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SYNOPSIS

Assessment of the urinary excretion of an antimalarial drug
is a useful means of checking the amount of drug administered
and the regularity of intake. The author describes the various
methods available for the qualitative and quantitative estimation
of antimalarial drugs in urine and discusses their relative merits,
with special reference to their suitability for use in the field. He
points out the difficulties involved in estimating the urinary excretion
of antimalarials in large-scale chemotherapeutic eradication projects
and stresses the importance of simplifying testing techniques as
far as possible.

Introduction

The place of chemotherapy in the surveillance phase of malaria eradica-
tion is now reasonably well understood and there is no need to discuss it
in the present paper. On the other hand, the use of chemotherapy in those
malaria eradication programmes where the residual insecticide has a limited
effect, either because of the behaviour of the main vector (its acquired resist-
ance) or on account of the migratory habits of the population or other
environmental characteristics (for example, type of housing), is relatively
new and the various procedures of successful drug administration on a
large scale are still in their testing stage.

It is known that the acceptance by the population of the drug distribu-
tion differs quite strikingly in many areas of the same continent, and even
in the same country.

Two extreme degrees of " consumer resistance " can be quoted: (a) in
several countries in the southern hemisphere the antimalarial drugs are so
popular that they can be used as a bait to facilitate the collection of blood
slides from the people; and (b) in some areas of Central and West Africa,
the pastoral Fulanis are so suspicious and mistrustful of strangers that only
occasional acceptance of antimalarial drugs can be expected. Other, less
extreme, examples are a small area of Nigeria where the most assiduous
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efforts, including the creation of a periodic dispensary service, the distri-
bution of prizes, and the showing of films, etc., did not result in more than an
80-90% acceptance of the drug distribution, as opposed to a much larger
area of French West Africa where bulk delivery of the drug to the villages,
combined with suitable instructions to the headmen, was apparently more
effective.

Many systems of mass drug administration have been tried out and
many more suggested. They run through the whole gamut of methods from
a liberal " hand-out on demand", through cajoling and near-bribing, to
considerable, more or less paternal, pressure. Much depends, as in all
public health programmes, on the population density, communications,
frequency and method of drug distribution, on careful planning, on the
educational and economic level of the population concerned, on the specific
cultural pattern of the group and on good public relations.

The relationship between the expected degree of success and the fre-
quency of drug administration has been discussed by Bruce-Chwatt (1956),
and doubtless there is a great need for a new antimalarial with a long
residual activity or for a new " repository type " per-oral or injectable
formulation of the well-known and tried-out drugs (preferably, 4-amino-
quinolines).

The use of medicated salt does away with some of the difficulties men-
tioned above but raises a few new and no less awkward problems. It can
be of definite value in areas where the supply of salt is limited to one known
channel, where the use of common salt in food is an accepted cultural
pattern and where the intake is more or less regular. Even then the problems
of palatability, preparation, distribution, and lack of toxicity of the
medicated salt have not yet been solved, although much field work is now
in progress.

In all methods of periodical large-scale drug distribution the supervision
of the regularity of intake by the whole population concerned is of con-
siderable importance. This is particularly true with regard to antimalarials,
and many difficulties that we are facing today are not new since they were
discussed by the Malaria Commission of the League of Nations (1937)
in its fourth general report, which dealt with the chemotherapy of malaria
and with attempts to eradicate the disease by prophylactic treatment.

It is of interest that after 20 years we are grappling with essentially the
same medico-administrative difficulties, though on a smaller scale. Fortun-
ately the drugs available now offer far greater chances of success than those
which were known during the period 1933-38.

Methods of Assessment of Urinary Excretion of Antimalarials

The methods used in the past for checking the regularity of intake of
antimalarials may be of historical interest mainly, but nevertheless offer
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some valuable points, well worth considering if in any modern chemo-
therapeutic project some assessment of the completeness of the drug " cover-
age" and its regularity is necessary.

The large-scale administration of protective quinine was introduced in
1915-17 by the British and French Armies during the disastrous campaign
in Macedonia. In the French " Armee d'Orient ", the regularity of admi-
nistration was controlled by the use of Mayer-Tanret's reagent 1 and a
sample of urine could be demanded of a man at any time for testing. If the
drug was taken daily (as it should have been) the test was invariably positive
(Mission antipaludique de l'Armee d'Orient, 1918). In 1917 the incidence
of malaria among the French troops was about 90% lower than that in
1916. The results were not so good in the British Army in Macedonia and
it is probable that the greater success of the French was due to the disci-
plinary use of Mayer-Tanret's test, although Wenyon (1921) had some
doubts about this, about the reliability of the recorded data and about
the value of quinine in general.

Mayer-Tanret's test was used by the Italian Army in Ethiopia in 1935
and was replaced later by an ingenious method of checking the regular
quinine intake in the field. The quinine tablets issued to military units
were combined with methylene blue, and the normal coloration of urine
of some individuals on " quinine excretion parade " provided conclusive
evidence of poor antimalaria discipline. It is claimed that the incidence
of malaria in the Italian troops was very low (80/oo per annum) (Castellani,
1936).

Even during the early phase of the Second World War Mayer-Tanret's
test was used in some military hospitals to assess the efficiency of quinine
treatment of malaria in West Africa (Howie & Murray-Lyon, 1943). Later,
when in most of the Allied and German forces mepacrine was substituted for
quinine, attention was focused on the checking of the urinary excretion of
the new drug.

Various methods were used for assessing the regularity of mepacrine
intake in the British forces in the Middle East, West Africa and South-
East Asia. In Sierra Leone, Yudkin (1945) employed an interesting method
of " adsorption colorimetry ", based on the selective adsorption of mepacrine
from urine by finely powdered silica gel; while in the South-East Asia
Command an ingenious sunlight fluorimeter was introduced, the use of
which was inspired by some previous work in Germany by Peter (1937).

The introduction of proguanil for mass prophylaxis was also followed
by several programmes of checking the regularity of intake, especially after
the description by Gage & Rose (1946) of a relatively simple method of

'The mixture of solutions of mercuric iodide and potassium iodide should properly bear the name
of Mayer's reagent. It was Mayer (1832) who first applied it and Tanret (1909) who promoted its use on
a wider scale. This reagent is also synonymous with the reagents of Artus, Valser, Bohm, Delffs, Grove,
Masing, v. Planta, Thoulet, de Vrij, Winckler and recently Gentzkow. The addition of 1 % acetic acid was
advocated by Giemsa and Schaumann in 1907 because of the allegedly better keeping properties of the
acid solution (Nierenstein, 1919).
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assessment of the drug. The value of this method in the field was well
demonstrated in Assam by Gilroy (1952), who found that in a sample of a
large labour force employed on tea estates and given prophylactic proguanil
tablets once a week, only 56% had in fact taken the drug. As pointed out by
Gilroy, with the exception of the armed services, Indian tea-estates offer
the best conditions imaginable for efficient drug prophylaxis. And yet,
although the drug administration was carefully planned, carried out by
dependable staff and duly recorded, the degree of success was far from
satisfactory.

The advent of chloroquine and the increasing use of it for large-scale
antimalaria programmes brought with it a renewed interest in the assessment
of urinary excretion of this colourless drug.

Although the assessment of the regularity and dosage of chloroquine
administration might very well be carried out by qualitative methods, there
are circumstances when quantitative tests are of greater value.

Like quinine, mepacrine and several other natural or synthetic basic
drugs, chloroquine forms highly insoluble salts with certain complex acids
(silicotungstic, phosphomolybdic) and with mercuric iodide, a component
of Mayer-Tanret's reagent. The precipitation obtained with chloroquine
in urine can be used as a qualitative or a quantitative test (Fuhrmann, 1950).'
A crude test was first used qualitatively in the field by Wilson & Edeson
(1954) in Malaya. The quantitative value of Fuhrmann's method was
assessed by Fuhrmann & Koenig (1955) under experimental conditions.

The principle of Fuhrmann's test derives from the fact that the chloro-
quine base is insoluble in water in alkaline solutions and may be extracted
from alkaline urine by various non-miscible organic solvents. The base is,
however, readily soluble in weak acids and may be re-extracted from the
organic solvents by shaking them with acid. The double extraction pro-
cedure permits of concentration of the drug and of freeing it from ex-
traneous substances present in urine. It was first used in the field by
L. J. Charles (unpublished observations, 1957), and was later modified and
used on a larger scale in Nigeria by Bruce-Chwatt & Gibson (1959), who
emphasized its reliability as a quantitative test.

The sensitivity of this method was estimated by adding known amounts
of chloroquine sulfate to samples of urine and assessing the recovery after
extraction. It was found that an addition of 1-10 mg of chloroquine to
100 ml of urine gave almost complete extraction. Amounts below 1 mg
gave only about 70% yields. The quantitative sensitivity threshold of this
method was estimated at 0.1 mg of chloroquine per 100 ml of urine. Blank
readings on normal urine gave no turbidity or occasionally only a barely

'The precipitation obtained at high dilution gives an aqueous suspension the optical density of which
can be measured. Examples of such non-specific nephelometric methods used for assaying antimalarials
in body fluids are: all the modifications of Mayer's (1832) method; Foy & Kondi's (1935) method (using
silicotungstic acid) for determination of quinine; Gentzkow's (1938) method for determination of mepacrine;
Spinks' (1945) method for determination of certain biguanides (" 3349 "); and Fuhrmann's (1950) method
for determination of chloroquine.
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perceptible opalescence below the threshold value of the calibration curve
(30 ,ug per 100 ml). To increase the stability of the cloudy suspension,
Pereira & Paulini (1956) modified Fuhrmann's test by adding to the final
extraction 10% of a solution of carboxy-methyl-cellulose.

There is little doubt that Fuhrmann's original method can be further
simplified by using only 50 ml of urine, by substituting refined kerosene for
ether, by reducing the number of extractions from two to one, and by em-
ploying simple stoppered flasks instead of separating-funnels. Work on
the adaptation of this method to field conditions is now proceeding in
Nigeria.
A simple colorimetric method (" reaction coloree de Mayer ") has been

described by Pille & Lambourg (1958). In this method chloroquine reduced
by hydrogen is subsequently oxidized by potassium bichromate and forms
a red compound. The value of this test has not yet been assessed.

Two sensitive methods for the quantitative estimation of chloroquine
in biological fluids were described over ten years ago. One is based on the
formation of an organic soluble complex of chloroquine base with methyl
orange (Brodie & Udenfriend, 1945), and the other on the conversion of
chloroquine to a fluorescent substance by irradiation with ultra-violet light
(Brodie et al., 1947). Both methods are rather complicated, and this is
probably the main reason why they have not been employed to any extent
in the field.

The introduction of chloroquinized salt in some areas of Brazil and
the need for assessing the regularity of the consumption of the drug were
recognized some years ago by Pinotti & Soares (1956), who used Brodie's
quantitative methods and obtained a series of valuable data on the excretion
of chloroquine incorporated into common salt.

More recently Haskins (1956) described a simplified variant of Brodie's
methyl orange method which might be of value in the field, although its
sensitivity is not greater than that of the turb.dimetric method of Fuhrmann.

While the excretion of chlorcquine in urine can be more or less easily
assessed and the regularity of the drug administration checked, the relevant
problem is very different with regard to pyrimethamine. Pyrimethamine
can be assayed in biological fluids by one of the methods introduced by
Brodie and his co-workers (1945, 1947) or its modification by Schmidt,
Hughes & Schmidt (1953) or the more recent one by Clyde, Shute & Press
(1956). For the determination of pyrimethamine in urine these methods
are less suitable; moreover, they are all elaborate and not applicable to
field use. Nevertheless, the results obtained recently by Smith & Ihrig (1957)
show that these assays are of value. Smith & Ihrig's method consisted of
the usual extraction of the pyrimethamine base from alkaline urine by
ethylene dichloride, re-extraction from the- organic solvent by weak hydro-
chloric acid and measurement of the optical density of the acid phase in an
ultra-violet spectrophotometer. The normal urine contains some non-
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specific chemical compounds which have the same absorption (at 270 m,t)
as pyrimethamine and the daily excretion of this material amounts to the
equivalent of about 5 mg of pyrimethamine.

Pyrimethamine can also be assayed in urine by a microbiological method
(Goodwin, 1952) in which the anti-folic-acid substances inhibit the
growth of Streptococcus faecalis and the subsequent decrease of turbidity
of the bacterial suspension can be expressed as pyrimethamine equivalent
from a calibration curve.

It is interesting that the two methods used on aliquot samples of urine
from subjects given pyrimethamine gave Smith & Ihrig (1957) very close
results, with an error not exceeding 3 % either way. The microbiological
method is much more sensitive, but is not accurate below 0.5 mg of pyri-
methamine per daily output.

When taken in the form of pyrimethaminized salt the daily intake of
the drug amounts to about 3-4 mg; pyrimethamine is active at these small
dosages, but the amounts of the drug and its metabolites recoverable in
urine are far too small for reliable chemical assays of the drug.

Physiology of the Renal Elimination of some Antimalarials

In discussing this point it must be made clear that the excretion of anti-
malarials depends not only on their actual concentration in body fluids
but also on many other factors. Thus the amount of the drug found in
urine cannot be used for direct estimation of its amount in plasma or
tissues.

Haag, Larson & Schwartz (1943) showed that the amount of quinine
eliminated in the urine depends on the acid-base balance of the individual.
The Army Malaria Research Unit, Oxford (1945) found that the same is
true with regard to mepacrine and that the excretion of this drug by the
kidneys is correlated with the excretion of ammonia and with the concentra-
tion of mepacrine in the plasma. The latter finding led to an elegant method
of indirect calculation of plasma mepacrine levels from two empirical
formulae based on the fact that the ratio of urinary mepacrine to urinary
ammonia is proportional to the plasma mepacrine concentration.

The influence of the acid-base balance on the urinary elimination of
chloroquine was studied by Jailer et al. (1947), who found that the daily
excretion of the drug averaged 24% of the daily dose of the drug. Admi-
nistration of sodium bicarbonate for 3 days decreased the mean daily excre-
tion rate to 12.8 %, while acidification, using ammonium chloride, increased
the rate to an average of 37% of the daily intake of the drug.

In a study of the absorption and excretion of several antimalarial drugs,
Berliner et al. (1948) confirmed these findings, and reported that chloro-
quine was excreted in faeces in a proportion of 8 % of the daily dose of the
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drug, while under ordinary conditions the urinary excretion averaged 14%
of the daily dose (range, 10-25 %). Berliner and his colleagues found that
the metabolic fate of chloroquine varies from man to man, but that generally
about 25 % of the drug is excreted while the rest undergoes slow degradation.

The reported amounts of chloroquine base excreted in urine varied
according to the method used and to the technique of investigation. The
figures quoted as percentages of urinary excretion of the total amount of
chloroquine administered were as follows: Jailer et al. (1947), 24%; Ber-
liner (1948), 14%; Fuhrmann & Koenig (1955), 17%; Pinotti & Soares
(1956), 29%; Bruce-Chwatt & Gibson (1959), 20%.

According to Wilson & Edeson (1954), the turbidimetric test of chloro-
quine in urine becomes positive within 12 hours after the administration
of a single dose of 600 mg and remains positive in most patients for 5-6 days.
Haskins (1958) found that after the administration of 300 mg of the drug,
the modified methyl orange test becomes positive within 4-5 hours, remains
strongly positive for 4-5 days and slowly declines in intensity until it becomes
indistinguishable from the blank on the 10th day. Bruce-Chwatt & Gibson
(1959) found that the modified turbidimetric test after a dose of 300 mg
gave the highest figure (10% of intake) 24 hours after administration,
declined gradually to 1 % of the intake on the Sth-6th day and became
negative on the 9th day.

There are still very few data on the excretion of pyrimethamine in urine
following oral administration to man. The early reports by Goodwin (1952)
indicated a rapid excretion of the drug. More recently, Smith & Ihrig (1957)
reported that after the administration of 100-200 mg of pyrimethamine over
2 days the daily excretion during the first 5 days averaged 12% of the
intake.

Assessed by a chemical method, the amount of pyrimethamine (or its
metabolite) excreted daily after an intake of 100 mg was as follows: 2nd day
after administration, 3.4 mg; 3rd day, 2 mg; 4th day, 2.4 mg; 5th day,
2.3 mg; 8th day, 1.5 mg. Some of the subjects excreted chemically measur-
able amounts of pyrimethamine (about 1 % of 1 mg over 24 hours) on the
11th day after administration. The presence of the drug (or its metabolite)
could be detected after 15 days by the more sensitive, but less accurate,
microbiological assay, and traces of anti-folic substances were found in
the urine of one individual one month after the administration of 200 mg
of pyrimethamine.

The quantitative use of any test for assessment of the amount of anti-
malarial drug in the urine is usually complicated by the fact that the excre-
tion should be measured over a period of 24 hours, in relation to the total
daily output of urine. Clearly, this is most difficult in the field; on the other
hand, the collection of single random samples is easy.

Pinotti & Soares (1956), in Brazil, compared the excretion of chloro-
quine in single specimens of urine (voided in the morning) with the 24-hour
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collection and found that the individual differences were considerable,
although the means were reasonably close. A method devised by Yudkin
(1946) in Sierra Leone permits of an assessment of the rate of excretion from
a single random specimen and can be used for the determination of " stan-
dard " excretion values. A " standard " urinary concentration is defined as
the concentration related to the specific gravity of the urine (1.010). The
conversion formula is as follows:

Actual concentration x 10
Standard concentration =---

Specific gravity of sample-I
Thus, for example, if a sample of urine containing 3 mg per 1000 ml of

chloroquine has a specific gravity of 1.020, the " standard " concentration
would be

30
0 x 0.02 = 1.5 mg per 1000 ml.

Yudkin's method was tried out in the course of assessing mepacrine
concentrations in urine in West Africa and was found to give very consistent
values and to be as good an index of the excretion of the drug as the total
mepacrine output over 24 hours. It seems that it could be used with ad-
vantage for the quantitative checking of chloroquine excretion in the field.

Conclusions

The assessment of urinary excretion of antimalarials for checking the
regularity and the dosage of drug administration in the field is of con-
siderable value. Nevertheless, its actual use on a large scale is not easy
owing to the technical and administrative aspects of the problem.

Two of the known qualitative methods for the detection of chloroquine
in urine are of interest: (a) the method of Fuhrmann using Mayer-Tanret's
reagent is fast, simple and sensitive, but is subject to errors; (b) the slightly
more complicated but still simple colorimetric method of Haskins is some-
what more specific, but is not more sensitive. Both methods should be
assessed on a larger scale as to their respective values in the field.

The potassium bichromate test advocated by Pille & Lambourg awaits
better appraisal, though it is doubtful whether it will be an improvement
on the two mentioned above.

There is little doubt that, of the quantitative tests known today, the
method of Brodie and co-workers (1945, 1947) is by far the most sensitive,
but also the most complicated and difficult to use in the field. On the other
hand, the turbidimetric method of Fuhrmann (1950), although less sensitive
and less specific, is much simpler and can be used without much difficulty
under field condition,s. It could be further simplified without much loss of
sensitivity.
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The introduction of the principle of the " standard" concentration of
the drug would permit of a better comparison of different samples under
conditions where a 24-hour collection of urine is not feasible.

The present methods of assessment of small amounts of pyrimethamine
in biological fluids are not suitable for field use. The drug is active at such
a low dosage that the methods of its chemical assay in urine are not practic-
able in the field.

Annex

DESCRIPTION OF SOME CHLOROQUINE TESTS IN URINE

Wilson & Edeson's test (1954)

A qualitative test using Mayer-Tanret's reagent.

Reagent:
Mercuric chloride (HgCI2) . . . . . . 6.8 g
Potassium iodide (KI) ...... . . 24.9 g
Distilled water .......... . 500 ml

Method. A few drops of Mayer-Tanret's reagent are added to a few millilitres of
fresh clear urine. A white turbidity appears which disappears on heating and reappears
as the urine cools down. If albumin is present the turbidity increases on heating. The
test can be carried out, however, if the albumin is removed by boiling and subsequent
filtration. According to Pille & Lambourg (1958), the test is more sensitive if the urine
is cold (half an hour in the refrigerator). The sensitivity of the test is about 1: 250 000
to 1: 100 000 (0.4-1.0 mg per 100 ml).

Haskins' test (1958)

A qualitative test, based on Brodie & Udenfriend's method (1945).

Reagents:

(a) Sodium hydroxide solution, 10%;
(b) Chloroform or ethylene dichloride, purified;
(c) Methyl orange solution (prepared by dissolving 0.1 g of methyl orange-indi-

cator grade-in 5% boric acid solution and shaking. After a few hours the
solution is filtered and the clear filtrate used as a reagent).

Method. To a test-tube containing 5 ml of urine, 1 ml of sodium hydroxide solution
and 5 ml of chloroform are added. The tube is corked and shaken for 1 minute, and
the layers are then allowed to separate (centrifugation may be necessary). The super-
natant layer is pipetted off and the chloroform is carefully transferred to a clean tube;
0.5 ml of the methyl orange solution is then added to the chloroform, the tube is corked
and shaken for 20 seconds, and the layers are allowed to separate. Urine containing
0.2 mg of chloroquine per 100 ml gives a perceptible reaction, 0.5 mg per 100 ml gives.
a definite yellow colour and 1.0 mg per 100 ml gives an intense yellow colour. A sample
of urine, free from chloroquine or any other basic organic compound (quinine, plasmo-
quine, codeine, benzedrine, ephedrine, pethidine), must also be tested as a control.

9
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Fuhrmann's test (1950)
A quantitative test, slightly modified by Bruce-Chwatt & Gibson (1959).

Reagents:

(a) Mercuric iodide (HgI2), 2.7 g dissolved in 150 ml of water;
(b) Potassium iodide (KI), 10 g dissolved in 50 ml of hot distilled water;
(c) A mixture of (a) and (b) plus 2.5 ml of glacial acetic acid. (This reagent

remains stable for about 3 months.)

Method. 100 ml of urine are boiled and filtered to remove any albumin7present.
The cool filtrate is made up to 100 ml with distilled water and alkalinized with 5 ml
of 50% potassium hydroxide. 100 ml of ether is added and shaken in a separating-
funnel. This is repeated and the two ether extracts are pooled and washed in a separating-
funnel with 25 ml of distilled water. The chloroquine base is then extracted from the
ether by shaking it first with 25 ml and then with 15 ml of 0.2 N sulfuric acid. The two
fractions of the sulfuric acid extracts are then mixed, heated on a water-bath to remove
any remaining ether and made up with 0.2 N sulfuric acid to a standard volume of 50 ml.

The addition of 1 ml of Mayer-Tanret's reagent to 10 ml of the sulfuric acid extract
produces a turbidity, the degree of which depends on the amount of the chloroquine
salt present in the extract. The turbidity can be measured in an absorptiometer (or any
colorimeter that can be used as a nephelometer) and the amount of chloroquine in the
solution can be estimated from a calibration curve prepared from known amounts of
chloroquine sulfate. (It is hoped that the preparation of standard discs usable with a
Lovibond comparator will be possible.) As in most turbidimetric methods, the time
of the reading must be standardized at 10 minutes after the addition of Mayer-Tanret's
reagent, since the cloudy suspension remains stable for a short time only and its optical
density decreases with the gradual increase of particle size.

Modified turbidimetric test (after Pereira & Paulini, 1956)
A quantitative test giving greater stability of the suspension.

Reagents:
(a) Sodium hydroxide, 0.5 N;
(b) Hexane (petroleum ether);
(c) Hydrochloric acid, 0.1 N;
(d) Carboxy-methyl-cellulose, 1 % solution
(e) Mayer-Tanret's reagent

Method. To 5 ml of urine add 5 ml of sodium hydroxide solution and 25 ml of hexane.
Shake for 30 minutes and, should this produce an emulsion, add a few drops of absolute
alcohol. Centrifuge for 2 minutes and pipette off the urine. Wash the hexane solution
twice, each time using 3 ml ofsodium hydroxide solution. Pipette off the sodium hydroxide
wash, add to the hexane 10 ml of hydrochloric acid and shake for 15 minutes. Pipette
off 9 ml of hydrochloric acid and add 1 ml of carboxy-methyl-cellulose and 0.2 ml of
Mayer-Tanret's reagent. Shake for 10 seconds and let stand for 50-60 minutes before
measuring the turbidity. For optical assessment of the turbidity the authors of this
modification used a Lumitron direct-reading colorimeter with a 420 m!& filter. The
method gives satisfactory results within the range of 0.1-0.8 mg of chloroquine per
100 ml of urine.
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Simple fluoroscopic method (after Pille & Lambourg, 1958)
A qualitative and quantitative test.

Reagents:
(a) Potassium hydroxide, 25%;
(b) Ether;
(c) Sulfuric acid, 1 %.

Method. 50 ml of urine are shaken in a separating-funnel with 5 ml of 25% KOH
and 50 ml of ether. The supernatant ether is separated and shaken with 10 ml of 1%
H2S04. The sulfuric acid solution is separated and heated on a water-bath to remove
the dissolved ether. The solution shows an intense greenish fluorescence when exposed
to ultra-violet light. The intensity of the fluorescence can be compared with calibrated
samples of acid solutions of chloroquine.

Colorimetric method (after Pille & Lambourg, 1958)
A qualitative test.

Reagents:
(a) Sulfuric acid, 10%;
(b) Zinc powder, metallic;
(c) Potassium bichromate, 1 : 1000 solution.

Method. To 50 ml of urine 4 ml of sulfuric acid and 0.5 g of metallic zinc powder
are added. The mixture is heated on a water-bath, with occasional shaking, for 10 minutes,
filtered and cooled, and a few drops of potassium bichromate solution are then added
gently to 2 ml of the filtrate. Chloroquine produces a bright red ring.

RtSUMt

La technique et le controle de l'administration de medicaments antipaludiques, pr6vue
dans les programmes d'6radication en cas de r6sistance des insectes aux insecticides ou
du traitement de populations migrantes ou nomades, sont encore au stade experimental.
Les conditions dans lesquelles ces substances peuvent etre administr6es varient entre de
larges limites, et en fonction de l'attitude psychologique des populations A prot6ger,
qui va de la curiosite avide a la m6fiance et au refus; aussi des controles sont-ils absolu-
ment necessaires. L'addition de medicaments au sel de consommation a supprim6 cer-
taines difficultes, mais en a cr66 d'autres, telle que la mise au point d'une pr6paration
agreable au gout et non toxique.

Dans toutes les m6thodes de distribution r6guli6re ou p6riodique de medicaments A
de larges groupes de populations, il est indispensable de s'assurer par un controle que le
m6dicament a r6ellement ete ing6r6. Ce probl6me n'est pas nouveau, et des 1915 le test
de Mayer-Tanret sur l'urine 6tait applique dans les arm6es et les grandes collectivit6s
pour controler l'absorption de la quinine. En 1937, la Commission du Paludisme de la
Societ6 des Nations s'est occupe de cette question, en relation avec les projets d'6radica-
tion du paludisme par traitement prophylactique. Plus tard, diverses m6thodes ont ete
pr6conis6es pour verifier l'ingestion de la m6pacrine et du proguanil. La d6couverte de
la chloroquine et son emploi gen6ralise ont donn6 un regain d'actualite aux m6thodes
permettant de d6celer les antipaludiques dans l'urine. Divers tests, n6ph6l6m6triques et
colorim6triques, qualitatifs ou quantitatifs, ont et6 propos6s, essay6s et appliqu6s sur le
terrain. L'auteur evalue les m6rites respectifs de quelques-uns de ces tests, qu'il d6crit
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dans une annexe. It considere les tests qualitatifs de Fuhrmann (avec le reactif Mayer-
Tanret) et de Haskin, et le test quantitatif de Brodie et al. simplifi6, comme les plus
interessants dans la pratique.

L'excr6tion des antipaludiques ne depend pas seulement de leur concentration
reelle dans le plasma et les tissus, mais de plusieurs autres facteurs, tels que 1'equilibre
acide-base de l'organisme. Elle peut s'echelonner, pour la chloroquine par exemple,
entre 12,8% et 37% de la quantit6 ingeree. Selon certains auteurs, le test nephelemetrique
de la chloroquine devient positif dans les 12 heures qui suivent l'administration d'une
dose unique de 600 mg, et reste positif chez la plupart des sujets pendant 5-6 jours.
Apres l'administration de 300 mg, le test au methylorange devient positif apres 4-5 heures,
et le reste pendant 4-5 jours, puis la coloration diminue pour disparaitre vers le 10e jour.

Le probleme du dosage de la pyrimethamine dans l'urine est plus complexe que celui
de la chloroquine. Les methodes de laboratoire sont trop delicates pour etre appliquees
sur le terrain. L'urine normale contient des substances qui ont le meme coefficient
d'absorption que la pyrimethamine. La methode microbiologique, par evaluation de
l'action t anti-acide folique)) inhibitrice de la croissance de Str. faecalis est plus sensible,
mais son seuil de sensibilite est trop haut pour que les faibles quantites excretees 'a la
suite de l'ingestion de sel pyrimethamine puissent etre decelees.

Afin d'eviter plusieurs r6coltes d'urine d'un meme sujet au cours de 24 heures, qui
serait necessaire a la determination exacte de la quantite quotidienne excretee, une
formule a ete elabor6e, fondee sur le poids specifique d'un seul echantillon d'urine, et
permettant de calculer avec une approximation satisfaisante la quantite de substance
excretee en un jour. Cette formule a ete appliquee sur le terrain au dosage de la mepacrine.
11 semble que l'on puisse l'envisager aussi pour le dosage de la chloroquine.
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