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ABSTRACT

The pharmacokinetics of i.p. administered dipyridamole was studied
in six patients to explore the feasibility of using this drug as a modulator
of antimetabolite activity in extravascular spaces. Infusions of dipyrida
mole (SO mg/m2 in 2 liters of normal saline) into the peritoneal cavity

resulted in peak drug concentrations 5 to 20 times higher in that cavity
than in the plasma. The peritoneal decay data for dipyridamole fitted
very well to a single compartment open pharmacokinetic model with one
exponential term, while the plasma data are adequately described by a
single compartment model with two exponentials (a short absorption
phase). The mean peritoneal half-life for total extractable dipyridamole
was 3.3 Â±1.9 (SD) h, and the mean peritoneal clearance was 0.4 Â±0.3
liters/h/m2. The mean plasma half-life of total dipyridamole in our

patients was 2.2 Â±1.2 h, and the mean clearance value was 5.7 Â±4.7
lilcrs/h/nr. The area under the concentration versus time curve was
calculated to be 626 Â±312 jiM-h for the peritoneal cavity and 45 Â±20
Â«M-hfor the plasma. Using membrane ultrafiltration, we have measured
the concentration of free (non-protein bound) dipyridamole in each pa
tient. While the peritoneal clearance values of free and total drug are
comparable, the plasma clearance of free dipyridamole was 47 Â±39
liters/h/m2. This increased plasma clearance resulted in a plasma area
under the concentration versus time curve of 8.3 Â±5.1 nM-h, which
suggests minimal systemic exposure. Our data show that instillation of
dipyridamole into the peritoneal cavity resulted in much higher local drug
exposure than systemic exposure, confirming the feasibility of using this
drugto augment antimetabolite activity within the peritonealcavity. Since
dipyridamole is highly protein bound in the plasma but less so in the
peritoneal cavity, these data imply that peritoneal exposure to active
(free) dipyridamole is far greater than systemic exposure in our patients.

INTRODUCTION

Recent studies have demonstrated that i.p. instillation of
many types of cancer chemotherapeutic agents produces local
drug exposures that are many times those in the systemic
circulation (2-5). One way of further improving the pharma
cological advantage and selectivity of i.p. chemotherapy is to
use two agents that synergize in their cytotoxicities at locally
high concentrations but not at the lower levels seen in the
systemic circulation. The prerequisite for such a regimen is that
at least one (preferably both) of the agents should have a high
peritoneal/plasma concentration ratio, and that the synergy be
highly concentration dependent.

Dipyridamole is a potent nucleoside transport inhibitor that
has been demonstrated to augment the cytotoxicity of several
antimetabolites (6-12). The mechanism of synergy seems to

Received 6/22/87; revised 9/28/87; accepted 10/15/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1Supported by Grants CA 35309, CA 23100, and CA 23168 from the National
Cancer Institute and by Boehringer Ingelheim, Ltd. Presented as an abstract at
the American Society of Clinical Oncologists meeting. May 17-19, 1987, in
Atlanta, GA(1).

2Recipient of a grant from the Elsa U. Pardee Foundation.
3Clayton Foundation investigator (Clayton Foundation for Research, Califor

nia division).
'The abbreviations used are: HPLC, high-performance liquid chromatogra-

phy; MSC, model selection criterion; A1C, Akaike information criterion; AUC,
area under the concentration/time curve.

reside in dipyridamole's ability to prevent salvage metabolism

in the tumor cell during metabolic inhibition (10). Glucuroni-
dation in the liver is the primary mechanism for the inactivation
of dipyridamole in the body (13, 14). Since an estimated 70%
of small molecules leaving the peritoneal cavity pass through
the portal circulation (15), first-pass metabolism by the liver
therefore can potentially detoxify dipyridamole before it reaches
the systemic circulation. Based on the physical characteristics
and the pharmacokinetic information from p.o. and i.v. dipyr
idamole (13, 14, 16), we predicted that it should be possible to
maintain substantially higher concentrations of this drug in the
peritoneal cavity than in the plasma via peritoneal administra
tion. Furthermore, dipyridamole is shown to be extensively
protein bound in the plasma (13). By infusing dipyridamole as
a protein-free solution i.p., the small amounts of drug that
escaped into the systemic circulation will be highly protein
bound and therefore theoretically not in active form. We report
here a study of the pharmacokinetics of dipyridamole admin
istered i.p. to 6 patients, and the results confirm that greater
than 10-fold increases in drug exposure can be achieved in the
peritoneal cavity. Our data imply that dipyridamole should be
an excellent candidate for i.p. biochemical modulation in cancer
patients with diseases restricted to the peritoneal cavity.

MATERIALS AND METHODS

Patient Selection and Dipyridamole Administration.Patients from the
Oncology Clinic at the University of California, San Diego, who had
cytologically confirmed malignancies confined to the abdomen and who
were scheduled to receive i.p. chemotherapy were invited to participate
in this pharmacokinetics trial with their informed consent. Six female
patients were entered into this study, and the profile of each patient is
presented in Table 1. Five of the six patients had histologically con
firmed ovarian carcinoma (Stage III), and one had peritoneal meso-
thelioma. Following the standard work-up procedure, a peritoneal
catheter (Port-a-Cath; Pharmacia Nu Tech, Inc., Piscataway, NJ) and
a venous heparin lock were placed in each patient. After extensively
draining the peritoneal cavity of ascitic fluids, blood and peritoneal
samples were taken 1 h before and at hourly intervals for 9 h after the
i.p. dipyridamole through the Port-a-Cath (at a dose of 50 mg/m2 in 2

liters of normal saline over 15 min). The samples that were collected
into EDTA-treated tubes were centrifuged immediately at 1000 x g for
5 min to remove the formed elements, and the supernatants were stored
at -20Â°Cuntil analysis. Dipyridamole has been shown to be stable at

this temperature for at least 2 mo (11), and the usual storage time for
our samples was 3 wk.

Drugs and Chemicals. Dipyridamole (Persantine injection, 5 mg/ml)
and ["Cjdipyridamole (2,6-MC-2,6-bisdiethanolamino-4,8-dipiperidi-
nopyrimido-5,4-</-pyrimidine) used in this study were supplied by Boeh
ringer Ingelheim, Ltd. (East Ridge, C"I').Quinidine â€¢HC1was purchased

from Sigma Chemical Co. (St. Louis, MO), and the remainder of the
chemicals were of HPLC grade and purchased from Fisher Scientific
(Fairlawn, NJ).

Measurements of Dipyridamole in the Plasma and Peritoneal Fluid.
The amount of total dipyridamole in the patient's peritoneal fluid and

plasma was measured using a modification of the method of Wolfram
and Bjornsson (17); the details of the HPLC procedure have been
published earlier (12). Briefly, 1.0 ml of patient plasma or peritoneal
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Table 1 Patient profiles

Patient1

(S. B.)
2 (F. C.)
3 (P. G.)
4 (E. K.)
5 (W. I.)
6 (A. M.)Age

(yr)58

71
66
74
50
69Body

surface
area(m2)1.40

1.60
1.65
1.50
1.47
1.80DiagnosisOvarian

Ovarian
Ovarian
Mesothelioma
Ovarian
OvarianStageIII

III
IIImin

fluid was mixed with 20 M' of internal standard (quinidine â€¢HC1, 640
Mg/ml for peritoneal fluid, 64 Â¿ig/mlfor plasma) and 1.0 ml of 1 M
sodium hydroxide. The samples were then extracted with 5.0 ml of
diethyl ether by vortexing the mixture vigorously for 30 s. The organic
phase was removed quantitatively and evaporated to dryness under
nitrogen. The samples were reconstituted in 100 Â¿tlof mobile phase,
and a carefully measured volume was injected into the HPLC for
dipyridamole measurements. The HPLC system used in this assay
consisted of a Beckman 110B pump, a Waters WISP automatic injector,
a Z-module radial compression module fitted with a Cls-Â¿iBondapak
reverse-phase cartridge, and a Kratos 970 fluorescence detector with
the excitation wavelength set at 285 nm and an emission cutoff of 470
nm. The Chromatographie conditions were as previously described (12).

For the measurements of free dipyridamole, a different sample
preparation procedure was used. Centrifree-YMT ultrafiltration units
(Amicon Corp., Danvers, MA) were washed 3 times with 1.0 ml of
double-distilled water and dried thoroughly by centrifuging at 2000 x
g for 15 min. Aliquots of 1.0 ml of plasma or peritoneal fluid (with the
appropriate amounts of the internal standard) were added to the top
reservoir of the units and centrifuged in a fixed angle rotor at 2000 x
g for 30 min. Routinely 0.3 ml of ultrafiltrate were collected from each
plasma sample and 0.5 ml from each peritoneal sample. A carefully
measured aliquot was injected into the HPLC for dipyridamole quan-

titation. The recovery of free dipyridamole from the ultrafiltration step
was 98%, and the results were directly comparable to that obtained by
concurrent measurements using radiolabeled dipyridamole in an equi
librium dialysis procedure (14). Furthermore, the freezing and storage
of plasma did not result in altered free/bound dipyridamole ratios in
our samples.

Pharmacokinetics Analysis. Plasma and peritoneal concentrations
over time were used in computer-assisted modeling of relevant phar-

macokinetics parameters in our patients. Initial attempts using the
CSTRIP and NONLIN84 programs (18, 19) proved tedious because of
the model dependency of the NONLIN84 program. We have fitted the
data a second time using a new model-independent curve-fitting pro
gram known as RSTRIP (MicroMath, Inc., Salt Lake City, UT). The
program uses a parameter known as the MSC to determine the opti
mum number of exponential terms needed to describe a set of nonlinear
data. The MSC is a modification on the AIC given by the formula

/" \
AIC = JV. In I I M^yobs, - Xobs)2) + 2p

The formula for MSC used for curve fitting in the present data set is
given below.

MSC = In

Ã•(Xobs, - Fobs)2
i-l

ÃŠ(yobs,-- Kcal,)2
Is.
N

Interestingly, the actual computed mean values obtained from RSTRIP
were within 20% of those obtained through NONLIN84, suggesting
that our data set is relatively robust. Statistical analyses were performed
using the Sign Test on a statistical program known as ABSTAT 2
(Anderson-Bell Co., Canon City, CO). A nonparametric test was used
because the data sets were not normally distributed. All values given
here are mean Â±SD of 6 patients, and a P value less than 0.05 is
interpreted as statistically significant.

RESULTS

Administration of 50 mg/m2 dipyridamole i.p. in 6 cancer

patients did not result in any appreciable systemic or local
toxicities in our study, and peak peritoneal concentrations 5-
to 20-fold higher than those measured in the systemic circula
tion were seen (Figs. 1 and 2). Dipyridamole (both free drug
and total drug) clearance from the peritoneal cavity fitted well
to a single compartment open model with MSC values of 3 or
greater and an r2 of 0.96 or better. MSC values usually run

from 2 (acceptable) to 6 (perfect fit), and the observed MSCs
indicate good fit in our patients. Some of the relevant phar-
macokinetic values are summarized in Table 2. Total dipyri-

E-4

10..â€¢I

-5"a'OQ
-j-fiIO

-SBoÂ°Â°Â°00

(Â«.â€¢..â€¢~=â€”;=â€”^FCÂ°Â°Â°00

Â°00\.r:-'â€”-â„¢â€”~PG00oo*â€¢â€¢t=-1Z:^-EEKÂ°Â°000Â°0o**â€¢â€¢=â€”~-^-=Wltooo*

Â°0*.â€¢*â€¢=-~-AMo

0Â°o

o"o*.x

024681002468I0024681002468I0024681002468IO
Time (hrs)

Fig. 1. Composite of total dipyridamole (DP) concentrations in 6 patients
(SB, FC, PG, EK, IVI, AM) who were given 50 mg/m2 of dipyridamole i.p. O,

drug concentrations in the peritoneal fluid; â€¢,drug concentrations in the plasma.
Values were obtained from diethyl ether extraction of patient samples and
analyzed using HPLC with fluorescence detection.
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Fig. 2. Composite of (ree dipyridamole (DP) concentration measured simul
taneously in the same 6 patients mentioned in Fig. 1. O, free dipyridamole
concentrations in the peritoneal fluid; â€¢,free drug in the plasma. Values were
obtained from ultrafiltration of samples (M, cutoff, 10,000) before HPLC analyses
so that drugs bound to macromolecules were removed.

Table 2 Pharmacokinetic parameters (n = 6)

MRT VDss CL (liters/ AUCMh)Â° (h) (liters) h-m2) QiM-h)

Peritoneal
Total DP 3.3 Â±1.9* 4.7 Â±2.8 2.2 Â±1.9 0.4 Â±0.3 626 Â±321

Free DP 2.0 Â±1.4 4.0 Â±2.9 4.4 Â±3.2 1.0 Â±0.8 360 Â±240

Plasma
Total DP 2.2 Â±1.2 3.6 Â±1.9 30 Â±24 5.7 Â±4.7 45 Â±20
Free DP 2.6 Â±1.9 5.0 Â±2.4 47 Â±39 8.3 Â±5.1

" tv,, half-life; MRT, mean residence time; VDss, volume of distribution at

steady state; CL, clearance; DP, dipyridamole.
* Mean Â±SD.
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Table 3 Ratios of pharmacokinetic parameters averaged over 6 patients

DPÂ°Total

FreeAUCper

AUCpla15.6
Â±6.75*

53.3 Â±29.4(DPlpeak/per

[DP]peak/pla16.4

Â±9.2
83.8 Â±62.4CLper

CLpla0.08

Â±0.03
0.02 Â±0.01AUMC/perAUMC/pla20.7

Â±9.4
40.2 Â±21.2

" DP, dipyridamole; AUCper, peritoneal area under the curve; AUCpla, plasma

area under the curve; (DP]peak/per, calculated peak DP concentration in the
peritoneum; [DP]peak/pla, calculated peak DP concentration in the plasma;
CLper, calculated peritoneal clearance; CLpla, calculated plasma clearance;
AUMC/per, area under the moment curve in the peritoneum; AUMC/pla, area
under the moment curve in the plasma.

* Mean Â±SD; all values are significantly different from unity (P < 0.05).

damolc (bound plus free) disappeared from the peritoneal cavity
with an average half-life of 3.3 Â±1.9 h, and the free drug
disappeared from this cavity with an average half-life of 2.0 Â±
1.4 h. The apparent volume of distribution at steady state for
total dipyridamole was 2.2 Â±1.9 liters, and for the free drug
was 4.4 Â±3.2 liters in the peritoneal cavity. Peritoneal clearance
of dipyridamole averaged to 0.4 Â±0.3 liters/h/m2 for total drug
and 1.0 Â±0.8 liters/h/m2 for free drug in the six patients, and
the AUC averaged to 626 Â±312 ^M-h for total drug and 360 Â±
240 jiM-h for free drug.

Dipyridamole started appearing in the systemic circulation
approximately 30 min after i.p. instillation, and the plasma
levels peaked at 90 min. The plasma dipyridamole data fitted
well to a single compartment model with two exponentials, one
of which described a short "absorption phase" of approximately
30 min, and the MSC was greater than 2 in all cases (r2 >
0.92). The terminal plasma half-life for total drug was 2.2 Â±
1.2 h; for the free drug it was 2.6 Â±1.9 h. We do not know the
bioavailability (F) of the peritoneal dose given to each patient,
so the "true" plasma clearance cannot be calculated. If we
assume that F = 1 and use the formula Clearance = dose/AUC,
then apparent clearance values of 5.7 Â±4.7 liters/h/m2 for total
drug and 47 Â±39 liters/h/m2 for free drug are obtained. The

computed AUC value in the plasma for total dipyridamole was
45 Â±20 Â¿iM-h,and for free dipyridamole was 8.3 Â±5.1 pM-h.
The percentage of free dipyridamole in the peritoneal cavity
was 57.8 Â± 13.7% and 3.55 Â±5.29% in the plasma. For
comparison purposes, the pharmacokinetic parameters for total
and free dipyridamole were expressed as ratios between peri
toneal and plasma values in Table 3. The pretreatment plasma
and peritoneal samples were assayed for total protein content
using bovine serum albumin as the standard (Bio-Rad, Rich
mond, CA), and the mean plasma value was 65 Â±12 mg/ml
while the mean peritoneal value was 28 Â±21 mg/ml. We could
not detect any correlation between protein content and peak
dipyridamole concentrations in either compartment.

DISCUSSION

This is the first documentation of the pharmacokinetics of
i.p. administration of dipyridamole in human cancer patients.
The dose administered, 50 mg/m2, is the same as the standard

p.o. effective dose for this drug when used as an antiplatelet
agent. This same dose was also given to cancer patients p.o.
every 6 h in combination with ./V-phosphonacetyl-L-aspartate in
our previous Phase 1 clinical trial with comparable peak plasma
concentrations (11, 12). We and others have demonstrated that
a total dipyridamole concentration of l /IM is effective in
blocking greater than 90% of tumor nucleoside salvage in vitro
(6-10). Assuming this concentration is the minimally effective
concentration in vivo, we can expect to maintain therapeutic
levels of dipyridamole in the peritoneal cavity for over 20 h
after a single dose. Along this line of logic, the therapeutic

concentration of dipyridamole can be maintained for less than
4 h in the plasma after a 50-mg/m2 dose. The ratio of the

peritoneal AUC to plasma AUC averaged 15.6 Â±7.7 for total
drug and 53.3 Â±29.5 for free drug in our patients. These results
suggest that there should be significant therapeutic advantage
in giving dipyridamole in combination with a synergistic anti-
metabolite via the peritoneal route to treat local tumors in that
cavity. By selecting doses appropriately, the locally high con
centrations should provide synergy in the peritoneal cavity
while avoiding synergistic interaction in the plasma.

Reports in the literature suggest that dipyridamole is highly
protein bound (greater than 99%) in human plasma, with a
large fraction sequestered by the a-1-acid glycoproteins (20).
The rapid progress made in ultrafiltration technology has en
abled us to measure free dipyridamole levels in the peritoneal
and plasma samples and compare them to total drug levels. We
found that approximately 40% of dipyridamole was bound in
the peritoneal cavity and 96% was bound in the plasma. This
observation is consistent with the fact that dipyridamole was
instilled i.p. in a protein-free solution. The wide variation seen
in the free dipyridamole levels in the plasma probably reflects
the different amounts of a-1-acid glycoproteins plus albumin
present in the patients. Clearance data from the patients suggest
that the free drug is cleared more rapidly from the peritoneal
cavity. One possible explanation for this is that the "apparent
dissociation constant" for dipyridamole, a reflection on its

binding constants with the different subclasses of proteins in
the plasma, varied inversely with the drug concentration in the
plasma and peritoneal fluid. Confirmation of such a phenome
non would be difficult in the patient but should be possible
using an in vitro equilibrium binding system. Our data therefore
suggest that the percentage of bound dipyridamole may not be
constant in the concentration range likely to be encountered in
the patient, and that the measurement of free drug is more
meaningful to establishing efficacy in vivo. The terminal plasma
half-life values of dipyridamole in our patients were comparable
to two previous reports of 1 to 3 h after p.o. or i.v. administra
tion ( 13, 21) and are different from a third study which reported
a terminal half-life of 11.6 h (14). We cannot offer any expla
nation for the differences except to note that dipyridamole is
given i.p. to cancer patients here and not i.v. to normal subjects
as in that previous study (14). The terminal phase of plasma
decay reported in that study was associated with plasma con
centrations of 0.02 to 0.2 pM, and they were below the modu
lating concentration for chemotherapy purposes.

Since all estimates of drug exposure indicated that the peri
toneal cavity was exposed to at least 10 times more drug than
the plasma in all our patients, the peritoneal dose can theoret
ically be "titrated down" to a level where modulating concen

trations are no longer observable in the plasma. Prolonged
infusions of lower doses may further increase the AUC ratio
between the peritoneal cavity and the plasma, thus achieving
regional selectivity in biochemical modulation. Potential appli
cations such as using dipyridamole to augment methotrexate
activity in the cerebral spinal fluid may lead to improved
management of meningeal tumor. These data should serve to
encourage further exploration of the use of dipyridamole for
intracavitary modulation of antimetabolite activity.
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