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Abstract—The uptake of [*H}-dibromodulcitol (PH]-DBD) into glioblastomas,
white matter and cerebrospinal fluid was studied in 10 patients. Single-tissue
samples were taken from different subjects at 4, 15 and 24 hr after [*'H}-DBD
administration. The level of *H-compounds in the central nervous system was
similar after a single (400 mg/m?), or 3 smaller daily oral doses of 150-180 mg/ m? of
[*H)-DBD. The distribution of radioactivity was uniform in the tumour, white
matter and muscle. Between 3 and 15 hr after administration of DBD the
concentration of radioactivity did not change significantly and was between 5 and
13 ug of DBD/g tissue wet wt. At the same time the level in the cerebrospinal fluid
(CSF) remained between 1 and 4 pg/ml. Meanwhile, the average concentration of
radioactivity in the plasma fell from 11 to 3 ug/ml. The elimination half-life of the
labelled compounds from the tissues was about ) day as judged from the limited
number of non-serial data obtained 4 and 24 hr after the last dose of repeated drug

admanistration.

INTRODUCTION

DisroMoDULCITOL (DBD, Mitolactol®, NSC-
104800) is one of the alkylating hexitol com-
pounds developed in Hungary. It was first
introduced for the treatment of different human
malignancies by Sellei et al. [1], and was later
extensively studied by other investigators [2-4].
Distribution studies demonstrated a high
uptake of the drug into the central nervous system
(CNS) of animals [5]. Belej et al. [6] and Horvath
et al. [7-9] also found significantamounts of DBD
and its metabolites in different human organs and
cerebrospinal fluid (CSF), demonstrating the
rapid penetration of the drug through the cell
membranes and the blood-brain barrier (BBB).
DBD and its main metabolite, dianhydro-
galactitol (DAG), were found to be among the
most active drugs out of the 177 cytostatic agents
screened by Geran et al. [10] on the mouse
ependymoblastoma. Merker et al. [11], using a
transplantable dog brain tumour model, showed
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DBD to be very effective in prolonging survival
times.

In adjuvant treatment of supratentorial human
glioblastomas and malignant astrocytomas DBD
exhibited no activity if given alone. Irradiation
resulted in a median survival of 40 weeks, while
the combination of DBD therapy with irradiation
increased it to 57 weeks [12, 13]. Similarly, the
combination of BCNU and DBD gave satisfying
results in the treatment of malignant glioma
recurrencies [14]. Various dose schedules had been
applied in the clinical trials: daily doses of
120-180 mg/m? for 10 days or longer, and single
doses of 350-500 mg/m? every 5th or 7th day
respectively. Both schedules were found to be
active and well tolerated [3, 15].

In the present study the time course of the
uptake and elimination of [*H]-DBD into and
from the human CNS, malignant gliomas and
CSF were investigated by collecting single tissue
samples from different patients at various time
points after [’H]-DBD administration. In addi-
tion, the pharmacokinetic basis of various
administration schedules were studied after the
administration of DBD in a single dose and 3
smaller daily dosages.
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MATERIALS AND METHODS

The studies on the pharmacokinetics of DBD
were carried out using [*H]-DBD labelled in the
C-1 position with a specific activity of 7.77
MBq/mg (210 pCi/mg), provided by the
CHINOIN Chemical and Pharmaceutical Works,
Budapest. The material proved to be chromato-
graphically 97% pure. The *H-atom is firmly
bound to the carbon skeleton, i.e. it is also present
in all the metabolites [8].

The study was performed according to the
guidelines of the Hungarian Human Research
Ethical Committee, limiting the total amount of
*H given to each individual patient to 22.2 MBq
(600 uCi). Therefore [P'H]-DBD was mixed with
unlabelled DBD before use in order to achieve the
required specific activity. An aliquot was taken to
determine the actual amount of radioactivity.

The [*H]-DBD was given orally to 10 patients,
all harbouring malignant gliomas. Histologic-
ally all tumours investigated were uniformly
glioblastomas (Kernohan IV). Samples were
taken at surgery. Two different dose schedules
were applied. A group of 6 patients received a
single dose of 400 mg/m? of [*H]-DBD. The time
interval from the drug administration until
collection of specimen was 3.5-4.75hr in 3
patienis and 13.3-15.25 hr for another 3 cases. To
the next 4 patients the drug was given in daily
doses of 150-180 mg/m? for 3 subsequent days
prior to surgical intervention. Materials were
taken at 4.25 (2 patients) and at 24 hr (2 patients)
following the last [*H]-DBD dose.

From each patient a single sample of plasma,
CSF, brain tumour and white matter was
collected. From 2 patients a piece of temporal
muscle was also obtained. An assay for radio-
activity in each specimen was performed as
described previously [16]. Measurements were
performed in a liquid scintillation counter (LKB-
Wallac, 81000) and in Carbon-Tritium Auto-
matic Gas Analyser (CHINOIN Chemical and
Pharmaceutical Works, Budapest).

RESULTS

The *H-content of the samples following a
single oral dose of 400 mg/m? of [’H]-DBD
expressed as ug of DBD/ml or g tissue wet wt is
summarized in Table 1. The radioactivity levels
measured approximately 4 hr after drug adminis-
tration in white matter and tumour tissue were
similar, with mean amounts of DBD/g tumour
tissue of 8.3 ug (range 5.6-12) and 9 ug (range
6.2-13) respectively. The mean plasma concentra-
tion at the same time was slightly higher, whereas
the concentration in the CSF was much lower,

Table 1. *H levels after a single oral dose of
400 mg/m? of PH]-DBD at the time of surgery*

Time
after
Patient dose White
No. (hr) Plasma CSF  Tumour matter
1 3.5 11.6 1.2 6.2 5.6
2 4.5 8.8 15 7.6 7.2
3 4.75 12.0 3.5 13.0 12.0
Mean 10.8 2.1 9.0 8.3
4 15.16 4.1 3.3 8.3 8.0
5 135 3.9 14 5.9 7.0
6 15.25 2.1 4.3 4.6 5.3
Mean 34 3.0 6.3 6.7

*Total radioactivity expressed as ug of DBD/ml or g wet wt.
Each figure represents a single measurement in 1 patient.

namely 2.1 pg/ml (range 1.5-3.5). In the muscle
specimen of patient 3 13.4 ug/g was found. No
significant changes in DBD concentrations in
CSF, tumour and white matter could be observed
at approximately 14hr after drug intake.
However, the plasma DBD concentration fell
significantly from 10.8 ug/ml (range 8.8-12) to
3.4 ug/ml (range 2.1-4.1).

In the patients who received approximately the
same total DBD dose but in 3 divided portions, the
amounts of radioactivity in the tissue samples
were similar to those obtained after a single dose
(Table 2). Four hours after the last DBD intake,
the concentrations of radioactive materials were
between 7.8 and 12.0 ug/g wet wt in the tumour,
7.5-10.7 ug/g in the white matter samples,
5.7 ug/ml in the plasma and 4.2 ug/ml in the
CSF. The levels of radioactivity in the tumourand
plasma specimens were 3.9-6.7 and 5.4-7.9 ug/g
respectively 24 hr after the last dose. The drug
concentration was 2.4-2 ug/ml in the plasma,
3.8 ug/ml in the CSF and 4.8 pg/g in the muscle
specimen of patient 10.

Table 2. *H levels following 3 repeated oral doses of
150-180 mg/m? of [*H]-DBD at the time of surgery*

Time
after the

Patient last dose White
No. (hr) Plasma CSF  Tumour matter

8 4.25 5.6 — 7.8 7.5

8 4.25 — 4.2 12.0 10.7

9 24 24 — 39 7.9

10 24 2.0 3.8 6.7 5.4

*Total radioactivity expressed as ug of DBD/ml or g wet wt.
Each figure represents a single measurement in 1 patient.
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DISCUSSION

As generally believed, drugs with high lipid
solubility and low molecular weight cross the
BBB and easily reach the target in the CNS
[11, 17, 18]. The low molecular weight of DBD
(308) and its amphiphilic property due to the
C-Br and hydroxyl groups facilitate its penetra-
tion through both lipophilic and hydrophilic
phases. Previous human studies using radio-
labelled drug proved that orally administered
DBD was easily and completely absorbed from the
gastrointestinal tract [6-9]. It rapidly appeared in
the CSF, where approximately 30% of the
radioactivity was present in the form of
pharmacologically active, bifunctional alkylating
compounds, such as DBD, bromoepoxygalactitol
(BrEpG) and DAG, 6 hr after drug administration
[6, 7].

Following the two different drug dose schedules
no consistent differences appeared between the
radioactivity levels in brain tumour and white
matter, except for in patient 9. Moreover, similar
amounts of radioactivity were found in the
temporal muscle biopsies from patients 3 and 10.
These data clearly indicate that SH-DBD easily
penetrates the BBB of humans, confirming
comparable results in experimental animals
presented by Institoris and Dzurillay [5]. Our data
are in marked contrast to previously reported
results with DAG [16], showing a tumour: white
matter ratio of 2.66 for glioblastomas and much
higher differences for the more differentiated
astrocytomas.

Two factors might be primarily responsible for
this difference: (i) both DBD and DAG easily
penetrate the BBB; however, the more hydrophilic
DAG can hardly enter the white matter; (ii)
studies of Institoris et al. [19] on the interaction of
DBD and DAG with chromatin constituents of
tumour cells in vivo have shown that DAG is
bound rapidly to DNA but has no significant
interaction with proteins. However, the DBD-
DNA interaction is delayed by an early association
of DBD with chromosomal proteins. Conse-

quently, any difference in the DNA alkylation
between tumour and white matter might be
concealed by the large amounts of protein-bound
DBD.

The disappearance of radioactivity from the
plasma was much more rapid than from the
compartment inside the BBB. According to earlhier
investigations on [*H]-DBD in patients [6-9], the
plasma half-life of *H-elimination was around
6 hr. The very limited number of non-serial data
suggests that the biological half-life of [*'HI-DBD
may be at least 24 hr.

The adminisration of DBD for longer periods
of time may therefore lead to drug accumulation
in the CNS. The slow elimination might be
explained by hexitol moieties that are covalently
bound to the target DNA and to other
macromolecules [8]. From pharmacokinetic and
hematologic points of view, both schedules are
acceptable for the treatment of gliomas.

The low amount of radioactivity permitted to
be used did notallow us to determine the fraction
of unchanged drug and active metabolites
including BrEpG and DAG. However, earlier
measurements of Horvath [7] showed that 6 hr
after drug administration about 30-40% of the
calculated drug concentration was actually
unchanged DBD or active metabolites. In this
study the minimal effective drug concentration in
contact with the tissues can be thus estimated to be
around 2-3 ug/ml, which kills about 50% of
HeLla or Chinese hamster cells in tissue culture
[20]). Comparing the uptake of the amphiphilic
DBD and the more hydrophilic DAG on the basis
of total administered dose, 3-5 times more DBD
enters the CNS. Moreover, the alkylating action
of DBD in wvivo is a slow process because it is
mediated by BrEpG and DAG, involving a slow
local release of these potent cross-linking agents.
Consequently, high alkylating activity is main-
tained for a more prolonged time [9]. Hence
pharmacokinetically, DBD should be more
suitable for brain tumour treatment than
DAG.
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