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SUMMARY

collaborative ant l-sch istosome drug testing pro-
gram between the University of Brasilia and the U . S.
Arm y Medical Research Unit (WRA IR ) Brasilia continue s
to screen new chem ical compounds for prophylactic and
therapeutic activity against schistosomias is.

The U. S. Army s An ti—sc histosome Drug Development Pro-
g ram , Wa l ter Reed Army Institute of Research , provides
selected drugs for prophylacti c and curative testing in
mice infected with schistosomi asis mansoni. The drugs
are tested initially for prophyl actic activity by the
mortality test system which uses mice exposed to 3,000
or more S. manson i cercariae . ’~ Dru g s are p re pare d i n
peanut oil and administered a~t 1280 mg/kg to mice In
a single subcutaneous ino culation two days after the
cercar ial exposure . Some selective and all activ e drugs
as detected by the prophylactic test are then tested
for curative activi ty ( although the test system is
under deve lopment ) in mice exposed to 200 S. mansoni
cercar i ae , and 30-35 days later , dru gs are adm i n i s tere d
subcutaneously at 100 mg /kg for five consecutive days.
Prophylacti c drug activity is measured by mouse sur-
vival ; whereas , curative drug activity Is measured by

‘ the number of li ve and/or dead worms found In liver squa-
sh preparations from the Infected/treated mice .

~ he laborat ory B iomphalaria g labrata snail colony sup-
ported a daily Inventory of 1318 S. mansoni snails

• shedding cercar iae . The weekly cercaria l collections
of five milli on were more than adequate to infect
Drophylactic test group mice with 3,000 or more cer-
carlae. v

Dur i ng FY 77 , a total of 2,096 bottle number drugs were
screened by either the prophylactic or the under devel-
opment curative test system for anti -schistosome acti-
vity . In the mortality test for prophylactic activity ,

• 1 ,310 bottle number drugs were tested at 1280 mg/kg and
the test results were: 879 nega tIve , 428 toxic , and
3 active. In the curative test for therapeutic actIv-
ity, 786 bottle number drugs were screened at 100 mgI

• kg and the test results were: 704 negative, 41 toxic ,
37 unconf i rmed ac ti ve , and 4 actIve. One discreet drug
was act ive in both the PMT and PCi .

The UnB /USAMR U-Bras ili a program will continue to screen
selected drugs for prophylactic and curative anti- schis—
tosome activity.
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FORE WO RD

The research program of the University of Bras ilia and
the U. S. Army Medical Research Unit (WRA IR) Brasilia
is to test drugs for prophylactic and curative activi-
ty agains t sch i s tosom i as i s manson i .

The research project is carried on under the fol l owing
project and task number:

3M762770A802 , Task 00, Work Unit 009

In conducting the research described in this report ,
the investigators adhered to the ~Gu ide for the Care

• and Use of Laboratory Animals ” , OHEW Publication Num-
ber ( NIH ) 73—23; as prepared by the Institute of
L ab ora tor y An i mal Resources , Na tional Research Council.

The findings in this report are not to be construed as
• an official Department of the Army position unless so

designated by other authorized documents.

_ _ _ _ _ _ _ _ _ _ _ _  

6:’ 
~ ~~

,

ALU I’~~~ RO SA PRATA , M. 0.
Professor of Tropical Medicine

NTI$ WhU e Section a
USC Butt Sectioi Q
UNANNOUNCED 0
J~ TWICATIUN 

I! 
BI$UI$UTION/AYAILMILI TY COOED

D~st. MAIL and/o r SPECIA LRH



,-

BODY OF REPORT

PROJECT NO. DAOB 6525
3M762770A802: Tropical Medicine

TASK NO. 00: Tropical M edicine

WORK UNIT 009: Chemother apeutic Studies
• on Schistosomiasis

DESCRIPTION:

It is an appalling fact that schistosomiasis remains
one of the few tropical diseases in which there are
few drugs to use for treatment. The limited drugs
marke ted , N i r id azo le , Hycanthone , and Oxamn iq u i ne ,
give about an 80 perc ent cure rate but administratively
accom panied by some major side-effects. At no time
in our medical history have we been so vulnerable to
a tro pical disease as schistosomiasis; prophylactic
drugs are non -ex istent and curative drugs are limited.
Toda y ’s global strategi c areas are Africa and the Mid-
dle East which are hot-beds of schistosom lasis. A
major research effort in the ant l-schistosome drug
development program is being carried out by the U. S.
Army Walter Reed Army Institute of Research . The drugs
are obtained from the Di vision of Medicinal Chemistry
(WRAIR). These drugs are tested for prophylactic and
curative anti -s chistosomal activity in mi ce at the U.
S. Arm y Medical Resear ch Unit/Brasilia. Our research
is aimed toward s finding prophylactic and curative
dru gs for use in the prevention and treatment of schis-
tosomiasi S.

PROGRE SS :

a. Laboratory Facility . We have upgraded the labora-
tory equipment giving us limited general laboratory
capability by having on hand: 1) portable sterili zer ,
2) 12 place centrifuge , 3) constant temperature box ,
4) oven , and 5) a lyophilizer .

b. Animal Facilities. Many laboratories throughout
the world use a woodch lp or sawdust type bedding to
house mice. In our early years of anti -schistosome
drug testing in Japan , 1964 , we had a 30 to 40 percent
mouse test group failures in which the mouse infections
were no t up to the standards set and the entire test
group results had to be discarded. Until very recently,
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197 6, the exper imental test group ’s control i nfec ted
m ice in the primary mortality test system had a 30
percent failure rate for mice exposed to 3,000 or more
S. manson i cercariae but failed to give the ID00 by• the 30th da y of i nfec ti on. In Jul y 1976, we s~~pectedthat the infection failures might be caused by toxic
substances present in the woodch ip bedding . Our an-
al ysis of the woodchip bedding did show that substances
were present that affected the Infection in mice. Dur-
ing October 1976 , we changed over from woodch ip to
ground corn cob bedding for mouse maintenance. The
entire breeding colony at the Bioterio of the University
of Brasilia and our drug test animals were pl aced upon
ground corn cob bedding. Since the change in mouse
bedding, we have had no test group failure s. We now
know that of the 20 Brazilian woods tested , a t leas t
three are toxic to mi ce and even man. In our opinion ,
if schistosomi asis research laboratories are experien-
cing poor infections in mice , the initial problem to
address is the bedding.

c. Sna il Colony . The laboratory Biompha lar ia glabrata
sna il colony ( Paulista Strain ) provides a uniform
source of S. mansoni cercar lae for inf ecting mice. The
sna i l co l ony i s res pons i ve to our cerc ar i al re q u i rements ,
and our daily average population of snails shedding
cercar i ae w a s 1,318 throughout FY77. We expose indiv id-
usll y 400 snails weekly to 8 to 10 S. mansoni miracidia
that are recovered from macerated infected livers from
the schistosome life cycle mice. During the 42 day in-
cuba tion period , the snail survival rate was 88 percent

• and of those surviving snails , 52 percent were isolated
as positive cercaria l shedding snails , the snail fac4-
lity ’ s cercar ial production Is a five million cercari ae
per wee k ( sufficient cercar iae to expose 1 ,250 mice
weekl y to 4 ,000 cercariae.
d. Drug Testing . The 500 to 1 ,000 mg drug samples re-

• ce ived allow us to carry out both prophylactic and cur-
ative testing for ant i-schistosome activity . We test
50 drugs twice monthly for prophylactic activity in the
mouse mor tality test system. Drugs are given subcutan-
eously at 1280 mg /kg on the second day after exposure
to 3,000 or more S. manson i cercariae. In the curative
test , 60 drugs are tested twice monthly. Each drug Is
g iven subcutaneou sly at 100 mg/k g for five consecutive
da ys beginning 30-35 days after mice were exposed to
175 /200 S. mansoni cercar lae .

e. Schistosom iasis. A ser ies of experiments were car-
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n e d  out to standardize the Brazilian Paulista strain
of schistosomlasis mansoni In mice for the m ortality
an d the curative test systems . Mice were exposed to
seven cercar i al doses ( 500, 1000, 1500 , 2000, 250 0,
3000, and 3500 ) with four exposure times ( 15 , 30, 45,
and 60 minutes ). The mouse deaths were recorded daily.
Likewise , mice were exposed to 75 , 150 , and 225 cercar-
iae for 15 , 30, 45, and 60 minute exposures . The infec-
tion rates were determined by mouse worm burdens. The
preliminary data shows that the death rates and the F

mouse worm burdens are about the same for the four dif-
ferent ex posure times .

f. Operating Personnel. The drug testing program is
directed by one American Seni or 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) Sn—
all Colony ( 2 people ), 2) Anima l Service ( 2 people ),
3) Necropsy ( 1 person ), 4) Pharmacy ( 2 people ), and
5) AdminIstration ( 1 person ). All individuals are
cross -trained to perform the seven day work schedule of
daily snail mainten ance , subcutaneo us and gavage drug
administration , daily mouse maint enance with mortality
checks , and mouse exposures to cercariae. Each indi-
vidual is able to perform all duties in two other areas
of work .

TEST PR OCED URE :

Rou tinely all drugs received are first screened for
prophylactic ant i-~chistosom a l activity by the mouse
mortality test system ( Radke , et. al ., 1971 ), and
secondly some selected and all active drugs are screen-
ed for curative activity . The mice used In both test
systems are the Swiss -Holland 40 albino mice , 43 ± 5
days old , weighing 18-23 arams.

The mortality test system evaluates drugs for prophy-
lactic activity . Mice are tall-exposed individually
to 3,000 or more S. mansoni cercariae for 45 minutes .
Two da ys a fte r cercar ial ex pos ure , the drugs are given
subcutaneously in a single inocu lation at 1280 mg /kg
to five test animals. Active drugs are identified by
mouse survival . Each prophy lactic test group uses 315
mice; 250 infected mice are used to screen 50 drugs ,
50 infected nontreated control mice , five Niridazole
treated mice ( reference drug ), and 10 normal mice.

.1 The infected nontreated control mice will begin dying
on the 20th day of infection and none will survive



beyond the 30th day in most cases. Active drug s are
those in which mice survive two weeks after all in-
fected control mi ce are dead . At 49 days , al l survi-
ving mice are sacrificed and perfused ( Radke , et.al .
1961 ) for total worm burden determination.

The primary curativ e test ( PCI ) system as used in
the Japan anti -schistosome drug testing program during
the years 1968-71 was never published , except for a
short description appearing in the WHO Schisto Report
(1973.30). This brief account , however omitted criti —

• cal phases of the test procedure. The PCI uses infec-
ted mice that have been tailed exposed for 30 min utes
to 200 Schistosoma niansoni cercariae ( Puerto Rican

• strain ). Thirty to 35 day s postexposure the drugs
are administered orally at 100 mg/kg in five daily
doses; three days later the treated and untrea ted in-
fected mice are k illed , their livers removed , and li-
ver squash preparation s made for worm counts. An ac-
tive drug in the PCI is identified by an incr ease in
the number of liv e worms in the liver ( more than 10
per mouse ) and an increase in the total number of
worms in the liver , with the concurrent presence of

• dead worms. The worm shif t is considered to be a re-
suit of drug pressure.

When we undertook to expand the Brasili a Anti — schis-
tosome Druo Development Program in 1976 to include a
curative test ( PCT ), we first observed that the re-
ference drug N iridazole had que stionable activity
against the Brazil Paulis ta strain of S. md nsoni when
given orall y ( 100 mg/ kg ) under the conditions listed
above. Secondly, the liver squash worm burden counts
from infected control mice were 2 to 3 times higher th-
an the 0 to 5 worms reported from the Japan studi es in• which the Puerto Rican str ain of S. mansoni was used .

A preliminary primary curative test performed at WRA IR ,
using the cercari ae from the same S. mansoni Puerto• Rican strain as was used in the Japan ant i— schistoso n”~• drug testing program , tentatively confirmed the Japan
findings of 0 to 5 worms in livers of the infected con-
trol mice. However , the infected mice were killed in-
dividually by cervical di slocation , livers removed im-
mediately ( within 15/20 seconds ) and liver squash
preparations made for worm counts. A second experi-
ment ( Personna l Communic ations from Reid/Loizeaux ,

• 1977 ) demonstrated that when mi ce were killed by cer-
vical dislocation or ether and the livers were not re-
moved for 10 to 15 minutes, th en th e worm coun ts from

-4
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the squash preparations averaged 12 and 29 worms respec-
tively. We were encouraged by this report , and we dis-
continued using ether to kill groups of five mice and
began to kill mice individuall y by cervical di slocation
followed by the immediate removal of the liver ( within
15 seconds ) for the liver squash preparation. However ,
using the above procedure , th e li ver s quash worm coun ts
were mor e thd n 10 worms per mous e ( range 10 to 30 )
for 11 of the 15 PCI groups. Our next appr oach was to
investigate worm crowding as a p ossible factor for the
increased numbers of worm s recovered in our infected
control mice. Three experiments were carried out using
mice , tail exposed for 30 minutes to 75 , 150 , and 225
S. mansoni cercari ae. The infected mice were killed
as described above and the mean liver squash worm counts
per mo use for 150 cercariae exposures were: 10 , 12 , and
15 , and for 225 cercari ae exposures were: 13 , 10 , and
12. In mice exposed to 75 cercariae , th e avera ge num bers
of worms per mouse from the liver squ ash preparations
were lower ( 7, 4, and 5 ). However , in mice exposed
to 200 cercariae , the range in total worm burdens C as
determined by perf usion ) varied from 50 to 100 which
was similar for either the Puerto Ric an or Brazilian
Pau lista strain s of S. manso ni . Consequently, the
primary curative test ( PCT ) is still under develop-
ment. Studies are currently underway to determine if
the differences in worm numbers in the liver are strain
related or possibly are related to other environmental
factors. In the B rasilia PCI system , we use as the re-
ference dru ct Oxamniq uine which is given subcutaneously
( equally effective orally ) at 100 mg/kg for five con-
secutive days. A potentiall y active drug is one in
which we find a 2 to 3 fold increa se in worms in the
liver squash prep aration with some worms being sick ,
and/or the presence of dead worms. Such test results
are confirmed by a second identical test. A routine
primary curati ve test uses 340 mice; 300 infected mice
for screening 60 bot tle number drugs , 15 infected mice
are treated with Oxamniqu ine ( reference drug ), 15 are
untreated infected controls and 10 are normal non-infec-
ted mice.

RESULTS :

Durin g P1 1977 , a total of 2,096 bottle number drugs
were tested in either the prophylactic or curative
test system. Using the mortality test , 1 ,310 bottle
number drugs were tested either at 1280 mg/kg or at
a lower retest dosage of 40 and 160 mg/kg. The pro-
phylactic test results were: 879 drugs were negative,



428 drugs were toxic , and 3 drugs were active ( see
Figure 1 ). In the curative test , 786 bottle number
drugs were screened for anti -schistosome activity at
either 100 mg/kg for five days or at a lower dosage .
Drug test results were: 704 neg ative , 41 toxic , 35
unconfirmed actives that were tested only once , and 4
active ( see Figure 1 ). Only one bo ttle number drug
ZN 07500 , a discreet compound , was tested twice in
the PMT and PCT systems ~irid found dct i v e . The acti ve ”
compounds are listed only by code numbe rs at the re-
quest of the Di vision of Medicinal Chemistry (WRA IR)
since many ( but not all ) are protected propri etary
secrets (“commercially discreet”) .
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FIGURE 1

A List of Eott le Number Drugs Found to be Active again st
Schistoso rn iasis m anso n i by the Mouse Mortality Test and

Curat i ve Test System

Mortality
W RAIR /BRA S IL IA Bn Proph y lactic Curat i ve

No. Drug Test* Test*

BC 07 271 (BR 1203) 320/400

BC 21 646 (BR 565)0 40

BC 42 618 (~ R 1532)0 40

BE 97 55 1 (BR 1777)0 1280

BG 52 598 (E’ R 2079) 1280

ZN 07 500 (BR 2560)0 160 /1280 25/50

* = Confirmed by repeat testing; dosages in mg /kg,
admi ni stered subcutaneously

D = Discreet Compound

___ _ _ _ _ _  -4
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