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ABSTRACT

The central nervous system toxicity and cerebrospinal fluid
(CSF) pharmacokinetics of 3-[(4-amino-2-methyl-5-pyrimidi-
nyl)ethyl]-1-(2-chloroethyl)-1-nitrosourea (ACNU) were deter
mined in beagles and compared to those for three other nitrosou-
reas, 1-(2-chloroethyl)-3-(2,6-dioxo-3-piperidyl)-1 -nitrosourea,
1,3-bis(2-chloroethyl)-1-nitrosourea, and chlorozotocin. Of the

four drugs, ACNU was tolerated best and at doses of 0.2 to 0.8
mg/week for 8 consecutive weeks. We found that the average
half-time for CSF elimination of ACNU was 18 min (range, 12 to

38 min). This value exceeded the known rate of ACNU decom
position in aqueous solution (28 to 29 min), implying that the
disappearance of ACNU from CSF was due to hydrolytic decom
position and cellular entry and/or transcapillary loss across cen
tral nervous system capillaries. The drug exposure integral (C x
f) of ACNU in the CSF after a "toxic dose low" of 0.8 mg in the

dogs would achieve the equivalent of in vitro cell kills in excess
of 3 logs for rat 9L and human glioma 126 cells. As a potential
therapeutic agent for meningeal neoplasia, the major limiting
factor may be that the CSF elimination of ACNU is rapid com
pared to its equilibration time from ventricle to spinal- and cere
bral convexity-subarachnoid space. Based on these results, we
have instituted clinical Phase I trials of intra-CSF ACNU.

INTRODUCTION

The treatment of meningeal neoplasia is limited to irradiation
to the brain and spinal cord or to the use of a limited number of
drugs that can be administered directly into the spinal subarach-
noid space (i.t.3) or cerebral ventricles. Irradiation to the brain,

while sometimes effective, as in CNS leukemia prophylaxis, has
toxic effects on the brain that result in intellectual impairment
even at doses as low as 2500 rad (1). Intraventricular or i.t.
chemotherapy, while helpful in many cases, is generally palliative
(2, 3). One reason for the limited success of drugs administered
into the CSF (ICSF) is the dearth of safe and efficacious drugs.
In the United States, only 3 drugs, methotrexate (4, 5), 1-0-0-
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arabinofuranosylcytosine (6-8), and thiotepa (9), are used.

The purpose of this study was to evaluate the safety and
efficacy of CENUs in a beagle model (10, 11) to determine if a
clinical Phase I study should be undertaken. The CENUs offer
advantages over methotrexate and 1-ÃŸ-o-arabinofuranosylcyto-

sine in that the CENUs are cell cycle nonspecific in their mode of
action and, compared to thiotepa, have a much broader spectrum
of tumor activity. In this current study, we evaluated, to a limited
extent, CLZ, PCNU, and BCNU and, to a much greater extent,
a water-soluble nitrosourea, ACNU.

MATERIALS AND METHODS

Experimental Animals. Male Grade 2 beagles, 6 to 9 months old,
purchased from Marshall Research Animals (North Rose, NY), were
used. Grade 2 denoted congenital abnormalities such as one detectable
testicle, rectal prolapse (repaired), or lower incisors projecting severely
over upper incisors. All dogs were cared for in an approved animal facility
sponsored by the University of California. All dogs were acclimated for
at least 1 week before studies were initiated. Male F344 rats were
obtained from the Simonson Company (Gilroy, CA).

Reservoir Implantation. The technique of implantation has been
described previously (10). Briefly, dogs were anesthetized with pento-

barbital and placed in a stereotaxic head holder (David Kopf instrument).
Using sterile techniques, one of 2 methods were used for catheter-
reservoir implantation: in Method 1, A 20-gauge spinal needle connected

to polypropylene tubing was inserted into the third ventricle, fixed to the
bone with dental acrylic, and then externalized with a heparin lock closure
for sterility. In Method 2, a ventricular Foltz reservoir modified and kindly
provided by American Heyer-Schulte (Goleta, CA) was connected to

Silastic tubing that had been stereotactically placed in the left lateral
ventricle. Recently, this method replaced Method 1 as our method of
choice for drug delivery into the 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 intraventricular treatment with 0.5 mg gentamicin/day for 4
days.

Routine Laboratory Tests and Examinations. Physical parameters
and behavioral changes were noted daily. Peripheral blood was obtained
by venipuncture from a paw vein. CSF sampling was obtained after
anesthetizing the dogs with pentothal and placing a 22-gauge spinal

needle p.c. into the cisterna magnum. The following blood and CSF tests
were obtained prior to surgery and on alternate weeks during and for 4
weeks after drug treatments: WBC, differential, platelets, and hematocrit
on blood; cell count, differential, glucose, and protein on CSF. For
intraventricular or subarachnoid infections, dogs were worked up in the
following manner: (a) peripheral blood complete blood count and differ
ential; and (b) CSF culture, cell count, differential, protein, and glucose.
Antibiotic treatment was then started pending culture results with i.m.
penicillin or i.m. penicillin and i.m. gentamicin and treatment through the
reservoir with gentamicin.

Drug Administration. CLZ, PCNU, and BCNU were obtained from the

CANCER RESEARCH VOL. 45 AUGUST 1985

3803

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2423665/cr0450083803.pdf by guest on 19 M

ay 2023



ICSF PHARMACOKINETICS OF NITROSOUREAS IN DOGS

Developmental Therapeutics Program, Division of Cancer Treatment,
National Cancer Institute. ACNU was a gift from the Sankyo Company
(Tokyo, Japan). All drugs were obtained as sterile lyophilized powders
and were administered as a bolus, once a week for up to 8 weeks,
regardless of the surgical technique. ACNU and CLZ were reconstituted
in sterile 0.9% NaCI solution (saline). When 1.6 mg of ACNU were
reconstituted in 1 ml of saline, the pH was 4.2; with the addition of 0.5
ml of CSF (as is common with our administration technique), the pH was
7.1. ACNU doses ranged between 0.2 and 4.2 mg/week; CLZ doses
were 1.0 to 10.0 mg/week. PCNU was reconstituted with the clinical
diluent, dimethylformamide:propylene glycol; doses were between 1.0
and 2.25 mg/week. BCNU was first dissolved in 0.15 ml of ethanol and
then 0.35 ml of sterile preservative-free saline; doses of 2 and 5 mg/

week were evaluated. Table 1 summarizes the number of dogs studied
at each dose level.

Radiation Therapy. Six dogs were irradiated 3 months prior to the
placement of the Foltz reservoirs. The radiation was delivered using
laterally opposed fields (8x8 cm). Dogs were irradiated at a dose of 333
rad/day (to 3000 rad in 9 fractions) over 11 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 of accuracy.
The dogs were anesthetized with pentothal and intubateti prior to each

dose of radiation.
Postmortem Studies. One month after the last ICSF dose of drug

was given, dogs were sacrificed with Euthanol (concentrated pentobar-

bital solution). The brain and spinal cord were removed and fixed in
buffered formalin, and representative tissue blocks were taken and
stained with hematoxylin and eosin and Luxol-fast periodic acid-Schiff.

In some animals, the brain was perfused with a 2% glutaraldehyde:2%
buffered paraformaldehyde solution for electron microscopy. Areas eval
uated included dura, subarachnoid-pia, cerebral gray matter, cerebral

white matter, caudate nucleus, putamen, globus pallidus, thalamus,
hypothalamus, fornices, optic tracts, ependymal surfaces, choroid plexi,
midbrain, pons, medulla oblongata, cerebellum, spinal cord, spinal
nerves, and pituitary gland.

Chemicals and Isotopes. HPLC-grade methanol and acetonitrile were

obtained from Burdick and Jackson Laboratories, Inc., and were used
as received. Sodium acetate (anhydrous, reagent grade) was obtained
from J. T. Baker Chemical Co., and glacial acetic acid (analytical reagent)
was purchased from Mallinckrodt, Inc. Water was double distilled in
glass.

[3H]lnulin was purchased from New England Nuclear and was repuri-

fied before use by Sephadex G-25 column chromatography.

ACNU Assay Procedure. Since the emphasis in this paper is on
ACNU, we present only the HPLC technique for ACNU. Assays for the
other CENUs were similar and varied only in the percentage of acetonitrile

Table 1
Summary ol ICSF CE/VU doses administered per week and for the number of

weeks actually administered

DrugACNUBCNUPCNUCLZNo.111252211121111Dose(mg/wk)0.20.40.50.60.81.02.03.24.22.05.01.0-2.22.01.5-2.010.0No.8888,88,8,8,85,84384,85121ofwk8,8,8

in the mobile phase and the observed retention times. The HPLC system
consisted of a Perkin-Elmer Series 2 solvent delivery system, a Rheodyne
Model 7120 sample injection valve, a Brownlee HPLC pre-column guard
system containing a RP-18, 5-pm, 3-cm x 4.6-mm (inside diameter)
cartridge, an Alltech analytical HPLC column (RP-18, 5 urn, 25 cm x 4.6

mm, inside diameter), a Beckman Model 160 UV detector with a 254 nm
fixed wavelength filter, and a Linear Instruments Corp. dual-pen recorder.

The mobile phase for the reverse-phase column was acetonitrile:water

(1:3; 0.29 M acetate buffer, pH 4.4) with a flow rate of 1.4 ml/min. CSF
samples of 0.02 ml were injected directly onto the HPLC. ACNU had an
average retention time of 7.5 min. Standard curves of peak height versus
known concentration were run with each batch of unknown CSF sam
ples.

CSF Pharmacokinetics. Dogs with reservoirs were reanesthetized
and placed in a lateral position, and a 22-gauge needle was placed p.c.

into the cisterna magnum. In a total volume of 0.5 ml of saline, nonlabeled
CENU and [3H]inulin were injected into the ventricle (2 ml saline was

used to wash the reservoir clear). Samples (0.05 ml) of cistemal CSF
were removed at various times, and the amount of ACNU (or other
CENUs) was measured using the HPLC assay above. The amount of
radioactive inulin was determined using a Beckman LS-250 scintillation

spectrometer; quench correction was made by the external standards
method.

The descending plot of dpm/ml or ng/m\ of CSF (Craf) against time
was used to compute the AUC and the AUMC using a computer program
that utilized 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 used were those of Benet and Galeazzi (12) and Chan and
Gibaldi(13).

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

CLT = dose/AUC (B)

Ko = O.T/VSS (C)

where Vss is the volume of distribution at steady state (ml), CLT is the
total CSF clearance (ml/min), Ko is the constant of drug elimination from
CSF (min'1), and 7 is the length of drug infusion (min). Since T is small,

0.5 to 1.0 min,

Vss = dose-AUMC/AUC2 (D)

Brain Capillary Permeability Determinations. [eihy/ene-14C] ACNU

was a gift of the Sankyo Company, Ltd. Specific activity was 8.07 mCi/
mmol. Purity was determined by thin-layer chromatography to be >98%.

Rat brain and tumor capillary permeability (P) measurements were made
using published methods (14,15). Tumor plasma volume was determined
by injecting [3H]dextran 15 min before sacrifice; values were calculated

using the formula

K, = 0.93 C
1 - 0.93 PV - 0.85 (BV - PV)f

AUC
(E)

where K, is the capillary permeability times the surface area coefficient
(min"1), C is the concentration (or dpm/g) of drug in tissue, PV is the

tissue plasma volume (ml/g), BV is the tissue blood volume (ml/g), f is
the RBC:plasma ratio of drug at the end of the experimental period, AUC
is the integrated plasma drug or isotope exposure during the experimen
tal period (dpm x min/ml), and 0.93 and 0.85 are correction factors for
plasma and RBC water, respectively.

RESULTS

Behavioral and Neurological Toxicity. For the most part,
behavioral changes were limited to hypoactivity in dogs at the
higher doses of CENU, seizures in dogs receiving CLZ, and
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decreased appetite and dehydration in dogs in whom pathologi
cal changes were observed.

Laboratory Toxicity. Table 2 summarizes the CSF and pe
ripheral blood parameters for control (dogs prior to treatment)
and ACNU-treated dogs. No myelotoxicity was observed and, in

the CSF, only a modest elevation in cell count and protein content
was found in ACNU-treated dogs.

Neuropathology. Pathological examination of the brains of
animals sacrificed 1 month after the completion of treatment was
performed in all dogs. Twenty-three CENU-treated and 2 irradi
ated and saline-only-treated dogs were examined. The changes

seen grossly and histologically in the nervous systems of these
dogs were separable into 2 categories: those associated with
the ventricular cannula; and those due to the installation of the
CENU.

The tract of the cannula was most often lined by a sleeve of
fibrous connective tissue with adjacent demyelination, gliosis,
and mild chronic inflammation. When the tip of the cannula was
in the ventricle, there was often a degree of fibrosis and chronic
inflammation in the local choroid plexus. When on occasion the
cannula had penetrated deeper into the thalamus or other basal
ganglia, there were areas of scarring, recent and remote hem
orrhage, gliosis, demyelination, and a variable inflammatory re
action.

Almost all of the animals showed at least a mild degree of
denudation of the ependyma in the lateral ventricle on the side
that was cannulated. This can be ascribed to the local irritation
of the cannula and to the response to even the injection of saline,
because it was also observed in the 2 irradiated dogs that
received only saline through the cannula. Invariably, loss of
ependyma in the ventricle was associated with enlargement of
that ventricle as well.

With increasing doses of the ACNU (>2 mg), there was an
extension of the ependymitis and periventriculitis progressively
into the third ventricle, into the opposite lateral ventricle, into the
aqueduct of Sylvius, and into the fourth ventricle. In general, the
extent and degree of ependymitis and periventriculitis correlated
well with the amount of drug injected. Figs. ÃŒA,~\B, and 2 are

examples of mild, moderate, and severe ventriculitis and epen
dymitis. With the high levels of drug (3.2 to 4.2 mg), there was
the addition of a significant lymphocytic meningitis over the
ventral surface of the brain stem and base of the brain with a
necrotizing vasculitis involving large, medium, and small arteries
in the subarachnoid space. In one animal, this was associated
with multiple areas of necrosis with significant removal of tissue

and a residual dominantly phagocytic response. These were not,
however, typical infarcts although they were clearly related to
areas with necrotizing vasculitis. Fig. 3 is an example of necro
tizing vasculitis in the subarachnoid space.

No pathological changes were observed in one dog that re
ceived 8 weeks of 2-mg/week BCNU treatment and one dog
that received 5-mg/week BCNU treatment; in a third dog that

received BCNU (5 mg/week for 4 weeks), partial obliteration of
the aqueduct and hydrocephalus was noted due to ventriculitis.
The primary pathological changes in the dogs receiving PCNU
(1.0 to 2.2 mg/week) and CLZ (1.5 to 2.0 mg/week or the single
dose of 10 mg) were related to vascular necrosis involving the
ventricular (choroid plexus), periventricular, and leptomeningeal
vasculature. There was also necrosis of the vessel walls and of
the entire ventricular system.

Pharmacokinetics. Chart 1 is an HPLC Chromatograph of
ACNU in dog CSF. The HPLC assay was linear from 0.02 through
100 Mg/ml- Chart 2 is a representative plot of CSF [3H]inulin and

ACNU concentration over time. Table 3 summarizes the phar-
macokinetic parameters measured for [3H]inulin, PCNU, and

ACNU. The clearance of inulin from the cisterna magnum is
similar to values cited in the literature (16) but higher than the
known CSF production rate of 0.05 ml/min (17). The 99-min half-
life for inulin elimination, K0, is also quite similar to that in previous
studies (16) and reflects the bulk clearance of inulin, a nonme-
tabolized compound, from the CSF. Both PCNU and ACNU are
more rapidly cleared from CSF. The K0 half-time for ACNU is 18
min and is more rapid than its known half-time in aqueous

solution of 28 to 29 min (18,19). PCNU, on the other hand, with
a half-time of 69 min, was considerably slower than its half-time

in aqueous solution of 25 min (18). We believe that this is due to
poor solubility in CSF of PCNU:dimethylformamide:propylene
glycol. The K0 for BCNU was 25 min in 2 animals.

Brain Capillary Permeability of ACNU. The K, for 4 animals
computed at 6 min was 0.188 Â±2.7% (SD), and for 4 animals at
10 min it was 0.094 Â±0.7% min"1. The mean of the 2 time
points was 0.141 min"1 or a half-time of 5 min.

DISCUSSION

The beagle model that we developed to study the toxicity and
pharmacokinetics of intraventricular anticancer drugs does have
limitations for pharmacokinetic studies. Drug exchange between
ventricles and lumbar subarachnoid CSF is extremely slow in the
anesthetized dog with a half-time of 6 h for inulin in 2 experi-

Table2
CSF cell count, glucose, and protein and peripheral blood hematocrit, WBC, and platelet count obtained at 2-

week intervals in control, ACNU-treated, and ACNU- and radiation-treated beagle drops

Control

Radiation control

ACNU"

Radiation and ACNUWBC13Â±2"

(" = 51)
7Â±221

Â±7
(n = 49)
10Â± 1
(n = 13)CSFGlucose

(mg/dl)76

Â±1("
=

78 Â±2
(n = 10)
77 Â±2
(n = 49)
77 Â±2
(n = 15)Peripheral

bloodProtein

(mg/dl)37

Â±4
52)
28.5 Â±579

Â±12
(n = 48)

45 Â±3
(n = 13)Hemato

crit40

Â±1

46 Â±1

45 Â±1

45 Â±1WBC/cu

mm13,800

Â±63810,81

7 Â±636
(n = 12)

11,916 Â±513
(n = 62)

10,500 Â±583
(n = 18)PlateletsAdequate

Adequate

Adequate

Adequate

" Mean Â±SE.
" In absence of obvious Â¡ntraventricularinfection.
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Chart 1. HPLC Chromatograph of ACNU in dog CSF. ACNU was eluted from a

RP-18 5-fim reverse-phase column using a mobile phase of acetonitrile:0.29 M
acetate buffer, pH 4.4 (1:3). ACNU was detected at 254 nm; the retention time was
7 min.

ments. While the monkey would have been better in this regard,
costs and care considerations precluded their study.

In previous studies, we reported CSF pharmacokinetics for a-
difluoromethylornithine (11) and methylglyoxal bis(guanyl-
hydrazone) (10) using a conventional 2-compartment model ap
proach. Since model dependency is, in CSF pharmacokinetic
studies, difficult to establish precisely because of fluctuating CSF
compartment volumes (ventricles, cisterna magnum, subarach-
noid space) and Â¡ntercompartmentalflows, we decided to use
recently described model-independent methods based on statis
tical moment and steady-state distribution volumes (12,13).

These studies demonstrate that while ACNU, at doses in
excess of 1 mg/week for 8 weeks, can be toxic to the dog CNS,
doses between 0.2 and 0.8 mg/week for 8 weeks are reasonably
well tolerated. Furthermore, even in dogs receiving 3000 rad of
whole-brain irradiation 3 months prior, ACNU toxicity to the CNS

100

O '0

INULIN

50 100 150 200 250

MINUTES
Chart 2. Actual CSF levels of [3H]inulin and ACNU in cistemal CSF as a function

of time following the intraventricular administration of 1 mg of inulin and ACNU.
Unes are joined between points. MCG, itg.

is quite acceptable. The pharmacokinetics of ACNU indicates
that its elimination from the CSF is affected by its rate of
hydrolysis in aqueous solution and its ability to cross brain
capillaries(3, 20). CSF-to-brain diffusion and subsequent cellular
entry is probably of lesser importance because of the long time
requiredfor diffusion compared to transcapillary exchange. Using
published techniques (11, 14), we have measured the blood-to-
brain transfer constant, Kâ€žfor radiolabeled ACNU to be 0.139/
min or a half-time of 5 min. The fact that K, is more rapid that K0
could explain the observed half-life of ACNU in CSF of 18 min,
when the half-life in buffer has been measured as 28 to 29 min
(18,19).

PCNU, on the other hand, produced local and severe CNS
changes in the floor of the third ventricle after ICSF administra
tion. In addition, its CSF elimination half-life was 69 min, while
its half-life in aqueous solution is approximately 25 min (18).
These 2 facts were interpreted as indicating that PCNU:di-
methylformamide:propylene glycol probably did not disperse
readily in CSF and was protected from aqueous decomposition.
Therefore, PCNU would not be as good a candidate as ACNU
for ICSF administration. The third drug, BCNU, while it appeared
to be tolerated well in the few experiments in which it was used
and had a half-time in CSF comparable to that of ACNU, required
ethanol to solubilize it before ICSF administration. We were
concerned that, for clinical trials, the amount of ethanol required
might have toxicity of its own in the CNS. The fourth drug, CLZ,
for some inexplicable reason was extremely toxic to the CNS,
producing death in 2 dogs after one and 2 doses, respectively.
Theoretically, the fact that CLZ would (a) not be expected to
readily cross brain capillaries, (b) exit the CSF primarily by bulk
flow absorption, and (c) only slowly hydrolyze in CSF could
account for increasedventricular retention compared to the other
CENUs studied.

The pharmacokinetics of ACNU is at once encouraging in
terms of potential tumor cell toxicity and limiting in terms of CSF
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Table 3
Pharmacokinetic parameters computed following the intraventricular administration of [*H]inulin, ACNU, and

PCNU using the method of statistical moment (2, 4)

['HJInulin (n = 8)
ACNU (n = 8)
PCNU(n = 2)CSF

peak"(^g/mi)105

Â±16"

79 Â±18
203Ko

(min-')0.007

Â±0.002
0.039 Â±0.004

0.010VKÂ»

(ml)16.1

Â±2.6
24.6 Â±6.5

13.4AUC"(mg/

min/ml)12.6

Â±1.0
1.9 Â±0.4

12.3CLr

(ml/min)0.083

Â±0.006
0.827 Â±0.178

0.089
Mean computed by normalizingvalues to 1.0-mg dose.

" Mean Â±SE.

delivery. Based on the concept of tumor cell cytotoxicity de
pendency on the drug exposure integral (21) and the amount of
drug product formed in cells (22), ACNU should be a highly
effective drug in the CSF. As an example, a dose of 0.8 mg/
week will produce an exposure integral (C x f) or AUC of
approximately 1.5 mg/min/ml. In vitro, against 9L gliosarcoma
cells, 0.3 mg/min/ml will produce a 1.5-log cell kill and 0.38 mg/
min/ml a 3-log cell kill;4 against a human glioma line, HIM 26,
0.24 mg/min/ml will produce a 1.5-log cell kill.5 Thus, it would be

anticipated that, if humans tolerate ACNU in the CSF at levels
comparable to that observed in dogs, ACNU would be extremely
toxic to neoplastia cells bathed by the CSF. In addition, dose
repetition weekly for 8 weeks will further enhance this cytotox
icity. The caveat, however, is that CSF elimination is rapid and
the time for drug diffusion from ventricle to lumbar- and cerebral
convexity-subarachnoid space is slow, on the order of hours in
humans (16). A significant amount of ACNU, therefore, will hy-

drolytically decompose before reaching subarachnoid regions
distant from the injection site. This caveat notwithstanding, we
believe that ICSF ACNU should be evaluated further in clinical
Phase I studies. ACNU, like other CENUs, has a broad range of
clinical activity, and it is active against brain tumors (20).

Our studies would indicate that neurotoxicity to ACNU doses
of <1 mg are acceptable in the dog and limited primarily to
ventriculitis and ependymitis. In addition, some of the observed
toxicities to the ependymal and subjacent structures observed
in dogs may not occur in humans to the same extent because
human ventricles are larger and direct contact of concentrated
ACNU solutions with a ventricular surface is less likely to occur
to the degree observed in the smaller ventricular system of the
dog. While the clinical role of ACNU may be limited to the
treatment of spinal- and basal-arachnoid infiltrates because of

its CSF pharmacokinetics, its cytotoxicity to neoplastic cells in
those regions should be substantial in comparison to currently
used drugs such as methotrexate, 1-/3-D-arabinosidefuranosyl-

cytosine, and thiotepa. A clinical trial of ICSF ACNU has been
initiated at our institution at a starting dose of 8 mg every 2
weeks. Thus far, no untoward effects have been noted, and the
pharmacokinetics is similar to that observed in the dogs.
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Fig. 1. Dog received 3000 rads of irradiation followed by 8 weeks of 0.8 mg ACNU per week. Photomicrographs show lateral ventricle with mild chronic ventriculitis
and periventriculitis and some gliosis in the subependymal plate (a), b, moderate chronic ependymitis with partial denudation and mononuclear elements in the Virchow-
Robin space. H & E. x 10.
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Fig. 2. Dog received 2.0 mg ACNU weekly for 8 weeks. Photomicrograph shows third ventricle with severe chronic ependymitis. Note denudation of ependyma,
subependymal edema and gliosis, and chronic inflammatory cells around vessels. H & E, x 10.

Fig. 3. Dog received 3.2 mg of ACNU weekly for 4 weeks. Photomicrograph shows subarachnoid space at the base of brain. There is necrotizing vasculitis in multiple
adjacent vascular segments. H & E, x 10.
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