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ABSTRACT

The neurotoxic effects and cerebrospinal fluid (CSF) pharma-

cokinetics of bleomycin were evaluated in beagles after chronic
intraventricular administration twice a week for 8 consecutive
weeks. Bleomycin was reasonably well tolerated at doses of
0.067 to 0.3 mg/week. Doses higher than 0.3 mg/week produced
marked elevation of CSF protein levels and a necrotizing vas-

culitis within the central nervous system. Pharmacokinetic stud
ies were performed approximately 1 month after the completion
of the toxicity studies. [3H]lnulin was used as a reference com
pound. Both [3H]inulin and bleomycin were cleared from the CSF

more slowly than in previous studies and more slowly than in
normal dogs, which suggests that bulk CSF absorption was
reduced by the drug, probably secondary to protein-induced

blockage of the arachnoid granulations through which CSF is
normally absorbed. Because a "minimally toxic" dose of bleo

mycin (approximately 0.1 mg/week) produces a CSF C x f of
only 1.9 mg/min/ml, we believe that a Phase I clinical trial would
be too dangerous given the limited therapeutic potential that a
dose of 0.1 mg/week could achieve.

INTRODUCTION

The treatment of meningeal neoplasia is currently limited to
irradiation of the brain (1) and spinal cord or to the use of only 3
drugs, methotrexate (2, 3), 1-/3-o-arabinfuranosylcytosine (4-6),

and thiotepa (7), that can be administered directly into the spinal
subarachnoid space (i.t.3) or cerebral ventricles. In most in

stances, intraventricular or i.t. chemotherapy is generally pallia
tive (8).

Bleomycin is an intercalating agent with dose-limiting toxicity

to the lung (1, 9). While bleomycin is active against a limited
range of tumors, its activity against lymphocytic leukemia, germ
cell tumors, and lymphoma (10), all of which can produce me
ningeal infiltration, make it a potentially useful agent for intraven
tricular administration. Bleomycin has been used in Japan for
intratumoral therapy for brain tumors with reported safety.4 This

study was designed to evaluate the safety and efficacy of
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intraventricular bleomycin in a beagle model (11,12) to determine
if a Phase I clinical study should be undertaken.

MATERIALS AND METHODS

Dogs. Grade 2 male beagles, 6 to 9 months old, were purchased from
Marshall Research Animals (North Rose, NY); the designation Grade 2
denotes congenital abnormalities such as one detectable testicle, rectal
prolapse (repaired), or lower incisors projecting severely over upper
incisors. All dogs had been vaccinated against parvo virus by the vendor.
They were cared for in the approved University animal facility and were
acclimated for at least 1 week before studies were begun.

Implantation. Our dog model has been described (11, 12). Briefly,
dogs were anesthetized with pentobarbital and placed in a stereotaxic
head holder (David Kopf Instruments, Tjunga, CA). Using sterile tech
niques, a right ventricular Foltz reservoir (modified to our specifications
and kindly provided by American Heyer-Schulte, Goleta, CA) was at

tached to Silastic tubing that had been stereotactically placed into the
left lateral ventricle. Postoperative care included at least a 1-week

recovery period and systemic treatment with 1,000,000 iu of penicillin
twice a day for 10 days and daily intraventricular treatment with 0.5 mg
gentamicin for 4 days.

Drug Administration. Bleomycin (supplied as Blenoxane, 15 units/
vial, by Bristol Laboratories, Syracuse, NY) was reconstituted with
preservative-free sterile 0.9% NaCI solution (saline) (pH 5.5,310 mOsmol)

snd was injected s.c. into the Foltz reservoir on Tuesday and Thursday
of each week for 8 weeks.

Laboratory Tests. Blood was obtained by venipuncture and CSF by
inserting a 22-gauge spinal needle p.c. into the cisterna magnum in

anesthetized dogs. Before surgery and on alternate weeks during and
after drug treatment, WBC, differential cell counts, platelet counts, and
hematocrit were determined in blood samples, and cell count, differential
cell counts, glucose, and protein were determined in CSF samples.
Indigo carmen (0.01 ml diluted with 0.4 ml saline) was injected into the
reservoir at the same time as the CSF was obtained; dye flow was used
to measure catheter placement directly.

Irradiation. With the use of laterally opposed fields (8x8 cm), 5 dogs
were irradiated at a dose of 333 rads/day (to 3000 rads in 9 fractions)
for 9 consecutive days using a 4-meV linear accelerator (Clinac 4). Lead

shields were used to protect the eyes. A plaster of Paris headpiece was
used to set up the contour for accuracy. Dogs were anesthetized with
thiopental and intubated before each radiation treatment.

Postmortem Studies. Dogs were sacrificed with Euthanol. Brains and
spinal cords were removed and fixed in buffered formalin, and repre
sentative tissue blocks were stained with hematoxylin-eosin and Luxol-
fast periodic acid-Schiff. Areas evaluated included dura, subarachnoid-

pia, cerebral cortex, cerebral white matter, caudate nucleus, putamen,
globus pallidus, thalamus, hypothalamus, fornix, optic tract, lateral ven
tricle, third ventricle, aqueduct, fourth ventricle, midbrain, pons, medulla
oblongata, cerebellum, spinal cord, spinal nerves, and pituitary gland.

Bleomycin Assay. Concentrations of bleomycin in CSF and serum
were measured with an enzyme-linked Â¡mmunosorbent assay technique.
The solid phase consisted of bleomycin (0.5 ^g/well) absorbed to 96-
well microtiter plates (Immulon-ll; Dynatech Corp., Alexandria, VA). Rab-
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bit anti-bleomycin antiserum (a generous gift of Bristol Laboratories,

Syracuse, NY) (13) was used as a final dilution of 1:10,000 during
incubation for 1 h with experimental samples or known bleomycin solu
tions. Because of the sensitivity of the assay (linear range, 1 to 40 ng of
bleomycin), at least 3 dilutions were made for each experimental sample,
and each of these was assayed in triplicate. The antiserum-sample
mixture was incubated with the bleomycin-coated plates for 2 h. Plates
were washed, and swine anti-rabbit antiserum conjugated with horserad

ish peroxidase (Dako Corp., Santa Barbara, CA) was added for 2 h. The
chromophore 2,2'-azinodi-3-ethylbenzthiazolinesulfonic acid (Sigma

Chemical Co., St. Louis, MO) was added, and the absorbance at 405
nm was measured using an automated spectrophotometer (MR-580;

Dynatech).
CSF Pharmacokinetics. [3H]lnulin (New England Nuclear, Boston,

MA) was repurified before use by Sephadex G-25 column chromatogra-
phy. Dogs were anesthetized and placed in a lateral position, and a 22-

gauge needle was inserted p.c. into the cisterna magna. In a total volume
of 0.5 ml of saline, 0.1 mg of nonlabeled bleomycin and 2 nC\ of [3H]-

inulin were injected into the ventricle; 0.3 ml of saline was used to flush
the reservoir. Samples (0.15 ml) of cisternal CSF were removed at various
times, and the amount of bleomycin was assayed. The amount of [3H]-

inulin was counted on a Beckman LS-250 scintillation spectrometer

(Beckman Instruments, Mountain View, CA); quench correction was
made by the external standards method. The descending plot of dpm/
ml or ng/m\ of either [3H]inulin or bleomycin in CSF against time was

used to compute the ADC and the AUMC with a computer program that
used a trapezoidal solution for the ascending portion of the CSF curve
and a log-linear solution for the descending portion of the curve. The

formulae of Benet and Galeazzi (14) and Chan and Gibaldi (15) were
used. Under the experimental conditions,

Vss = (dose â€¢AUMC/AUC2) - dose -f/2 AUC (A)

CLr = dose/AUC (B)

Ko = CLr/Vss (C)

where Vss is the volume of distribution at steady state (ml), CLT is the
total CSF clearance (ml/min), K0 is the constant of drug elimination from
CSF (min"1), and f is the length of drug infusion (min). Because the value

of i is small (0.5 to 1.0 min),

= dose-AUMC/AUC2 (D)

RESULTS

Central Nervous System Toxicity. The treatment plan and
the frequency of the appearance of signs and symptoms of
toxicity are summarized in Table 1. There was clear evidence of
intraventricular bacterial infection in 2 dogs. Both dogs re
sponded to antibiotic therapy. In neither was infection associated
with a lowered CSF glucose level; the major manifestations of
infection were a stiffly held neck, irritability, and increased num
bers of CSF neutrophils and lymphocytes.

Values for the CSF cell count and glucose levels and the
peripheral blood hematocrit, WBC, and platelet adequacy are
summarized in Table 2. Chart 1 shows the changes in CSF
protein in dogs as a function of dose and length of treatment
with bleomycin. The blood studies show no significant differ
ences for hematocrit or WBC, and the platelets were adequate

Table 1

Clinical toxicity to bleomycin in symptomatic dogs

DehydrationIrregular
eatingAnorexiaUncoordinatedDepressedSensitive

totouchHead/neck
"ticking"Stiff

neckUnable
tostandIncreased

temperatureInfectionDog

1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 Dog 7 Dog S6 Dog 9
(6.7)" (6.7) (2.7) (1.3) (1.3) (1.3) (0.67) (0.23)(0.13)+

+ +++
+ + + + ++++

+ +++
+ + +++

+ + + +++
+++

+ + + + +++
++

+ +++
+N47145637242

" Numbers in parentheses,mg/week dose.
6 Dose reduced to 50% and dog recovered.

Table 2

Comparison of pretreatment to bleomycin treatment: CSF and peripheral blood laboratory studies

ControlRadiation

controlBleomycin60.067-0.3

mg0.67-6.7

mgRadiation

and 0.1 mg bleomycinWBC13

Â±2"(n

=51)7Â±242

Â±15171

Â±10313Â±5CSFGlucose

(mg/dl)76

Â±1(n78

+2(n
=10)75

Â±1(n
=40)80

Â±2(n
=41)78
Â±1(n

= 15)Protein

(mg/dl)37

Â±4=
52)28.5

Â±583

Â±11379

Â±7639

Â±2Hemato

crit(%)40

Â±146

Â±152

Â±844

Â±148

Â±0.6Peripheral

bloodWBC/cu

mm13,800

Â±63810,81

7Â±636(n
=12)11,

179Â±500(n
=48)11,

870Â±738(n
=46)1

1,439 Â±443(n
= 18)PlateletsAdequateAdequateAdequateAdequateAdequate

a Mean Â±SE.
' In absenceof obvious intraventricular infection.
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Chart 1. CSF protein levels in beagles treated with 0.067 to 0.3 (A)and 0.67 to

6.7 (B) mg bleomycin/week.

(by smear) in the treated dogs. There were no differences
between irradiated and nonirradiated dogs.

Histopathology. Histopathological examination was per
formed on the brains of dogs sacrificed 1 month after the
completion of treatment or at death for dogs that died because
of toxicity. In dogs treated at low dose levels of bleomycin, a
series of regular changes were seen. The injection tract of the
catheter showed pericatheter fibrosis with adjacent chronic in
flammation and demyelination. There was also damage to adja
cent structures that varied among dogs. Contusions seen in the
fornix, the caudate nuclei, and the thalamus were marked by
local tissue destruction with gliosis, chronic inflammation, de
myelination, and fibrosis.

In relationship to the lateral ventricle ipsilateral to the catheter
site, there was a variable response of mild to marked ependy-

mitis, with a comparably variable degree of mild to marked
periventriculitis, almost always with chronic inflammatory ele
ments. In most dogs, the ipsilateral ventricle was always larger
than the contralateral ventricle. In the more distal ventricular
system, there was a more variable and usually less marked
response, with mild to moderate ependymitis and periventriculi
tis. In general, the degree of reaction became less marked in the
more distal ventricular system, but there were exceptions. In
some dogs, inflammatory responses of a peculiar nature were
present in odd places, and could have been the result of com
pletely unrelated processes such as focal acute choroid plexitis
in the fourth ventricle. Varying degrees of chronic meningitis
were also present in many dogs.

In dogs treated with high doses of bleomycin, the degree and
extent of the inflammatory changes were much more severe. In
addition to ventriculitis and periventricular chronic inflammation,
a prominent necrotizing vasculitis that varied in severity and
extent was found; Fig. 1 is a photomicrograph that shows these
changes.

Focal changes in the brain stem, probably attributable to some
of the manipulations with associated local trauma, were seen in
dogs treated at all doses.

To determine possible additive effects of radiation and bleo
mycin, 5 dogs were irradiated [2 control, 3 treated with bleomycin
(0.67 mg/week)]. At histolÃ³gica! examination, one dog treated
with bleomycin during irradiation had necrotizing vasculitis in the
medulla oblongata. Because this was not found for dogs irradi
ated only or treated with low-dose bleomycin only, the toxic

effects of radiation and bleomycin may be additive.
CSF Pharmacokinetics. The ELISA assay for bleomycin in

dog CSF was linear from 1 to 40 ng. Chart 2 is a representative
plot of CSF bleomycin and [3H]inulin levels over time. The 2

1000

500

_, 100

O
u 50

10

5

60 120 180 240 300

MINUTES
Chart 2. CSF levels of [3H]inulinand bleomycin in cisternal CSF as a function

of time after the ventricularadministrationof 1 mg of inulinand bleomycin;because
the bleomycin dose was 0.1 mg, the bleomycin curves were multiplied x 10 for
comparison. Curves were computer fit by the method of least squares.MCG, iÂ¡g.
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Table 3
Pharmacokineticsof intraventricular inulin and bleomycin

KO(mirr Vss(ml)

AUC" (mg/

min/ml) CLr (ml/min)
[3H]lnulin(n = 7) 0.003 Â±0.001
Â¡3H]lnulin(n = 8) 0.007 Â±0.002
Bleomycin(n = 9) 0.004 Â±0.001

17.9 Â±2.1 20.3 Â±2.8 0.060 + 0.012
16.1 Â±2.6 12.6 Â±1.0 0.083 Â±0.006C

14.3 Â±2.4 19.2 Â±3.1 0.062 Â±0.015
" Mean computed by normalizing values for a 1.0-mg dose.
" Mean Â±SE.
cRef. 15.

curves are similar over the experimental period; this was typical
of all experiments and indicates that bleomycin behaves in a
manner similar to that of inulin with respect to CSF clearance
and distribution.

Table 3 summarizes the pharmacokinetic parameters mea
sured for [3H]inulin in a previous study (12) and those measured

in this study. The clearance of inulin from the cisterna magnum
is similar to values cited in the literature (10) but somewhat
slower than our previously reported value (12). The 231 -min half-
life for inulin elimination, K0, is significantly lower than the 99-min

value measured in the previous study (12). The latter value has
been reported for normal dogs (10). Normally, inulin, which is not
metabolized in situ, is cleared from the CSF by bulk flow through
the arachnoid granulations into the venous circulation. Peak CSF
inulin levels (136 versus 105 ^g/ml) and C x f values (20.3 versus
12.6 mg/min/ml) for inulin were slightly higher than found in a
previous study conducted in dogs treated with 1-(4-amino-2-
methylpyrimidine-5-yl)methyl-3-(2-chloroethyl)-3-nitrosourea.

DISCUSSION

Both inulin and bleomycin have similar CSF pharmacokinetics,
which would be expected because of the low capillary permea
bility of both compounds in normal brain (16). These data also
suggest that there is little binding of bleomycin to periventricular
cell surfaces. From the results summarized in Table 3, it is clear
that [3H]inulin is cleared more slowly in dogs pretreated with

bleomycin than in dogs pretreated with other drugs (11,12). The
fact that pharmacokinetic values for [3H]inulin are substantially

lower than values obtained in experiments conducted simulta
neously suggests that the schedule of administration of bleo
mycin altered the bulk flow reabsorption of CSF. Because all
pharmacokinetic studies were performed 1 month after the com
pletion of 8 weeks of bleomycin administration, during which
CSF protein levels had been elevated for some time, we assume
that the reduced CSF absorption is related to cumulative protein
blockage of the arachnoid granulations, the site of CSF absorp
tion.

In addition to the dose-related increase in CSF protein levels

produced by bleomycin doses of greater 0.3 mg/week, we also
found a very prominent vascular necrosis in the brains of some
dogs (Fig. 1) in this group and one dog that was irradiated with
3000 rads and treated with bleomycin (0.067 mg/week). The
ependymitis and ventriculitis found are not particularly unusual
findings and were similar to the ventriculitis and ependymitis
found for administration of low doses of a-difluoromethylornithine

(11), methylglyoxal bis(guanylhydrazone) (11), and the anticancer
agent 1-(4-amino-2-methylpyrimide-5-yl)methyl-3-(2-chloroethyl)-

3-nitrosourea (12). Because the volume of CSF is 10-fold greater

in humans than in dogs, these changes should be substantially
less significant in humans, and the concentrated bleomycin com
ing from the reservoir catheter into the ventricle is less likely to
come into contact with the wall of the ventricle Â¡nhumans than
in dogs. Because of the vascular changes, however, bleomycin
administered intraventricularly must be considered to be poten
tially toxic to humans (17). Only very low doses (0.067 to 0.3
mg/week) of bleomycin can be given without substantial central
nervous system toxicity, and even then one of the "low-dose"

dogs that had been irradiated previously showed necrotizing
vasculitis in the medulla. Neuwelt et al. (18) found a dose-related
neurotoxicity in dogs treated with bleomycin after the blood-

brain barrier had been opened with osmotic agents.
In general, most human and animal cell lines are relatively

resistant to bleomycin and require treatment with 5 to 10 mg/
min/ml to produce significant cell kill; in B16 melanoma, however,
treatment with 0.3 mg-min/ml produces a 1-log cell kill.5 There

fore, the potential CSF C x f of 1.9 mg-min/ml for each 0.1-mg

dose may not be sufficient Â¡nmost instances to achieve thera
peutic effects without causing relatively severe toxicity.

On the basis of our results and these considerations, we
believe that a Phase 1 clinical trial to evaluate the effects of i.t.
bleomycin would be of limited value.
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