
AD

COOPERATIVE AGREEMENT NO: DAMD17-94-V-4004

TITLE: TESTING OF EXPERIMENTAL ANTILEISHMANIAL COMPOUNDS

PRINCIPAL INVESTIGATOR: William L. Hanson, Ph.D.

CONTRACTING
ORGANIZATION: University of Georgia Research Foundation, Inc.

Boyd Graduate Studies Research Center (GSRC)
The University of Georgia
Athens, Georgia 30602-7411

REPORT DATE: October 19, 1994

TYPE OF REPORT: Final Report

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick
Frederick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

19941215 162



REPORT DOCUMENTATION PAGE Form Approved

0 MB No. 0704-0188
Puoi~c eaorinq Dcroen for r, ~ofiection of ntrato % eitimatecQ To a~ra I our oer -!soarw. mciuainq -he tirne -or reviewing instructionsi. searcriinq ex¶tina d~ata souri

nir al"1.ea. Inq Ifle le~t& neqoea. Anad C0O01*11 and rerVw.'"q .Pe tcclonicri of Afo-'.t.0r ;end zoflnerit% arecing M.%r outQof eitI,,t 0' ~ W' asedt of ""s~
.e0ioIfti.f .mf iormation. *mcluaiq ug " ems'-uti, o utoei !c~ Narnrmqon ýTiooujryer Servicei. D rectora tenor into,'inaon 00e r~ateor ~or In. 1' e~~

:).. H-rivsy Suite 1204. Amrunqon, va 22202-4302. irno to trim Office ot '-A4, nqeenT and 8oqeit. n oer'-of ReducionProject (704.0. 38)..Wasnington. DC ý0503.

i. AGENCY USE ONLY (Leave blanx) 2.RPR ATE j3REORT TYPE AND DATES COVERED

I19110194 FINAL REPORT (28/03/94-23/09/94)
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

TESTING OF EXPERIMENTAL ANTILEISIIMANIAL C014POUNDS Cooperative Agreement
No. DAVDL7-94-V-4004

6. AUTHOR(S)

Dr. William L. Hanson, Principal Investigator

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

The University of Georgia Research Foundation, Inc. REPORT NUMBER

Boyd Graduate Studies Research Center (GSRC)
The University of Georgia
Athens, GA 30602-7411

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/ MONITORING

U. S. Army Medical Research and Materiel Command AGENCY REPORT NUMBER

Fort Detrick
Frederick, ED 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION I AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; Distribution unlimited

13. ABSTRACT (Maximum 200 words)

Six plant derivatives which were selected for in vivo study because of their in vitro anti leishmanjat
activity and low toxicity were studied for activity against Leishmania Leishmania donovani and
Leishmania Viannia brazitiensis in hamsters. The time interval between completion of treatment and
evaluation of results was extended up to 4-6 weeks to evaluate any possible delayed anti leishmaniat
activity by the compounds. None of the compounds studied were active in hamsters against either species
of Leishmania. Extension of time between treatment and evaluation of results did not increase the in
Vivo activity of any of the compounds studied.-

None of the compounds studied were toxic base d on body weight loss, mortality, or clinical signs.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Leishmania Leishmania donovani; Leishmania Viannia braziliensis- 1
Chemotherapy; Plant derivatives '16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified I Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev 2-89)

Pei~fctne Dy ANSI Sta Z39-19
29e.-102



I

FOREWORD
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this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.
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Animals," prepared by the Committee on Care and Use of Laboratory
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Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
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the National Institutes of Health.
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INTRODUCTION

Protozoan parasites of the genus Leishmania are widespread throughout
the world where they cause a complex of visceral or cutaneous diseases in
human beings as well as some animals including dogs in numerous tropical and
sub-tropical countries (1,2,3). Since the leishmaniases commonly exist as
zoonoses, these diseases pose a significant potential threat to military
personnel as well as military dogs throughout endemic areas. Relatively
recent publicity regarding infection of personnel involved in Operation Desert
Storm has reemphasized the military significance of the leishmaniases.

0 Better drugs are needed for the treatment of the leishmaniases since
those currently available are often not satisfactorily effective and are
potentially toxic to man and animals.

This laboratory has been involved for several years in studies to
identify new compounds for antileishmanial activity against both visceral
(Leishmania Leishmania donovani) and cutaneous (Leishmania Viannia
braziliensis) leishmaniasis. Although several new compounds have been
identified with activity against L. (V.) braziliensis, none have shown
adequate promise to warrant initiation of clinical trials. However, among the
most promising active compounds found against visceral leishmaniasis during
these studies is the 8-aminoquinoline, WR06026 (4). This compound is now
undergoing clinical trials in Kenyan visceral leishmaniasis patients. Testing
for compounds active against visceral leishmaniasis has continued during this
project period in the event that WR06026 does not perform in the field as
expected and testing has continued to identify more active and less toxic
compounds for L. (V.) braziliensis. Emphasis was placed on the study of in
vivo activity of plant derivatives which have been noted previously to be
active in vitro against Leishmania.

This report summarizes the results of studies conducted for this
contract during the period March 28, 1994 through September 23, 1994.
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MATERIALS AND METHODS

I. Visceral Test System

A Khartoum strain of L. (L.) donovani (WR378) was used and the
golden hamster (Mesocricetus auratus), 50-70 gm, served as the host
animal. Suspensions of amastigotes for infection of experimental
hamsters were prepared by grinding heavily infected hamster spleens in
sterile saline in a Ten Broeck tissue grinder and diluting the
suspensions so that 0.2 ml contained approximately 10 X 106 amastigotes.
Each experimental hamster was infected via the intracardiac injection of
0.2 ml of the amastigote suspension.

The testing procedure used was that described by Stauber and his
associates (5,6,7) as modified by Hanson, et al. (8) with the exception
that the time interval between completion of treatment and termination
of the experiment was extended (see next paragraph). On Day 3 following
infection, hamsters were divided randomly into experimental groups
consisting of a minimum of 6 animals per group, initial group weights
were obtained, and administration of test compounds was initiated. Each
compound was tested at 2 or 3 drug dosage levels dependent on the
priority rating and nature of the compound.

The vehicle for the reference and test compounds was 0.6% DMSO.
Each test group contained six hamsters. A control group of six hamsters
received the 0.6% DMSO vehicle only and the reference compound,
Glucantime®, was given at 2 drug dosage levels, 416 and 208 mg sb/kg.
All test compounds were administered at 832 total mg/kg. The reference
compound, Glucantime®, was administered via the intramuscular route and
the test compounds were administered orally twice daily on days 3
through 6. Final group weights were obtained on all experimental
hamsters on Day 7 and all hamsters were killed four weeks after
completion of treatment, livers removed, weighed, and liver impressions
made for enumeration of amastigotes. Subsequently, the total number of
parasites per liver was determined as described by Stauber, et al.
(5,6,7).

In addition to recording body weight changes as a general
indicator of toxicity of the test compounds, experimental hamsters were
observed for such clinical signs of toxicity as nervous disorders,
roughened hair coat, and sluggish activity. Deaths of the animals was
also considered indicative of significant drug toxicity.

After determining the ratio of numbers of amastigotes per host cell
nucleus, the weight of the organ, and initial and final weights of the
hamsters, the raw data was evaluated with a Gateway 2000 microcomputer
using a program which calculates percent weight change, total numbers of
parasites, mean numbers of parasites per organ, and percent parasite
suppression. The computer program then performs linear and non-linear
regression analysis and calculates an SD5 0 for active compound from each
of the analyses (drug dosage resulting in 50% suppression of
amastigotes). The SD50 from the non-linear analysis is used for a
comparison of the relative efficacy of the test compounds and the
efficacy of test compounds relative to that of the reference compound,
Glucantime®. The linear regression analysis is included only for
comparison with the non-linear analysis.
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II. Cutaneous Test System

Leishmania (V.) braziliensis (WR539) was used in these studies.
Male golden hamsters, 50-70 gm, served as experimental hosts.

Promastigotes for establishing experimental infections in hamsters
were grown in Schneider's Drosophila Medium (Hendricks, et al., 9) and
quantitated using procedures described previously (Hanson and Roberson,
10). In preparation for infection and weekly during the experiment, the
hair was clipped on the dorsal tail head and a commercial depilatory
agent applied to the area to remove the remaining hair. Each hamster
was inoculated via the intradermal route with approximately 1.5 X 107
promastigotes of L. (V.) braziliensis near the base of the tail using a
0.25 ml glass syringe equipped with a 30 gauge X 1/2" needle. Each
experimental group consisted of six hamsters. Initial body weights were
obtained and administration of therapy was initiated on Day 19
postinfection, and continued through Day 22 postinfection. Glucantimee
was included at two dosage levels (832 and 208 total mg/Sb/kg) as the
reference compound, and a group of six hamsters received vehicle only
(0.6% DMSO). Test compounds were administered at 780 total mg/kg. The
reference compound, Glucantime®, was administered via the intramuscular
route and the test compounds were administered orally.

Lesion area of each experimental hamster was determined one week
after completion of treatment and again at eight weeks after completion
of treatment with the aid of a template made at WRAIR and calibrated
according to the formula rlr 2 7r where ri is the major radius of the
lesion and r 2 is the minor radius (Wilson, et al., 11). The mean lesion
area of each experimental group was obtained and the percent suppression
of lesion size calculated by comparing the mean lesion area of each
treated group with that of the group receiving vehicle only with the aid
of a computer program and a Gateway 2000 microcomputer. The computer
program performs linear and non-linear regression analysis and
calculates an SD50 for each active compound using both analyses. The
SD0 obtained from the non-linear analyses is used for a rough
comparison of the relative efficacies of the test compounds and the
relative efficacy of test compounds with that of the reference compound,
Glucantime®. The linear regression analysis is performed for comparison
with the non-linear analysis.
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RESULTS

Six plant derivatives which have been noted by others to be active in
vitro against Leishmania were noted to be inactive in hamsters when tested
against either L. (L.) donovani (Table I) or L. (V.) braziliensis (Table II).
Extension of time up to 4-6 weeks between treatment and evaluation of results
did not increase the in vivo activity of any of the compounds studied in
either test system.

None of the compounds were toxic to hamsters as indicated by mortality,
weight loss, or clinical signs.

DISCUSSION

The purposes of these studies were (1) to determine whether selected
plant derivatives with in vitro antileishmanial activity were also active in
vivo in hamsters, and (2) to determine if extending the interval between
completion of therapy and evaluation of parasite numbers or lesion size would
reveal possible evidence of delayed activity of the test compounds.

Although these compounds had been observed to be active in vitro, no
evidence of in vivo antileishmanial activity was noted in our studies. It is
not unusual for test compounds to be active against parasites in vivo and not
be active in vitro which may be due to a variety of factors (12).

Extension of the time interval between administration of the test
compounds and evaluation of their effect did not reveal any evidence of
delayed activity of the test compounds.

CONCLUSIONS

1. The probability of identifying compounds with in vivo antileishmanial

activity is low.

2. Although the compounds selected for these studies were active in vitro
but not in vivo, in vitro activity must remain a major criterion for
selecting test compounds.

3. Although the plant derivatives selected for these studies were not
active, this approach has tremendous merit and should continue since
historically considerable success has been achieved with plant
derivatives against such parasites as amoebae, Plasmodium, and various
helminths.
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Table I. Summary of the suppressive activity of selected compounds against
Leishmania Leishmania donovani four weeks after the completion of
treatment in the golden hamster.

Total Percent
Treatment mg/kg Route Suppression

Vehicle
(DMSO) PO

BL09186 416 IM 36
(Glucantimes) 208 21

BN38070 832 PO 2

BN38089 832 PO -23*

BN38098 832 PO -5*

BN38105 832 PO 1

BN38114 832 PO 2

BN38123 832 PO -7*

Negative percent suppression signifies a greater mean number of
amastigotes/liver in the experimental group than in the vehicle control
group.

PO: per os
IM: intramuscular
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Table II. Summary of the suppressive activity of selected compounds against
Leishmania Viannia braziliensis one week and eight weeks after
completion of treatment in the golden hamster.

Percent Suppression
Treatment Total Route

mg/kg
1 week 8 weeks

Vehicle
(DMSO) PO0

BL09186 832 IM 62 26
(Glucantime®) 208 39 16

BN38070 780 PO 26 3

BN38089 780 PO 16 3

BN38098 780 PO 10 6

BN38105 780 PO -10* -6*

BN38114 780 PO 10 -12*

BN38123 780 PO -13* -10"

Negative percent suppression signifies a larger mean lesion area in the
experimental group than in the vehicle control group.

PO: per os
IM: intramuscular
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