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SUMMARY

The c o l l a b o r a t i v e  an tj s ch is toso m e drug te s t i no  pro-
gram between the Un ive rs i t y  of B ras i l i a  and the U.S .
Army Medical Research Unit (WRAIR ) Brasilia continues
to screen new chemical compounds for prophylactic and
curative activity against sch istoso m iasis m an soni .’~’~/
T he U . S. Arm y ’s An ti~1schistos om e Drug Developinent/
program , Wa l ter Reed ~rmy Institute of Research , J$ro-
vide s selected drugs for testing in mice. The drugs
are tested for prophylactic and/or curative acti~ ity
dep ending upon the pre-estab lished priorities. 7the
Primary Mortality Test (PMT) is a prophy lactic test
system which uses mice exposed to 3 ,000 or more S.
ma nsoni cercariae.~’ Druqs are prep ared in peanut oil
and administered ,a’t 640 mgs/kq to mice in a single
subcutaneous i~.otulation two days post — exposure. Ac-
tivity is de.,t~rmined by mouse survival beyond the sur-
vival of ~.u-ntreated control mice. The Primary Curative
Test (~..CT) is flow bein q employed as a standard thera-
peutic test system and involves treating mic e exposed
to/160 cercariae and in which the infection is allowed
t4 progress until matu re worm development is obtained.
A~rugs are administered subcutaneously at 100 mgs/kg
Jfor fiie consecutive days (between days 33 and 37 post—
/ exposure). Curative activity is measured by the number

J of live and/or dead worms , and the physical condition
of living worms , found in liver squash .preparation s
from the infected /treate d mice. We have instituted

_____ 

standardization experiments for establishing a third
test system--the Secondary Curative Test (SCT). This
test is designed to complement the PCT by following up
the active compounds with duration of drug action studies.

~ The laboratory B iomp h alaria glabrata snail colony sup-
ported a daily inventor $ of 1 ,000 to 1 ,200 S. mansoni
infected snafls. The weekly cercarial collect ions of
three to five million were more than adequate to infect
prophyl actic test group mice with 3,000 or more cercar-
iae each.

During FY78 a total of 1 ,244 bottle number drugs were
received fr m WRAIR and logged in at the USAMRU -Bras ilia
Laboratory. A total of 1 ,1 95 d ru gs were tes ted for
prophylactic and/or curative activity, of these drugs
538 were tested in the PMT , 218 of these bein g confirm-
atory retests Results of prophylactic testing were

__  - --.-..—— ——.,..——- 
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~~396 drugs negative or uncon f,rtie4 active , 136 drugs

< toxic~ 6 druns confirmed active. )~ In the PCT , 657
drugs were tested , 290 being conf~i rmatory retests . .
The results of curative testing were : 610 drugs
negative or unconfirmed active; 3~ drugs toxic; 15
drugs confirmed active. Five dru~ s were conf irm ed
active in both prophylactic and cu ative test eval-
ua ti ons. 
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FORE WARD

The research pro gram of the Uni versit y of Brasilia and
the U. S. Army Medi .cal Research Unit (WRAIR) Brasili a
is to test drugs for pr ophylacti c and curative activity
against sch istosomiasis mansoni.

The research project is carried on under the following
project and task number:

3M762770A802 , Task 00, Work Unit 009

In conducting the research de scribed in this report ,
the investigators adhered to the “Guide for the Care
and Use of Laboratory Animals ” , DHEW Publication Num-
ber ( NIH ) 73-23; as prepared by the Institute of
Laboratory Animal Resour ces , Nati onal Researc h Counc i l.

The findings in this report are not to be construed as
an official Department of the Army position unless so
desi gnated by other authcrized documents.

AL IJIZI O RO SA PRATA , M. D.
Pro fessor of Tro pi cal Me di c i ne
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BO D Y OF RE PORT
PR OJE CT NO . DAO B 6525

3M762770A802 : Tropf cai Me dici neTASK NO . 
00: Tropi cal Med ici neWOR K UNIT 

009: Chemo ther apeutj Stu dieson SchlstosomjasjDE SCRIPTION :

SChisto som iasis Con tinu es to be ranked among the most
Imp ortant of the tropi ca l diseases yet we sti ll lack
Sui tab le mea ns for chemo therapput . manag em ent and
have no means for chem oproph ylact . manag ement The
only dr ugs Curr ently ava i labl e demonstrate onl y Partial
curative efficacy and are often acc om nafl ied by adverse
side effects rangi n g from carcino geni~ 1~ y to headaches
and di zz in ess Cons ide ring the actu al and pote nt ial
globa l commi tmen ts of United States m il it ary and cl vl) _
I an per son ne l , the risk s to infect ion w ith one of the
human SChistosomes rema ins hi gh; Indeed the Incidence

r 
of Infection W i t h i n  foc i of local 1ndfqen0~ 5 popula ti ons

- 
- 

may approach 100 percent. Consequent ’y a major resear
ch effort in anti_ sch istosom e drug deve lopm~~~ is being

-: 
carried out by the Walter Reed Army Insti tu te of Resear
ch in Conjunction wi th the Unive rsity of Bra si lia (

_ _ _ _  

USAMRU Bra SI1 Ia ) The test Comp ound s are obta ined from
_ _ _ _  the Di vis io n of Exp erime nt al Therapeutic s (WRA rR ) and

are tested for Proph yl ac tic and curative ac tiv ity in
mic e at the USAMR (J Br aS ilI a Our ul tim at e objectives
are the ident i fica tion of comp ounds with a hig h potent ialma ns on I
for use In the Preven ti on and treatmen t of Sch istosom lasis

PR OGR ES S :
a. Labora tor Faci)~ t~ Dur ing the reportlfl (, period
the a oratory operation s were Improved by the add iti on
of two new Items of equ ipme~~: 1) a new Me ttler elec-
tron ic top loadi ng ana l ytical balance has Con siderably
reduced the drug prepar at fo~ time and Imp roved the ac-
curacy of the finished product; 2)  the acqui s~~~0~ of
a new stere ozoom Ol ym p u s mlcrosc~pe has prov1~~~ the
increased cap abI Tjt~ for proced(,res requiring these
fea tur es  ( e .g. Iiver squash Pre par a ti o n s )b . 

~~~~~~~~~~~~~~~ As repor ted earli er the con-
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version to corncob cellulose bedding effectively
eliminated the problem of mou se infect ion failures ,
this favorable situation has continued thro ughout the
current reportin g period . Early in the year , ser i ous
problems were encountered at the Bioterio of the
University of Bras i l i a rel ative to the weekly supply
of hea 1th~anima ls in the numbers required. While our
norma l laboratory oper ations require a full comple-
ment of 400 mice per week , weighing between 18 and
23 grams , on many weeks we received no mice at all
or only a few mice. These were underweight and quite
often sick. Later histopathol ogic analyses confirmed
an almost universal infe ction with coccidiosis concur-
rent with multifocal hepatitis , the combination of
which with schistosome infection often led to bacteria l
liv er abscesses. Efforts are presently underway to

- 
. upgrade the mouse breeding colony and to improve the

environmental conditions under wh ich the colony Is
maintained .

c. Snail Colony . The Rionipha laria qiabrata (Paulista

~ 
Strain) snail colony continues to provide Schistosoma
mansoni cercar iae in sufficient quantities to perform
the weekly mouse exposures for drug testing and life
cycle maintenance. A weekly average of 400 snails were
exposed to m iracidi a recovered from macerated infected
mouse livers. An acceptable level of prepatent mor-
tality (22 percent) was obtained ; of the survivors wh-
ich were screened 42 days post -exposure , 54 percent
wer e positive for emerging cercariae. These are main-
tained for future cercar iae collections and a weekly
average populati on of 1 ,000 to 1 ,200 posit Ive snails
are on hand at one time . In general approximately 45
percent of the snai ls exposed are later recovered with
patent infections.

d. Dru g Testing . A total of 1 ,244 bo ttle numbered
drug samples were received from WRA IR during the re-
porting period . Of these , 703 compounds were designa-
ted for both prophylac tic (PMT) and curative (PCI)

- . testing; 539 compound s were designated for only cur-
ative testing; and two compounds were designated for
onl y mortality testing . (See below for description s

A of t he test systems) While these compounds were ship-
ped and received du ring the year , many have no t yet
been tested beca use of our increased emphasi s on the
important matter of retestino older compounds which

____  
showed Indications of activity or toxicity , or for

____ which the control group data were questionab le . The
backlo g of newer compounds is currently being dimini shed

4 ;,
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We have the capability of performing twice monthly
tests in each of the two systems , prophy lactic and
curative. While nor.mal PCI testing can evaluate 60
compounds at a time and PMT testing can evaluate 50
com pound s a t once , the mouse supply was the primary
l imiting ~factor. During the period of the ~~~~mentioned problems with the Bioterio mouse colony,
we often received much reduced numbers in the weekly
deliveries and on some weeks we received none. We
are currently receiving approximately 75 percent of
our full weekly complement of 400 mice (Swiss-I~o1land40 albino , 45 ± 5 days old , we iqhing 18 - 23 qrams).
However , the test systems incorporate enough flex-
ibility that testing can be continued using a reduced
number of experimental compounds per test run. Addi-
tional ly, the reduced numbers of animals provided the
opportunity to perform other experimental evaluations
(such as standardizations of a Secondary Curative
Test) which required . fewer numbers of animals. See
Figure 1 which depicts the workload data for FY78.

f. Operating Personnel. The drug ’testing program is
directed by one Am erican Senior Investigator and sup-
ported by a staff of eight Brazilian Laboratory Assis-
tants (one position vacant). The operating program is
broken down into five work areas which are: 1) Snail
Colony (two people); 2) Anima l Service (two people);
3) Necropsy (one person); 4) Pharmacy (two people) ; and
5) AdministratIon (one person). All individuals are

____ cross-trained to perform the seven day work schedule
of daily snail mainten ance , su b cu taneous and gava ge
drug administration , daily mouse maintenance with mor-
tality checks, and mouse exposures to cercar iae. Each
individual is able to perform all duties in two other
areas o f wor k .

TEST PROCED URES: 3

a. Gene ra l . Whereas in past years, all drugs received
were normally tested for prophylactic activity first ,
the current system now places a priority of prophy lac tic
or curat ive testin n on each compound. For those compounds
received for testing In both systems , prophylactic tes-
ting is still performed first. All tests, prophylactic

• or c urative , are performed with groups of five mice per
drug per dosage schedule. all mice are individually
tail-exposed 30 minutes to the numbers of cercar ia e re-
qu i re d by the specific test. Druas are routinely pre-

-~~~~~~~~~~ ~~,i .

- — -.--— -.. — 

..~~~~~



pared for administration in a peanut oil vehicle
unless another veh icle (such as water , saline , alcohol ,
or cremophor) has been previousl y recommended. All
drugs are administered subcutaneously unless orally
(by gavage) has been designated . Likewise , all drugs

: are administered in terms of mg s per kg body weight
of mouse reci pient.

b. Primary Morta l ity Test (PMT) . The PMT :s a pro-
____ 

phylactic test in that it evaluates drug activity
against immature n i g rating larval schistosomes. Mice
are exposed to 3 ,000 - 3 ,500 S. mansoni cercariae.
Two days after exposure dru g s are administered in a
single inno cu l ation to the five test animals per drug.
The standard initial test dose is 640 mgs/k g and fu—

- - ture testing repeats this dose with other groups at
l ower dosages. The 640 mgs/k g dose is a reduction
of the 1280 mgs/kg dose used in earlier testing, but
the experience of the past four years has indicated
that nothing is g ained by the higher dose in detecting
active compounds , while the lower dose conserves the
limited supply of compound for future testing.

For every PMT grou p there are control groups of i )
50 Infected untreated mice , 2) 10 normal mice , and 3)
five mice treated with the reference drug N iridazole
(640 mgs/kg). The infected untreated control mice
will begin dying on day 20 post -exposure and none will
survive past day 30 in most cases. N iridazole -treated
mice survive until day 49. Active drugs are those
for which treated mice survive two weeks after all

____ 
infected control mice are dead. At 49 days , all sur—
viving mice (controls and drug test) are perfused
(Rad ke , et. al ., 1961) for total worm burden deter-
mination. Drugs are considered toxic at the dosage
given if recipient mice die within 10 days post -treat-
ment ( 12 days post -exposure ). All active or toxic
compounds are scheduled for later retes~t confirmationat the same dosa ge and route of administration as the
initial test. If positive confirmation is obtained
for ac tivity , then further testing at different dosages
by both routes (subcutaneous or oral) is scheduled.

c. Primary Curative Test (PCTJ .. The PCT is a curative
test of a compound against an established S. mansoni
Infection in mice exposed to 160 cercariae. Thirty-
three days post-ex po sure dru qs (100 mqs /kg) are admin-
istered daily for five consecutive days (until day 37) - I ~in the same manner as described for the PMT. Three
days following the last treatment , al l m i ce a re :  1)



killed i n d i v i d u a l l y by cervical dislocation ; 2) the
livers are immediate l y removed; 3) the livers are
made into liver squash preparation s; and 4) the num-
bers and condition of worms in the l i ver are deter —
mined for each surviving animal • Control groups for
each PCT run are: 1) 20 un treated infection control
mice; 2) 10 N iridazole treated mice (5 at 100 mgs/kg
and S at 160 m qs/kq) ; and 3) five Oxamniq uine treated
m ice (100 rng s /k g).

Criteria for druc activity are based upon the hep atic
shift of adult worm s from the mesenterie s to the liver.
This shift is presumed to he a result of drug pre ssure.
Not only are the total numbers of liver worms deter-
mined but the conditions of those worms are also taken
into cc .nside r ation . The presence of dead worms is
incontrove r table evidence of drug activity , while the
presence of small , abnorma lly developed “ sick ’ wor m s
posses sing little movement is evidence of possible
activity requiring further testing.

Untreated control animal s will norma lly show five to F
15 worms in the liver and a test anima l liver worm
burden of 2 - 3 times that of the mean control liver
worm burden is indicative of drug act4ivity . Oxamniquine
treatment produces high dead worm but~ens i n the l i vers
of infected animals , while N iridazol ~

’ normally produces
high living (but sick) worm burdens at 100 mgs/kg and
160 mgs/kg, with the appearance of a few dead worms at
the latter dose.

While the previous year we reported the PCI as in the
deve l opmen tal s ta ges , we feel that we currently have
sufficient exp erience with the test to place consider-
able confidence in the results . as indicators of cura-
tive drug activity. The criteria for evaluation of
results varies from those used in the earlier Japan
program , primarily in terms of the numbers of worms
in the livers Of untre ated control animals. But re-
peated testing has indic ated higher normal liver worm
burdens In our infection s and the differences between
the two programs can probably best be explained by
sna il/parasite strain and/or environmental variations.
Our investigati ons on comparative strain diffe rences
produce d inconclusive results. Additionall y, we have
Incom plete data on the Japan program strain establish -
ment upon which we can estahl is ’i va lid compar isons

d Secon dary Curative Test (SCT) In an effort to

- ‘z;
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expand our drug testing capabilities , we have in-
itiated the standardizat ion of an SCT to complement
the PCI. The rationale of this development rests in
the requirement for following up on possibly active
compounds by providing additional data on the dura-
tion of action of selected compounds over a period
of time. It should be empha sized that the SCT is
not a primary screen , as are the PCT and PMT . Ra-
ther it is intended as a more defined eva luation of
drug effica cy and emanates from the primary test
systems. Consequentl y, it is anticipated that con—
siderably fewer druas , and only those that show pro-
mise will be tested . The benefits will be a more
complete understandin g of test drug action upon which
to base future testing.

The initial secondary test runs were organized to fol—
low the method described by Bruce et al in the unpub -
lished W .H.0. Document 73.30 (“Schistoso miasis Drug
Test Systems ”). That is , mice are exposed to 160 cer-
cariae and treated with test compound daily for five
consecutive days between days 33 and 37 post -exposure
Separate perfusions of the ~mesenteric , portal and he-
~atic circulations are then performed on days 7, 14 ,
and 21 post-treatment. Our initial tests consisted
of 150 mice divided among the following five groups
(30 mice per group): 1) infected , no treatment; 2)
treated with Ni r idazo le , 100 mqs/kg, 3) treated with
Niridazole , 160 mg s/kg ; 4) treated with Niridazole 320
mgs/kg; and 5) treated with Oxamniquine , 100 mgs/kg .
Ten mice from each group were then perfused at weekl y
intervals as mentioned above.

We soon learned several drawbacks to the described
method. 1) The separate perfus ion s of  liver , hepatic
portal vein , and mesenteries are extremely time con-
suming and would necessitate the full time partici-
pation of at least three technicians for three days
to com p le te on e te s t run of con tro l s an d a reaso na b le
number of test drugs. 2) Perfusion of livers is re-
lative ly meaningless , especially two and three weeks
post -treatment , since dead worms within the hepatic
circulation are almost impossible to dis lodge and

• flush out. By the second week post-treatment , dead
worm g ranu l oma s a re a l r e a dy form i ng, as revea le d In p

• liver squash preparations performed after perfusion.
Consequen tly, perfusion liver worm counts were l ower
than ac tu a l l y p resen t and c ons i s ted onl y of l i v i n g ~~~~~~

-
~~~

‘- 
~~

worms. 3) The exposure of mice to 160 cercar iae



each (the same exposure dose as the PCT) created an
undesi rable mortality pattern among untreated contro l
an i m a l s , in which 100 percent of these an imals died
prior to day 58 ( three weeks post-treatment ). In
the PCT , this is of n.o concern since all animals are
killed on day 40, prior to death from acute diseas e.
But in the SCT it is necessary to obtain control an-
ima l survival throu gh the third pe rfusion phase in
order to obtain comp arative worm bur den determinations.

We are currently evaluating a modi fied SCT which con-
sists of 1) exposure of m ice to 100 cercariae ( a
sublethal dose for 58 days), 2) dividing each test
and control group int o two comoarat ive sub qroup s,
one for total perfusion and one for only liver squash
preparations (as in the PCT), and 3) addin g an addi-
tional perfusion/liver scuash p~ hse at three days
post -treatment. These latter two modifications then
bring the test more into line as a true secondar y test
by supplementing the previous primary test data under
similar cond itions. During the coming year we antici-
pate establishing the test as a standard procedure
within the drug test ina program.

OTPFP SCHISTOSO~1IA S I S RESE A RCH

a. Snail Strain Studies. We last reported the dif-
ferences in liver worm burdens betwe en our PCT control
data and that obtained earlier in the Japan drug tes-
ting program. A proposed reason for the abnorma lly
high worm burdens in the Brazil program was the strain

:. difference between the C. glabrata snai l and/or schis-
tosome maintained at the two laborato ries. For com-
parative purposes , we obtained infected B. g]abrata
snails ( Puerto Rican/Walter Reed Strain ) from WRA IR

.
.‘ (Kindly provided by CPT Lyford K. Greene , Department

cf Parasitology ) and maintained them in the Bras ilia
laboratory. We exposed mice to cercariae collected
from these snails and performed PCI and PMT tests on
these different strain infect ions in parallel with
routine test runs performed with our Paul ista strain
material. Both strain infectio ns were treated ident-
ica l ly in terms of cercariae exposure , anima l ma inten-
a n ce , treatment with Nir - i da zole and Ox anm n iq uine , and
data collect ion. No sion i fi qan t difference s In mor-
ta lity oatterns (PMT), liver worm burde ns (PCI) or

______ 

surviving worm perfusion data (PMT and life cycle
groups) were detected between the two groups. Th ese

A da ta , res u lt l n , from 10 different e~ pcriment s are cur-
rently being anal yzed and evaluate d.

_  
p



RES U LT S OF DRUG TE STIN G:

During FY78 a total of 1 ,195 selected bottle number
drugs were tested for prophylactic (PMI) and/or cur-
ative (PCI) activity. Fi gure 2 depicts the results
for the two tests. Of the compo unds tested , 290 (44.1
percent) were PMT rete sts of previousl y tested drugs
and 218 (40.5 percent) were PCI retests. All others
were compounds which were tested for the first time .

~~~~~~~~~~~ Figure 3 identifies those com oounds confirmed as ac—
tive in one of the two test systems. Primary refer-
ence is made only to the bottle code numbers since
many (but not all) of the compounds that we receive
and test are protected proprietary secrets (“commer-
cially . discreet”). We have identified the general
class of compound wher .e possible. The identified
activity is based upon one or more confirmatory re-
tests; compounds determined to be active on the first
test will be confirmed by retest at the same dose by
the same route of administration. Only after this con—
fi rrnation is the drug considered active. Note that
five compounds -- BH 08 111 , BH 08 157 , BH 08 166 ,
BH 08 228 and BH 30 0333 -- have demonstrated both
confirmed PMT and PCT activity . It is also worth no-
ting that BH 30 033 has shown unconfirmed activity
in a wide range of doses from 10 mgs/kg to 320 mgs/kg.
This initial “block ” treatment schedule must be re-
peated for confirmation .

a

;‘~~~~. . t
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FIGURE 1

IV 78 Workoad Data for USAMR U -Br a sil ia Expressed in
Terms of Numbers of Mice Infected

Numbers of Mice Infected

____ 

Control Test Total

Procedure Groups * Groups * Num ber Percent**

PMT 760 2,735 3,495 27.6
PCT 560 3,350 3,910 30.9

Life Cycle N/A N/A 2,956 23.3
Other *** N/A N/A 2 ,300 . 18.2

* = “Con tro l Grou p s ” include those animals design atedF — - - -
~~~~~ as uninfected/untreated , infected/untreated , and

infec ted/treated with reference drug(s) control
an imals. “Tes t Grou p s ” include only Infected an-
imals treated only with Bottle Numbered Test corn -
pound s.

** = Percent of total mouse exposure effort.

~~~~~~~ Inc ludes standardization of the Secondary Curative
Tes t (Sd ), comparisons of Wa l ter Reed and Brazil-

- ian strains of infection and other schistos omias is
research efforts performed in support of UnB re-
search programs.

.
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FIGURE 2

Drug Test Results for the USAMRU -Brasilia During FY 78

Number of Drugs Tested**
Total Negative/

Tes t Tes ts Con fi rme d Uncon fi rmed
System Performed* Active Toxic Active Total

PMT 547 6 136 396 538

PCI 670 15 32 610 657

* = 1 test = five mice treated with one drug at one dosage
by one route of administration Total number of tests
does not include untreated or reference drug control
groups

** = Number of W RA IR/USAMRU -B ras i l i a bottle number compour .ds
-.4.-.
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FIGURE 3

A List of Bottle Number Drugs Found to be Active Against
Sch istosomiasis mansoni by the Mouse Mortality test and

Curative Test Systems During FY78

No. WRA I R /BRAS I L IA Bn Pro phyl ac ti c Cura ti ve
Numb er Dru g T est (PMT )* Tes t (PCT ) *

1. AD 22 662 (BR 1258) 320 gay

2. AH 91 461 (BR 1296) 200/320 gay

3. BC 42 725 (BR 1533)0 40BH 73 029 (BR 5104)0 gay

~

_•

~

• i . 4. 80 58 040 (BR 1254)
(BR 1025) 160 gay

BE 19 593 (BR 4498)
5. BE 21 922 (BR 1311) 320 SQ & gay

6 BE 21 931 (BR 1312) 640 SQ FY75+ 320 gay

7. BG 41 577 (BR 1626)
(BR 1522) 40 SQ
(BR 4502 )

Ni trov inyl-Furan
8. BG 52 598 (BR 2079) 8O/160~g~v -
9. BG 15 064 (BR 2456) 1 00/200..SQ..
10. BG 81 679 (BR 4405) 100 SQ

_____  11. BH 08 Iii (BR 2889) 640 SQ 100 SQ
Or gan i c T i n

12. BH 08 157 (BR 2893) 640 SO 100 SQ
Or gan i c T i n

13. SN 08 166 (BR 2894) 640 SQ 100 SQ
Organ ic Tin

74. BH 08 200 (BR 2897) 640 SQ
Or gan i c T i n

15. BH 08 228 (BR 2899) 640 SQ 100 SQ
16. BH 30 033 (BR 3809) 1280 SQ 100 SQ

- -
. Iso thloc .yanate (10—320)

a

* = Conf irmed by repeat testing; dosages In mgs lkg;
SQ Subcutaneous adm inistration; gay = ora l
administrat ion by qavage.

+ Year activity f1rst’ r~ported .

0 = Discreet Compound
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