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activity are pamaquine, primaquine and quinocide.
They effect radical cure of all relapsing infections
and are usually administered after the treatment of
the primary attack, though they can also be given
during a relapse or at the time of latency. The com-

pleteness of the curative effect in vivax infections
depends somewhat on the strain of the parasite.

Primaquine and quinocide are better supported
and have fewer side-effects than pamaquine or
plasmocide.
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Primaquine and Quinocide as Curative Agents
against Sporozoite-induced Chesson Strain Vivax Malaria
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Primaquine, 8 - (4 -amino - I - methybutylamino) -
6-methoxyquinoline, was synthesized by Elderfield
(1946)C and its pronounced effectiveness as a curative
agent against Chesson strain vivax malaria was
demonstrated by Edgcomb et al. (1950).d In military
installations in the USA it was highly effective for
the radical cure of Korean vivax malaria (Garrison
et al.; e Alving et al.; f Coatney et al. ). It was first
used on a large scale when the US troops returned
home from Korea by ship. Over 330 000 men each
received a single 15-mg (base) dose, daily, during
the 14-day Pacific crossing. The regimen was
highly successful in preventing the introduction of
this malaria into the USA (Archambeault h). The
total American experience resulted in a regimen
which is generally accepted throughout the world
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for the radical cure of vivax malaria, i.e., a single
600-mg (base) dose of chloroquine or the standard
1500 mg (base) given over 3 days, to remove the
circulating asexual parasites responsible for the
illness, followed by primaquine, 15-mg (base), single
dose, daily for 14 days. The 14-day regimen per-
mitted a relapse rate of less than 1 % against vivax
malaria of Korean origin (Alving et al., loc. cit.).
There is, however, a paucity of such data against
the Chesson strain. The senior author carried out
the first part of this study in 1956 with 24 white male
volunteers infected by the bites of 10 heavily infected
mosquitos. When an infection became patent, the
subject was given a single 600-mg (base) dose of
chloroquine followed by the standard 14-day pri-
maquine treatment. Of the 24 subjects, nine (36%)
exhibited an initial relapse, three (12.5 %) had a
second attack, and one (4%) had a third attack
during an observation period of over two years.

In 1949, Elderfield t synthesized another 8-amino-
quinoline with the methyl group in the 4-position
of the aliphatic side-chain, in contrast to primaquine
where the methyl group is in the 1-position, and
identified it as CN-1 115. It did not receive an early
trial in man because toxicity tests in rhesus monkeys
showed its toxicity was approximately equal to
that of pamaquine.
The Russian chemists Braude & Stavrovskayaj

synthesized the same compound in 1952 and gave
it the name quinocide. In 1955, investigators in the

i Elderfield, R. C., Mertel, H. E., Mitch, R. T., Wempen,
I. M. & Werble, E. (1955) J. Amer. chem. Soc., 77, 4816.
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Khim., 26, 378.
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USSR began publication of a series of papers dealing
with the pharmacology and general usefulness of
quinocide as an antimalarial drug. The whole
Russian experience with this compound was ably
reviewed by Lysenko k in a paper in which he stressed
the curative properties of quinocide against vivax
malaria and its lack of toxicity in adults at the
recommended dosage of 15 mg (base) daily, for
14 days, or at 23 mg (base) daily, for 10 days.
Because the Russian experience did not include

primaquine or any other 8-aminoquinoline controls,
we considered it advisable to test primaquine and
quinocide simultaneously against Chesson strain
vivax malaria. The following report presents the
results of that investigation.

Materials and methods
All of the subjects included in this investigation

were young, white, male volunteers, housed at the
US Penitentiary, Atlanta, Ga.; none had a history
of previous malaria. Before being accepted as a
participant in the study, each volunteer underwent
the following procedures: complete medical history
and physical examination, chest X-ray, electro-
cardiogram, complete blood count, including platelet
estimation, and urine analysis.
Each of the volunteers was infected with the

Chesson strain of Plasmodium vivax by the bites of
10 heavily infected Anopheles quadrimaculatus
mosquitos. The biting technique, employing inter-
rupted feeding, was the same as that described by
Coatney et al. (1947).L Infection in the mosquitos
was determined by post-prandial dissection of the
salivary glands. In counting time, the day of an
event is day zero, the next day is day one, the day
after that is day two, and so on.
When parasites were first demonstrated in

Giemsa-stained smears of the peripheral blood,
the volunteer was assigned by lot to Group A or
Group B. Treatment was started on the third day
of patent parasitaemia, providing there had been
an oral temperature of 101 °F (38.3°C) or more.
Otherwise, treatment was deferred until day four.
Each man in Group A received a single oral dose of
chloroquine (600 mg, base). The next day he
received a single oral dose of primaquine (15 mg,
base) and this dose was repeated daily for a total of
14 days. Each man in Group B received chloro-

k Lysenko, A. Y. (1960) Bull. Wid Hlth Org., 22, 641.
1 Coatney, G. R., Cooper, W. C., Young, M. D. &

McLendon, S. B. (1947) Amer. J. Hyg., 46, 84.

quine, as above, and on the following day was given
a single oral dose of quinocide m (15 mg, base) and
this dose was repeated daily for a total of 14 days.

Peripheral blood smears were made daily during
therapy and weekly thereafter, for not less than
90 days. Thereafter, smears were made whenever
there were clinical manifestations suggestive of
malaria. When relapse was proved by two non-
consecutive smears, the initial treatment was
repeated and smears continued daily until the blood
was parasite-negative.

Because of the known haemolytic tendencies of
all 8-aminoquinolines, haemoglobin determination,
haematocrits, bleeding and clotting times were done
every other day during therapy and the results
compared with those obtained prior to the start of
medication.

Results
Primaquine series. Among the 5 early primary

attacks treated, one infection relapsed after 48 days
(see accompanying table). In the group of 5 volun-
teers with delayed primary attacks, one initial relapse
occurred after 35 days and another after 504 days.
The initial relapser had a second attack 250 days
later. Total observation of the individuals in both
groups ranged from 580 to 892 days.
Two volunteers among the ten complained of

mild gastro-intestinal upset, gaseous distension and
mild nervousness during therapy. In no case was
the discomfort sufficient to warrant stopping the
drug. No other toxic manifestations were observed.

Quinocide series. In the early primary attack
group of 4 patients, two first relapses occurred
7 and 36 days after treatment; n two second relapses
occurred in two patients after 21 and 218 days; and
two third relapses appeared after 46 and 68 days.
The delayed primary group also contained 4 patients;

m Sufficient material for our work was not available from
Elderfield's original synthesis of this compound (CN-1115)
so we requested Dr C. M. Suter, Director of the Sterling-
Winthrop Research Institute, Rensselaer, New York, to
syn hesize the material for us. Shortly before the drug was
available, we received a quantity of quinocide tablets con-
taining 7.22 mg of the base, and a sample of the dihydro-
chloride powder, through the kindness of Dr P. G. Sergiev,
Director, Martsinovski Institute of Medical Parasitology and
Tropical Medicine, Moscow, USSR. Upon comparison, the
newly synthesized compound was found to agree in all
respects with the USSR samples. The Sterling-Winthrop
drug (Win 10 448 or Chinocide) was employed in our work.
Our thanks are extended to Dr Suter.

n The relapse after 7 days might be considered as a
recrudescence in view of the short interval after the adminis-
tration of chloroquine.-ED.
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INCIDENCE OF RELAPSES AFTER TREATMENT OF EARLY
AND LATE PRIMARY ATTACKS OF CHESSON STRAIN

VIVAX MALARIA WITH PRIMAQUINE OR WITH
QUINOCIDE EACH GIVEN IN A SINGLE ORAL DOSE
(15 mg BASE) DAILY FOR 14 DAYS FOLLOWING AN
INITIAL ORAL DOSE OF CHLOROQUINE (600 mg BASE)

Type of I1st relapse 2nd relapse 3rd relapse Days of
attack (days) (days) (days) observation

Primaquine

EP a 1/5 (48) b - - 580-745

DP c 2/5 (35-504) 1/5 (250) - 700-892

Quinocide

EP 2/4 (7-36) 2/4 (21-218) 2/4 (46-68) 705-745

DP 2/4 (32-140) 1/4 (161) 742-745

a EP = early primary, i.e., initial parasitaemia in less than
20 days after infection.

b ( ) = days to relapse after last dose of drug.
c DP= delayed primary, i.e., initial parasitaemia delayed by

suppressive treatment, either with 300 mg chloroquine base
weekly or 25 mg pyrimethamine weekly.

two relapses occurred at 32 and 140 days followed
by a single second relapse in one of them 161 days
later. The total observation time in this series ranged
from 705 to 745 days. (See accompanying table.)

Five of the 8 volunteers who received quinocide
had abdominal discomfort including cramps and
nervousness, but none of the complaints was con-
sidered severe enough to warrant terminating the
medication. No other toxic manifestations were
evident.

Discussion

In trials to assess the over-all effectiveness of a
given compound, we have always attempted to
present a severe challenge in the belief that the
results of such a test represent the true worth of a
drug. In other words, if a drug will produce radical
cure of a large proportion of Chesson strain vivax
infections, probably the most severe challenge to
radical cure by an 8-aminoquinoline, it will result
in cure when used against a vivax parasite from any
part of the world. This is not to say that a drug
with less potential might not be highly curative
against certain malarias, but when one is concerned
with true cure, it appears to us better to use a drug
which is most effective against a hard-to-kill para-
site, providing, of course, that toxicity and other
factors are equal.

The data show that primaquine is effective as a
curative agent against the highly cure-resistant
Chesson strain of P. vivax. In this study there were
3 failures out of 10, initially; those 3 were treated
again and only one had a subsequent attack which
was treated. In the Coatney study, referred to
earlier, there were 9 failures out of 24 following
the initial treatment. The 9 were given primaquine
again and- 3 infections relapsed; those infections
were treated and one had a subsequent attack, and
that, too, was treated. In the two series, taken
together, the proportion of treatment-failures was
11/34, 4/11, 1/4, and 0/1, or an over-all proportion
of 16/50 (32%).
When one examines the quinocide data in the

same light, one sees that, initially, there were
4 treatment-failures out of 8. The 4 were treated
again and 3 infections relapsed; those were treated
and 2 had subsequent attacks which were treated.
The treatment-failures for each attack were 4/8,
3/4, 2/3, and 0/2, or an over-all failure of 9/17 (53 %).
Even though there was no great spread in the

treatment-cure ratio between the two drugs in these
limited trials, there were proportionately more
relapses after quinocide therapy than after treat-
ment with primaquine.
We encountered no appreciable toxicity with

either of these drugs, which agrees with Lysenko's
work (loc. cit.) on quinocide.

It would appear, except in unusual circumstances,
that primaquine, because of the extended experience
with it since 1950, would be the drug of choice when
the goal is radical cure with low toxicity.

Sumniary and conclusion

This study was undertaken to evaluate the curative
efficacy of primaquine and of quinocide (CN-l 115,
Win 10 448), on an equal-dose basis, against sporo-
zoite-induced Chesson strain P. vivax in human
volunteers. There was no clear-cut superiority of
one drug over the other, although there were pro-
portionately more relapses following quinocide
than after treatment with primaquine. Neither drug
produced appreciable toxicity. It is concluded, on
the basis of the greater proportion of relapses after
quinocide therapy, the extended experience since
1950, and the relative lack of toxicity, that prima-
quine would be the drug of choice when the goal is
radical cure of infection.

* *
*
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We take this opportunity to make special acknow-
ledgement and extend our thanks to Mr James V.
Bennett, Director of the Federal Bureau of Prisons,
to Mr David M. Heritage, Warden of the US
Penitentiary, Atlanta, Ga., to Dr H. M. Janney,
Medical Director, Bureau of Prisons, and their

respective staffs, whose interest and co-operation
made-these studies possible.
To the volunteers, we extend our special thanks.

They willingly bore the discomforts of malaria,
took the drugs as prescribed, and submitted to the
necessary laboratory procedures.

Nomenclature and the Malaria Entomologist
by P. F. MATTINGLY, Principal Scientific Officer, British Museum (Natural History), London, England

The International Rules of Zoological Nomenclature

The International Commission on Zoological
Nomenclature is a panel of Commissioners working
in different parts of the world. It has a secretariat
and an office in London, and derives its authority
from successive International Congresses of Zoology,
remaining in being in the interim. One of its
functions is to interpret the International Rules of
Zoological Nomenclature in difficult cases arising
from the lack of an adequate system for stabilizing
nomenclature in the past. Another is to use its
plenary powers where strict adherence to the Rules
would cause more confusion than it would prevent.
A third is to submit for approval by the International
Congresses proposals for alterations and additions
to the Rules designed to secure greater stability and
freedom from ambiguity in the future. It has re-
cently issued a new set of Rules a embodying the
considerable amount of " case law " which has
accumulated, in the form of Opinions and Declara-
tions published by the Commission, since the
publication of the first set of Rules by the Inter-
national Congress of Zoology at Berlin in 1901.

This publication will probably be welcomed by
the majority of non-taxonomic biologists, aware, as
they will be, of the virtues of stability and freedom
from ambiguity in their own fields of study. There
may, however, be a nonconformist minority to whom
it is not immediately apparent that what is suited to
museum systematics is necessarily applicable to the
living systems encountered in nature. If so, the
systematist should welcome their challenge. Taxo-
nomy should seek to justify itself not only by the
establishment of order but by the more dynamic

a International Commission on Zoological Nomenclature
(1961) International code of zoological nomenclature, London,
International Trust for Zoological Nomenclature.

qualities appropriate to a branch of the science of
life. Nomenclature may be a burial ground but it
can be a fertile burial ground and a breeding ground
for new ideas. While trying to elucidate the past by
displaying phylogeny and to demonstrate the
structure of natural populations by delineating
species and infraspecific taxa, it must, however,
always keep in sight its primary object, the provision
of an unequivocal name for each taxonomic unit. It
may well be that the present system can be modified
in future to bring it into closer accord with the facts
of life. If so, it will be through the endeavours of
those who are prepared to submit their ideas to the
International Commission and the International
Congresses and not through the action of personal
prejudice, which can only delay the attainment of a
stable and meaningful nomenclature by ignoring the
means already available to that end.

The type system
An example of the sort of shallow thinking which

may bring nomenclature into undeserved disrepute
is afforded by the case of Anopheles maculatus in
Borneo.b This species was long held to be the prin-
cipal Bornean vector of malaria, solely, it would
seem, on the grounds of its previous incrimination
in Malaya. A proper investigation showed, however,
that it is of little or no importance in Borneo, where
the principal vectors are Anopheles balabacensis and
leucosphyrus. It could be argued from this that if no
names had been available for the Borneo Anopheles
the true identity of the principal malaria vectors
would have been ascertained much sooner and a
great deal of waste would have been avoided. This
is probably true, but it is an argument against the
abuse, and not against the use, of nomenclature.

b McArthur, J. (1950) Indian J. Malar., 4, 391.
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