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". to 2.00 versus 160), and three of the aminoquinolines test d were significantly
*.' toxic in mice. The LD50 for Pentostam in this model was E0 mkd, whereas that
..*" for the experimental compounds tested was 10 to 125 mkd. Cutaneous and muco-

cutaneous infections in BALB/c mice were only slightly altered by treatment
with these drugs. Based upon these data, none of the"aminoquinolines is
recommended for further testing.

---Ke imidazole ketoconazole and its acid hydrolysate are active against
Trypanosoma and Leishmania species in vitro. Neither of these compounds

was active against L. donovani infections in mice, probably because leishmania
preferentially use serum cholesterol in vivo. Clinical trials reveal high
doses for several months are necessary-to pr ote healing. Neither the
Pentostam ncr Therapeutic Index of these imi zoles indicates further develop-
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_.hree types of combination chemotherapy were tested against visceral,
cutaneous, and/or mucocutaneous infections in BALB/c mice. These included
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e.g., Pentostam, Pentamidine, and the best experimental ones, eg. Lampit,
Radanil, WR 6026, should be given high priority. We recommend that experiments
be designed to test DFMO with selected agents in each of our mouse test systems
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FOREWORD

In conducting the research described in this report, the
investigator(s) adhered to the "Guide for the Care and Use of
Laboratory Animals," prepared by the Committee on Care and Use of

* Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council (DHEW Publication No. (NIH)
78-23, Revised 1978).

Citation of commercial organizations and trade names in this
report does not constitute an official Department of the Army
endorsement or approval of the products or services of these
organizations.
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SUMMARY OF RESEARCH

Contract DAMD17-80-C-0061 was initiated 1 July 1980 to serve
as a Secondary Screening Program primarily to identify new
antileishmanial drugs against New World cutaneous, mucocutaneous,
and visceral leishmaniasis. Using 3 subspecies of the Leishmania
braziliensis complex, two L. mexicana subspecies, and L. donovani
Sudan strain 1S, we determined:

(. the optimum conditions for rapid, reliable screening,
(2. the Effective Dose (ED) 50 and 90 for sodium

stibogluconate (Pentostam) and meglumine antimoniate
(Glucantime) in these models,

(3. the efficacy of primaquine phosphate and
five 8-aminoquinolines identified in the primary screening
hamster model,

(4. the effect of combination chemotherapy using systemic
Pentostam with its topical cream or with BCG, and

(5. the efficacy of two new antileishmanial drugs identified
by rational approaches to drug therapy: ketoconazole and
alpha D,L-difluoromethylornithine (DFMO).

BODY OF REPORT

I. Cutaneous and Mucocutaneous Test Systems

A. Protocol

Rapid, reliable cutaneous and mucocutaneous test systems
were developed using Leishmania mexicana mexicana, L. m. amazo-

nensis, L. braziliensis panamensis, and L. b. guyanensis infec-
tions in BALB/c mice. During the first year of this contract,
promastigotes of these species were determined to be as effective
as amastigotes in producing reliable lesions for screening, if
cells were cultivated in complete Schneider's medium [CSM

*> Schneider's drosophila medium (GIBCO) + 15% v/v heat-inactivated
*- fetal bovine serum (4yClone, Sterile Systems, Logan Utah)] to

stationary phase [Annual Report 1, Figures 1, 2, 4, & 5 (1)].
Infectivity could be maintained through several subcultures.
Lesion size was time and dose dependent. A dose of 10' amasti-
gotes of L. mexicana or L. braziliensis produced lesions for
testing -and 6 weeks after infection, respectively.

B. Standardization of Antimony

As per our standard protocol in which mice were inocu-
lated intradermally with 0.1 ml containing 107 amastigotes or
stationary phase promastigotes at the naired base of the tail, we
determined that: (I. neither Pentostam nor Glucantime cured
early or late BALB/c infections of L. m. mexicana or L. b.
panamensis, (?. Glucantime was somewhat more effective suppress-
-in established infections of L. b. panamensis, and (3. repeated
therapy regimes did not improve the efficacy of either drug

_..- -..-- " - . .'. *- .. . * .- , . •.- .. .....-... . -.... -. ,.-.-. ... ***".-*.- ~- " . . . -= *4 -- -
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against L. mexicana or L. braziliensis infections (Annual Report
1, Figures 6-9). The ED-50 and 90 for suppressing cutaneous or
mucocutaneous lesions was one to two logs greater than that
required to cure visceral L. donovani infections in BALB/c mice:
461 - 1200 mg/kg/day (mkd)-x 5 and 29 or 58 mkd, respectively.
(Annual Report 1, Figs. 6-9, Table 1).

Based upon these data, 400 mkd pentavalent antimony x 5, 10,
or 15 days was selected as the standard Pentostam dose against
which experimental drugs would be tested. The differences both
between treatment of early and late L. braziliensis infections,
and the greater efficacy of Glucantime v/s Pentostam is not
understood at this time. Self-healing has been reported in
another experimental L. braziliensis panamensis model (2).

C. WRAIR Screening

1. Aminoquinolines

Once established, these two test systems were used to
screen primaquine phosphate and five 8-aminoquinolines identified
as potential antileishmanial agents in the hamster primary test
system [Annual Report 2, Table 1 (3)]. In our cutaneous and
mucocutaneous test systems, none had significant suppressive
activity, and none was competitive with Pentostam (Annual Report
2, III.A., Table 7). Three aminoquinolines (WR-211-666, 227-495,
and 241-317) were significantly toxic for mice in this test sys-
tem. Therefore, none of these was recommended for further test-
ing (Annual Report 2, IV. A).

2. Imidazoles

Based upon negative results in our visceral test sys-
* tem (Annual Report 2, III. B.), the imidazole ketoconazole and

its acid hydrolysate were not recommended for testing in our
cutaneous and mucocutaneous models.

3. Combination Chemotherapy

a. Topical Pentostam

During the second year of this contract the effi-
cacy of topical Pentostam alone or in combination with systemic
Pentostam was tested against L. braziliensis infections. Pentos-
tam cream alone had no effect, and there was no potentiation

,* using combination chemotherapy (Annual Report 2, III. C.1, Tables
"* 9 & 10). Lack of enhancement is most likely due to the absence

of or inappropriate metabolism of pentavalent antimony in the
skin to its active trivalent form (Annual Report 2, IV. C.1).
Topical trivalent antimony may have been more useful. If topical
antimony or other creams are to be developed, we recommend that
in vitro studies using labelled compounds and skin slices, as in
T•-pTEi'-steroid trials (4), be used to provide more direct evi-
dence for potential efficacy prior to animal screening. More

V 'ww * , '. .i. ..C . . . . .
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needs to be understood about the mode of action of Pentostam and

its percutaneous absorption by the skin.

b. Pentostam and BCG

A modification of the secondary cutaneous test sys-
tem was used to test the effect of BCG in combination with Pen-
tostam against L. m. amazonensis infections in BALB/c mice
(Annual Report 2, TII. C.2). Results showed faster initial reso-

* lution of lesions, but no cures were obtained. This is probably
due both to the ability of the parasite to use metabolic pathways

* other than glycolysis, which Pentostam affects (5,6), and to
. incomplete understanding of the specific mode of action of BCG

against New World cutaneous leishmaniasis. Because of promising
results in our test system and those of others (7-9), we recom-

. mend combination chemotherapy using BCG, Pentostam, and DFMO be
further explored (Annual Report 2, IV. C.2).

c. Polyamine Inhibitors

Based upon preliminary data in the visceral model
(Annual Report 2, Tables 11 & 12), we are designing experiments
to test the efficacy of the polyamine inhibitor DFMO in combina-
tion with known and experimental antileishmanial compounds
against cutaneous and mucocutaneous infections.

II. Visceral Test System

A. Protocol

Using a modification of the hamster (10) and mouse (11)
test systems, we have determined that BALB/c mice inoculated
intracardially (IC) with 0.1 ml splenic amastigotes or stationary
phase promastigotes produced reliable visceral burdens for
screening 7 to 14 days later (Annual Report 1). Intracardial
injections allow direct comparison of this test system with the
hamster primary screening model.

B. Antimony Standardization

The ED 50 and 95 for Pentostam against L. donovani Sudan
strain infections in this test system were determined to be 29
and 58 mkd x 5 days, respectively. Based upon these data, 40 mkd
was selected as the standard Pentostam dose against which experi-
mental drugs would be tested in the visceral model.

C. WRAIR Screening

1. Aminoquinolines

Because this test system is rapid (14 days), we used
it first to quickly test the activity of five 3-amiinoquinolines,
primaquine phosphate, and two imidazoles sent to us by WRAIR

* .* - *- . .- . -
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(Annual Report 2, Table 1).

The 8-aminoquinolines tested, which showed promise in the
primary hamster model, were also active in our secondary BALB/c
test system, as indicated by Pentostam Indices of 1.4 to 11.8
(Annual Report 2, Table 7). However, all spleens from these mice
were culture positive. No cures were obtained, and none of the
Therapeutic Indices for these agents was competitive with Pentos-
tam (TI = 1.20 - 2.00 versus 160). The LD50 of Pentostam was 600
mkd, whereas that for WRAIR aminoquinolines was 10 to 125 mkd
(Annual Report 2, IV. A). Based upon these data, none of the
WRAIR aminoquinolines was recommended for testing in our cutane-
ous or mucocutaneous test system (Annual Report 2, IV. A). The
toxicity of primaquine phosphate and the 8-aminoquinolines
observed was consistent with that known for these compounds, and
was probably due to gastrointestinal intolerance and methaemaglo-
binemia (12).

2. Imidazoles

The visceral model was also used to evaluate the anti-
fungal imidazole ketoconazole and its acid hydrolysate (Annual
Report 2, Tables 3). Although these drugs have in vitro activity
against species of Trypanosoma and Leishmania (I-14T, neither
was active in our secondary test system (Annual Report 2, III.

* B). Ketoconazole disrupts ergosterol synthesis (15), and ergos-
terol is a major component of leishmania promastigote membranes
(16). This imidazole inhibits promastigote sterol biosynthesis in
the presence and absence of serum (Berman, J.D., G.G. Holz, Jr.

* and D.H. Beach, 1983, Leishmania sterol biosynthesis is inhibited
by ketoconazole, Abstract 16, 36th Ann. Meeting, Soc. Protozool.,
Pace Univ., NYC, 20-24 June), but its uptake and specific effect
upon intracellular amastigotes was not tested. Within the host,
cholesterol is probably preferentially catabolized for biosyn-
thesis of membranes (15). This may account for the inefficacy of
ketoconazole in vivo. In humans, near toxic doses for several
months must be usT to promote healing (17-18). Therefore, nei-
ther of these drugs is superior to Pentostam and neither was
requested for testing in our cutaneous L. mexicana or L. brazi-
liensis systems. The manufacturers have determined this drug will
not be further developed for use in humans (H. Van den Bossche,
Pers. Commun.).

3. Combination Chemotherapy

a. Pentostam and BCG

The effect of BCG and Pentostam was not tested in
our visceral model Its efficacy has already been shown by oth-
ers (7).

* ~....-...,.....-..... -........ '........-.,....".....-, .'-....
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b. Polyamine Inhibitors

During the first year of this contract, the
polyamine inhibitor DFMO alone was tested in our visceral system
and showed no activity (Annual Report 1, Table 2). DFMO alone is
active against bloodsteam trypanosomes (19), but its action was
potentiated when it was combined with the antitumor drug Bleomy-
cin (20). DFMO alone in our preliminary trials was inactive
against L. donovani infections probably because intracellular
leishmanla divide more slowly than do extracellular trypanosomes.
DFMO is preferentially taken up by rapidly dividing cells (19).
In a subsequent series of tests, however, 1% DFMO in the drinking
water, before or at time of infection, in combination with 3 mkd
Bleomycin, suppressed infections 91% or 37%, respectively (Annual
Report 2, Tables 11 & 12). DFMO and Bleomycin did not cure all
mice, but the treatment was competitive with Pentostam, as meas-
ured by cultures and impression smears. Liver burdens were
suppressed 46% even when treatment was begun 3 days after infec-
tion.

This is the first time in more than 30 years that sny com-
pound has been competitive with antimonials. DFMO is non-tox.ic
and specific for an essential pathway in leishmania (Annual
Report 2, Fig. 4, Tables 13 & 14). Its prophylactic effect and
ease of delivery suggest this agent be given priority for further
trials in combination with known, active compounds eg. Pentostam,
Pentamidine, and with the most promising new, experimental covn-
pounds eg. WR 6026, allopurinol riboside, Lampit, Radanil.



-8-

LITERATURE CITED

* 1. Annual Report 1, Contract DAMD17-80-C-0061. July 1980-
January 1981.

2. Wilson, H.R., B.S. Dickman and G.E. Childs. 1979. Leish-
mania brasiliensis and Leishmania mexicana Experimental
cutqneous infections in golden hamsters. Exp. Parasitol.
47: 270-83.

. 3. Annual Report 2, Contract DAMD17-80-C-0061, February 1981-
June 1982.

4. Barry, B.W. 1983. Properties that influence percutaneous
absorption. In: Dermatological Formulations. Percutaneous
Absorption, Marcel Dekker, Inc., New York, pages 127-145.

5. Gutteridge, W.E. and G.H. Coombs. 1977. Biochemical
Mechanisms of drug action. University Park Press, Bal-
timore, Maryland, Chapter 9, pages 121-126.

6. Keithly, J.S. and S.G. Langreth. 1983. Inefficacy of
Metronidazole against Leishmania donovani, L. mexicana, and
T rypanosoma brucei brucei. Amer. J. trop. Med. Hyg.
32: 485-496.

7. Smrkovski, L.L., L. Lloyd, and C.L. Larson. 1977. Effect
of BCG on Leishmania donovani infections in mice. Infect.
Immun. 16: 249-257.

- 8. Weintraub, J. and F.I. Weinbaum. 1977. The effect of BCG
on experimental cutaneous leishmaniasis in mice. J. Immu-
nol. 118: 2288-2290.

9. Grimaldi, G.F., P. Moriearty, and R. Hoff. 1980. Leish-
mania mexicana in C3H mice: BCG and levamisole treatment in
established infections. Clin. exp. Immunol. 41: 237-242.

10. Stauber, L.A., Franchino, E.M., and Grun, J. 1958. An
eight-day method for screening compounds against Leishmania
donovani in the golden hamster. J. Protozool. 5: 269-273.

11. Bradley, D.J. and J. Kirkley. 1977. Regulation of leish-
mania populations within the host. I. The variable course
of Leishmania donovani infections in mice. Clin. Exp. Immu-
nol. 30: 19-129.

12. Carson, P.E. et al. 1981. Toxicology of the 8-
aminoquinolines and genetic factors associated with their
toxicity in man. Bull. World Health Org. 59: 427-437.

: ~~. ....,.,...........,...... ... . .. .... , ....... .. . - % , *%........ .* N.''',- ", *%, .



= - -. , •P4,-

p -9-

13. Berman, J.D. 1981. Activity of immidazoles against Leish-

mania tropica in human macrophage cultures. Amer. J. trop.
Med. Hyg. 30: 566-569.

14. Gutteridge, W.E., M. Gaborak, and B. Cover. 1978. Compara-
tive study of SQ 18506 with other nitroheterocyclic com-
pounds on experimental Chagas' disease. Ann. trop. Med.
Parasitol. 72: 339-347.

15. Borgers, M. 1980. Mechanism of action of antifungal drugs
with special reference to the imidazole derivatives. Rev.
Inf. Dis. 2: 20-53.

16. Holz, G.G., Jr., D.H. Beach, and G.E. Anekwe. 1979. Lipids

of Leishmania donovani promastigotes. J. Parasitol.
65 : 201-216.

17. Urcuyo, F.G. and N. Zaias. 1983. Oral ketoconazole in the
treatment of leishmaniasis. Int. J. Dermatol. 21: 27-32.

18. Weinrauch, L., R. Livshin, Z. Even-Paz, and J. El-On. 1983.
Efficacy of ketoconazole in cutaneous leishmaniasis. Arch.
Dermatol. Res. 275: 353-354.

19. Bacchi, C.J. et al. 1980. Polyamine metabolism: A poten-
tial therapeutic target in trypanosomes. Science
210: 332-334.

20. McCann, P.P., C.J. Bacchi, H.C. Nathan, and A. Sjoerdsna.
1983. Difluoromethylornithine and the rational development
of polyamine antagonists for the cure of protozoon infec-
tion. In: Mechanisms of Drug Action, T.P. Singer and R.N.
Ondarza, eds., Academic Press, New York, Pages 159-174.

r-



-10-

BIBLIOGRAPHY

1. Keithly, J.S. and E.J. Bienen. 1981. Infectivity of Leish-
mania donovani promastigotes for hamsters. Acta Tropica" 3 .. 85-59.:

2 Francioli, P.B, J.S. Keithly, T.C. Jones, R.D. Brandsteter,
and D.J. Wolf. 1981. Response of babesiosis to pentamidine
therapy. Ann. Int. Med. 94: 326-330.

*: 3. Murray, H.W., H. Masur, and J.S. Keithly. 1982. Cell-
mediated immune response in experimental visceral leish-
maniasis. I. Correlation between resistance to Leishmania
donovani and lymphokine-generating capacity. J. Immunol.
129: 344-350.

*4. Keithly, J.S. and S.G. Langreth. 1983. Inefficacy of
metronidazole against Leishmania donovani, L. mexicana, and
Trypanosoma brucei brucei. Amer. J. trop. Med. Hyg.
32: 348-496.

PERSONNEL

- 1. Joseph Edward Kearns Research Technician I 1980-1981

2. Otto Theal Research Technician I 1981-1982

" 3. E. Jay Bienen, Ph.D. Research Fellow 1982

*Supported by DAMD17-80-C-0061

a -* .. .
-°.~~~.'' *~ *.... .**..*.*.**.* . .*. *. -. ~ . .* *



J

- 11 -

DISTRIBUTION LIST

Copies

Director 12
e/ Walter Reed Army Institute of Research

Walter Reed Army Medical Center
ATTN: SGRD-UWZ-C
Washington, DC 20307-5100

Commander 4
US Army Medical Research & Development Command
ATTN: SGRD-RMS
Fort Detrick, Frederick, MD 21701-5012

Defense Technical Information Center (DTIC) 12
ATTN: DTIC-DDAC
Cameron Station
Alexandria, VA 22304-6145

Dean
School of Medicine
Uniformed Services University of the Health Sciences
4301 Jones Bridge Road
Bethesda, MD 20814-4799

Commandant
Academy of Health Sciences, US Army
ATTN: AHS-CDM
Fort Sam Houston, TX 78234-6100



FILMED

10-85

DTIC


