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respiration, constriction of tracheobronchial smooth muscle
- especially in allergic subjects - and reduction of
bronchial secretion. In addition it may dull the sensorium,
and cause nausea, anorexia, and constipation, and there
is the hazard of drug addiction. Codeine is weaker in
action, but is favoured because of the lower incidence of
side-effects. Dihydrocodeinone ('dicodid') is in many ways
superior to codeine because of even less side-effects.
Pholcodine is also more potent and produces less adverse
side-reactions than codeine. Methadone and 'pethidine',
which are not opiates, are also potent antitussive agents,
but are subject to the same drawbacks as morphine.

Among the non-narcotic agents used t~ depress the
cough centre are dextromethorphan ('romilar'), noscapine
(narcotine, an opium alkaloid), carbetapentane citrate
('todase'), and others. Unlike its laevorotatory homologue,
dextromethorphan possesses no significant analgesic pro­
perties, no depressant effect on respiration, and no addic­
tion liability.l Its antitussive action is approximately as
great as that produced by equal doses of codeine. The
incidence of side-effects is low. Noscapine is of course not
9. new drug, but its name has been introduced because the
original name narcotine erroneously suggested the drug is
narcotic. In the treatment of cough it appears to be equal
to codeine, and produces minimal side-reactions. It

appears to' be particularly effective in spasmodic cough.
Carbetapentane has antitussive, atropine-like, and local­
anaesthetic properties, but more data are required for the
complete evaluation of this drug as a cough remedy.

Another group of agents used to diminish cough act
peripherally on the respiratory tract to reduce the impulses
which pass to the cough centre. They may act by pro­
ducing a mild analgesic action on the mucosa of the tract,
by reducing the viscosity of the mucus in the passages and
thus facilitating the expulsion of retained secretions, by
humidifying the tract, and by relaxing the smooth muscle
spasm. The agents that produce these effects still require
much study. Many are to be found in the empirical syrups
that through some pharmacological and psychological
effect produce relief of cough or comfort in the patient.

The term smoker's cough has entered the literature but
is still ill-defined. It is perhaps not an entity but comprises
coughs of varying aetiology, aggravated by irritants indud­
ing tobacco smoke.

The development of experimental techniques and proper
clinical trials has given new impetus to the search for
better cough remedies/·3 thus following the general trend
in therapeutics.

1. Cass, L. J. and Frederik. W. S. (1956): J. Lab. Coo. Med., 48, 879..
2. Chakravarty, . K. et at. (1956): J. Pharmacol. Exp. Ther., 117. 127.
3. Winter, C. A. and Hataker, L. (954): Ibid., 112. 99.
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A great deal of work has been done in an attempt to
produce safer and more effective local anaesthetic drugs.
Carbocaine is a recent addition to this list, and claims have
been made for it which indicate that, under certain con­
ditions, it might be the drug of choice.

Chemically it differs from the other commonly used
local anaesthetics, having the following formula: l

8. It does not inhibit the action of sulphonamidess

9. Stability - it can be boiled repeatedly.l .

THIS SERIES

The series here reported consists of nerve blocks and
infiltrations performed on 109 listed and emergency cases
in a busy general hospital (Table I).

TABLE 1. TOTAL NUMBER OF CASES

The following advantages have been claimed for carbo-
caine:

1. Rapid onset of analgesia3.~

2. Intense analgesia3.~

3. Long duration of action if used with adrenaline1.3

4. Effective analgesia if used without adrenalinel.5

5. Great potency3·5
6. Low systemic toxicityl.3
7. Low tissue toxicityl.6

The results have been analysed and the following
extracted.

1. Onset of analgesia. From Table II it will be seen
that with carbocaine large nerve trunks required 13
minutes, on an average, and small nerves 7 minutes, for
a block to become effective. After direct infiltration of the
area of operation, however, analgesia was instantaneous.
The presence of adrenaline made no difference to the
speed of onset of analgesia. There was no difference in the
speed of onset between carbocaine and lignocaine (Table
III).

2. Intensity of analgesia. That produced by carbocaine
was similar to the intense analgesia of lignocaine.
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TABLE 11. TIME OF 0 'SET OF A ALGESIA AND ITS DURATION: CARBOCAIN£

Time of onset Duration

With adrenaline Witholll adrenaline With adrenaline Without adrenaline

13 minutes 13 minutes 165 minutes 105 minutes
Epidural block [5 - 20] (18) [10 - 20] (8) [135 - 180] (12) [90 - 120] (5)

13 minutes 11 minutes 228 minutes 100 minutes
BraChial plexus block [5 - 30] (23) [8 - 13] (4) [150 - 330] (13) [75 - 120] (4)

7 minutes 7 minutes 210 minutes 100 minutes
Minor nerve blocks [4 - 15](4) [5 - 12] (7) [180 - 240] (4) [75 - 125] (6)

210 minutes 90 minutes
Direct infiltration Instantaneous [180 - 260] (4) [60 - 125] (6)

Figures in square brackets [ ] give the minimum and maximum range in minutes.
Figures in round brackets ( ) give the number of cases.

TABLE Ill. ONSET AND DURATION: EPIDURAL BLOCKS·: COMPARISON
OF CARBOCAINE WITH UGNOCAINE

3. Durarion vf analgesia (Table Il). The addition of
adrenaline made a striking difference to the duration of

SUMMARY A D co CLUSIO S

The results in a series of 109 cases of nerve block
performed with carbocaine are analysed, and certain com-

of overdosage are: (a) central nervous irritability­
apprehension, nausea and vomiting, twitching, convulsions;
and (b) cardiovascular and respiratory depression going
from a mild drop in blood pressure to an apnoeic pulse­
less state. lO In the present series no signs of toxicity from
carbocaine were encountered, notwithstanding that several
of the patients were desperately ill. Some of them were
emaciated, many were old (7% of the entire series being
over 80 years of age), while 4 were deeply jaundiced. In
no case did the total dose of carbocaine exceed 0·5 g.
Since the dose must always be considered relative to the
condition of the patient, a fit healthy patient should
tolerate more than 0·5 g. of carbocaine.9

7. Tissue toxiciTy. No evidence of damage to tissue was
seen.

8. InhibiTion of sulphonamides. This was not considered
in the present series but, unlike procaine and ametho­
caine, carbocaine is not broken down to p-aminobenzoic
acid, and so does not inhibit sulphonamides.

9. StabiliTy. Many of the nerve blocks in this series were
performed after the carbocaine had been autodaved, on
some occasions several times. The drug was effective in
all cases.

Comparison wiTh Lignocaine

In Table III a comparison is made between a series of
lumbar epidural blocks with carbocaine and a series with
lignocaine, plus I in 200,000 adrenaline in all the cases. No
difference was noted in time of onset and intensity of
analgesia.

The average duration of analgesia with carbocaine was
165 minutes (12 cases), which is slightly longer than the
average duration with lignocaine, which was 150 minutes
(18 cases). This agrees with other workers.1.3

Although no cases in this series were given ligno­
caine without adrenaline, extensive comparisons by several
workers have shown lignocaine without adrenaline to be
markedly inferior to carbocaine without adrenaline.1-s

Whereas lignocaine produces drowsiness from systemic
absorption when used in large doses, this effect was not
noticed with carbocaine in the present series.u

Lignocaine
12 minutes (49 cases)

150 minutes (18 cases)

InjilTraTioll

Intense analgesia

Intense analgesia

Adequate analgesia
Intense analgesia

* All with adrenaline 1 in 200,000.

Carbocaine
13 minutes (18 cases)

165 minutes (12 cases)

1·2%

1·0%

0·25%

0·5%

Onset
Duration

ConcenTraTion
of carbocaine

Nerve block
(brachial plexus)

Inadequate analgesia
Adequate analge-sia.

Motor power still
present

Intense analgesia.
Marked paresis

Intense analgesia. Com­
plete paralysis

6. SysTemic Toxicity. Claims are made that carbocaine
is considerably less toxic than lignocaine.1-3 The usual signs

the analgesia. WiThOUT adrenaline all effective concentra­
tions of carbocaine gave an analgesia lasting about 100
minutes. WiTh adrenaline the average duration rose to over
200 minutes, except for epidural blocks (Table Ill), where
the average was 165 minutes. The concentration of
adrenaline used was 1 in 200,00().3

4. EffeCTiveness wiThout adrenaline. With the exception
of cocaine, the action of all local analgesic drugs is greatly
enhanced by the addition of adrenaline. The adrenaline
acts by reducing absorption of the drug at the site of
injection and so (a) increases the duration and (b) the
intensity of the local analgesia, and (c) decreases the rate
of absorption of the drug and so decreases the risk of
toxic reactions, or, alternatively, allows a larger dose of
drug to be injected.9 Carbocaine without adrenaline gave
a highly satisfactory block in all the cases. The only
difference noticed was the decreased duration of the block
(Table 1I). It is therefore the local anaesthetic of choice
wherever injections have to be made in the vicinity of
end-arteries e.g. when blocking a finger. It is far more
satisfactory than lignocaine without adrenaline.3

5. POTency. The potency of carbocaine is indicated in
the following table:
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parisons are made witb lignocaine. Tbe following con­
clusions are drawn:

Carbocaine is a highly effective local anaesthetic. It has
a rapid onset, the analgesia produced is intense, and the
duration of anaesthesia is effectively controlled by the
addition or omission of adrenaline. It is a drug of low
general toxicity, and does not irritate tissues or delay
healing in the concentrations recommended.

Has carbocaine a place in clinical use? Of recent years
lignocaine has been considered the drug of choice. How­
ever, in all types of local analgesia (excluding topical and
spinal analgesia, which were not tested) carbocaine is as
effective and safe as lignocaine. It has certain notewortby
advantages over lignocaine, as follows:

1. It is highly effective when used without adrenaline,
while the effect of other local anaesthetic drugs is
decreased in these circumstances. This has 2 advantages,
viz.:
(a) It makes it the anaesthetic of choice when an end­

artery is in the region of the nerve to be blocked,
e.g. in a finger nerve block, or when a local anaes­
thetic is being used in the region of diseased arteries,
as in vascular investigations or in vascular surgery.

(b) It enables carbocaine to be used without adrenaline
as a medium short-acting drug, or with adrenaline
as a long-acting drug. If 0·5 g. of carbocaine has to
be exceeded, then adrenaline I in 200,000 should be
added. This will decrease the rate of absorption and
so minimize the chance of toxic reactions.

2. Carbocaine is less toxic than lignocaine, and so
should be preferred to lignocaine, eSpecially in the aged,
in the very sick, and where large quantities have to be
injected.

3. The average duration of action of carbocaine when
used with adrenaline is slightly longer than that of
lignocaine.

The recommended concentrations of carbocaine are as
follows:

Infiltration anaesthesia 0·25 - 0'5%
Nerve block for small nerves 0·5 - 1'0%
Nerve block for large nerves 1·0 -1'2%

If it is desired to retain motor power in doing a
brachial-plexus block, then 0·5 % carbocaine should be
used. Carbocaine 1'2% will cause complete paralysis.

Adrenaline should be added if analgesia is required for
more than Jt hours, or if very large doses are to be
injected.

Adrenaline should not be added if less than 1t hours
of analgesia is required, or if the injection is in the region
of an end-artery.

I wish to thank Dr. J. G. Woeke for treating some of the
cases, and Drs. C. S. Jones and G. G. Harrison for their
help and encouragement. I am grateful to Dc. J. G. Burger,
Medical Superintendent, Groote Schuur Hospital, for permis­
sion to publish these cases. Also I should like to thank Messrs.
Westdene Products (Pty.) Ltd., for the liberal supplies of
carbocaine they gave me for this trial.

REFERENCES
I. af Ekenstam, B., Egner, C., Dhuner. K. G. and Oljelund, O. (1956):

Brit. J. Anaesth., 28, 503.
2. Ulfendahl, H. R. (1957): Acta anaesth. scand., I, 81.
3. Dhuner, K. G., Oljelund, O. and Aagesen, G. (1956): Acta chir.

scand., 112. 350.
4. Gray, T. C. and Mumford, J. M. (1957): Brit. J. Anaesth., 29. 210.
5. Dam, W. and Guldmaon, N. (1957): Acta anaesth. scand., 1. tol.
6. Nilsson, E. and Wendeberg, B. (1957): Ibid., I, 87.
7. Dhuner, K. G., Nordqvist, P. arid Renstrom, B. (1957): Ibid., 1, 121.
8. Lee, J. A. (1947): A Synopsis of Anaesthesia, 3rd ed., p. 261. Bristol:

Wright. .
9. Mclntosh, R. R. and Bryce-Smith, R. (1953): LacaI Analgesia:

Abdominal Surgery, p. 14. Edinburgh: Livingstone.
10. Bingham, L. R. and Malherbe, P. H. (1957): S.Afr. Med. J., 31, 882.
11. Dawkins, M. and Steel. G. C. (1957): Anaesthesia, 12, 426.

TRENDS IN PROPHYLACTIC DIPHTHERIA IMMUNIZATION IN
JOHANNESBURG

V. BOKKENHEUSER, South African Institute for Medical Research, Johannesburg, and A. H. SMITH,
City Health Department, Johannesburg

Effective diphtheria immunization consists of a primary
course of injections followed by a reinforcement dose
(booster) at a later date.I•3 It is generally agreed that the
primary course should be given early in life, preferably
at 3 - 6 months of age,I"'9 and that the injections should
be spaced with an interval of 4 - 8 weeks.I.6,8.9 There is a
difference of opinion on the need for 2 or 3 injec­
tions l -3,6.9.16,21 but Scheibel et aP have shown that 2 doses
of a potent, adsorbed antigen suffice to produce a satis­
factory immunity, which in most individuals is of several
years' duration. In a small proportion of the individuals,
however, the antitoxin level will have fallen below the
assumed protective level 1 year after the primary course3

and, consequently, a booster is called for at this time.
This will ensure an immunity lasting 8 - 9 years, possibly
10nger,IO which appears to be unrelated to the epidemio­
logical environment.1O Thus it seems unnecessary to include
further booster doses in a practical routine immunization
programme.1O By this method of prophylactic immuniza­
tion, diphtheria has been suppressed in many placesl ,4.1l

and eradicated in some.12,13

In South Africa we have failed to take full advantage
of prophylactic diphtheria immunization. Here the disease
has been endemic for many yearsS,U,lS 'and at least up to
1952 there were no signs of a decline in morbidity rat~.n

In 1955, at a time when the disease had become a rarity
in many countries, 242 deaths from diphtheria were
recorded in this country.16

As shown by notification rates, diphtheria is particularly
frequent in Johannesburg with the highest incidence in
its White population.1l Studies in 195517•18 showed that a
considerable proportion of the White children had not
been immunized, that the degree of prophylactic immuni­
zation was related to socio-economic standards, and that
the trends in immunization were such that a rapid decline
in morbidity could not be expected. Prophylactic work
among the Bantu is organized by the City Health Depart­
ment, but so far no figures have been published on
which to assess the degree of immunity conferred upon
this group. This is regrettable since the Bantu constitute
the largest section of the populationl9 and since the disease




