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The lipid formulation of amphotericin B, Amphotec (ABCD), has not been used intrathecally. After a single
intrathecal dose or after four doses, conventionally formulated deoxycholate amphotericin B (AMB) (Fungi-
zone) resulted in higher levels of amphotericin B in the cerebrospinal fluid of rabbits than did ABCD. Clinically
and histologically, ABCD was about threefold less toxic than AMB after a single dose and 3- to 30-fold less toxic
after multiple dosing. These data are encouraging for the potential use of ABCD as an intrathecal treatment.

Fungal meningitis caused by Coccidioides immitis causes se-
vere morbidity and is universally fatal if left untreated. Oral
treatment with fluconazole or itraconazole has been used, but
is not curative (3). Prolonged intrathecal therapy with ampho-
tericin B deoxycholate sometimes produces cure, whereas in-
travenous therapy is ineffective in treating meningeal disease.
Treatment can be limited by associated toxicities whether given
intravenously or intrathecally (5, 6).

With lipid-based formulations of amphotericin B, ampho-
tericin B-associated toxicity is reduced after intravenous
infusions (1, 9-12). However, no data are available on the tox-
icities of a lipid-based amphotericin B preparation when ad-
ministered intrathecally. The objective in these studies was to
compare the neuropharmacology and neurotoxicity of a lipid-
formulation of amphotericin B with that of conventionally for-
mulated deoxycholate amphotericin B (AMB) (Fungizone) af-
ter intrathecal administration to rabbits. The lipid-formulation
used was Amphotec (ABCD) (Alza Corp., Menlo Park, Calif.);
ABCD is a colloidal dispersion of cholesteryl sulfate and am-
photericin B (4, 7).

Sampling of CSF. Male New Zealand White rabbits (body
weight, ca. 4 kg) were obtained from Kralek Farms, Turlock,
Calif., and maintained under clean conditions. All animals had
access to appropriate food and water ad libitum. The method
used to sample and to inject into the cerebrospinal fluid (CSF)
was direct puncture of the cisterna magna, similar to that
described previously (19).

Single-dose study. This experiment examined the pharma-
cokinetics of ABCD or AMB (Pharma-Tek, Inc., Huntington,
N.Y.) in the CSF after a single intrathecal dosage. Four dose
concentrations (0.0015, 0.015, 0.045, and 0.135 mg of ampho-
tericin B per kg of body weight) were studied in two rabbits
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each. Both drugs were reconstituted per the manufacturers’
instructions and further diluted in sterile 5% dextrose-water to
be given in 0.2 or 0.25 ml. At time zero, CSF was taken and the
drug was administered. CSF samples were taken at 6, 24, 48,
and 72 h postdose. In addition, a 0.5- to 1.0-ml sample of blood
was collected by phlebotomy from an ear vein at 6 h postdose.

Multiple-dose study. This study compared the relative tox-
icity of AMB and ABCD upon multiple dosing using doses
found to be nontoxic in the single-dose study. All four doses of
ABCD and 0.0015- or 0.015-mg/kg AMB were tested. The four
doses were given 24 h apart to each of two rabbits through
direct cisternal puncture. Twenty-four hours after a dose and
just prior to the next dose, a sample of spinal fluid was taken.
CSF samples were also taken at 24, 48, and 72 h after the final
dose. All samples were stored at —80°C until used for bioassay
determination of amphotericin B concentration.

Animals exhibiting signs of discomfort requiring analgesic
intervention were given buprenorphine subcutaneously at a
dosage of 0.008 mg/kg twice daily. All animals were examined
twice daily and evaluated for clinical signs of neurotoxicity.

After the last sampling time, all animals were euthanatized
using a saturated solution of pentobarbital given intravenously.
A blunt dissection of the brain and spinal cord was done, and
tissue samples were removed for histopathological assessment.
Tissues were placed into 10% buffered formalin; paraffin-em-
bedded and hematoxylin-and-eosin-stained sections were ex-
amined by an observer who was blinded to the treatment and
clinical signs of the animals.

Bioassay of amphotericin B. CSF and serum samples were
analyzed by bioassay for the concentration of amphotericin B
present. A bioassay, with characteristics described previously
(13, 16), was done using Paecilomyces variotti as the indicator
organism as described (8, 18) and using AMB deoxycholate as
the standard prepared in either serum or CSF. The lower limit
of detection this assay was 0.015 to 0.031 wg/ml. Standard
curves for amphotericin B were prepared by quadratic regres-
sion analysis (GBStat, version 6.0; Dynamic Microsystems, Sil-
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FIG. 1. Mean concentrations of amphotericin B given as ABCD or AMB in the CSF of two rabbits each after a single dose (A and B) or four
doses (C and D). Dosages were as given in the figure. The arrows in panels C and D indicate the times of dosing.

ver Spring, Md.); the concentration of amphotericin B in each
sample was estimated from the regression.

Figure 1 shows that the levels of amphotericin B in the CSF
after a single dosage were higher for AMB than for ABCD,
especially at 6 and 24 h postdose. The concentrations declined
from the 6 h point to 24 h for both drugs at dosages of =0.045
mg/kg. Estimates of half-life (¢,,,) (based on the data points
from the descending limb of the curve) would be <18 h for
ABCD and about 18 to 24 h for AMB. However, the profiles
observed from the CSF of the animals receiving the 0.135-
mg/kg doses show that the f,,,s of both drugs appear more
extended after a higher dose (for ABCD, >30 h; for AMB,
about 48 h), which might reflect binding to tissues or proteins
and subsequent release into the CSF, effectively prolonging the
t,,. These data points appear to fit a two-compartment model
of pharmacokinetics. Amphotericin B was detected in the se-
rum (0.033 pg/ml) at 6 h in a single animal given 0.135-mg/kg
AMB.

The comparative toxicity was determined by clinical obser-
vations (Table 1) and histopathological assessment of the
brain. Weight loss occurred in 75% of the animals independent

of drug or dosage. Body temperature findings showed minimal
changes after ABCD treatment. Mild to moderate fever oc-
curred at 6 h postdose in one or both animals given AMB at
=0.015 mg/kg; hypothermia occurred in a single animal given
AMB at 0.015 mg/kg at 24 h and both given AMB at 0.135
mg/kg at 24 or 48 h postdose.

Neurological manifestations of convulsion, paralysis, and
loss of mobility showed more dose-dependent effects (Table 1).
Only one animal given 0.045-mg/kg ABCD and one given
0.135-mg/kg ABCD showed any of these signs. In contrast, one
or both animals given these doses of AMB showed one or more
of these clinical signs; one rabbit given 0.135-mg/kg AMB
showed convulsion and paralysis. On a comparative basis,
ABCD at the 0.135-mg/kg dose seemed about equivalent to the
0.045-mg/kg dose of AMB in causing dose-dependent neuro-
logical signs.

Histologically, a range of tissue damage was observed. Nor-
mal brains were observed in the rabbits given ABCD at 0.0015,
0.015, and 0.045 mg/kg. In comparison, one rabbit given AMB
at 0.0015 mg/kg had some meningeal hemorrhage; at 0.015-
mg/kg AMB one had normal tissues and the other had multiple
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TABLE 1. Signs and symptoms of neurological effects observed in rabbits given AMB or ABCD intrathecally”

Hyperthermia or Weight Mobility Convulsion Paresis or
Drug and concn hypothermia loss problem or tremor paralysis
(mgke) -
SD MD SD MD SD MD SD MD SD MD
ABCD
0.0015 -/~ /- +/- +/— -/~ -/~ /- -/- /- -/-
0.015 —/= —/= —/= +/+ —/= +/+ —/= -/= —/= -/=
0.045 +/- /- -/~ /- -/~ -/~ /- -/- /- -/~
0.135* +/= +/+ +/— +/+ +/+ +/+ —/—= +/= +/—= +/+
AMB
0.0015 -/~ /- +/- /- +/- -/~ /- -/- /- -/-
0.015 +/+ +/+ +/+ +/— +/+ +/+ —/= +/+ —/= +/+
0.045 +/—= +/+ +/— +/+ +/-
0.135 +/+ +/— +/+ +/= +/-

¢ SD indicates results from the single-dose study, and MD indicates results from the multiple-dose study. A + indicates that these signs and symptoms occurred at
some point for that rabbit during the study. A +/+ indicates that they occurred in both rabbits, +/— indicates the only one rabbit of the two showed that sign or symptom
sign, and —/— indicates that neither rabbit showed that sign or symptom. :*, animals died or were euthanatized 24 h after 2nd or 3rd dose.

acute and subacute areas of necrosis, with some hemorrhage in
the brain stem and cerebellum. Both given 0.045-mg/kg AMB
had mild meningitis and areas of focal necrosis in the brain
stem or cerebellum. Most severe was the ischemia noted in all
of the animals at the highest dose of either drug. Areas of acute
ischemia on the cerebellar surface occurred in animals given
ABCD at 0.135 mg/kg. Both had foci of acute ischemia and
necrosis in different areas (i.e., cerebellum, pons, midbrain,
and cerebral hemispheres). Taken together with the clinical
signs, these results indicate that after a single dose, ABCD was
approximately threefold less toxic than AMB.

Multiple-dose study. The results of the multiple-dose studies
again showed that the concentrations of amphotericin B in the
CSF were generally higher after treatment with AMB than
with ABCD (Fig. 1). Both gave a prolonged, steady level after
the cessation of dosing, indicating that amphotericin B might
be being released from a tissue reservoir. Interestingly, accu-
mulation of amphotericin B during and after the dosing was
not apparent with either formulation.

Similar to the single-dose study, the clinical signs were most
severe in animals given the highest total dosage of amphoter-
icin B (Table 1). ABCD was well tolerated up to the 0.045-
mg/kg dose, and AMB was well tolerated only at 0.0015 mg/kg.
ABCD was found to be lethal after two or three doses at 0.135
mg/kg. The severity of the clinical signs increased after the
second dose, with paralysis, reduced awareness, and hypother-
mia most prevalent. In contrast, only one animal given a lower
dose of ABCD showed some loss of mobility, and none showed
abnormalities of body temperature. Those animals given the
0.0015-mg/kg dose of AMB showed no prominent clinical
signs, whereas those given 0.015 mg/kg did (Table 1). Changes
in body weight were not associated with drug or dosage.

The histological assessments indicated that the rabbits with
the most severe clinical signs had areas of infarct. Other than
some vessel congestion, slight subarachnoid hemorrhage, and a
recent focal midbrain hemorrhage in one animal, no patholog-
ical abnormalities were observed in animals given 0.0015-
mg/kg ABCD or AMB or 0.015-mg/kg ABCD. In contrast,
both rabbits given 0.015-mg/kg AMB had large and acute in-
farcts either in the hippocampus, midbrain, cerebellum, and/or
temporal lobe. Animals given 0.135-mg/kg ABCD had exten-

sive subarachnoid hemorrhage and acute hemorrhagic infarcts
in the cerebellum and other sites. The pathogenesis of the
infarcts is unclear, and no embolic material was observed in the
vessels. They could possibly have been due to vasospasm re-
sulting from amphotericin B in the subarachnoid space (2).
Trauma did not appear to be the cause, since the incidence and
extent of the infarcts generally correlated with the drug dose.

Taken together, the comparative toxicity of ABCD and
AMB would appear to have changed from that determined in
the single-dose study, where ABCD was about threefold less
toxic. In the multiple-dose study ABCD would appear to be
between 3- and 30-fold less toxic than AMB. Thus, when given
on a daily schedule, ABCD was much better tolerated than was
AMB.

We sought to use dosages in rabbits relevant to those given
intrathecally to humans. For humans the intrathecal dose can
range from 0.01 to 1 mg, which would be 0.0001 to 0.014 mg/kg
for a 70-kg person. A desired or typical dosage is 0.5 mg, which
equates to 0.007 mg per kg of body weight. Thus, our dose of
0.015 mg/kg is close to a dose of 1 mg for a 70-kg human, and
our 0.135-mg/kg dose is about 19-fold higher than the typical
0.5-mg dose given intrathecally to a human.

The aims of this study were twofold in comparing intrathe-
cal administration of ABCD with AMB. The studies overall
showed that intrathecally administered ABCD was less toxic
than conventionally formulated deoxycholate amphotericin B,
which is in accord with the comparative toxicity found in ro-
dents after systemic administration and clinically in humans
after intravenous administration (1, 11, 14, 17). Similarly, our
results show that the pharmacokinetics in CSF indicated that at
equivalent doses of amphotericin B, ABCD levels were gener-
ally lower.

Intravenous administration of AMB often results in adverse
events, which often can be ameliorated by premedication (5).
Similarly, adverse events occur after intrathecal administration
and include headache, delerium, arachnoiditits, paresthesias,
meningitis, etc. (2, 5). Information on induced histological
changes of the central nervous system is limited, but one study
done in rats indicated a gliosis and neuronal dropout occurring
after a single dose (15). Our studies indicate that animals given
a single high or multiple low doses of AMB had resultant
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histopathological changes that reflected severity of the clinical
signs; e.g., animals showing mobility problems or paresis
were most likely to have areas of infarct in the brain. Animals
given ABCD were less likely to have severe histopathologi-
cal changes. However, the two rabbits given ABCD that suc-
cumbed to lethal toxicity in the multiple-dose study had histo-
logical findings consistent with amphotericin B toxicity and
similar to animals given AMB.

These studies indicate ABCD is less toxic than conventional
amphotericin B when given intrathecally. However, the phar-
macokinetics assays show that when given as ABCD, ampho-
tericin B is present in lower concentrations in CSF after dos-
ing. This might require higher doses to be administered to
achieve levels above the MIC for the infecting organism. Al-
ternatively, the lower CSF levels may reflect higher levels in
meninges and brain. Regardless, these data are encouraging
for the potential use of ABCD for intrathecal treatment of
severe fungal meningitis.

We thank R. Ramirez, Y. Yao, S. Royaltey, and M. Martinez for
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These studies were funded in part by Sequus Pharmaceuticals, Inc.
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