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34 ,093 compounds were screened for antimalarial activity in the period
from June 1 , 1966 through May 31 , 1967 under Contract No. DA-49— l 93-
MD-22l8.

Al though our contractural commitment was the screening of 27,500 com-
pounds , in keeping with the policy set by Walter Reed , the f i n a l number
of compounds tested has exceeded the number specified in our contract
by about 25~ .

This year, as in each preced i ng contract year , Increased testing is
graph i ca l l y represen ted by a sharp upward curve .

Tables 1 , 2 and 3 list the number of compounds tested and the number of
mice used month by month from June 1 , 1964 through May 31 , 1967.

Table Li is a summa ry of the total number of compounds screened from the
incep tion of this prog ram to date.

We had reached and gone beyond the point of optimum efficiency and safety
in our present work area. To improve our working conditions and thereby
ensure a h i g her degree of effeciency and safety, the United States Army
p rov i ded funds for a new f a c i l i ty , now under construction.

All compounds tested were obtained from the Department of Medicinal
Chemistry at the Wa l ter Reed Army Insti tute of Research and included :
(1) compounds structurall y related to chem i cals of known va l ue as anti-
malarial agents; (2) compounds structurally unrelated to compounds known
to have antimalarial activity ; (3) structura l analogues of compounds found
act i ve in our test system and representing severa l nove l chem i ca l groups.

Our own breed i ng colony of ICR/HA Swiss mice supplied the large number of
animals needed in our tests.

We have continued to use the origina l assay system that was desi gned
spec i f i ca l l y to give relativel y fast but reliable evaluations of candidate
compounds from standpoints of antimalarial effect and host toxicity .

This test system is based on the responses to test compounds by Plasmod i um
berghe i malaria in mice as expressed in comparisons of max i mum surviva l
times of treated malaria—infected animals and surv i va l time s of untreated
malaria-infec ted controls.
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TABLE I

MONTHLY SCREENING LEVELS

JUNE 1 , 1964 - MAY 31 , 1965

NUMBER OF NUMBER OF
MONTH COMPOUNDS M I C E

June , 1964 763 1 5,111

Jul y ,  1964 758 12 ,810

August , 1964 593 10 ,306

September , 1964 521 8,543

October, 1964 558 9,146

November , 1964 612 9,788

December, 1964 1 ,279 20,249

Janua ry, 1965 1 ,634 25,013

February , 1965 1 ,399 21 ,228

Marc h , 1965 1 ,999 30,831

A p r i l , 1965 1 ,378 23,188

May, 1965 1 ,620 29,502

TOTA L FOR YEAR 1 3,114 215,715

-2— 

--- - -  —:-— —

- —r ~
.
~’*.’ - 

~~~~~~~~~~~~~~ ~~~



TABLE 2

MONTHLY SCREENIN G LEVEL S

JUNE 1 , 1 965 - NAY 31 , 1966

NUMBER OF NUMBER OF
MONTH COMPOUNDS MICE

June , 1965 1 ,545 25,633

July, 1965 1 ,297 19,873

August , 1965 1 ,349 20,645

September, 1965 1 ,192 18,208

October , 1965 1 ,539 23,515

November , 1965 1 ,667 25,525

December , 1965 1 ,740 26,650

January , 1966 2,384 36,503

February , 1966 2,197 33,015

March , 1966 2,6 1 3 39,987

April , 1966 2,241 34,395

May , 1966 2,967 46 ,500

TOTAL FOR YEAR 22,731 350,449
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TABLE 3

MONTHLY SCREEN I NG LEVELS

JUNE 1 , 1966 - MAY 31 , 1967

NUMBER OF NUMBER OF
MONTH COMPOUNDS MICE

June , 1966 2,314 36,220

July, 1966 2,686 4 1 ,175

August , 1966 2,87 1 44 ,825

September, 1966 2,216 34,420

October , 1966 2,644 4 1 ,325

November, 1966 2,670 42,285

December , 1966 2,712 42,055

January , 1967 3,048 47,325

February , 1967 3,838 59 ,970

March , 1967 3,215 49,545

April , 1967 2,886 45,510

May, 1967 - 2,993 46,545

TOTAL FOR YEAR 34,093 531 ,200
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TABLE 4

NUMBER OF COMPOUNDS SCREENED

DECEMBER , 1961 - MAY 31 , 1967

DECEMBER , 1961 - NOVEMBER , 1962 250

- DE CEMBER , 1962 - MAY , 1964 6,665

JUNE , 1964 - MAY , 1965 13, 114

JUNE , 1965 — MAY , 1966 22,731

JUNE , 1966 - MAY , 1967 34,093

TOTA L - 76 ,853
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Us i ng young ICR /HA Swiss mice and a standard inoc u lum of Plasmod i um
berghe i, i t has been possible to produce a consistentl y un i form disease
fatal to 100% of untreated animals within 6 to 8 days.

Since an es tab l i shed  disease is less sensi ti ve to t reatment than a disease
in the early stages of development , treatment has been delibe ratel y with-
held until a high degree of paras itemia is evident.

Test compounds were administered parentera ll y in  a s i n g l e  dose on the
third day post-infection by which time a 10-15% parasitemia has deve l oped .

To be class i f i ed  as ac t ive , a tes t compound mus t sup p ress the d i sease and
give an unquestionabl y si gnificant increase (100% or more) to the life-
span of treated mice over that of the untreated controls.

The severi ty of the challenges made in our test system enhances the
rel iability of our eva l uations and the antimalarial potential of compounds
selec ted for intensive preclinica l studies.

M E T H O D

AN I MAL HOSTS. The total supply of animals needed to screen candidate
compounds was obta i ned from our own breeding co l ony of ICR/HA Sw i ss mi ce.

Test animals weigh from 15 to 18 grams , weigh t variations in any given
experimental or control group being carefully limited to 2-3 grams .

In any given test all animals are of a sing le sex and app roxima tely of
the same age.

An imals on test are housed in metal-topped p las t ic cages ,fed a standard
laboratory diet and given water ad li b.

TEST PROCEDURE. Test animals rece i ve an intraperitonea l inject i on of
075 ml . of a 1 :100 dilution of heparinized heart ’s blood with a minimum
of 90% parasitized cells , drawn from donor mice infected one week earlier
wi th Plasmod i um berghe i.

The donor stra i n i s ma i n ta in ed by weekl y passages in separate groups of mice
i noculated with 0.5 ml. of a 1:500 dilution of heparinized heart ’s blood .

In order to check factors such as changes in the infectivity of our
Plas modi um berg hei strain or in the susceptibility of the host or to detect
technica l errors , a group of Infected animals t reated with pyr ime thamine
at dose levels known to produce definite increases in surv i va l times is
incl uded in every experiment as a positive control.
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DRUG ADMINISTRAT I ON. Test compounds are dissolved or suspended in peanut
oil before they are administered to infected test animals.

Treatment consists of a sing le dose of the compound given subcutaneously
3 days post—infection .

At the time of treatment a 10-15% parasitemia has deve l oped. Although the
disease is well established , i t has no t yet caused sufficient debility to
affect an eva l uation of the test compound ’s toxici ty.

Deaths that occur before the 6th day , when untreated controls begin to
die , are regarded as the result of a compound ’s toxic effects and not as the
result of action by the infecting parasite.

I n each exper i men t the compound on test is a d m i n i s tered i n g raded doses.
Inc reases in the dose levels of highly active compounds usuall y are fol lowed
by increases in the survival times of the treated mice .

If an active drug is toxic for the host , the toxicity of this compound may
become a limi ting factor to changes in dose l evels.

Treated animals alive at the end of 60 days are considered as cured .

DRUG ACTIVITY. Acceptance of a drug as being sufficientl y act ive for
de ta i l e d  studi es is predica ted on the ma r g i n  between the maxi mum tolera ted dose
(MID) and the minimum dose producing a significant effect (MED). A maximum
tol era ted dose is def ined  as the h ighes t dose caus in g no more tha n one of
five animals to die. The minimum effective dose is defined as the min imum
dose increasing the life-span of treated animals by 1 00% over the life-span of
unt rea ted con t ro ls .

An increase of 100% in surv i va l time s considered the minimum significantl y
effective response for a candidate compound .

Cl early inactive compounds are rejected after one test , bord er l i n e  compounds
after two tests. Active compounds are subjected to a dose-response curve
so that the spread between the maximum tolerated dose (MTD) and the
mini mum dose producing a significant effect (MED) may be established.

COMPOUNDS WITH D E F I N I T E  CHEMOTHERAPEUTIC ACTIVITY AGAINST PLASMODIUM BERGHEI
MALARIA IN MICE. Of the 34,093 compounds tested since June 1 , 1966 , over
336 demonstrated a degree of antimalarial activity sufficient to pro-
duce at least 100% increases in the surviva l times of treated Plasmod i um
berghe i infec ted mice. These are : (I) sulfonam i des , s u l f o nes and rela ted
compounds ; (2) sydnones ; (3) pteridines; (4) antibiotics; (5) quino lines;
(6) heterogeneous chem i cals unrelated to structures previously shown to
have antimalarial activity .
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A second procedure , us in g a d i ff erent hos t and parasi te and pe r fo rming
reliably ei ther as a confirmatory test or as another primary screen , is
a des i rable adjunct to any screen i ng program.

Ou r supplementary procedure was done with Plasmod i um gallinaceum malaria
in  ch i cks .

We developed a new and si mp le but dependable  p rocedure fo r th i s second
test.

Us ing 9— 12 day old chicks and a standard i noculum of Plasmod i um gall inaceum ,
we were able to produce a consistently uniform disease fatal to 100% of
un treated controls within 72—96 hours .

I n th i s  test , as in the mouse test , the antimalarial activity of candidate
compounds was assessed by compar i ng the maxi mum su rv i va l tim es of trea ted
malaria—infected chicks with the surv i va l times of untreated ma lar ’-
i nfected controls.

As in the mouse test , a compound was considere .’ to be active against
ma l a r i a  i f  i t produced i ncreases i n the su rv i val  t i mes of t reated ch i cks
that were at least 100% over the surv i va l times of untreated controls.

Agai n as i n the mouse tes t , acceptance of a test compound’s antimalarial
activity was further pred i cated on the margin between the maximum tolerated
dose (MTD) and the minimum dose p roducing a significant effect (MED).

A maximu m tol era ted dose is def ined as the h i ghes t dose caus ing no more
than one of five animals to die. A minimum effective dose is defined as
the minimum dose increasing the life span of treated animals 100% over
the life—span of untreated controls.

M E T H O D

TEST AN I MALS. 9-12 day old wh ite Leghorn cockerels of un i form stock were
obtained from a s in g le b reeder.

The animals were delivered to the laboratory when 1 day old and then
ma i n tained under standard cond it ions , i ncluding a non—med i cated diet ,
un ti l they were read y for testing.

TEST PROCEDURE. Ch icks on test were given an intravenous injection of
0.2 ml. of heparinized heart ’s blood infec ted w it h Plasmod ium ga l l i naceum
and having a minimum of 80-90% pa rasitized red blood cells.

The parasitized blood was d rawn by cardiac puncture from donor birds
infec ted 72 hours earlier with Plasmod i um gallinaceum.
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Donor strai ns were mai nt ai ned i n separa te grou ps of ch i cks , 14—16 days old ,
tha t also rece i ved inocu la t ions of he pa r i n i zed in fec ted hear t ’s blood .

I n every experiment 100% of the untreated controls died with in 72-96 hours
post—infection .

I n order to check factors such as changes in the infectivity of our
Plasmod i um gal linaceum strain or in the susceptibility of the host or to
de tec t tech ni cal errors , a gro up of i nfec ted an i ma l s  trea ted wi th
chloro qu ine  a t dose levels  prod uc ing  definite increases in surv i va l times
was included as a positive contro l in every experiment.

DRUG ADMINISTRATION. Candidate compounds were dissolved or suspended in
peanut oil before they were administered .

Treatment in the chick consisted of a single dose administered sub-
cu taneousl y or 

~~L°5 i mmed ia tel y after infection .

Each experiment was done with graded doses of the compound on test , and
increases in the dose levels of highly active compounds were generall y
followed by increases in the surv i va l times of the treated chicks.

If an active drug was toxic for the host , its toxicity became a limiting
factor to changes in dosages.

Deaths that occurred within 48 hours after infection and treatment were
considered as deaths due to the toxic effects of a test compound , not as
the result of the infection introduced by the Plasmod i um gallinaceum
pa ras i te.

Ch i cks wi th su rv iva l periods of 30 days were recorded as cured .

DRUG ACTIVITY. An increase of 1 00% in surv i va l time was recognized as the
minimum significantly effective response to the antimalarial activity of a
ca nd i da te compound.

A total of 3,877 compounds was tested for antimalarial activity in
Plasmod i um gallinaceum malaria in chicks : 375 compounds from Janua ry ,
1965 to June , 1965; 2,500 compounds from June , 1965 to June , 1966 , and 1 ,002
compounds from June , 1966 to September , 1966.

I n  Sep tembe r , 1966 , we began to not i ce disturbing peculiarities in the
behavior of our positive controls and discontinued the test.

From January, 1965, when the chick test became part of our operation ,
until September , 1 966 , except for occas ional minor variations , the anti-
malarial activity demonstrated in positive contro l groups by chloroquine
was cons tan t . In September , 1 966 , the antimalarial activity manifested
by the same dr ug was g rea t l y  reduced , almost negligible.
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Chloro qu ine was rep l aced by other accepted ant i ma l a r i a l  ag en ts and by
compounds tha t had been found to be h i g h l y  ac t ive in  our mouse tes t and /
or chick test. In every case the result was the same ; the high degree
of an t ima l a r i al ac t iv it y previo us ly  estab l i shed  no longer was
demonstrable.

Believing that our chicks might have been taken from an infected flock
and tha t con tam inan ts in the tes t chicks  m ig h t be respons ib le  for the
al tered antimalarial va l ues, we ob tained ch i cks of seve ra l species f rom a
number of different sources. Still the results were the same.

An investigation was immediately started to determine the cause or the
ca uses of the st ran ge reac t io ns. However , we have no sa tis fac tory
explanation to offer at this time .

Until the investigations that we have started revea l satisfactory
exp la nati ons for the cause or the causes of the changed reac t ions of
Plasmod i um gallinaceum infected chicks to known antimalarial agents , our
av ian  tes ts wi th be done wi th P la s modi um loph u rae m a l a r i a i n ducks .

In developing this test , we s h a l l  keep the methods of proced u re , i n c l ud i n g
treatment by cand i da te compounds , as n e a r l y  l i k e  as poss ib l e  to the methods
of procedure , including treatment , of our ch i ck tes t .

In the duck test , as in the mouse test , the an t i m a l a r i a l  ac t i v i ty of
cand i d a te compounds w i l l  be assessed by compa r i n g  the maxi mum su rv i val
times of treated malaria-infected ducks with the surv i va l times of un-
treated malaria-infected controls.

As in the mouse test , a compound will be considered active against malaria
i f  i t supp resses the d i s ease and p roduces incr eases i n the su rv i va l t i mes
of treated ducks at least 100% over the survival times of untreated con-
t rols .

Agai n as in the mouse tes t , acceptance of a test compound’s an t i ma l a r i a l
ac ti v it y w i l l  be f u r the r pred i ca ted on the marg in between the maximum
tolerated dose (MTD) and the minimum dose produc i ng a significant effect
(MED).
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