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HWA-138, a pentoxifylline analog, has been shown to increase yeast urinary clearance and to reduce yeast
counts in the kidneys of rats infected with Candida albicans. Furthermore, HWA-138 has also been shown to
prevent amphotericin B-induced acute renal failure in rats. We report here on the effects of HWA-138 alone
and in combination with amphotericin B in the treatment of systemic candidiasis in mice. When single doses
of HWA-138 were administered intravenously (10, 25, or 50 mg/kg of body weight) into infected mice, no
significant improvement in survival was observed. In infected mice treated intravenously with multiple doses
of HWA-138 (10, 25, or 50 mg/kg once daily for 5 consecutive days), a significant increase in survival time was
seen only in animals also receiving 25 mg of HWA-138 per kg (14 + 3 days test versus 9 1 days control; P
< 0.05). The coadministration of subtherapeutic doses of amphotericin B and HWA-138 resulted in increased
survival time. Combination therapy with amphotericin B (0.1-mg/kg single dose) and HWA-138 (10-, 25-, or
50-mg/kg multiple doses) resulted in a signfficant increase in survival time over controls (19 4, 19 + 5, and
21 + 9 days, respectively, versus 9 + 3 days; P < 0.05). Combination therapy with amphotericin B (0.2-mg/kg
single dose) and HWA-138 (10-, 25-, or 50-mg/kg multiple doses) also resulted in a significant increase in
survival time over controls (24 + 6, 24 6, and 24 + 6, respectively, versus 9 + 3 days; P < 0.05). Variance
analysis of these findings indicate synergistic activity between amphotericin B and HWA-138 in the treatment
of experimental candidiasis in mice.

Amphotericin B (AmpB) is the drug of choice for treat-
ment of systemic fungal infections, but it causes adverse
changes in renal hemodynamics and loss of tubular integrity
(6). AmpB binds to membrane sterols, leading to increased
permeability and the production of oxygen radicals that
cause the lysis of sensitive cells (16, 20). The pathogenesis of
AmpB nephrotoxicity is not well understood; however,
recent studies suggest that renal vascular congestion may
play a role (26). The AmpB-induced increases in neutrophil
and erythrocyte congestion and platelet aggregation may
lead to decreased perfusion of the hypoxic region (24).
The methylxanthines have been shown to induce hemo-

dynamic changes in drug-associated nephropathies (10, 11).
Theophylline, a methylxanthine derivative and an adenosine
receptor antagonist, has been demonstrated to improve renal
function in acute renal failure induced by cisplatin, AmpB,
cyclosporine, radiocontrast agents, and glycerol (2, 3, 10, 11,
21). Theophylline diuretic and vasodilator effects may ex-
plain in part the improvement of acute renal failure (12).

Pentoxifylline (PTX), another methylxanthine, has been
shown to be nephroprotective in AmpB-, cyclosporine-,
glycerol-, and endotoxin-induced acute renal failure (5, 14,
25, 25a). Vascular decongestants like PTX have been shown
to preserve ATP stores (most likely at the level of the
adenosine receptor), increase erythrocyte deformability, and
reduce platelet and neutrophil aggregation (4, 7, 9, 15, 15a,
19, 22). Furthermore, coadministration of each of PTX's
intravenous (i.v.) analogs, HWA-138 and HWA-448, with
AmpB resulted in increased renal clearance and decreased
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renal tissue concentrations of Candida albicans (15, 15a).
This latter finding prompted us to explore the antifungal
activity of HWA-138 alone and in combination with AmpB.

MATERIALS AND METHODS

Animals and drugs. ICR mice, 6 to 8 weeks old and
weighing 21 to 25 g, were purchased from Harlan Breeders
(Indianapolis, Ind.). AmpB with deoxycholate was pur-
chased from E. R. Squibb (Princeton, N.J.), reconstituted
with sterile water, and diluted to final concentrations of 0.1
and 0.2 mg/ml. HWA-138 was kindly supplied by William
Novick (Hoescht-Roussel Pharmaceuticals, Inc., Somer-
ville, N.J.); it was dissolved in physiologic saline and diluted
to final concentrations of 10, 25, and 50 mg/ml.
Model for murine C. albicans infection. C. albicans 336,

isolated from a patient with disseminated candidiasis, was
used to infect mice. The inoculum was cultivated at 37°C for
18 h in Sabouraud dextrose agar and then prepared in saline.
The animals were injected with 1 x 106 CFU via the tail vein.
This concentration produces a disseminated seeding of C.
albicans. All studies were conducted by injecting mice with
the test drugs 48 h after inoculation, since at this time a
well-established systemic infection is present (13).
Treatment studies. i.v. doses, either single or multiple

(once daily for 5 consecutive days) of HWA-138 (10, 25, or
50 mg/kg of body weight) or an equivalent volume of saline
(0.2 ml) were injected via the tail vein into one group of
infected mice (10 mice per treatment). Another group of
infected mice (also 10 per treatment) were administered
single i.v. doses of AmpB, either 0.1 or 0.2 mg/kg, or an
equivalent volume of sterile water (injection volume, 0.2 ml).
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FIG. 1. Survival times of mice infected with C. albicans and
administered a single i.v. dose of 10 (0), 25 (0), or 50 (A) mg of
HWA-138 per kg or with a 0.9% NaCl solution (A).

The mice in the AmpB-receiving group were then further
randomized to receive multiple i.v. doses of HWA-138 (10,
25, or 50 mg/kg) or an equivalent volume of physiologic
saline once daily for 5 consecutive days.

Statistical analysis. Mean survival times for all groups were
compared by two-way analysis of variance. Critical differ-
ences were determined by the post-hoc Newman-Keuls test
(27). A difference was considered significant if the probability
of chance explaining the results was reduced to less than 5%
(P < 0.05). The term synergism has been clarified according
to the statistical considerations used. The analysis of variance
used takes into account two major aspects: (i) whether the
increase in life expectancy is due to chance and (ii) whether
the interaction of two drugs is statistically significant to
prolong life. Synergy was taken to mean that the prolongation
of life caused by the drug combination was longer than would
be predicted by adding the effects of the individual drugs.

RESULTS

Single- and multiple-dose studies of HWA-138. All animals
given single i.v. doses of saline died by day 9. There was no
significant difference in mean survival time of mice admin-
istered single i.v. doses of HWA-138 (10, 25, or 50 mg/kg)
compared with that of the saline-treated group (Fig. 1).

All mice treated with saline once daily for five consecutive
days (Fig. 2) died by day 11. Mice treated on the same
schedule with 10 mg/kg of HWA-138 died by day 13, those
treated with 25 mg/kg died by day 20, and those treated with
50 mg/kg died by day 14. The mean survival time of mice
administered multiple i.v. doses of HWA-138 at 25 mg/kg was
significantly higher than that of the saline-treated group (15 +
4 versus 9 + 1 days; P < 0.05). There were, however, no
significant differences in the mean survival times of mice
administered HWA-138 at 10- and 50-mg/kg doses and those
administered saline.
Combination of HWA-138 and AmpB. In the combination

regimen, mice were injected with either a single dose of
AmpB (0.1 or 0.2 mg/kg) or with a single dose of AmpB (0.1
or 0.2 mg/kg) plus five daily multiple doses of HWA-138 (10,
25, or 50 mg/kg) (Fig. 3). Combinations of AmpB at higher
doses (0.3 to 0.8 mg/kg) and HWA-138 at lower or higher
doses (1.0 to 100 mg/kg), although they led to significant
increases in survival times, did not result in additive or
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FIG. 2. Survival times of mice infected with C. albicans and
treated daily for five days (i.v.) with 10 (0), 25 (0), or 50 (A) mg of
HWA-138 per kg or with a 0.9% NaCl solution (A).

synergistic responses (data not shown). Mice injected with a
single dose of AmpB at 0.2 mg/kg were all dead by day 23,
and those injected with a single dose of AmpB at 0.1 mg/kg
were all dead by day 13. Animals injected with a single dose
of AmpB at 0.1 mg/kg and multiple doses of HWA-138 at 10
mg/kg all died by day 24; when the HWA-138 dose was
changed to 25 or 50 mg/kg, all died by day 30. Animals
injected with a single dose of AmpB at 0.2 mg/kg and
multiple doses of HWA-138 at 25 or 50 mg/kg all died by day
30; when the HWA-138 dose was changed to 10 mg/kg, all
died by day 27. Single-dose administration of AmpB (0.2
mg/kg) significantly increased mean survival time compared
with the saline group (19.4 + 8.0 versus 9.3 + 2.5 days; P <
0.05); single-dose administration of AmpB at 0.1 mg/kg,
however, did not significantly increase mean survival time.
Coadministration ofAmpB at 0.1 mg/kg plus HWA-138 at 10,
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FIG. 3. Survival times of mice infected with C. albicans and

receiving coadministration of a single dose of AmpB and multiple
doses of HWA-138. The following groups were studied: 0.1 mg of
AmpB per kg + 10 mg of HWA-138 per kg (A), 0.1 mg of AmpB per
kg + 25 mg of HWA-138 per kg (*), 0.1 mg of AmpB per kg + 50 mg
of HWA-138 per kg (O), 0.2 mg of AmpB per kg + 10 mg of
HWA-138 per kg (0), 0.2mg ofAmpB per kg + 25 mg of HWA-138
per kg (H), 0.2 mg of AmpB per kg + 50 mg of HWA-138 per kg (C1),
and 0.9% NaCl solution (control) (0).
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25, and 50 mg/kg significantly prolonged mean survival time
compared with that of mice treated with saline only (19 + 3.6,
18.8 ± 5.3, and 21 + 8.9, respectively, versus 9.3 ± 2.5 days;
P < 0.05), as did coadministration ofAmpB at 0.2 mg/kg plus
HWA-138 at 10, 25, and 50 mg/kg (24.4 ± 5.5, 24.1 ± 5.7, and
23.1 + 7.4, respectively, versus 9.3 ± 2.5 days; P < 0.05).
Analysis of variance showed the drug interaction to be
significant (the level ofF probability was <0.001).

DISCUSSION

HWA-138 alone prolonged the survival time of mice
infected with C. albicans, and its coadministration with
subtherapeutic doses of AmpB led to synergistic antifungal
activity. The antifungal activity observed with HWA-138
may comprise two effects; reduction of renal congestion and
dygfunction associated with systemic candidiasis and reduc-
tion of the nephrotoxic effects of AmpB in infected animals
(15). Neither pentoxifylline nor HWA-138 were found to
have antifungal activity in vitro (unpublished data).
The release of inflammatory cytokines secondary to in-

flammatory processes from infections may lead to tissue
damage and impediments to local circulation (17, 18). It has
been recently shown that PTX increases the whole-blood
filtration rate of polymorphonuclear neutrophils, thus im-
proving microvascular function (1). Furthermore, PTX in-
hibits the inflammatory action of interleukin-1 and tissue
necrosis factor so that the increased adherence of neutro-
phils mediated by these cytokines is blocked (23). This
suggests that certain methylxanthines, such as PTX and
HWA-138, may prevent the accumulation of neutrophils and
polymorphonuclear neutrophils in the vasculature, thus re-
storing normal blood flow to damaged tissue. However,
another methylxanthine, HWA-448, when injected intrave-
nously led to improved renal function in a rat infected with
candida without effecting renal vascular decongestion (1Sa).
This further implies that other methylxanthines, such as
HWA-448, may have alternative pathways of activity. For
example, HWA-448 may prevent the formation of ATP
degradation products, thus reducing the production of super-
oxide anions that cause direct renal tubular damage (15a).
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