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Screening procedure using chicks infected with the
sporozoites of Plasmodium gallinaceum in an anti-
malarial drug development programme

KENNETH E. KINNAMON,' DAVID E. DAVIDSON, JR,2 & DoRA S. RANE3

Of 10 000 compounds tested for tissue schizontocidal activity in a Plasmodium
gallinaceum-chick model, 157 were also tested in a definitive mouse test (DMT) and277 in a
rhesus monkey test (RMT). The results in the avian model were 78% and55% in agreement
with those oftheDMTandRMT, respectively. This result is not as good as thatfor a tissue
schizontocidal mouse screen previously reported, which showed 93% and 80% agreement
with DMT and RMT, respectively. More than three-quarters of the compounds tested in
DMT and RMT were 8-aminoquinolines, a chemical class known to have tissue
schizontocidal activity.

In the US Army Antimalarial Program, with more
than 25 compounds effective against the erythrocytic
stages of malaria in the more advanced stages of
testing, more emphasis is being placed upon the
discovery of drugs effective against the exo-
erythrocytic forms of the malarial parasite. The
rodent model was the system employed as the initial
screen for this exo-erythrocytic drug development
effort (1); however, although several definitive tests
were available (2-4), there was no rodent model that
could support drug screening on a scale approaching
that possible for blood schizontocidal testing. Thus,
the avian system previously reported (5) was
developed as a high-throughput drug screen. Bird
malarias have been known since 1885 (6), and the use
of avian malarial parasites for the study of chemo-
therapy dates from 1911 (7). The first clinically useful
tissue schizontocidal antimalarial drug, pamaquin,
was discovered in Plasmodium relictum-inoculated
canaries (8). The present report is an evaluation of the
avian screening system after testing a total of 10 000
compounds.
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MATERIALS AND METHODS

The methods employed for evaluating compounds
in the Plasmodium gallinaceum-chick model are
reported elsewhere (5). Briefly, white leghorn
cockerels weighing 50-57 grams were parasitized by
intrajugular administration of 0.5 ml of a suspension
of Plasmodium gallinaceum sporozoites. The
sporozoite preparation was a filtered suspension of
ground Aedes aegypti mosquitos infected 9-11 days
earlier by feeding on infected donor chicks. Test
drugs were suspended in peanut oil and administered
subcutaneously in a single dose within minutes after
the sporozoite administration. Each drug was
routinely tested in 5 chicks at each of three dose
levels.

All untreated, infected chicks died within 30 days.
The mean survival time was 7.9 days. Deaths
occurring before day 6, i.e., prior to death of the
controls, were attributed to drug toxicity. A drug was
considered active if any of the chicks survived to day
30. Sulfadiazine, at a level of 640 mg/kg, included in
each experiment as a positive control drug, produced
a 30-day survival approaching 1007o.

RESULTS

Of the 10 000 compounds tested, 157 were also
tested in the definitive causal prophylactic mouse test
(DMT) employed by Peters (2, 9), and 277 in the
rhesus monkey test (RMT) for radical curative
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Table 1. A comparison of antimalarial activity of
candidate drugs in the chick screen and in the definitive
mouse test (DMT)' and rhesus monkey test (RMT)b for
causal prophylactic activity

Results of chick screen

Drug group
and test Results Active Inactive Total

8-aminoquinolines
DMT Active 88 7 95

Inactive 22 5 27

Total 110 12 122

RMT Active 129 8 137
Inactive 87 14 101

Total 216 22 238

All chemical classes
DMT Active 106 10 116

Inactive 35 6 41

Total 141 16 157

RMT Active 134 9 143
Inactive 115 19 134
Total 249 28 277

Information obtained by personal communication from
Professor W. Peters by a method previously reported (2, 9).

b Information obtained by personal communication from Dr
L. H. Schmidt or from the SEATO Laboratory, Bangkok,
Thailand, by the method designed by Schmidt (3 and footnote a
onp. 119).

activity as described by Schmidt (3).a It was found
that 78% (122 of 157) and 86% (238 of 277) of the
compounds tested in DMT and RMT, respectively,
were 8-aminoquinolines, a chemical class known to
have causal prophylactic and radical curative tissue
schizontocidal activity. Results are summarized in
Table 1.

DISCUSSION

A biological screen, like the one described here,
serves as the first step in developing new candidate
drugs. Comments on such a critical first step warrant
at least brief consideration here.

Screening versus evaluation

Knowledge concerning the relationship between
chemical structure and pharmacological activity of
drugs is very limited. Indeed, the majority of
interesting classes of drugs have actually been found
by some kind of test unrelated to the purpose for
which the compound was synthesized by a chemist

(10). Thus, the search for new and better classes of
drugs has many empirical features that lend them-
selves well to screening as opposed to definitive
evaluation.

It has been said that in the drug screening
procedure, the qualitative question asked is, "Is the
compound active as tested?"; whereas, in the more
definite evaluation process, the quantitative question
posed is, "How much compound does it take to
produce an effect?" (10). While the former may be
employed using only a single dose, the latter dictates
that a range of doses be examined.~The more
definitive evaluation process may be employed as a
method for discovering new "active" compounds
(i.e., it may be used as a screen to provide a yes-no
answer over a wide range of dosages) and would have
a greater detection rate. However, the process is time-
consuming and uses more of the compound and the
test materials.

Disregarding the cost and considering only the
number of active compounds to be found within a
given time frame, it may be seen that the less sensitive,
higher-throughput screening approach may be more
effective in discovering "actives" than the more
sensitive evaluation process, because more
compounds are tested in a given time. An example will
serve to illustrate this point. Assume that we have (1) a
population of 100 000 compounds containing 1%
(0.01) of actives, (2) a screening method operating at
0.50 (50%) accuracy in detecting active compounds
and 10 000 compounds per year, (3) an evaluation
method to detect the actives and operating at 0.99
(990/) accuracy and having a throughput of 1000
compounds per year. Assuming uniformity of
distribution, the number of actives in any sample of
10 000 will be 100 (10 000 x 0.01=100) while the
number in any sample of 1000 will be 10. The number
of actives found in a year will be 50 (100 x 0.5 = 50) by
the screening method and 10 (10 x 0.99 = 9.9 or nearly
10) by the evaluation method.
When cost is considered, the argument in favour of

using a high-throughput screen for detecting actives is
even better. The cost of operating a system at a 50%
detection rate would usually be small compared to
one operating at 99%o. A very high price is paid in
terms of numbers of animals and other resource
requirements when increasing the sensitivity of the
test. The cost of laboratory synthesis of chemicals is
especially high. The cost for synthesizing compounds
in the US Army Antimalarial Drug Development
Program is approximately US$2500 each (personal
communication from Dr T. R. Sweeney, Chief,
Medicinal Chemistry Department, Division of
Experimental Therapeutics, Walter Reed Army
Institute of Research). It is estimated that the average
cost per sample in the American pharmaceutical
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industry is higher. To synthesize enough material for
screening is considerably less expensive than to do so
for evaluation.

Screening aspart ofthe USArmy Drug Development
Program
As a part of the US Army Drug Development

Program, high-throughput screening has been
employed as one approach to the testing of chemical
species leading to the development of drugs. It should

be emphasized that the biological screens used in the
US Army Drug Development Program differ signifi-
cantly from the "screen" described above in some
important respects. First, for any given test, it is
modified in the sense that it is not a "one-dose"
screen, i.e., it is normally used to test at more than one
drug level (usually three). Second, although some
chemical species are randomly and blindly selected,
most are chosen on the basis of the continuous
feedback from previous test results from that system,

Table 2. A comparison of activities of certain standard antimalarial compounds obtained in the chick screen and in
the definitive mouse test (5, 9) or rhesus monkey test for causal prophylactic activity (3, footnote a on p. 1 19).

Activityc

Rhesus monkey test

Chick Definitive Radical
Compound' WR No.b screen mouse test Prophylactic curative

1. Primaquine 2975 A A A A (13)d
2. Isopentaquine 6020 A A A A (13)
3. Pentaquine 6021 A A A A (13)
4. Sulfadiazine 7557 A A -'
5. Pyrimethamine 2978 A A A I
6. Cycloguanil 5473 A A A I
7. Trimethoprim 5949 A A - -

8. (No common name) 122455 1 1 1 1(20)
9. Mefloquine 142490 1 1 1 1(20)

10. Chloroquine 1544 1 1 1 1 (19)
11. (No common name) 93133 A A - I(19)
12. Tetracycline 6527 A I A I(19)
13. RC-12 27653 A A A A (20)

Chemical names of compounds are as follows:
1. N4-(6-methoxy-8-quinolinyl)-1,4-pentanediamine (the diphosphate was used)
2. N -(6-methoxy-8-quinolinyl)-N'-(1 -methylethyl)-1,4pentanediamine (the oxalate was used)
3. N-(6-methoxy-8-quinolinyl)-N'-(1 -methylethyl)-1,5-pentanediamine (the phosphate was used)
4. 4-amino-N-2-pyrimidinylbenzenesulfonamide
5. 5-(4-chlorophenyl)-6-ethyl-2,4-pyrimidinediamine
8. 3,6-bis(trifluoromethyl)-ca-2-piperidinyl-9-phenanthrenemethanol hydrochloride
9. (R*,S*)-( ± )-a-2-piperidinyl-2,8-bis(trifluoromethyl)-4-quinolinemethanol (the methysulfonate monohydrate was used)

10. N4-(7-chloro-4-quinolinyl)-N',N'-diethyl-1,4-pentanediamine (the diphosphate was used)
11. 4-[2-(4-chlorophenyl)tetrahydro-2-furanylJpiperidine hydrochloride
12. [4S-(4a,4aa,5aa,6l&,1 2aa)J-4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy-6-methyl-

1,11 -dioxo-2-naphthacenecarboxamide (the hydrochloride was used)
13. N-(2-bromo-4,5-dimethoxyphenyl)-N-[2-(diethylamino)ethyl]-N',N'-diethyl-1,2-ethanediamine
Source of compounds: 1I.F.C. Nachod, Sterling Winthrop Research Institute, Rensselaer, NY; 2,3,10. L.H. Schmidt, Southern

Research Institute, Birmingham, AL; 4. A.0. Geiszler, Abbott Laboratories, Chicago, IL; 5. S.T. Bloomfield, Burroughs Wellcome &
CO., Tuckahoe, NY; 6. E.F. Elslager, Parke-Davis & Co. Research Laboratories, Ann Arbor, Ml; 7. Division of Medical Chemistry,
Walter Reed Army Institute of Research, Washington, DC; 8. H. Koppel, Aldrich Chemical Co, Milwaukee, WI; 9,11,13. R;E. Olsen,
Cordova Chemical Aerojet Chemical Co., Sacramento, CA; 12. J.S. Kiser, American Cynamid Co., Princeton, NJ - all in the USA.

b WR No. is the chemical inventory number assigned by the Walter Reed Army Institute of Research.
' A, active; I, inactive.
d References are given in parentheses.
- means no information was available.
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results from other systems in the programme, and
information from outside sources. The screen is
operated "blind" in the sense that the identity of any
given compound is unknown to the individuals
actually conducting the test. Third, based upon
periodic submission of a wide variety of selected
compounds known to be active, the screen operates at
a detection rate of well above 90%.

Therefore, the screens provide the greatest yield
when evaluated in terms of discovering clinically safe
and effective compounds in the least possible time at a
reasonable cost. It should be emphasized that
promising compounds may be subjected to a series of
secondary tests (1) and that the biological screening
process, although very important, is only the initial
step in testing.

An assessment of the chick screen

No testing model is perfect in predicting
antimalarial activity in man. Each model has its
individual characteristics. Each species and strain of
Plasmodium has its own spectrum of sensitivity to
drugs. Also the variability among laboratory animal
hosts is considerable. This, in turn, affects the
absorption, distribution, metabolism, and elim-
ination of compounds. The RMT is the standard
against which other systems are measured and is
considered the most accurate in predicting the human
response to candidate tissue schizontocidal anti-
malarial drugs. But, in spite of the arguments offered
for the simian test system being used as a primary
screen (11), the scarcity and prohibitive cost of rhesus
monkeys precludes its use in routine screening.
Among existing antimalarial drugs, only the

8-aminoquinolines are effective against the persistent
tissue stages of human vivax malaria; however, all
8-aminoquinolines in current clinical use as anti-
relapse drugs have side-effects which limit their
clinical utility, in particular, their ability to induce
methaemoglobinaemia and haemolysis in individuals
genetically deficient in glucose-6-phosphate dehy-
drogenase (12). The search for alternative anti-
relapse drugs has been hampered by a lack of suitable

laboratory methods for the study of persistent exo-
erythrocytic stages of the plasmodial life-cycle,
particularly by limitations of available laboratory
models. Although the exo-erythrocytic stages of
avian and rodent malarias have marked biological
differences from the persistent tissue stages
(hypnozoites) of P. vivax, the relative ease of
maintaining these models in the laboratory, and their
low cost have supported their use as screening models
in the absence of more direct methods.

In the present report, the chick screen was found to
be 55% and 78% in agreement when compared with
the rhesus monkey test (RMT) and the definitive
mouse test (DMT), respectively (see Table 1). Figures
of 80% and 93% agreement were reported previously
(13) for a mouse screen employing sporozoites of
P. berghei when compared with the RMT and the
DMT, respectively. A comparison of certain standard
antimalarial compounds is shown in Table 2. In
assessment of these results, it should be noted that
neither the DMT nor the chick test reported here uses
a parasite with a stage analogous to that believed to be
responsible for the relapses of the malarias caused
by P. vivax, P. ovale and P. cynomolgi (14, 15).
However, it should be remembered that the screens
are used empirically and, whatever the reason for this,
they have been found to be an effective means of
searching for new drugs.
Assuming that a drug's activity in the DMT or the

RMT is an indicator of its action in human subjects
for the identification of possible new tissue
schizontocidal drugs, we conclude that the chick
screen reported here is inferior to the mouse screen
which was reported by Rane & Kinnamon (13) and
described further by Davidson et al. (16). It is for this
reason that the chick screen was discontinued in
favour of the mouse model which is still being
employed. Although the mouse screen is not specific
because it detects both tissue schizontocidal
compounds and persistent blood schizontocides, i.e.,
it gives false positives (13, 17), it does provide a
system for rapid and inexpensive screening of a large
number of compounds.

IUME

METHODE DE CRIBLAGE UTILISANT DES POULETS INFECTES PAR DES SPOROZOITES DE PLASMODIUM
GALLINACEUM DANS LE CADRE D'UN PROGRAMME DE MISE AU POINT D'ANTIPALUDIQUES

Plus de 25 composes efficaces contre les formes erythro-
cytaires du paludisme etant actuellement a un stade avance
d'experimentation dans le cadre de l'US Army Drug
Development Program, il a et juge utile d'intensifier la
mise au point de medicaments efficaces contre les stades

exo-erythrocytaires du parasite du paludisme. A cet effet,
un systeme aviaire deja connu a e utilise comme crible a
grand debit.
Le systeme aviaire consid6r6 utilise de jeunes poulets

leghorn blancs pesant 50 a 57 g, parasites par injection
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intrajugulaire de 0,5 ml d'une suspension de sporozoltes de
Plasmodium gallinaceum. La preparation de sporozoites est
une suspension filtr&e de moustiques Aedes aegypti broyes,
infect6s 9 a 11 jours auparavant par un repas de sang sur des
poulets donneurs. Les m6dicaments a tester sont mis en
suspension dans de l'huile d'arachide et administres par voie
sous-cutanee a raison d'une dose unique le jour de
l'infection. Chaque medicament est systematiquement
essaye chez cinq poulets pour chacune des trois doses
d'exp6rience. Tous les poulets infectes non traites meurent
dans les 30 jours suivant l'infection, avec un temps moyen
de survie de 7,9 jours. La mort survenant avant le sixieme
jour est attribu6e A la toxicit6 du m6dicament. Un m6dica-
ment est consider6 comme efficace si l'un quelconque des
poulets survit au-dela du trentieme jour. La sulfadiazine,
administr6e lors de chaque experience comme medicament
t6moin positif, assure un taux de survie approchant
100%.
Sur 10 000 composes testes, 157 ont egalement e testes

du point de vue de leur efficacite etioprophylactique chez la
souris (6preuve DMT) et 277 ont e testes sur le singe rhesus

pour leur efficacite dans le traitement radical (epreuve
RMT). Parmi les medicaments exp6riment6s par DMT et
RMT, 78% (122 surl57) pour le DMT et 86% (238 sur 277)
pour le RMT etaient des amino-8 quinoleines, une cat6gorie
de produits chimiques connus pour leur efficacit6 comme
schizontocide tissulaire.

Le criblage sur poulet a donne des resultats concordant a
55% avec ceux de l'epreuve sur le singe rhesus (RMT) et a
78% avec ceux obtenus sur la souris (DMT). Un criblage sur
la souris utilisant des sporozoites de P. berghei avait
precedemment donne des chiffres de concordance de 80% et
93% avec le RMT et le DMT. On a egalement compare par
ces epreuves certains antipaludiques standards.

Si l'on,admet que l'efficacite d'un medicament dans les
epreuves DMT ou RMT est un indicateur de son efficacite
chez 1'homme en vue de l'identification de nouveaux
schizontocides tissulaires, le criblage sur poulet decrit ici est
inferieur au criblage sur souris decrit auparavant. C'est
pourquoi le criblage sur le poulet a ete abandonne au profit
du criblage sur la souris.
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