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SYNOPSIS

The authors present the results of a study carried out to deter-
mine the efficacy of chloroquine- and pyrimethamine-salt mixtures
as a suppressive against sporozoite-induced vivax malaria (Chesson
strain). The test subjects used in this study were volunteers of
military age in the US Penitentiary at Atlanta, Ga. The subjects
chosen were all in good physical condition and had no previous
history of malaria.

Both drug-salt mixtures were entirely acceptable to the volunteers,
were indistinguishable in taste and appearance from ordinary salt,
and remained stable under the conditions of food preparation. The
weekly dosage of the drugs (300 mg of chloroquine base or 25 mg
of pyrimethamine per 50 g of salt) had in each case been adjusted
to the average salt consumption. Suppression of malaria was
found to be complete throughout the salt-drug regimen and for
28-43 days thereafter, even though the subjects were exposed to
repeated heavy doses of sporozoites. In contrast, the control sub-
jects, exposed to the same infective doses, all exhibited parasi-
taemia 13-15 days after exposure.

The procedures for preparing the drug-salt mixtures are described
in detail and a simple method for determining the salt consumption
by measurement of the urinary chloride excretion is outlined.

*This investigation was carried out under an agreement between the Public Health Service of the
US Department of Health, Education, and Welfare and the World Health Organization.
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Introduction

Until very recently individuals concerned with the control of malaria
have depended almost entirely on the application of residual insecticides to
human habitations and occasionally to adjacent structures. Where these
chemicals could be applied cheaply and where vector anophelines bit man
indoors and rested upon sprayed walls within houses, the procedure was
generally effective. It soon became evident, however, that in certain areas
really effective control to the point of stopping transmission could not be
achieved universally by the use of insecticides alone. There are malarious
areas where the vector has acquired resistance to the insecticide, where the
vector bites outdoors and rarely rests indoors, where the customs of the
people do not permit effective use of residual compounds, and where logistic
problems make this procedure too expensive.

The above considerations prompted the proposal that mass chemo-
therapy be initiated as an adjunct to or substitute for residual spray opera-
tions in areas where these had failed or could not be used. Such a programme
would create a chemical barrier against patent malaria and against trans-
mission of the infection, but would be practical only if cheap, effective, non-
toxic compounds were available which would lend themselves to application
on a large scale. The most crucial drawback to the use of drugs was the
problem of getting the drugs to the people, a relatively simple matter if they
could be combined with a universal article of food.

In late 1952 Dr Mario Pinotti inquired of one of us (G. R. C.) as to the
feasibility of combining pyrimethamine with common household salt.
The use of that drug was discouraged at the time because too little was
known about its over-all effectiveness and long-term toxicity, but the basic
idea was considered worth investigation.

In 1954 we carried out studies to determine the stability of chloroquine
under conditions of food preparation and the results were presented to the
Panel on Malaria of the US National Research Council in November of
that year. Later, similar studies were carried out with pyrimethamine.

In the same year, Pinotti (1954a, 1954b) reported certain stability
studies on chloroquine as well as successful hospital and field trials of
chloroquine-salt mixtures in Brazil. The following year three additional
papers appeared (Pinotti et al., 1955a, 1955b ; Soares, 1955) giving the
results of further trials in the same country.

In view of Pinotti's favourable results with chloroquine-salt mixtures in
Brazil and in consideration of the possible importance of this method of
drug administration in the world-wide malaria-eradication programme, the
World Health Organization requested that we undertake an evaluation of
chloroquine and of pyrimethamine in drug-salt mixtures under controlled
conditions, using as test subjects volunteers from an institution. In accepting
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this responsibility, it was our feeling that the investigation should include:
(a) stability studies of each of the drugs under conditions of food preparation;
(b) determination of the daily exogenous salt consumption by the population
under test; (c) methods of binding the drug to the salt crystals to ensure a
stable mixture; and (d) testing the efficacy of the drug-salt mixture in the
food of volunteers exposed to repeated infections by the bites of heavily
infected mosquitos. The report which follows presents the data obtained
under these conditions.

Studies of Stability

It was essential that, before entering on any investigation of this kind,
information should be obtained as to whether the drugs would be stable
under conditions of storage and those met with in the cooking of food.
Pinotti (1954a) made some cursory investigations on the stability of chloro-
quine under conditions of storage, high temperature, and varying pH. He
concluded that the compound has " sufficient chemical stability to be mixed
with cooking salt used in the daily preparation of meals". We were not
aware of Pinotti's results when we began similar studies early in 1954.

Our results are as follows:

(a) Chloroquine (Aralen): 7-chloro-4-(4-diethylamino- l-methylbutyl-
amino) quinoline (Surrey & Hammer, 1946).

Preliminary evidence on the stability of chloroquine diphosphate was
obtained from the melting-point of a sample synthesized in 1945 and stored
for nine years in a glass bottle at room temperature. The sample was snow-
white in colour and the melting-point on 3 August 1954 was 216-217'C,'
which indicated no deterioration.

A portion of the sample (2.2417 g) was heated in a watch-glass in an
oven at 100°C for 20 hours, and then at 150°C for an additional 16 hours.
There was no change in appearance and no detectable loss in weight. When
heated at 200°C for just under an hour, the sample melted to a brown liquid
and lost 2.5 % of the initial weight.

In an attempt to simulate the storage conditions to which salt might be
subjected in those parts of the world where it would be used for malaria
control, a mixture of salt and chloroquine diphosphate was heated to 100°C
for short periods of time. Ten grams of non-iodized common table salt
were dried at 100°C for 72 hours; 0.05 g of chloroquine diphosphate was
then added and the mixture was ground intimately and heated for 24 hours
at 100°C. There was no change in colour and the observed weight loss
(0.0019 g) was considered insignificant. The ultra-violet absorption of the

I Chloroquine diphosphate exists in two crystalline forms; one melts at 215-2180C and the other at
193-1950C (Merck & Co., Inc., 1952)
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chloroquine diphosphate at 345 m,t in the heated salt was El=/o 324,
which was exactly the same as that of the original chloroquine sample. The
agreement between the absorption coefficients suggests that no change had
occurred in the chloroquine during the severe heating.

In order to learn what would happen under cooking conditions involving
water, one gram of chloroquine diphosphate was dissolved in 100 ml of
water and the solution boiled for 24 hours under a reflux condenser. No
colour developed. The melting-point of the chloroquine diphosphate
isolated from this solution was 1930-195°C and showed no depression of
the melting-point when mixed with the pure compound. This indicates
that there was no change in the chloroquine.

To extend these tests to conditions found where people do most of their
cooking in oils, the following study was carried out.
A 0.25-g portion of the drug was placed in a test-tube and 3 g of melted

hydrogenated vegetable oil (Crisco) were added. The solid was suspended
in the oil by stirring and the test-tube was heated in an oven at 1500C
for 13 hours. The solid, which had settled to the bottom, was unchanged
in appearance from the starting material. Before the oil in the tube solidified
on cooling, 6 ml of a mixture of equal parts of carbon tetrachloride and
ether were stirred into the contents. The fat was completely soluble whereas
the drug was insoluble in this mixture. The contents of the test-tube were
filtered through a tared sintered-glass funnel and the solid was washed
free of oil. The funnel was dried in a vacuum desiccator. The recovered
drug weighed 0.25 g (i.e., recovery was 100 %). When the melting-point
of this material was determined, it was observed that the original value of
193-195°C had become 215-217°C. Thus, prolonged heating under these
conditions had converted the low-melting form of the chloroquine diphos-
phate to the high-melting form.

In order to simulate conditions more nearly like those of deep-fat
frying, a similar experiment was made in which the test-tube containing
chloroquine diphosphate was heated to 200°C for one hour. The chloro-
quine was recovered as before, the yield being 96%. The solid drug was
unchanged in colour. This sample had not been converted to the high-
melting form. It melted at 193-195°C, as did the original material, and
gave no depression of this value when mixed with the original sample
of drug.

It may be concluded from these data that chloroquine is stable in foods
ordinarily subjected to deep-fat frying. It should be pointed out that when
foods are cooked in fat, the temperature in the centre of the food never
reaches that of the fat. If the salt were distributed throughout the food,
it would never be subjected, during ordinary cooking operations, to condi-
tions as severe as those carried out above. Furthermore, in deep-fat frying
the salt is ordinarily added after cooking, otherwise the salt adheres to
the bottom of the container.
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(b) Pyrimethamine (Daraprim): 2,4-diamino-5-p-chlorophenyl-6-ethyl
pyrimidine (Russell & Hitchings, 1951).

Studies similar to those reported above for chloroquine were carried
out with pyrimethamine.

Melting-point determination after storage at a high room temperature
(circa 30° C) for seven years indicated no deterioration.

Heating a 1-g sample in an open dish at 100°C for 4 days and then at
150°C for an additional 24 hours produced no change in the appearance
of the compound. The temperature was subsequently raised to 2(00C,
which caused the material to smoke lightly. After 3 hours, it had not
melted, but had assumed a light tan colour and was slightly sintered. The
weight loss then amounted to 5.4 %. The melting-point remained unchanged.
A 0.50-g portion of pyrimethamine was refluxed with 200 ml of water

for 24 hours. The drug was not completely soluble under these conditions
and tended to concentrate at the surface of the boiling liquid. There was
no change in the appearance of the solid material and the water developed
no colour. At this time, 5 ml of glacial acetic acid was added and refluxing
was continued for another 24 hours. The solids dissolved immediately
upon addition of the acid. The solution remained water-clear throughout
this period. This phase of the test would be similar to cooking in strong
vinegar. At the end of this period, the solution was neutralized with 7 g
of sodium bicarbonate, which caused the precipitation of the free base as
a fine white powder. The solution remained colourless. The pH was then
raised to 8 by the addition of 1.5 ml of 10% sodium hydroxide and refluxing
continued for another 24 hours. Again there was no visible change in the
appearance of the solid or of the liquid. The mixture was chilled in the
refrigerator and the solids removed by filtration through a tared sintered-
glass funnel. The recovered drug was washed with cold water, to remove
the alkali and salts, and dried in a desiccator. The amount recovered was
0.50-g or 100% of the original sample. It melted at 240-241°C and showed
no depression of the melting-point when mixed with the original sample.

A 0.25-g portion of the drug was placed in a test-tube and 3 g of melted
hydrogenated vegetable oil (Crisco) were added. The solid was suspended
in the oil by stirring and then heated in an oven at 150°C for 12 hours.
The pyrimethamine, which was virtually insoluble in the oil, settled to the
bottom as a yellowish layer. The test-tube was cooled and, before the oil
solidified, 6 ml of a mixture of equal volumes of carbon tetrachloride and
ether were stirred into the mixture. The drug was nearly insoluble in this
solvent mixture. The contents of the test-tube were filtered through a tared
sintered-glass funnel and the solid washed free of oil with the solvent
mixture. After drying in a desiccator under vacuum, 0.19 g (76%) of
unchanged pyrimethamine melting at 240-241°C was recovered. There was
no depression of this value when the recovered drug was mixed with the
original sample.
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Pyrimethamine is soluble in organic s6lvents-a fact which may account
for the reduced percentage recovery after the heating in fat. On the basis
of melting-point determination of the recovered drug, no decomposition
had occurred.

It may be concluded from these data that negligible destruction of
pyrimethamine would occur under the conditions ordinarily encountered
in the preparation of food.

Salt Consumption

It has been reported (Schaefer et al., 1958) that, in certain areas, the
daily salt consumption is as high as 30-40 g while, in other areas, it may
be as low as 3-5 g. Before beginning actual studies of the effectiveness of
the drug-salt method, it was necessary to know the amount of salt used on
an ad libitum basis. The 24-hour excretion of chloride serves as a good
approximation of the total daily salt intake. This figure represents both
the endogenous (that originally present in the food) and the exogenous
(that added during preparation, processing, and as a condiment or season-
ing) salt intake. It was necessary to determine the exogenous salt intake
in order to calculate the amount of antimalarial which would have to be
incorporated with the salt.

The trial of these salt-drug mixtures was carried out in a penal institu-
tion. A separate kitchen and separate dining-facilities were provided for
the test volunteers in the hospital building. This was done to make sure
that during the experimental period the only salt used in preparing the
food was the drug-salt mixture under test and that all the food eaten by
these volunteers came from this kitchen. Those charged with the prepara-
tion and serving of meals had no other responsibility for food preparation
in the prison. Staples and fresh meat were requisitioned from the general
stores. The idea was to provide food as it would be prepared in a home.
The menus were designed to be tasty, but not to encourage the consumption
of salt.

In order to determine the amount of exogenous salt consumed, volun-
teers were admitted to the hospital and 24-hour urine samples were collected.
These collections were made on 6-8 men on numerous occasions prior to
and during the investigation.

Table 1 shows that the average 24-hour urinary excretion of NaCl
(Hawk, Oser & Summerson, 1947) ranged from 6.4 g to 16.1 g, with a range
for the individual values of from 2.7 g to 17.7 g.

To get a value for the endogenous salt intake during a 24-hour period,
a composite sample of food, including breakfast, lunch, and dinner, was
collected and analysed for chloride. The analysis indicated that the compo-
site diet collected for that day contained 12 g of NaCl. Calculation of the
endogenous NaCl present in the food sample gave a figure of 3.0 g, indi-
cating that the volunteers should have received an exogenous salt intake
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TABLE 1. CHLORIDE EXCRETIONS (EXPRESSED IN GRAMS OF NaCI) BY TEST
VOLUNTEERS, AS DETERMINED FROM 24-HOUR URINE SAMPLES

Sample AverageNaCI and S.E.
1 2 3 4 ~ ~~~ ~ ~~~567 8 per 24 hours

Subject~

Da 15.6 14.4 - - 15.0'-0.60

Je 9.6 15.2 _ 12.4±2.80

Oc 11.5 5.8 - - 8.6±2.85

Bu 9.1 12.9 _ _ 11.0±1.90

Po 8.1 10.4 _ -
_

9.3±1.15

La 17.5 14.7 _ - - 16.1 --1.40
Le 13.8 13.1 _- - 13.54-0.35
Cr 15.8 12.3 - - - 14.1 ±1.75

Va 4.0 3.5 8.6 6.7 2.7 6.3 4.5 15.2 6.4 r1.45

Du 9.8 11.5 15.1 9.3 9.9 12.3 13.3 11.6 11.6±0.72

KKe 3.5 8.0 11.7 10.6 8.0 6.6 12.9 12.1 9.2±1.18

Ph 6.3 10.4 13.7 11.2 8.0 10.6 11.2 10.9 10.3±0.92

Mc 5.5 8.8 15.5 10.2 10.3 9.3 13.9 10.3 10.5 ±1.25

Wi - - 16.4 10.0 12.7 15.8 14.6 12.7 13.7 1.07

Bu- _ 17.7 17.3 15.8 11.8 13.7 8.9 14.2 1.47

Ba 16.0 10.2 9.8 8.7 16.1 12.8 12.3±1.23

of 9 g. However, the 24-hour urinary chloride excretion for the period of
the food collection gave a value of 9.4 g. The higher value for the salt
intake on the basis of food analysis may have been due to two factors:
(1) loss of salt in the sweat, since the maximum temperature on the day the
study was made was 89°F (32°C); and (2) no exact figures for food intake
were available, owing to the fact that the men were fed "family style ".
As a consequence of these factors, it was decided to limit the evaluation
of actual salt intake to the values obtained from 24-hour urinary excretion
determinations. As seen in Table 1, these values, obtained during the
months of June through November, gave an average daily salt intake of
approximately 11 g. When allowance is made for the endogenous intake,
approximately 3 g, the exogenous intake becomes approximately 8 g per
day. It was decided to incorporate the weekly dose of antimalarial (chloro-
quine, 300 mg, base; pyrimethamine, 25 mg) in 50 g of salt. This figure
was used rather than 56 since it permitted easier calculation. As is apparent
from perusal of Table 1, the variation in individual salt intake was greater
than this difference. As will be shown later, the level of drug added to
the salt was such as to provide protection for those who used minimal
amounts of salt and had no toxic effect on those who used large amounts.

5
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TABLE 2. ACTUAL AND CALCULATED URINARY CHLORIDE EXCRETIONS OF
LABORATORY PERSONNEL, AS DETERMINED FROM INTERVAL COLLECTIONS

24-hour urinary NaCI excretion

actual value calculated value

Subject total of interval based on 9 a.m. to 1 p.m. based on 1 p.m. to 5 p.m.
collections sample sample

grams grams percentage of grams percentage of
actual value * actual value *

A.A. 9.75 9.30 95.3 11.28 115.6

10.44 12.66 121.3 6.00 57.5

6.90 17.40 252.1 4.80 69.5

12.54 11.94 95.2 15.84 126.3

10.69 14.40 134.7 6.66 62.3

7.90 22.14 280.2 4.26 53.9

Average 9.70 14.64 163.13 8.14 80.85

R.Y. 9.09 12.60 138.6 8.46 93.0

12.22 19.56 160.0 9.78 80.0

8.50 9.78 115.0 8.52 100.2

10.21 9.78 95.8 7.38 72.3

14.32 19.56 136.5 7.98 55.7

Average 10.87 14.25 - 129.18 8.42 80.24

J.B. 7.69 10.08 131.1 T 7.38 96.0

7.30 7.80 106.8 7.20 98.6

8.01 10.92 136.3 7.08 88.4

Average 7.67 { 9.60 124.73 7.22 94.33

C.P. 9.23 10.68 115.7 7.86 85.2

7.80 12.00 153.8 6.60 84.6

8.71 7.98 91.6 7.68 88.2

Average 8.58 10.22 120.37 7.38 86.00

I These percentages are based on the ratio
details, see text).

of calculated to actual excretion (for further
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Before a study of this kind is undertaken in the field, it will be necessary
to determine the approximate exogenous salt intake of the people to be
protected. Perhaps the simplest way to do this would be by estimating the
24-hour urinary chloride excretion. Such a procedure, however, would be
cumbersome under field conditions. This being so, an effort was made to
develop a simple procedure which could be carried out during a fraction
of the day. To this end, urine samples were collected from four normal
young males between the hours of 9 a.m. and 1 p.m.; 1 p.m. and 5 p.m.;
and 5 p.m. and 9 a.m. Each subject provided 24-hour urine samples on
from 3 to 6 separate days.

Urine samples for each fraction of the day were analysed for chloride
and the values for that day added to obtain the total 24-hour excretion.
The values for the 9 a.m. to 1 p.m. and the 1 p.m. to 5 p.m. collections were
multiplied by 6 to give the calculated 24-hour excretion. The latter values
were compared with the total 24-hour excretion and the ratios thus
obtained were expressed as percentages. The results, which are shown
in Table 2, indicate that the samples collected from 1 p.m. to 5 p.m. provided
a reliable measure of the total 24-hour NaCl excretion, and this value may
be used in computing the total salt intake. The endogenous salt consumption
can be ascertained from tables of food composition or by analysis of a
representative day's diet prepared without any added salt. The difference
between the total and endogenous salt intake should give the exogenous
intake.

Preparation of Drug-Salt Mixtures

A mixture which is uniform and stable under a variety of conditions must
be provided if a drug-salt programme is to be successful. Numerous
attempts were made to provide such a mixture with each of these drugs.
None of these attempts was entirely successful and, at this juncture, we
sought the advice of Dr Robert Frank of the Morton Salt Company,Wood-
stock, Ill., who succeeded in preparing stable, uniform mixtures of each
of the test drugs which satisfied all our criteria. These mixtures were used
in the experimental studies.
The procedures given below are scaled up from the pilot directions and

by a variety of tests have shown uniformity of drug distribution and over-
all stability. Five samples taken at random from a large-scale preparation
showed by analysis a chloroquine distribution which varied by less than 2%
(standard error) from sample to sample.

Chloroquine-salt mixture

A 100-pound (45.36-kg) batch, containing 1 % chloroquine diphosphate
and 1 % anti-caking agent, is prepared as follows:
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Preparation of coating mixture

1. Place 2 quarts (1.9 litres) of water and 4 g (4 ml) of Tween 20 1 in a
container holding approximately one US gallon (3.8 litres). (The container
must be of glass, wood, or some material not attacked by HCI.)

2. Add one pound (453.6 g) of Magnesol I.P.2 (or Zeolex 23 3) and stir
with a paddle until the powder is thoroughly wet.

3. Stir into this slurry 90 ml of 6N HCI (prepared by diluting concen-
trated HCI with an equal volume of water). The final pH should be in the
neighbourhood of 6.0-6.2.

4. Add one pound of powdered chloroquine diphosphate to this slurry
and stir in thoroughly. (The drug should pass an 80-mesh sieve; 200 mesh
is preferable.)

Coating the salt

1. Place 98 pounds (44-45 kg) of salt in the mixer and start the motor.
(The mixing can also be done by hand with good results.)

2. Pour the coating mixture into the mixer slowly. A little water may
be used to rinse the container if necessary. Mix for about 5-10 minutes,
until the salt is uniformly wet in appearance.

3. Spread the damp salt out in a thin layer on a flat, non-absorbent
surface. Aluminium foil, polyethylene, sheet glass, or enamelled metal is
recommended, but dense wood or stone would do as well.

4. Stir occasionally to hasten drying.
When dry, the mixture is ready for use.

Pyrimethamine-salt mixture

Pyrimethamine cannot be added to the slurry because of its poor wetting
characteristics. It must be added to the Tween 20/water solution before the
Magnesol is added. This will result in a complete dispersal of the drug.
A 100-pound (45.36-kg) batch containing 0.05 % pyrimethamine and 1 %

anti-caking agent is prepared as follows:

Preparation of coating mixture

1. Place 2 quarts (1.9 litres) of water and 4 g (4 ml) of Tween 20 in a
container holding approximately one US gallon (3.8 litres).

Tween is a trade name for each of a series of general purpose emulsifiers, or surface-active agents.
These emulsifiers are polyoxyethylene derivatives of fatty acid partial esters of hexitol anhydrides. This
material may be obtained from the Atlas Powder Company, Wilmington, Del.

2 Magnesol I.P. is a trade name for an adsorptive magnesium silicate made by Westvaco Chemica
Division of the Food Machinery and Chemical Corporation, New York, N.Y.

8 Zeolex 23 is a trade name for a series of adsorptive sodium silico-aluminates made by J. M. Huber
Corporation, New York, N.Y.
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2. Add 0.8 ounces (22.68 g) of powdered pyrimethamine to the solution
of Tween 20. Stir until the drug is in suspension. (The drug should pass an
80-mesh sieve; 200 mesh is preferable.)

3. To this suspension, add one pound (453.6 g) of Magnesol I.P. and
stir with a paddle until a uniform slurry is obtained. It is not necessary to
neutralize the slurry, as with chloroquine.

Coating the salt

1. Place 98.5 pounds (44.7 kg) of salt in the mixer and start the motor.
(The mixing can also be done by hand with good results.)

2. Pour the coating mixture into the mixer slowly. A little water may
be used to rinse the container if necessary. Mix for about 5-10 minutes,
until the salt is uniformly wet in appearance.

3. Spread the damp salt out in a thin layer on a flat, non-absorbent
surface. Aluminium foil, polyethylene, sheet glass, or enamelled metal is
recommended, but dense wood or stone would do as well.

4. Stir occasionally to hasten drying.
When dry, the mixture is ready for use.

Clinical Tests and Results

The subjects were white male volunteers, of military age, in the US
Penitentiary, Atlanta, Ga. Those selected for the tests were in good physical
condition and had no previous history of malaria. The methods used fol-
lowed the general plan reported by Coatney, Cooper & Ruhe in 1948. The
trial of each drug-salt mixture was run separately during the summer and
fall of 1956. The pyrimethamine trial involved 8 test subjects and 4 controls;
the chloroquine trial, 8 test subjects and 5 controls. The controls for each
test were members of the general prison population and were brought into
the test area only for exposure to infection by mosquito bites.

In order to obtain baseline measurements of urinary chloride excretions
and to stabilize the eating habits of the test volunteers under new environ-
mental conditions, non-medicated salt was used during the first week of
each test. Medicated salt was used in the preparation and seasoning of all
food served to the test volunteers during the 45 days of the pyrimethamine
test and the 41 days of the chloroquine test.

The malaria was experimentally induced in each subject by the bites
of Anopheles quadrimaculatus mosquitos infected with the Chesson strain
of Plasmodium vivax. In order to provide a severe challenge each subject
was bitten by 10 heavily infected mosquitos on three separate occasions,
one week apart, a technique of interrupted feeding being used. (The final
biting episode in the chloroquine test had to be brought forward 2 days.)
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The volunteers were bitten in groups of three, one control being included
in each of the first two biting episodes with different test subjects, and
two controls in the third biting episode. This arrangement made certain
that each test volunteer would have at least one control whose subsequent
infection would prove the sporozoites infective'at that biting. An error
in the grouping of the test subjects during the third biting episode in the
pyrimethamine test necessitated the use of an extra control subject. The
sporozoite density was determined by post-prandial examination of the
salivary glands. The density of the sporozoites was graded 1+ to 4+;
the average total inoculum (estimated by adding the sporozoite densities

TABLE 3. EFFICACY OF CHLOROQUINE- AND PYRIMETHAMINE-SALT MIXTURES
AS SUPPRESSIVES AGAINST SPOROZOITE-INDUCED VIVAX MALARIA

(CHESSON STRAIN)

Number of Number of Suppression
Drug-salt regimen Number of infected bitingvolunteers mosqiuitos per episodes during after

subject medication medication

Chloroquine

10 days pre-bite
12 days bite 8 10 3 Yes 33-43 days
19 days post-bite

(41 days)

Pyrimethamine

13 days pre-bite
14 days bite 8 10 3 Yes 28-40 days
18 days post-bite

(45 days)

Controls (no drug) 4 C 10 3 All subjects positive 13-15
5 P 10 3 days after bite

of the glands of the 10 infected mosquitos) was never less than 20+ and
generally was not less than 30+. The day of infection is designated as day 0.

When the volunteers became positive for malaria, as determined by a
positive parasitaemia demonstrated on two non-consecutive smears, they
were treated immediately. This treatment consisted of 600 mg (base)
chloroquine in a single dose followed by 15 mg of primaquine daily for
14 days.

Chloroquine
Table 3 shows that the 8 test subjects remained free of malaria from the

end of the pre-patent period, associated with the first biting episode, and
for the remainder of the drug-salt regimen, during which there were two
additional biting episodes. Suppression was also complete for 33-43 days
following the termination of the drug-salt regimen. The controls for this
group were all positive for malaria 13-15 days after exposure to infection.
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Pyrimethamine
The results given in Table 3 show that malaria was suppressed com-

pletely in the 8 test subjects from the end of the pre-patent period, following
the first biting episode, and for the remainder of the drug-salt regimen,
during which there were two additional biting episodes. Complete sup-
pression was also maintained for 28-40 days following the termination of
the drug-salt regimen. The controls for this group each exhibited para-
sitaemia 13-15 days after exposure to infection.

Discussion

Any programme designed to use common salt as a vehicle for adminis-
tering antimalarial agents in a malaria-eradication project must present a
medicated product which will receive general acceptance by the population
at risk and at the same time be entirely stable. It is generally recognized,
however, that given a free choice most people will select a non-medicated
food product. Therefore, to ensure adequate intake of the antimalarial, and
the success of the programme, the only salt available must be medicated.

The general acceptance of the medicated salt mixtures used in these
studies was shown by the fact that neither those responsible for the prepara-
tion of food in the experimental kitchen nor the test subjects noticed any
difference between the medicated salt and regular salt, so far as taste and
appearance were concerned. Actually, the test subjects were not aware that
non-medicated salt had been used during the first week. It should be
mentioned, however, that because of the bitter taste of chloroquine, general
acceptance of chloroquine-salt mixtures would be impaired if the con-
centration of the drug were increased appreciably. Pyrimethamine is
tasteless and, therefore, does not present this difficulty.

In programmes designed to use chloroquine- or pyrimethamine-salt
mixtures, no problems should arise referable to the stability of the drugs
or the mixtures. The present investigation amply demonstrated the stability
of the mixtures under all conditions normally encountered in the prepara-
tion of food, as well as those met with during transport and storage.

While this study was in progress, a paper by Pinotti (1954a) appeared
in which he described his method for preparing mixtures of chloroquine
and salt. This method involved adding an aqueous solution of chloroquine
to sieved salt and blending for 10-15 minutes to ensure an even mixture.
He considered this procedure adequate because samples taken at the time
the damp mixture was placed in containers were shown by analysis to
contain the theoretical concentration of the drug. We followed this pro-
cedure in preparing test samples of chloroquine-salt mixtures and obtained
a uniform mixture which was comparatively stable. The same procedure
was not applicable to pyrimethamine, however, because of its low solubility
in water.
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The effectiveness of any drug-salt programme will depend on adjusting
the concentration of the drug to the consumption of salt. An effective
means of determining the salt consumption is the measurement of the
urinary chloride excretion during 24 hours. The evidence from our studies
indicates that samples of urine collected during a fraction of the day may
serve this purpose equally well, and thus the collection of a 24-hour sample,
which is a cumbersome procedure at best, is rendered unnecessary. When
the urinary chloride excretion is known, the amount of drug to be added
to the salt can be readily calculated.

Perusal of Table 1 shows that, on the basis of urinary chloride excre-
tions, there was considerable individual variation in the salt intake. Those
who consumed small amounts of salt with commensurate amounts of the
drug showed complete suppression of malaria. Furthermore, those who
consumed large amounts of salt with commensurate amounts of the drug
showed no signs of toxicity. We were unable to find any relation between
the intake of the drug-salt mixture and the length of suppression following
the termination of the protective regimen. This may have been due partly
to the small number of individuals involved and to the relatively narrow
range of salt intake.
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RItSUMIt

On a propose d'appliquer la chimiotherapie antipaludique pour completer ou rem-
placer la lutte imagicide et interrompre la transmission, dans les cas oit les insecticides
a effet r6manent n'ont pas leur pleine efficacite, par exemple lorsque les moustiques
sont devenus resistants, qu'ils sont fortement exophiles ou que le cofit d'application des
insecticides en limite l'emploi. Pour donner les resultats escomptes, le m6dicament doit
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&tre bon marche, non toxique, et se preter 'a un usage generalise. I1 faut en outre que la
population I'absorbe regulierement. I1 a paru que le moyen le plus simple etait d'incorporer
des medicaments antipaludiques a un aliment usuel, tel que le sel, et de ne livrer a la
consommation que du sel traite.

Des 1954, des etudes ont ete entreprises avec la chloroquine et la pyrimethamine;
elles portaient en particulier sur la stabilit6 de ces substances dans les preparations
alimentaires. Les resultats encourageants de ces recherches ainsi que ceux d'essais
pratiques entrepris au Bresil avec du sel trait6 permettaient d'esp6rer que cette methode
pourrait contribuer a l'eradication du paludisme. Aussi l'OMS a-t-elle encourage son
application sur un groupe restreint de volontaires.

Cette etude, at laquelle ont participe 8 sujets pour chacun des medicaments et 4 ou
5 temoins respectivement, devait elucider les points suivants: a) la stabilite des deux
medicaments dans les preparations culinaires salees au moyen de sel traite; b) la deter-
mination de la dose joumaliere de sel consommee par chacun des individus du groupe
de population considere; c) la methode de preparation d'un melange stable de sel-
medicament; d) l'efficacite du melange sel-medicament chez des sujets exposes a la
piqIure de moustiques fortement infectes de Plasmodium vivax.

Ni son aspect ni son goIut ne distinguent le sel traite du sel ordinaire; il est donc
facilement accepte. La cuisson, meme dans l'huile, ne provoque pas la decomposition
des medicaments ajoutes au sel. Le melange prepar6 suivant les proportions: 50 g de sel
et, respectivement, 300 mg de chloroquine et 25 mg de pyrimethamine (calcule d'apres
la dose hebdomadaire) etait distribue a chacun des sujets selon sa consommation per-
sonnelle quotidienne. Celle-ci etait determinee par dosage des chlorures excretes dans
l'urine, d'apres une methode que les auteurs decrivent.

La suppression du paludisme chez les sujets infectes experimentalement a e realisee
durant la cure et s'est prolongee 28-43 jours, meme dans les cas de forte infection. Les
temoins au contraire, exposes a la meme infection, presentaient une parasitemie 13-15
jours apres la piquire. Les methodes d'adjonction de la chloroquine et de la pyrimethamine
au sel de consommation sont decrites en detail.
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