympathectomized limb to other vascular
beds which respond with reflex dilatation. The sympathec­
tomized vessels respond to local heating with dilatation,
indicating that the failure to respond to reflex heating was
not due to organic changes. In addition, absence of thermo­
regulatory sweating was observed in the lower limbs of all
'Smithwick' patients. Similar tests were carried out in the
patient who had had all four limbs sympathectomized for
Raynaud's disease and in the patient who had had a unilateral
lumbar sympathectomy. They showed conclusively that

TABLE I. EfFECT ON BLOOD PRESSURE AND PULSE VOLUME OF INTRAVENOUS INJECTION OF RESERPINE

Average How given Average Fall in Pulse Volume

IPatient Resting Dose intra- Final Blood Remarks
Blood venously Blood Pressure Normal Digit Sympathectomized Digit

Pressure Pressure

- I 225/118 1·5mg. I dose 230/105 25/13 Finger: gradual dilatation 1
Toe: gradual dilatation

2 230/128 2 mg. I dose 206/118 24/10 Finger: slight dilatation IThe gradual increase in
pulse volume observed inToe: gradual dilatation r= =;, ~-""3 172/126 4mg. 4xl mg. 154/100 22/26 Finger: slight dilatation seen on prolonged rest
and is due to release ofToe: gradual dilatation sympathetic tone.

4 172/88 2·5 mg. 2x I mg. 164/80 8/8 Finger: unchanged
I xO·5 mg. Toe: gradual dilatation

5 245/145 1·5 mg. I dose 110/80 135/65 Finger: slight dilatation Toe: marked fairly rapid Previous Smithwick opera-
dilation tion

6 230/155 2 mg. 2xl mg. 160/122 70/33 Finger: constriction Toe: marked fairly rapid Previous Smithwick opera4

dilatation tion

7 230/124 3 mg. 3xI mg. 112/74 118/50 Finger· slight dilatation Toe: marked rapid dilata- Previous Smithwick opera-
tion tion

8 245/150 I mg. I dose 228/128 17/22 Finger: gradual dilatation Toe: gradual dilatation Previous Smithwick opera·
tion. Fall in blood pres-
sure very slight; possibly
due to small dose of
reserpine administered

9 142/74 2 mg. I dose 116/63 22/11 Finger: marked very rapid All four limbs sympath-
dilatation ectomized for Raynaud's

Toe: marked very rapid disease. dilatation

10 118/76 2mg. I dose 110/64 8/12 Right toe: Unchanged Left toe: marked dilatation Unilaterallumhar sympath-
I

ectomy for varicose ulcer
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Fig. 3. The effect of intravenous reserpine.
A. In a patient wit.h severe hypertension. Tote the rise

in blood pressure following the ingestion of a light meal
(indicate~ by the arrow). B. In a patIent with mild hyper­
tension. . ote the 'slight fall in blood pressure in A and B
as comparep with the dramatic response shown in Fig. 4.
C. Effect on peripheral blood flow of upper (3.L.p.) and
lower (l.L.T.) extremities in a patie"nt whose blood pressure
response' was seen in Fig. 3B. The tracings of the pulse
volume were recorded at the points numbered in the diagram.

ote the marked difference in the response between upper
and lower extremities. The gradual dilatation obtained in
the lower extremities was considered to be the effect of rest
rather than that due to the drug.
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Fig. l. Pulse volume of the third left finger (3.L.F.), first left
toe (l.L.T.) and first right toe (l.R.T.) in a patient who had
previously undergone a lumbo-dorsal splanchnicectomy for
hypertension.

A. Before body heating. B. After body heating. ote the
increase in pulse volume of the finger and the decrease in the
toes, demonstrating that the vessels of the finger are under
normal sympathetic tone, whereas those of the toes are
sympathectomized. C. Response to local application of
heat. Note particularly the increase in the pulse volume of
the toes indicating that the failure to respond to body heating
was not due to organic arterial disease of the vessels.

the sympathectomies were complete and that there was no
organic vascular occlusion.

Results.
The results are summarized in Table 1. They differed

both as regards peripheral vascular and hypotensive ef!ect,
according to whether the sympathetic vasomotor supply was.
'normal' or had been interrupted. Whereas the intravenous

BEfORE

Fig. 2. Effect of 2 mg. of intravenous reserpine on blood
flow of first left toe (l.L.T.) and first right toe (l.R.T.) in a
patient who has had a left lumbar sympathectomy for varicose
ulcers. Tracings recorded before and after injection at times
indicated. Note the marked vasodilatation of the sympa­
thectomized vessels (l.L.T.), whereas there was no change
in pulse volume of the non-syrnpathectomized vessels (1.R.T.).

injection of reserpine produces a marked and relatively
rapid vasodilator effect on sympatbectomized blood ves eIs,
its effect in the non-sympatbectomized extremity is uncertain
(Fig. 2) and when vasodilatation takes place it i slow and
delayed (Fig. 3C). Lower and upper extremities also seem
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with reserpine did not entirely abolish reflex vasomotor
activity in the peripheral vessels. Being sympathectomized,
the vessels of the lower extremities were not affected by this
vasomotor activity and, irrespective of the reaction in the
upper limb, proceeded to dilate. This lends support to the
contention that the dilatation of the sympathectomized
vessels in the lower extremities is due to a local effect on the
vessel itself.

Pallor of the face was marked in all three cases and
shivering, sweating, diarrhoea and angina were also en­
countered. It was not possible to ascertain whether the
pallor was due to active vasoconstriction, occurring in an
attempt to maintain the blood pressure, or was due to a
postural effect, since all tests were carried out with the
patient sitting.

The profound hypotension caused by a single intravenous
injection of reserpine in the 'Smithwick' patients responded
to subcutaneous injection of ephedrine (Fig, 4). In fact,
ephedrine was given in such cases ·when the drop produced
by reserpine caused untoward 'systemic effects. The hypo­
tension induced by these tests lasted for several hours,
and at the next attendance at the hospital a few days later
the blood pressure had always risen to almost prc-treatment
levels. The degree of hypotension observed in the acute
experiment could never be achieved by administering
rauwolfia or reserpine by mouth, even if given over a pro­
longed period.

One of our 'Smithwick' patients responded like the 'normal'
bypertensives with a gradual, delayed but marked vaso­
dilatation in both upper and lower limbs and face, un­
accompanied by anything but a very minor and insignificant
fall in blood pressure. The reason for this different response
is not clear; possibly it was related to the fact that the dose
of reserpine administered was considerably smaller (I mg.)
than in the other 'Smithwick' patients, who received I .5- 3 mg.

In the patient who had sympathectomies of all 4 limbs,
both the upper and the lower extremities responded like the
sympathectomized limbs of our 'Smithwick' patients, with a
marked and rapid vasodilatation. This was accompanied
by marked flushing of the face. However, the fall in blood
pressure produced was very slight and was of the same
order as that which occurred in the non-syrnpathectornized
patients.

A similar result was obtained in the patient who had had a
unilateral lumbar sympathectomy. Marked vasodilatation
occurred in the sympathectornized digit, whereas there was
no change in pulse volume in the other non-sympathectomized
toe (Fig. 2).

This test demonstrated very clearly the uncertainty of
the peripheral vascular effect of reserpine on non­
sympathectomized vessels. As might be expected in a normo­
tensive patient, the fall in blood pressure was unimpressive.
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to differ in their response inasmuch as vasodilatation is
more definite in the upper. This is well illustrated by Fig. 3C
and the data were the same in both mild and severe hyper­
tensives.

Towards the end of the test two patients exhibited marked
flushing of the face, were sleepy, frequently yawned, and
developed conjunctival injection. There was, however,
no nasal congestion. Despite the fact that the 'normal'
hypertensive patients received large amounts of reserpine
the fall in blood pressure was quite unimpressive and was
of the same order as might be expected to occur after pro­
longed rest and mild sedation (Fig. 3A and 3B).

This was in marked contrast to the behaviour of the blood
pressure in patients who had undergone Smithwick operations
but in whom the hypertension had recurred. Three of the
four patients tested received a dose of reserpine that was
of the same order as that administered to the 'normal'
patients (or slightly smaller). The drop in blood pressure
was profound and greatly exceeded that obtained in the
latter. Moreover, the fall was rapid and occurred simul­
taneously with a marked vasodilatation in the sympathecto­
mized lower extremities, usually commencing within 30
minutes of an adequate injection. Fig. 4 illustrates such
a case. As the plethysmogram of the normal finger registered
spontaneous fluctuations it is to be concluded that such
ablation of central vasomotor activity as is said to occur

Fig. 4. Effect of 1· 5 mg. intravenous reserpine on blood
pressure and blood flow of third left finger (3.L.F.) and first
left toe (l.L.T.) in a patient who has had a lumbo-dorsal
splanchnicectomy (same patient as Fig. 1). Tracing of pulse
volume recorded at the points indicated by numbers on the
diagram of blood pressure. ote the pronounced fall in
blood pressure which was as ociated with marked vasodilata­
tion in the sympathectomized vessels (1.L.T.). There was
some va odilatation in the non-sympathectomized digit
(3.L.F.) as well. To combat fall in blood pressure 1 gr. of
ephedrine was given subcutaneously, followed by ! gr. by
mouth.

Discussion
From these results it appears that in man intravenous

reserpine has a definite vasodilator effect on sympathecto­
mized blood vessels. This effect must of necessity be a local
one on the wall of the vessel itself, unless one postulates
stimulation of vasodilator fibres which do not run with
the sympathetic, a concept which has not found any
acceptance.

This vasodilatation is contrary to observations by McQueen
et aPI to the effect that intraperitoneal reserpine markedly
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dilates the non-sym'pathectomized vessels, but results either
in no change or in a decrease in the diameter of the blood
vessels of the sympathectomized rabbit's ear. This suggested
to McQueen and his colleagues that peripheral vasodilatation
is dependent upon the integrity of the peripheral sympathetic
nervous system. Quite apart from the fact that it cannot be
assumed that results obtained in other species are valid
in man, failure of the sympathectomized vessels to dilate
might in their experiments have been caused by a shunting
of blood into other areas, particularly as a marked general
vasodilatation was obtained. Such shunting would have
been potentiated if in addition there was a fall in blood
pressure, however small.

The vasodilatation obtained in the digital vessels of the
'normal' patients and in the vessels of the upper limbs in
some of the 'Smithwick' patients was due to release of
central vasomotor tone. Such release is commonly seen
on prolonged rest alone, and it cannot with any certainty
be ascribed to a central effect of reserpine.

The question of the cause of the pronounced hypotensive
effect of reserpine in 'Smithwick' patients is very pertinent.
It is generally assumed that the hypotensive effect of reserpine
is due to a central inhibition of reflex vasomotor tone.
This, however, can no longer be effective in the splanch­
nicectomized patient and we have to look for a different
mechanism. We have shown that in man reserpine has a
powerful dilator effect on the sympathectomized vessels of
the extremities. There is nothing to militate against the
assumption that it has the same action on the sympathectom­
ized splanchnic vessels, which will result in a marked reduction
of peripheral resistance and a drop in blood pressure.
This concept is supported by the effect of reserpine in the
patient who had all four limbs sympathectomized, but
whose splanchnic bed was under normal sympathetic control.
Marked peripheral vasodilatation was obtained, but was
unaccompanied by any significant fall in blood pressure,
owing to the fact that the sympathectomized area was
small compared with the normal splanchnic bed. It under­
lines the well-known fact that vasodilatation of the limb
vessels alone does not produce a significant drop in blood
pressure.

B. CLINICAL ASPECT

Whereas in the experimental field reserpine has been used
almost exclusively, all the preparations listed above have
been employed in the treatment of hypertension. Although
most authors have confined their investigations to one
particular rauwolfia preparation, there are some who com­
pared one or more in different groups of patients. Achor
et al.,17 for instance, found no difference in the therapeutic
action or side-effects between a whole-root preparation
and reserpine. Similarly Locket4 did not detect any difference
between a whole-root extract and the alseroxylon fraction,
and Moyer et al. 18 found that Roxinil had similar actions
as the alseroxylon fraction and reserpine. Having compared
all the above-mentioned preparations with Rescinnamine,
Moyer et al. 3 came to the conclusion -that there was not
much to choose between the five preparations as regards
hypotensive effect and the incidence of side-effects. The
severity, however, of side-effect, including depres ive
reactions, was most marked in the patient treated with
reserpine.

Side-effects and toxic reactions of reserpine have received
the greatest publicity, but whether this is due to the large
number of patients treated with this preparation, or whether
it is a true index of greater toxicity as Moyer et al. 3 suggest,
remains to be confirmed.

That Rauwolfia serpentina is not the whole answer to
the treatment of hypertension has been abundantly
demonstrated by the number of authors who have been
forced to combine it with other drugs. The combination
most widely used and generally accepted as the best treatment
for severe hypertension, is pentapyrrolidinium and a rauwolfia
preparation, usually reserpine.19- 21 This combination has
proved more potent than either drug alone, thus causing fewer
side-effects. Moreover, a more sustained hypoten ive effect
is obtained than if pentapyrrolidiniurn is used alone. The
results have been more controversial when Veratrum viride
or hydralizine was combined with rauwolfia.

Whereas there seems little to choose between the various
rauwolfia preparations, the question which type of patient
will respond best to treatment, and the degree of hypotension
to be expected in the individual patient, is more difficult to
answer. In our clinic we see a large number of patients with
arteriosclerosis complicated by hypertension where treatment
presents a special problem owing to complications uch as
cerebro-vascular accidents, and in whom the indications
for hypotensive drugs are by no means unquestioned. We
also see cases who have been treated in the past by lumbo­
dorsal splanchnicectomy and in whom hypertension has
recurred. Little has been found in the literature about the
use of hypotensive drugs in the latter group. It is also by
no means settled whether the response is different in mild,
as opposed to severe, cases of hypertension. We have there­
fore instituted investigations into these two group of patients,
viz. (a) patients with long-standing hypertension associated
with advanced arteriosclerosis affecting coronary, renal,
cerebral and peripheral vessels, who had responded poorly
to treatment in the past, and (b) cases whose hypertension
recurred after lumbo-dorsal sympathectomy. The average
blood pressure of group (b) before treatment was 238/141
mm. Hg. Only. one of all the patients had normal fundi
and all but one had evidence of left ventricular hypertrophy.

All patients were seen by special appointment first at
weekly intervals, and later fortnightly. Blood-pressure
readings were taken after a period of rest of 15-20 minutes.
Some of the hypotensive drugs produce postural hypotension
and the position of the patient at the time of reading the
blood pressure was important. In fact, pressure readings
with the patient lying down may bear very little resemblance
to the pressure in the ambulant patient and may be very
misleading as regards the efficacy of the treatment under
review. We therefore measured the blood pressure at half­
minute intervals first in the recumbent and then in the erect
posture. A minimum of 6 readings and a maximum of 10
were taken in each position. From these figures an average
blood-pressure reading for both positions wa obtained at
every attendance. The pulse rate was taken at the end of
each series of blood-pressure recordings.

Before treatment was begun, a full investigation of each
patient was made, including a detailed history, phy ical
examination, examination of fundi, urinaly i , blood urea,
electrocardiogram, X-ray of che t, phenolsulphonphthalein
(PSP) excretion test. Patients were een on everal occasion
before the commencement of treatment.
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TABLE lli. INlTIAL BWOD PRESSURE IN RELATION TO THERAPEUTIC
RESPONSE IN 22 PATIENTS TREATED WITH RAUWILOlD OR RAUWJLOID

+ VERILOID

TABLE IV. THERAPEUTIC RESPO SE ACCORDING TO INITIAL DIASTOLIC
BLOOD PRESSURE PATIENTS TREATED WITH RAUWILOlD OR RAUWTLOlD

+ VERILOID

that the patients who responded best had an average blood
pressure of203/117 mm. Hg, those who responded moderately
well a blood pressure of 214/131 mm. Hg, and those who

Initial Diastolic B.P. Initial Diastolic H.P.
above 120 mm. Hg below 120 mm. Hg

Therapeutic. Av. Av.
Response No. % faIlB.P. Nq. % fall H.P.

Good 3 25 42130 7 70 34/17
Moderate 4 33 21/13 1 10 21/18
Nil 5 42 5/10 2 20 8/10

Total .. .. 12 100 21/15 10 100 12/12

Initial
RP.

203/117
214/131
223/133

No. of Percentage
Patients of Total

10 45
5 23
7 32

B.P. Response
Fall of over 30 mm. Hg
Fall of over 20 mm. Hg
Fall of under 20 mm. Hg

did not respond at all the highest average pressures, namely
223/133 mm. Hg (Table IlI). Our results, therefore, agree
with other authors, who found that a larger percentage
of patients with mild hypertension responded to treatment
and that a higher percentage of failures is seen in the more
severe type.

Whereas this holds good for groups of patients, in the
individual patient the result cannot be predicted. This is
very clearly demonstrated if all the patients are divided
into two groups, viz. (a) those with an initial diastolic blood
pressure above 120 mm. Hg, and (b) those with an 'initial
diastolic blood pressure below 120 mm~ Hg. In Table IV
it will be seen that of the patients with the higher diastolic

pressures 25 % responded well (fall in diastolic blood pressure
of more than 30 mm. Hg) and 42 % failed to respond, as
against 70 % and 20 % respectively in those patients whose
diastolic blood pressure was below 120 mm. Hg. The average
fall in blood pressure of the severe hypertensive who reacted
was, powever, much greater than in the milder cas:;s; that
is to say, if a severe hypertensive does respond well to
Rauwiloid the actual fall in blood pressure will easily exceed
anything seen in the moderate group. It is because of this
excellent response in the few cases with severe hypertension
that the average fall in blood pressure ill the severe group
as a whole is slightly better than the average fall in blood
pressure of the mild group. It would 'thus be misleading to
consider only the averages. It will also be seen from Table IV
that a relatively large percentage of patients with an initial
diastolic pressure of above 120 mm. Hg exhibited moderate
re~ponse. However, it must be realized that a fall in blood
pressure of 20-30 mm. Hg systolic in a patient with severe
hypertension constitutes it poor therapeutic response, whereas
an equivalent fall in mild hypertension represents a sat"s­
factory therapeutic result.

(c) Results in Hypertensive Patients who have undergone
a Lumbo-Dorsal Splanchnicectomy (Smithwick operation)

In view of the fact that a marked fall in blood pressure
could be produced in this group of patients by the intravenous
injection of reserpine in the acute experiinents, the results
of long-term oral therapy with Rauwiloid tablets were of

Good Moderare No
Response Response Response

No. of (Fall ol'er (Fall over (Fall under
Drug Used Patients 30 mm. Hg) 20 mm.. Hg) 20 mm. Hg)

No. % No. % No. %
Rauwiloid 20 9 45 5 25 6 30
Rauwiloid or Rauwiloid

+Veriloid 22 10 45 5 23 7 32

TABLE 1I. BLOOD-PRESSURE RESPONSE IN PATIENTS WITH RAUWILOID
OR RAUWILOID + VERILOID

The patients were first given Rauwiloid and, according
to the effect on the blood pressure, VeriJoid* was sub­
sequently added. The dosage of this was cautiously increased
until either a satisfactory hypotensive effect was obtained
or nausea and vomiting precluded a further increa e in
dosage. If the reduction was still unsatisfactory, pentolinium
was lidded.

For the purpose of evaluating the results, the following
scheme of grading was adopted. Irrespective of the height
of the initial blood pressure a fall of 30 mm. Hg in systolic
blood pressure, in either the lying posture or the standing,
was considered a 'good' response. A fall in blood pressure
between 20 and 30 mm. Hg was charted as 'moderate' and
smaller changes as 'no' response.

(a) Effect on Blood Pressure
Of the 20 patients treated with RauwiJoid, 6 responded

inadequately within 6-12 weeks' treatment and it was felt

unjustifiable to withhold other drugs, which were accordingly
added. The rest of the patients were treated from 4-6 months.

Of the 20 patients who received Rauwiloid only, 9 (45%)
showed a good response, the average fall in blood pressure
being 38 mm. Hg in the lying position and 36 mm. Hg in
the standing. The response was moderate in 5 (25 %), the
average fall being 21·4 mm. Hg in the lying position and
20·8 in the standing. Rauwiloid had no effect in 6 patients
(30%)-Table IT. •

Because there had been little or no response to treatment
with Rauwiloid alone, or because a further fall in blood
pressure seemed desirable, 6 patients were in addition treated
with Veriloid. In only one did the addition of Veriloid
lower the blood pressure sufficiently to upgrade this patient
from the 'moderate' into the 'good' response grouP;" and
those patients who had not responded to treatment with
Rauwiloid alone also did not respond after Veriloid had
been added. In fact, the average fall in blood pressure
after ·treatment with Rauwiloid was practically identical
with that obtained after additional treatment with Veriloid
or after treatment with Rauwiloid and Veriloid from the
start.

We therefore concluded that there was very little to be
gained by the additional administration ofVeriloid to patients
who were already treated with Rauwiloid. Moreover,
Veriloid produced vomiting in most patients at one stage
or another during treatment and the dosage had to be
adjusted accordingly. In 3 patients vomiting proved trouble­
some and necessitated the cessation of treatment.

(b) Height of the Initial Blood Pressure in Relation to the
Therapeutic Response

The question arose whether the height of the blood pressure
had any relation to the response to be expected. It was found

* A compound tablet consisting of 1 mg. of Rauwiloid and
3 mg. of Veratrllm viride.
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TABLE V. COMPARISON OF RESULTS IN PATIENTS WHO HAVE AND
WHO HAVE NOT HAD A PREVIOUS SMlTHWlCK OPERATION

considerable interest. The fact that the therapeutic response
in these patients was much worse than in the 'normal'
patients came as a surprise. In Table V it 'will be seen that
of the 'Srnithwick' patients only 2 (25 %) responded well,
2 (25 %) moderately, and 4 (50 %) not at all.

It must be pointed out that the average blood pressure
in the 'Srnithwick' patients before treatment was 238/141
mm. Hg lying and 218/135 standing, whereas in the 'non-'
Smithwick' group the blood pressure was 198/116 lying and
193/118 standing. In the light of what has been said above,
the response is probably a reflection of the difference in the
initial height of the blood pressure in the two groups.

(d) Effect of Reserpine
Since it has been claimed that reserpine, has a greater

therapeutic effect than other rauwolfia preparations, the
effect of the pure alkaloid (Serpasil, 1· 25 mg. per day) was
tried on 7 patients to see whether a further fall in blood
pressure could be produced.

There was no essential difference in the recumbent blood
pressure in any of the patients when reserpine was added,
irrespective of whether they had been treated with Rauwiloid,
or with a combination of Rauwiloid and Veriloid and
Ansolysen. In 2 patients, however, there was a slight fall
in the standing blood pressure. In contrast to the doubtful
therapeutic response, we encountered one definite toxic
reaction in a patient who had tolerated 4 mg. of Rauwiloid
per day for 1 year, without any trouble. After only 1 week
of treatment he developed nervousness, insomnia and
depression with brooding thoughts and fear of impending
death.

We, therefore, felt that ~ot only was there no additional
advantage in' giving reserpine; but that it produced nervous­
ness and depression which had been absent even on prolonged
treatment with Rauwiloid.

(e) Effect on Symptoms other than Blood Pressure
Angina. A most gratifying result was obtained in 4 patients

who had angina before treatment commenced. There was
marked improvement in 2 and some improvement in the
other 2 patients. One patient, who had been practically
incapacitated by very frequent attacks of angina and a
severe shoulder-hand syndrome, on treatment with Rauwiloid
experienced marked relief, the frequency of attacks decreasing
from about 15 to 1 or 2 per day. At the same time physio­
therapy became more effective and resulted in almost complete
relief of her shoulder-hand syndrome. In another' patient
the frequency of the attacks was reduced from 3-4 per day
to 2-3 per week. In the other 2 patients, who had less frequent
attacks of angina before commencing treatment, there was
a definite improvement both in the severity and number of
attacks, but not complete relief.

'Non-Smithwick'
Patients

14
198/116*
193/1l8t
8 (57%)
3 (21'5%)
3(21'5%)

DISCUSSlO

Whereas there is considerable divergence in OPlfUOn on
the results of treatment of mild hypertension with Rauwolfia
alkaloids, the percentage response reported varying from
25%19 to 100%22 in different series, it would appear from
the literature that patients with fixed hypertension and
arteriosclerosis respond less well to hypotensive drug than
those with the early and labile type.23 ,24 Our re ult are

Intermittent Claudication. Six pat"ients complained of
intermittent claudication. There was very slight improvement
in 3 and none in the other 3.

Postural Hypotension. This was an interesting side-effect
noted in 3 'Smithwick' patients, who had had this ymptom
in a mild degree before the commencement of therapy.
Onlj one of these belonged to the 'good re pon e' group
and in her the hypotension was so marked that she fainted
one morning. The other two had only responded with
a moderate fall in blood pressure and it is of interest to
note that a relatively small drop in blood pressure produced
a marked increase in postural hypotensive symptom .

Complications. Congestion of the air passages and leepiness
were mentioned by one or two patients, but never proved
troublesome symptoms.

Myocardial Infarction. Two patients developed myo­
cardial infarction while under treatment. One of these
had had 2 attacks of angina at rest before the commencement
of treatment. In his case the infarction occurred after an
episode of severe vomiting induced by Veriloid, and the
resultant dehydration might well have been a predisposing
factor in the production of a coronary thrombosis. The
blood-pressure readings a few days before the infarction
had not been particularly low. The other patient had a
typical history of a previous infarction 8 years before, but
without any residual changes in the electrocardiogram. A
third patient developed an extension of an old posterior
myocardial infarction. In both these latter case the exact
time of the infarction is not known, and there had been no
episodes of marked hypotension. This relatively high in­
cidence of cardiac complications is cl reflection of the type
of case treated rather than the result of therapy.

Mental Depression. This has been mentioned frequently in
the literature as one of the serious side-effects of Rauwolfia
therapy. 'In_ our series mental depression, bordering on
mild psychosis, was recorded in only one patient, who had
been treated with Rauwiloid for 5 months, the dose during
the last 2 months having been increased from 8 mg. per day
to 12 mg. per day. This man became extremely nervous,
restless, anxious and somewhat agitated and also developed
attacks of 'shakiness and tremors', which cleared up
2-3 weeks after Rauwiloid was withdrawn. In 3 other
patients attacks were encountered which were variously
described as 'shaking' or 'shivering', and were frequently
associated with a feeling of nervousness and unrest. 10
every case the attacks ceased after Rauwiloid was stopped
or the dose reduced. All but one of these 4 patients had
been on large doses of Rauwiloid (12 mg. per day) for some
considerable time, and 3 of them were extremely nervous
and apprehensive individuals. One other patient was un­
usually sensitive to the drug. She developed insomnia,
nervousness, tremor, arthralgia and joint stiffness, necessi­
tating, withdrawal of the drug after only 2 weeks' treatment.

'Smithwick'
Patients

8
238/141*
218/l35t
2 (25%)
2 (25%)
4 (50%)

t Standing.

No. of patients ..
Initial B.P.

Fall of over 30 mm. Hg
Fall of over 20 mm. Hg
Fall of under 20 mm. Hg

* Lying.
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quite compatible with this view. Examining a series of
long-standing cases of hypertension with marked arterio­
sclerosis, we obtained a good response in 45 % of cases, a
moderate response in 23 % and no response in 32 %.

It has been stated that severe cases with symptoms
frequently respond better than milder cases.4 We agree
with that view only in so far that if a patient with severe
hypertension responds to treatment the fall in blood pressure is
commonly greater than the drop obtained in a patient with
mild hypertension. In our group of patients the percentage
of good responses was much greater in the mild cases than
in the severe ones. This was brought out very clearly when
we divided our cases into those with diastolic pressures
above and below 120 mm. Hg. Only 25% of the former
showed a good response as opposed to 70 % of the latter.
In thi our results differ from those of McGregor and Segel!5
and Moyer,25 who found RauwoUia equally effective in
both mild and severe cases, and from those of Platt and
Sears2; who obtained a 'significant and sometimes profound
effect in at least 40% of cases' all of whom had severe hyper­
tension.

Although in the acute experiment an excellent hypotensive
effect was obtained with reserpine in 'Smithwick' patients,
on prolonged oral therapy these patients behaved in exactly
the same way as all other patients with severe hypertension.

Our patients who had been on an adequate dose of
Rauwiloid have not derived any benefit when Veriloid or
Serpasil were added in an attempt to obtain a further fall
in blood pressure. The results obtained with Rauwiloid
alone were the same as with any other combination ad­
ministered in these investigations. The difficulties and
complications encountered in the administration of Veriloid
far outweighed its therapeutic value. It must be admitted,
however, that all our patients had been treated first with
Rauwiloid and that the results may have been different had
treatment been commenced with veratrum and Rauwiloid
added subsequently.

Severe mental depression occurred in only one of our
patients, but 3 others complained of nervousness, shakiness
and unrest and one of these also developed arthralgia.

Unlike Smirk and McQueen's patients,!8 who were treated
with reserpine, none of our patients needed psychiatric
treatment and all toxic symptoms spontaneously cleared
up after cessation of therapy. We also have evidence in one
case that reserpine is more toxic than the alseroxylon fraction
-a similar observation to that previously reported on the
comparison of reserpine and rescinnamine.!

We would agree that with a higher dosage of Rauwiloid
toxic reactions are more liable to occur.4 However, 2 of
our patients developed nervousness, tremor and anxiety
when on only 4 mg. of Rauwiloid per day.

The alseroxylon fraction is, therefore, by no means without
its unpleasant side-effects, although they are probably less
severe than those encountered with reserpine.

SU 1MARY A 0 CO CLUSIO

The effect of intravenous reserpine on peripheral blood flow
and blood pressure was investigated in a group of 'normal'
hypertensive patients and compared with a group of hyper­
tensives who had previously undergone a lumbo-dorsal
splanchnicectomy.

It was shown that the hypotensive effect was much larger

in the latter group, and this was thought to be related to the
marked vasodilator action which intravenous reserpine has
on sympathectomized blood vessels.

Vasodilatation was only associated with a dramatic fall
in blood pressure if the sympathectomized vascular bed
was large enough, i.e. if the splanchnic bed was sympathec­
tomized as well. The hypotensive effect was transient, and
comparable low blood-pressure levels could not be main­
tained by oral administration in the same 'Smithwick'
patients.

The effect of reserpine on the non-sympathectomized
vessels was unpredictable and did not bear any constant
relation to the moderate drop in blood pressure obtained.

On long-term treatment with Rauwiloid there was no
difference in the therapeutic response between the 'normal'
and the sympathectomized hypertensive patients, and
Rauwiloid was found useful in 45 % of cases.

We could arrive at no conclusion as to which case would
respond best to treatment although, as might be expected,
a bigger fall in blood pressure was obtained in patients with
a more severe hypertension but a larger percentage of the
milder cases responded to treatment.

RauwiIoid produced unpleasant side-effects in 22 % of
cases.

In our series the addition of Veriloid was of very little
benefit and certainly did not justify the amount of time and
trouble spent in stabilization both for the patient and the
physician.

These studies were supported by a grant from Riker Labora­
tories Ltd., Port Elizabeth, who also very kindly supplied all
the drugs used.

We wish to express our thanks to Mr. C. C. Goosen for·taking
the plethysmographic records and preparing the illustrations,
and to Mrs. Gurzynski for the charts and photographs.

Our thanks are due to Dr. N. H. G. Cloete, the Medical Super­
intendent of Groote Schuur Hospital, for permission to publish.
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OPERATIVE CHOLANGIOGRAPHY*

C. A. R. SCHULENBURG, M.D., M.CH., F.R.C.S.

Pretoria

This study is based on 140 consecutive cases under my care
of disease involving the biliary tract, operated on between
October 1955 and March 1957. Operative cholangiography
was performed in all cases. In addition, control or/and
post-operative cholangiograms were taken in a further
12 cases, where operative X-ray was not found necessary..

Cholangiography at operation does not replace routme
search for common-duct stones, and does not ignore the
accepted indications for exploration of the common duct,
which are the following:

1. History of, or presence of jaundice.
2. Dilatation of the common duct.
3. 'Gravel' in gall-bladder, with wide cystic duct.
4. Positive findings on palpation of common duct or

pancreas.
5. Con,tracted gall-bladder, with wide common duct.
We have not used cholangio-manometry or the chole­

lithophone or the recently described biliary endoscope.
Possibly pressure studies may be of value in cases of biliary
colic in the absence of any obvious pathological condition
('dyskinesia').

TECHNIQUE

1. A suitable wooden tunnel for taking a 12 x 15 inch
X-ray cassette is placed on the operating table in the required
position.

2. A 12 x 15 inch cassette with stationary grid strapped
on is slipped into the tunnel. The patient is positioned so
that the right twelfth rib is in the middle of the cassette.
The patient is rotated slightly onto his right side so as to
project the bile ducts clear of the spine.

3. Laparotomy is performed, and all abdominal and pelvic
organs palpated.

4. Dissection begins at the gall-bladder neck and the cystic
duct is positively identified. The cystic artery is tied and
divided at this stage if it can be identified. Two silk ligatures
are passed round the cystic duct; the one nearer the gall­
bladder is tied and the other kept loose. An opening is cut
into the cystic duct between the ligatures. (If there is any
difficulty in identifying the cystic duct, cholecystectomy
proceeds from the fundus downwards, and only then, when
the duct is identified, is cholangiography carried out.)

Meanwhile 20 c.c. of 35 % Pyelosil has been drawn into
a syringe, and an 8-inch length of polythene tubing attached
via a well-fitting needle. Air-bubbles are excluded and the

• A paper submitted at the South African Medical Congress,
Durban, September 1957.

end of the tube is now threaded into the cystic duct, the silk
ligature being tied finnly over it.

5. All metal clips and instruments are removed, the X-ray
apparatus wheeled into position, the dye injected and the
exposure made. The anaesthetist provides for cessation of
respiration by hyperventilation. (Note: a non-explosive
anaesthetic must be used when radiographs are taken in the
operating-room.)

6. Cholecystectomy is completed.
7. The common duct and the head of the pancreas are

again inspected and palpated, and a decision regarding
exploration of the common duct is tentatively made. By
this time the X-ray plate is back for inspection, and is a
further help towards this decision.

8. A normal cholangiogram (Fig. 1) shows a filled biliary
tree with smooth contours and undiIated, free flow of dye
into duodenum, and no filling defects. The operation is
completed if such is the case.

9. If an abnormality exists calling for opening of the com­
mon duct (Fig. 2), the operation proceeds in the usual manner,
a T-tube is sewn in watertight, and a control cholangiogram
is taken at this stage, again taking care to eliminate air­
bubbles by a preliminary saline flush.

10. A routine post-operative cholangiogram is made on
the 14th day in cases where a T-tube had been inserted
(Fig. 3).

VARIATIONS OF TECHNIQUE

1. Cholecysto-cholangiography via a Foley catheter in the
gall-bladder, used in cases of 'dyskinesia', and in association
with manometry.

2. Direct injection of dye into the common duct by needle
and syringe, used in post-eholecystectomy cases, and in
cases where the ductal anatomy cannot be absolutely
identified.

3. Frequently removal of the gall-bladder has to proceed
from the fundus downwards; only after the cystic duct has
been absolutely identified can the cholangiogram be taken.

4. Where the common duct is dilated, a larger amount of
dye should be used, but it is wise to make one exposure
after injecting 10 c.c. only, and another after injecting a
further 10-20 c.c. This reduces the possibility that stones
may be obscured by overfilling of the duct with dye.

5. When stones are palpated in the common duct, a
primary cholangiogram is not required, but control at the
end of the procedure is of great importance.

6. In common-duct strictures, the intra-hepatic biliary tree




