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Systemic pharmacokinetics of high dose (500 mg/m?),
orally administered Elobromol (dibromoduicitol, DBD)
were studied Iin 16 chemotherapeutic courses adminis-
tered to flve patients. Cerebrospinal fluid (CSF) DBD
levels were also analyzed in two patients. Bromoepoxy-
dulcitol (BED), dianhydrodulcitol (DAD) are cytotoxic,
whereas bromoanhydrodulcitol (BAD) and anhydroepoxy-
duicitol (AED) are inactive metabolites detectable during
the biotransformation of DBD. The HPLC method, devel-
oped by our team, is sultable for the determination of
both DBD and its main metabolites (DAD and BAD). Our
publication is the first In the literature to describe the
pharmacokinetic properties of these three hexitol derl-
vatives in pediatric patients. With the exception of one
patient, concentration time curves were analyzed by the
one-compartment model. From 30 min following admin-
Istration, DBD was detectable in all plasma samples for at
least 12 h; its concentration, however, was usually un-
detectable by 24 h. Though highly variable in value, DAD
concentrations were detectable during all but one of the
therapeutic courses. The following peak concentrations
were observed: DBD = 3.46-30.63 pM, DAD = 1.70-6.17 pM
and BAD = 0-5.63 pM. The correlation of AUCpap and
AUCppp values were exponential up to 200 uM h with
no additlonal increase detectable above this limit: the
distribution ot AUCpsp and AUCppp Was described by a
maximum curve. The possibility of enterohepatic recir-
culation could not be excluded for any of the compounds
studled. Each of the three hexitol derivatives was de-
tectable in CSF even if the concentration of the individual
metabolite remained undetectable in plasma. DBD CSF
concentrations were almost constant in the period from
2.5 to 8 h following adminlistration. Due to rising DAD
concentrations, however, the value of the CSF/plasma
concentration ratio was >1. The cumulation of the In-
active BAD metabolite In CSF was also significant.
dibromodulcitol,
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introduction

During the last four decades, research on antineo-
plastic preparations in Hungary has yielded a num-
ber of alkylating sugar-alcohol derivatives.
Chemical and pharmacological properties, mode
of action and clinical application of dibromodulci-
tol (1, 6-dibromo-dulcitol (DBD), Elobromol, Mitolac-
tol)—the most prominent member of this series—have
been discussed in more than 250 publications.’
Though numerous trials were conducted to deter-
mine the therapeutic value of DBD in various neo-
plastic conditions developing in adults, pediatric
application of the preparation was evaluated by
Sitarz®>> and Schuler*™ only. As the penetration of
DBD through the blood-brain barrier is highly sig-
nificant,”~' it has been incorporated into therapeu-
tic protocols for patients with brain tumors.>%11-13

Due to its poor water solubility, DBD can be
administered by the oral route only. The metabo-
lites produced during its biotransformation®*
have been identified by previous in vitro solvolytic
studies.!®> Its bifunctional epoxyde-derivative
metabolites—bromoepoxydulcitol (BED) and dian-
hydrodulcitol (1,2-5,6-dianhydrodulcitol, DAD)—
possess antineoplastic activity;'%!” however, its
monofunctional derivatives—bromoanhydrodulci-
tol (1-bromo-3,6-anhydrodulcitol, BAD) and anhy-
droepoxydulcitol (AED)—lack biological activity.'®

DBD is a weak alkylating agent with a phase-
specific effect on malignant cells. Its effect is max-
imal on tumor cells in the G, phase of the cell
cycle;'? whereas the antineoplastic activity of DAD
is the greatest on cells in the late S phase of the
cycle.? DBD-DNA interaction studies were invalu-
able for interpreting the mode of action of this
compound.?! According to Jeney,?? DBD binds first
to chromosomal proteins, then to DNA.?? The inter-
action of DBD with DNA results in the formation of
mono- and diguanine alkyl-derivatives substituted
at position 7.4
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Pharmacokinetic data from animal experi-
ments®?526 as well as from studies conducted in
adults'® 427" 3re abundant. Initial results in the
pediatric age group have been reported from our
laboratory.’

The present study has been conducted to define
the pharmacokinetic properties of DBD, a compo-
nent of the medulloblastoma protocol developed at
our department (Table 1) with the purpose of ob-
taining reliable data for adjustments of dose and
frequency of administration if it is necessary.

Materials and methods

As neither the concentration of DBD nor that of its
derivatives can be determined by direct techniques,
several indirect methods have been devel-
oped.>'®*® Modifying the method of Henner et
al>® we have developed a method for the simulta-
neous determination of DBD and its metabolites
(DAD and BAD) in plasma and cerebrospinal fluid
(CSP).

The original method of Henner et a used
500 pl of plasma which was mixed with 2 volumes
of ice-cold methanol and incubated at —20°C for
20 min. After centrifugation (1500 g for 5 min),
1 ml of supernatant was mixed with 1 ml of 5%
diethyldithiocarbamate and 2 ml of 50 mM potas-
sium phosphate (pH 7.4). Following incubation at
50°C for 1 h, the derivative was extracted into 5 ml
chloroform. Then, a 4 ml portion of the chloroform
extract was dried under nitrogen at 40°C. Chroma-
tography was performed on an Altech CN column
(5 um particles, 25 X 0.46 cm), the mobile phase
consisted of a mixture of 74.4% heptane, 21.6%
isopropyl-alcohol and 4% glacial acetic acid. The
flow rate was 1.3 ml/min, the detection wavelength
was 254 nm and the retention time was 9.9 min.
This method made it possible to determine only
the sum of the DBD, bromoepoxydulcitol and
DAD, and was unable to measure the BAD concen-
trations. Our method needs double the amount of
plasma but is able to determine the exact concen-
trations of the biotransformational products as well
after a shorter reaction time.

l 30

Materials

Elobromol as well as the standard preparations used
for the validation of pharmacokinetic studies (DBD,
BAD and DAD) were supplied by Chinoin Pharma-
ceuticals. With the exception of n-heptane (sup-
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plied by the Carlo Erba Co., Milan, Italy),
reagents and chemicals were Reanal (Budapest,
Hungary) products of HPLC grade.

Chromatography system

HPLC was performed using a Beckman System Gold
HPLC instrument (equipped with a Beckman System
Gold 116 pump and a 166 detector), a 5 um
250 X 4 mm Spherisorb CN column connected
with a 20 x 4 mm guard column. The composi-
tion of the eluent was 750 ml n-heptane, 174.5 ml
isopropyl-alcohol, 74.5 ml glacial acetic acid and
50 pl triethyl-amine; at a flow rate of 0.9 ml/min.
The injected volume was 20 pl. Quantitative DBD,
DAD and BAD analysis was performed with an
adjustable wavelength UV detector at 254 nm by
measuring the area under the peak of the chroma-
tography curve. Data were processed automatically
by a computer connected to the HPLC system. Plas-
ma and CSF samples were analyzed after plasma
and phosphate buffered calibration, respectively.

Preparation of samples

Either 2000 or 1500 pl ice-cold methanol was added
to 1000 pl plasma or to 500 pl liquor, respectively.
Plasma proteins were removed by centrifuging the
mixture at 2000 g for 10 min in a cooled centrifuge.
Then, 800 pl aliquots of the supernatant were se-
parated for the determination of DBD + DAD - BAD
and DAD concentrations (see below).

A: DBD + DAD-BAD determination. Supernatant
(800 pl) was mixed with 1000 pl 5% sodium diethyl-
dithiocarbamate (DDTC) dissolved in water. Fol-
lowing incubation at 55°C for 25 min the
derivative was extracted into 4 ml chloroform. A
3 ml portion from the organic phase was dried un-
der nitrogen at 40°C.

B: DAD determination. Supernatant (800 pl) was
mixed with 750 pl 0.05 N potassium dihydrogen
phosphate (pH 7.4) and 250 ul 5% DDTC solu-
tion. Following incubation at 18°C for 40 min the
derivative was extracted into 4 ml chloroform. A
3 ml portion from the organic phase was dried un-
der nitrogen at 40°C.

The rest of the mixtures were refrigerated at
—20°C for further measurements scheduled for the
next day. Samples were dissolved in 150 pl eluent
before HPLC determination.



Quantitative analysis

The retention time (fg) of the BAD derivative (1-
diethyldithiocarbamoil-3,6-anhydrodulcitol) in our
chromatography system was 7.9 min in reaction
A. The derivatives of DBD and DAD were identical
(1,6-bis[diethyldithiocarbamoill-dulcitol) and were
represented by a common peak (g = 9.6 min). The
exact amount of DAD was performed in reaction B,
as—due to its lower reactivity under such condi-
tions—DBD did not react with DDTC. The concen-
tration of unchanged DBD was therefore calculated
by subtracting the results of reaction B from A.

The detection limit was 0.5 pM for each of the
monitored compounds.

Human plasma from healthy volunteers was
spiked with known amounts of the three hexitol
derivatives to determine the recoveries. These at
the concentration range of 2-50 pM were: DBD,
94-105%; DAD, 70-98%; BAD, 83-110%.

Pharmacokinetic calculations

The results of the measurements were processed by
MedUSA software (version 1.5/1.587; CheMicro Ltd,
Budapest). Concentration-time paired data were
analyzed by fitting one- and two-compartment mod-
els with first-order absorption for the distribution of
orally administered drugs.

The equation of the one-compartment model is

c(t) =D/ Vh[exp(—k(? — t1ag))]
— [exp(—ka(? — tag))]/ (R — &) (1)

The equation of the two-compartment model is

c(t) =A e"p[_a(t - tlag)[_B exp[_ﬁ(t - tlag)]
+ K exp[— k(¢ — fiag) (2)

where K= —(A + B)

The software calculated the following pharmaco-
kinetic parameters: area under the concentration—
time curve by the trapezoidal rules method with the
extrapolation from the final data point to infinity
(AUC); the lagtime (#,g); biological half-life
(21/21a, t1/2ke); calculated peak plasma concentra-
tion (cmax) and the time needed for its development
(tmax); systemic clearance (Cl); mean residence time
(MRT) and the steady state volume of distribution
(Vss). As the low water solubility of the active sub-
stance excluded its parenteral administration, clear-
ance values were calculated assuming a
bioavailability of 1 (F= 1) and are therefore esti-
mates only.
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AUC was calculated up to the last data point by
the trapezoidal method using the Pharmacological
Calculations software (Version 4.0).

Treatment protocol

Patients received a combination of chemotherapy,
irradiation and surgery according to the medullo-
blastoma therapy protocol developed at our depart-
ment. Therapy and the collection of samples were
undertaken in compliance with the Geneva nomen-
clature and with the written consent of parents/re-
latives. Cytotoxic drugs prescribed in the protocol
for the postoperative period are listed in Table 1.

Patients

In the period from 1 December 1992 to 1 June 1993,
the pharmacokinetic properties of high-dose
(500 mg/m®) oral Elobromol were investigated in
five patients (during 16 therapeutic courses) at the
Second Department of Pediatrics, Semmelweis Med-
ical School. In two patients, diagnostic spinal taps
created the opportunity to determine drug concen-
trations in the CSF on four occasions. All patients
were female, with a mean age of 7.4 * 4.3 years.
The data of the patients are detailed in Table 2.

Coliection of samples

The drug was taken after a light breakfast. Due to
the condition of the fourth patient, Elobromol was
administered in suspension (mixed with feeding
formula) through a nasogastric tube.

Blood samples were drawn through an indwelling
cannule, before as well as 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,
5,6, 7,8, 12 and 24 h after the oral administration of
high-dose Elobromol. Blood was drawn into hepar-
inized tubes and was separated immediately. CSF
specimens were collected by lumbar puncture.
Unprocessed plasma and CSF samples were
refrigerated at —20°C.

Results

Pharmacokinetic studies of DBD administered ac-
cording to the therapeutic protocol (Table 1) were
performed on weeks 1, 2 and 3 in three patients
(patients 1-3), and weeks 1 and 2 in patient 4. In the
case of the fifth patient, DBD pharmacokinetics
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Table 1. Medulloblastoma protocol

Drug Dose Route of Time of treatment(week)
administration
Vincristin 1.5 mg/m?, maximum iv. weeks 1-2, 19-20,
2mg 29-30, 38-39 (on the
first day of the week)
Elobromol (dibromodulcitol) 500 mg/m? orally weeks 1-3, 19-21,
29-31, 38-40 (on the
first day of the week)
Natulan (procarbazine) 100 mg/m?/day orally weeks 1-3, 19-21,
29-31, 3840
Methotrexate 5 g/m?/24 h 24 h infusion week 4
with leucovorin rescue according to the serum i.v. or orally
MTX levels
Methotrexate according to the age i.th. at the end of the 24 h

Vepesid (etoposide)

Radiotherapy

Elobromol (dibromodulcitol)

Vepesid (etoposide)
Platidiam (cisplatin)

100 mg/m?

tumor dose 55 Gy
craniospinal dose 30 Gy
50 mg/m?/day

50 mg/m?
90 mg/m?/5 h

i.v. 1 h infusion

infusion
week 4 on the day of
methotrexate adminis-
tration and the day after
from week 7 to 13

orally from week 7 to 13 during
the radiotherapy

i.v. bolus weeks 15, 24, 34

5 h infusion weeks 15, 24, 34

Table 2
Patient Diagnosis Age Time of the pharmacokinetic Time of drawing
(years) examination CSF samples
(week of the treatment)
1 medulloblastoma 11 1,2,3 weeks 1 and 3 (at 2.5 h)
week 2 (at 3 h)
2 ependymoma 4 1,2,3
3 primitive neuroectodermal 2 2,3 week 1 (at 8 h)
tumor (PNET)
42 medulloblastoma 8 1,2
5° medulloblastoma 12 19, 30, 31, 39, 40

® Due to the condition of the patient, crushed tablets were administered suspended in feeding formula in both instances.

® The therapy scheduled for week 3 was cancelled due to the condition of the patient. The number of the high dose Elobromol treatments
was thus reduced from 12 to 11 by the end of the protocol. However, as the patient was released from the hospital in good general
condition, on weeks 39 and 40 samples were collected for 6 h after drug administration only.

were studied at weeks 19, 30, 31, 39 and 40 of
therapy.

In patients 1 and 3, diagnostic spinal taps provi-
ded the opportunity for determining drug concen-
trations in the CSF. Pharmacokinetic properties of
both DBD and its metabolites (DAD and BAD) were
studied.

DBD in plasma

The most important pharmacokinetic parameters
determined by calculation are listed in Tables 3-6.
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AUC values shown were generated by infinite ex-
trapolation by the trapezoidal rules method.

In the majority of the pharmacokinetic studies
performed, concentration-time curves for DBD
were calculated by the one-compartment model.

DBD was present in measurable concentrations in
the plasma in all patients from 30 min after admin-
istration and during the next 12 h. DBD levels were
already undetectable by 24 h in most cases.

Analysis of the majority of the curves raised the
possibility of enterohepatic recirculation. As can be
seen in Figures 1 and 2, there was a further concen-
tration elevation after the first peak concentration.
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Table 3. Pharmacokinetic parameters of DBD during the first week of therapy (the parameters of patient 1

were calculated by the two-compartment model)

Pharmacokinetic Patient 1 Patient 2 Patient 3 Patient 4 Mean = SD
parameter

t2(ka) (h) 1.17 1.67 1.19 1.53 1.39 = 0.25
t1/2(¢) (ke) 1.37 1.89 1.23 1.53 1.51 = 0.28
tz(g (h) 32.91

tiag (D) 1.56 0.03 0.76 0.34 0.67 + 0.66
Cmax Calculated (uM) 28.17 3.60 15.40 7.97 13.79 + 10.76
thax Calculated (h) 3.54 2.59 2.51 2.55 2.80 + 0.50
AUC (trap.) (uM h) 437.68 32.09 73.54 55.06 149.59 = 192.81
AUCgap/AUCpep 0.17 0.08 0.56 0.25 0.26 = 0.21
AUCpap/AUCDpED 0.03 0.65 0.48 0.74 0.48 + 0.31

Table 4. Pharmacokinetic parameters of DBD during the second week of therapy (the parameters of
patient 4 were calculated without fitting a curve, directly from the measured values using the trapezoidal

rules method)

Pharmacokinetic Patient 1 Patient 2 Patient 3 Patient 4 Mean *+ SD
parameter
t1/2(ka) (h) 1.89 1.01 1.99 1.63 = 0.54
ti2key (h) 9.16 1.76 2.00 431 £ 4.20
tiag (h) 0.49 0.38 0.91 0.59 + 0.28
Cmax Calculated (uM) 19.61 10.45 10.10 13.39 = 5.39
tnax Calculated (h) 3.38 2.28 3.78 3.15 £ 0.78
AUC (trap.) (uM h} 285.65 74.74 86.49 58.54 126.36 = 106.81
AUCgap/AUCoep 0.30 0.00 0.14 0.12 0.14 = 0.12
AUCDAD/AUCDBD 0.00 0.42 0.38 0.83 0.41 = 0.34

Table 5. Pharmacokinetic parameters of DBD during the third week of therapy

Pharmacokinetic Patient 1 Patient 2 Patient 3 Mean = SD

parameter

t1/2(ka) (D) 1.56 4.33 0.48 212 £ 1.99

ti2ke) (D) 4.21 4.00 1.99 3.40 = 1.23

tiag (h) 0.48 0.38 0.18 0.35 = 0.15

Cmax Calculated (uM) 14.35 6.68 11.14 10.72 *+ 3.85

tmax Calculated (h) 4.02 5.74 1.47 3.74 £ 215

AUC (trap.) (uM h}) 152.00 102.45 54.35 102.93 *= 48.83

AUCgap/AUCpED 0.54 0.00 0.00 0.18 = 0.31

AUCpap/AUCpeD 0.52 0.50 0.52 0.51 = 0.01

concentration

time (h}

Figure 1. DBD (O), DAD (@) and BAD (x) concentrations
determined during the first treatment of patient 3.

Special comments on individual patients

Patient 1. DBD plasma concentration-time data
obtained during the first treatment of patient 1 was
best described by the two-compartment model. Ac-
curacy of the analysis of the data obtained during
the second treatment was identical irrespective of
applying either the one- or the two-compartment
model (perfection of interpolation # = 0.924 for
both models). The characteristics of data from the
third treatment justified the application of the one-
compartment model. AUCppp values were greater
during all 3 weeks of therapy than the correspond-
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Table 6. Pharmacokinetic parameters of DBD in the case of patient 5 during weeks 19-40

Pharmacokinetic Week 19 Week 30 Week 31 Week 39 Week 40
parameter

tz(kay (D) 2.84 1.87 4.20 0.98 1.54
ti2(ke) () 2.83 1.87 4.27 1.59 2.19
tiag (M) 1.18 0.77 1.33 1.13 0.36
Cmax Calculated (uM) 12.65 5.27 7.44 6.41 9.65
Imax Calculated (h) 5.26 3.47 7.43 2.91 2.99
AUC (trap.) (uM h) 173.23 35.89 132.74 30.51 64.54
AUC, ¢ (trap.) (uM h) 61.142 22.07 22.69 24.97 42.58
AUCgap/AUCpeD 0 0 0.135 0 0.059
AUCpao/AUCHap 0.08 0.70 0.19 1.03 1.50
AUCgap/AUCpgp (0-6 h) 0 0 0.23 0 0.10
AUCpap/AUCpgp (0-6 h) 0.022 0.47 0.34 0.98 0.44

As on weeks 39 and 40 samples were collected for 6 h after drug administration only, AUC values calculated for

the period 0-6 h are given for comparison as well.

® On week 19 the drawing of the 6 h specimen was thwarted by technical reasons. Thus AUC values are given for

the period 0-7 h instead of 0-6 h.

AUCpep
{Mxh)

10 1

time (h)

Figure 2. Possibility of enterohepatic recirculation at 3-5 h
in DBD plasma samples of patient 3.

ing values of other patients for the same treatment
period.

Patient 3. Figure 1 shows the fitted curves gener-
ated by applying the one-compartment model to the
plasma concentration-time series of patient 3 on the
first week of therapy.

Patient 4. In the case of this patient, DBD was
administered through a nasogastric tube. After the
first week of therapy, the pharmacokinetic curve of
this patient was identical to those of the others. On
the second week of treatment, however, plasma
levels were almost constant throughout the period
from 30 min after administration to 24 h without
discernible absorption or elimination phases.
Therefore fitting of the appropriate curves was not
possible.
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Figure 3. Age-dependent changes of AUC values of the
total cytostatically active agents (DBD and DAD) during
the consecutive treatments. ll, AUC (DAD); O, AUC
(DBD).

Patient 5. The AUC of the 0-6 h section of the
concentration—time curve of patient 5 is given for
comparison in Table 6. The AUCpgp values of this
patient were also greater in later weeks of treat-
ment. As patients 1 and 5 were comparable in age
and the oldest in this patient group, the correlation
of AUCppp and AUCp,p values with age was also
analyzed (Figure 3).

BAD in plasma

BAD was present in detectable concentrations in the
plasma of all patients during the first week of treat-
ment; these data were analyzed by the one-com-
partment model, but was undetectable in the plasma
of patient 2 after the second treatment; in the plasma
of patients 2 and 3 during the third week; and of
patient 5 during weeks 19, 30 and 39. When insuf-
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Figure 4. The relation of BAD and DBD AUC values.

ficient number of the measurable concentration
data points did not allow us to fit a curve, AUCpap
could be calculated using the trapezoidal rules
method. The calculated AUC value ratios refering
to DBD are collected in Tables 3-6.

The value of AUCg,p Was increasing exponen-
tially with that of AUCpgp up to a limit of 200
pM h. Further elevation of AUCppp values was not
followed by any increase in AUCgap (Figure 4).
In six cases, where BAD was undetectable
in serum, AUCpgp was in the range of 0-200
UM h.

DAD in plasma

DAD was not found in detectable quantities only in
the plasma of patient 1 during the second week of
treatment. Despite this, however, DAD was present
in the CSF of the patient.

When the insufficient number of the measurable
concentration data points did not allow us to fit a
curve, AUCpap could be calculated using the
trapezoidal rules method. The calculated AUC
value ratios referring to DBD are collected in
Tables 3-6.

Plotting AUCppp against AUCpap revealed a
maximum curve distribution (Figure 5).
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Figure 5. The relation of DAD and DBD AUC values.

Concentrations in the CSF

Table 7 depicts the CSF and corresponding plasma
concentrations and their ratios.

Discussion

Although several authors®!%1427:% have already
published their results on the pharmacokinetics of
DBD-DAD, methods of determination and the do-
ses applied are different.

The modified HPLC method made the simulta-
neous determination of DBD and its metabolites
(DAD and BAD) possible in plasma and CSF.

Plasma concentration-time data pairs were pre-
dominantly interpolated by applying the one-com-
partment model. The substances studied appeared
in the plasma after the elapse of a lag-period:
0.03-1.56 h for DBD; BAD appeared usually later
than DAD, in five from the nine cases when there
was detectable amounts of both BAD and DAD.
Peak plasma concentrations were as follows:
DBD = 3.46-30.63 pM; DAD = 1.70-6.17 pM;
BAD = 1.39-5.63 uM. The time necessary for the
development of the peak DBD concentration was
in the range from 1.5 to 5 h.
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Table 7. DBD, DAD and BAD concentrations in the CSF, corresponding plasma concentrations and calculated

CSF/plasma ratio

Time (h) CSF levels (uM) Plasma levels (uM) Liquor plasma
concentration ratio
DBD BAD DAD DBD BAD DAD
DBD BAD DAD
Patient 1 on week 1 25 1.01 0.37 0.92 20.13 3.54 0.48 0.05 0.11 1.92
Patient 1 on week 2 3 0.89 0.49 1.54 19.94 3.53 0 0.04 0.14
Patient 1 on week 3 2.5 0.76 0 0.41 13.05 2.59 0 0.06
Patient 3 on week 1 8 1.62 3.30 3.45 2.48 1.58 1.61 0.65 2.09 2.14

DAD concentrations of patient 1 on the third week was 0.41 uM; in the plasma, however, DAD became detectable from 5 h only.

The presumed time of enterohepatic recirculation
is reflected by the section between 5 and 7 h for
DBD curves, 6 and 7 h for DAD curves, and 5 and
9 h for BAD curves.

The evaluation of #,, values suggests that absorp-
tion of the drug begins in the stomach. The extre-
mely high inter- and intra-individual variability of
numeric data reflects differences in absorption, due
to varying contents of the stomach, to the status of
intestinal mucosa and to several other factors not
yet elucidated.

With the exception of samples taken during the
second treatment of patient 1, both DBD and DAD
were detectable in the plasma of all patients. The
quantity of BAD, however, showed great variability
with the progression of therapy. AUCpap values
decreased in patients 2-4, but increased in
patient 5 as a possible consequence of AUCpgp
elevation.

The AUCpgp related changes of DAD and BAD as
well as their alterations with repeated treatments
may indicate that these compounds are produced
by enzymatic processes and not by solvolysis.

Though neither the possibility of age-related de-
creases in AUCpgp nor the role of decreasing me-
tabolism can be ruled out, these presumptions can
be proven by further investigations only. The failure
to detect DAD in the serum of adult patients,??°
however, seems to be in favor of the above hypoth-
eses.

The analysis of CSF samples has demonstrated
that all three dulcitol derivatives enter this compart-
ment even if their corresponding plasma concentra-
tion remains below the detectable limit at the same
time. Being cytotoxic components, the presence of
DBD and DAD in the CSF is an essential component
of therapeutic efficacy. The increase in their relative
CSF/plasma ratio during the period from 2.5 to 8 h
after administration (Table 7) is a highly remarkable
observation. DBD concentrations in CSF were low
during the period from 2.5 to 3 h (0.76-1.01 uM).
However, despite the exponential reduction of plas-
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ma levels, its value remained at least relatively
stable until 8 h. The DAD concentration was be-
tween 0.41 and 1.54 pM in 2.5-3 h CSF samples
and increased to 3.45 uM by 8 h (Table 7). The
value of the CSF/plasma ratio was already greater
than 1 in the 2.5 h samples. This reflects the signif-
icant accumulation of the drug in CSF—an extra-
ordinary feature among the cytotoxic drugs known
so far. Our study provided preliminary information
on the pharmacokinetics of a drug that may have
an important role in the treatment of childhood
brain tumors. Further studies are planned in our
institution to evaluate the relationship between
the pharmacokinetics and pharmacodynamics of
DBD and its metabolites.
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