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Amphotericin B (AmB), a polyene antifungal antibiotic,
has been shown to potentiate the cytotoxic effect of
different chemotherapeutic drugs in vivo and in vitro.
The purpose of this study was to determine whether AmB
could enhance the carboplatin antitumor activity in a
human osteosarcoma xenograft model. Nude mice, bear-
ing s.c. transplanted osteosarcoma xenografts, received
i.p. an injection of AmB (5 mg/kg) 6 h prior to carboplatin
(20 mg/kg) or each of the drugs separately. The effect of
treatment was assessed by analyzing tumor growth delay
and T/C ratio. Carboplatin clearly reduced tumor growth
when administered alone. However, an unexpected inter-
action was seen where AmB significantly decreased the
antitumor effect of carboplatin. The present resuits con-
tradict some earlier in vitro studies and indicate the
complexity of this interaction in vivo. Hence, it seems
that interactive phenomena in one experimental model,
and especially with regard to AmB, cannot be universally
applied to all experimental situations.
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Introduction

Carboplatin (cis-diammine-1,1-cyclobutanedicarb-
oxyplatinum) is developed as an analog of cisplatin
with lower emetic potential and lower nephrotoxi-
city. It is used in the treatment of solid tumors and
has been included in some chemotherapeutic pro-
tocols in the treatment of osteosarcoma.' Although
the exact mechanism of action of carboplatin is not
known, it is assumed that its antitumor activity is
similar to cisplatin with binding to DNA and sub-
sequent inhibition of DNA synthesis.”
Amphotericin B (AmB) is a macrolide polyene
antifungal antibiotic that exerts its action by forming
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complexes with ergosterol molecules in the cell
membrane. Insertion of AmB in the cell membrane
leads to the formation of 4-10 A pores, provokes a
leakage of electrolytes and metabolites, and aug-
ments the cellular accumulation of chemotherapeu-
tic drugs.’ It has been shown that AmB can increase
intracellular accumulation of carboplatin and aug-
ment the cytotoxic effect of this drug in vitro.*®
The purpose of the present study was to inves-
tigate in vivo the interactive effects between AmB
and carboplatin in human osteosarcoma xenografts.

Materials and methods
Mice and tumors

Female, nu/nu BALB/ca Bom, mice (Bomholtgard
Breeding and Research Centre, Ry, Denmark), 6-12
weeks old, bearing s.c. transplanted xenografts
from the eigth and ninth serial passages of a human
osteoblastic (grade IV) osteosarcoma were used in
the experiment. The mice were maintained under
specific pathogen-free conditions at constant tem-
perature (25+0.5°C) and humidity (50%). Each
experimental group consisted of eight to 11 mice.
At the time of treatment the diameters of the tumors
ranged from 5 to 7 mm. The study was approved by
the Umea University Ethical Committee for animal
welfare.

Drugs

Carboplatin (Paraplatin®, Bristol-Myers Squibb,
New York, NY) and AmB (Fungisone®, Bristol-
Myers Squibb) were purchased as commercially
available i.v. preparations. The mice were given
i.p. injections of AmB 5 mg/kg 6 h prior to carbo-
platin 20 mg/kg or each of the drugs separately.
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Assessment of tumor growth

The tumors were measured at intervals during 33
days following treatment. The tumor volume was
calculated for an ellipsoid with the formula
n X a X bx ¢/6,where a, band c are the diameters
in the three perpendicular plzmes.6 The volume
doubling time (VDT) was calculated by the formula
log, x (f; — ty)/logV; — logV,. The volume V, was
defined as the volume on day f,, when the tumor
was treated, and V; the volume on day ¢, which was
chosen as the 33rd day after treatment. The growth
delay (GD) was defined as the VDT of each treated
tumor minus the mean VDT of the control group.
Relative volume increase is presented as a percen-
tage of pre-treatment volume, on day 33 after treat-
ment. The T/C ratio was defined as the ratio of
relative volume increase of each treated tumor to
the mean relative volume increase of the control

group.

Statistics

The data are presented as the mean + SD. Statistical
significance was tested using Wilcoxon rank sum W
test. p values of less than 0.05 were considered
to be significant.

Results

The mean relative volume increase of the control
tumors was 12.1 + 1.4 -fold, 33 days after treatment
and VDT was 9.2+ 0.4 days. Carboplatin reduced
the mean relative volume increase to 7.9+ 3.1 -fold
(p=0.0119 compared with controls) and prolonged

Table 1. Volume doubling time (VDT) and relative volume
increase (RVI) of the xenografts treated with AmB alone
(5 mg/kg), carboplatin alone (20 mg/kg) or the combination
of the drugs

Treatment groups VDT RVI (fold)?
(days)®

Controls (n=8) 9.2+0.4 12.1+1.4

Carboplatin (n=11) 12.44£3.1° 7.9+3.1°

AmMB (n=9) 10.8+3.2 12.3+6.4

AmB + carboplatin (n=9) 9.1+1.6° 14.6+6.7°

2Mean + SD.

bp < 0.005 and °p < 0.05 compared with controls.
9Significantly (p <0.005) shorter than carboplatin alone.
°Significantly (p < 0.05) higher than carboplatin alone.
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Figure 1. Effect of the combination of AmB and carboplatin
on growth of osteosarcoma xenografts expressed as
growth delay (A) and T/C ratio (B). Treatment groups: (1)
carboplatin (20 mg/kg); (2) AmB (5 mgrkg); (3) AmB (5 mg/
kg) + carboplatin (20 mg/kg). The data represent the mean
+ SD. *p < 0.05 and **p < 0.005 compared with carboplatin
alone. n= number of tumors.

the mean VDT to 12.4 +£3.1 days (p=0.0028 com-
pared with controls) (Table 1).

In mice treated with AmB 6 h prior to carboplatin,
the effect of carboplatin was significantly reduced
resulting in a mean relative volume increase of
14.6 £+ 6.7-fold (p=0.0134 compared with carbopla-
tin alone) and VDT of 9.1 +£1.6 days (p=0.0043
compared with carboplatin alone) (Table 1).

Tumor growth delay was significantly decreased
(p=0.0043) when AmB was combined with carbo-
platin (GD = —0.1+1.6) as compared with carbo-
platin alone (GD =3.2+3.1) (Figure 1A).

The 33-day T/C ratio values were as follows: car-
boplatin alone, 0.67 +0.26; AmB alone, 1.01 £0.53;
AmB + carboplatin, 1.21+£0.53 (»p=0.0133 com-
pared with carboplatin alone) (Figure 1B).

No post-treatment morbidity was observed that
could be related to the toxicity of the drugs.



Discussion

The main finding of the present study on human
osteosarcoma xenografts is that AmB showed not
only lack of potentiation, but also significantly
reduced the antitumor effect of carboplatin. This
is contradictory to the results of some previous stu-
dies #5710

It is known from earlier in vitro studies that AmB
can enhance the effect of several chemotherapeutic
agents such as doxorubicin,” actinomycin D,? nitro-
gen mustard’ and cisplatin,10 The augmentation of
the carboplatin cytotoxicity by AmB has been
demonstrated in ovarian® and lung cancer® cell
lines. It has been assumed that this property of AmB
is connected to its effects on the cell membrane
integrity and subsequent alteration in permeability
followed by increased intracellular drug accumula-
tion.> However, in the present study AmB signifi-
cantly hampered carboplatin cytotoxicity in human
osteosarcoma xenografts. The results of our study
are in concordance with the observation of Sharp et
al’' who reported the lack of potentiation of car-
boplatin cytotoxicity with AmB in ovarian carci-
noma xenografts.

AmB is known to bind to serum protein, mainly
lipoproteins.> Assem et al'? demonstrated on
human colon carcinoma cell lines that the cell incu-
bation in pure human serum instead of serum-free
medium significantly inhibited the potentiating
effect of AmB on cisplatin accumulation and cyto-
toxicity. This inactivation of the membrane effects
of AmB in the presence of serum proteins could thus
explain the different results from in vitro and in vivo
studies, and consequently could explain disap-
pointing effects of some clinical trials where AmB
was administered with cyclophosphamid, lomustine
and doxorubicine.'>!* However, other experimen-
tal in vivo studies have shown that potentiation of
some anticancer drugs (i.e. doxorubicin, melpha-
lan) can be achieved with AmB.>'®

In our experimental osteosarcoma model, carbo-
platin showed significant reduction of tumor growth
when administered alone. This sensitivity of the
tumor to carboplatin could also be a possible expla-
nation to the lack of sensitization with AmB, as pro-
posed by Morikage et al’® who demonstrated in
vitro that the synergistic effect of AmB with cisplatin
and carboplatin could be achieved only in resistant
but not in sensitive cell lines. However, the fact that
AmB significantly reduced the effect of carboplatin
in our tumor model indicates the complexity of this
interaction in vivo. In contrast to cisplatin, carbo-
platin is primarily excreted via the kidneys.'” It can

Antagonism between AmB and carboplatin in vivo

be speculated that AmB may affect the kidney,
resulting in increased excretion of carboplatin and
decreased drug content in plasma as well as in
tumor tissue.

Differences in scheduling of platinum drugs in
vivo have made it difficult to compare the results
of different experimental studies. Gately et al.
reported that a cisplatin dose of 30 mg/kg in the
nude mouse could be expected to generate the
same degree of toxicity as a dose of 92 mg/m? in
a human.'® Although carboplatin has comparable
antineoplastic activity but less toxicity than cisplatin
we used a dose of 20 mg/kg which is lower than the
equivalent doses in clinical trials. Due to the expec-
ted overlapping nephrotoxicity between carbopla-
tin and AmB, we chose a lower dosage. No post-
treatment morbidity was observed that could be
related to the toxicity of the drugs indicating that
the maximal tolerated dose of AmB and carboplatin
had not been achieved in the nude mouse.

In summary, the present in vivo study on human
osteosarcoma xenografts imply that interactive
effects in general and especially with regard to AmB
cannot be universally applied to all experimental
situations, a fact that has also been emphasized by
our earlier in vitro study'® where AmB decreased
the cytotoxic effect of epirubicin, bleomycin and
estramustine while the effect of cisplatin was mark-
edly increased.
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