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ABSTRACT:

Administration of sodium selenite (Na,Se0;) 1 hr before cis-diam-
minedichioroplatinum(li) (referred to herein as cispiatin) can protect
agasinst the nephrotoxicity of cispiatin. The pharmacokinetic aspects
of this interaction were studied in rodents with radiolabeled selenite
and cisplatin. Total ["Se]selenium in piasma consisted of [Se]
selenium in plasma proteins and ["Se]selenite in plasma ultrafiitrate.
After a short distribution phase, the elimination of ["*Se]selentte and
total ["*Se]selenium proceeded biphasically in the rat, with an initial
plasma elimination haif-life of ["*Se]selenite of 22 + 2 min. Coadmin-
istration of cisplatin had no effect on the initial nor on the much
slower terminal elimination phase of [*Se]seienite nor of total ["*Se]
selenium. Sodium selenite, in doses protecting against the nephro-
toxicity of cisplatin, did not significantly affect areas under the
plasma concentration time curve from 0-8 hr nor the initial plasma

haif-lives of [™*"Pt]cispiatin (1., 28 £ 2 min) and total [***Pt]platinum
(tw, 30 = 3 min) in plasma. The much slower terminal elimination
phases in plasma and the cumulative urinary excretion of ["™*~Pt)
cispiatin and total ["**Pt)piatinum were neither influenced by sodium
selenite. Sodium selenite does not react chemically with cisplatin in
vitro. Apparently, bioactivation of selenite is required for its protec-
tive effect in vivo. Distribution studies in a mice tumor model indi-
cated that ["Se]seienium is concentrated strongly in the kidney and
that the bioactivation of selenite aiso most likely occurs primarily in
the kidneys. We conclude that sodium selenite protects rodents
against cispiatin-induced nephrotoxicity without influencing the sys-
temic availability of cispiatin and total piatinum. Further studies are
necessary to establish the clinical value of sodium selenite as
chemoprotector against cispiatin-induced nephrotoxicity.

Cisplatin' is a chemotherapeutic drug that is effective against
several human cancers, such as testis and ovarian cancer, head
and neck cancer, and lung cancer (1, 2). However, the drug is
also toxic to several tissues and organs such as the kidneys,
gastrointestinal tract, peripheral nerves, and bone marrow (3).
Nephrotoxicity, one of the most important side-effects of cispla-
tin, develops after several days, primarily in the S;-segment of
the proximal tubule (4). Events responsible for the toxicity of
cisplatin, however, already occur shortly after administration of
the drug (5). The severity of cisplatin nephrotoxicity is related to
platinum concentrations in the kidneys (6). Administration of
cisplatin with pre- and posthydration and mannitol-induced
diuresis lowers the concentration of cisplatin in the kidneys: this
reduces the nephrotoxicity of cisplatin, allowing higher doses
with tolerable kidney toxicity. Higher doses of cisplatin are
encouraged by a suggested dose-response relationship for treat-
ment of cancers with cisplatin.

An alternative approach to protect against the side-effects of
cisplatin is provided by chemoprotectors. Several sulfur-based
nucleophilic agents, such as sodium thiosulfate (7), diethyldithio-
carbamate (8), and S-2-(3-aminopropylamino)ethyl-phosphoro-
thioic acid (WR-2721) (9), have been shown to reduce cisplatin-
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induced nephrotoxicity in animals. Major problems in this field
are intrinsic toxicity of the chemoprotector [e.g. in the case of
diethyldithiocarbamate (10)] or a lack of selectivity: sodium
thiosulfate not only reduces the nephrotoxicity, but also the
antitumor activity of cisplatin (11) by reacting chemically with
cisplatin, forming a soluble, biologically inactive product (12). It
has been shown that sodium thiosulfate thus causes reduced
levels of active platinum in plasma (13).

Sodium selenite has recently also been shown to protect ro-
dents against the nephrotoxicity of cisplatin, without reducing
the antitumor activity of the drug (14). The mechanism by which
sodium selenite protects the kidneys against the toxicity of cis-
platin is not yet fully understood. It has been shown that sodium
selenite does not react chemically with cisplatin. Reactions be-
tween cisplatin and nucleophilic metabolites of selenite are prob-
ably responsible for the protective effect of selenite against the
nephrotoxicity of cisplatin (15, 16). For the design of optimal
clinical dosage schedules, insight into the pharmacokinetics of
selenite and its interaction at the level of pharmacokinetics of
cisplatin is required.

The first aim of this study was to obtain some pharmacokinetic
data of sodium selenite in rodents at dosage and treatment
schedules that provide protection against cisplatin-induced neph-
rotoxicity. The second aim was to determine whether selenite
has any effect on the early-phase pharmacokinetics and tissue
distribution of cisplatin in rodents.

Materials and Methods

Chemicals. [*Se]Selenite with a specific activity of 3 GBq/mg sele-
nium was obtained from Dupont de Nemours (Dreieich, FRG). Sodium
selenite (Na,SeO;- SH,0) was obtained from Merck (Darmstadt, FRG).
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Chemicals for preparing the mobile phase of the chromatographic system
were of HPLC grade. All other chemicals were of analytical grade.

Synthesis of Cisplatin. ['**Pt]Cisplatin was synthesized as follows:
platinum metal, isotopically enriched to 80% '*Pt (Intersales Holland,
Hengelo, The Netherlands), was irradiated in a thermal neutron flux of
2 x 10" cm™ sec™' for 168 hr. The resulting '***Pt was converted to
[***™Pt]cisplatin, according to synthetic and test procedures described
previously (17, 18).

Analytical Methods. HPLC analyses were performed on a reversed-
phase HPLC system as described elsewhere (18). Briefly, 20 ul of a sample
was injected on a 100 mm X 3.0 mm Spherisorb ODS column and eluted
at a flow rate of 0.25 ml/min with a gradient from A to B, using the
following two mobile phases: (A) 5 mM SDS and 10 mM sodium
phosphate buffer (pH 2.6); (B) 5 mM SDS, 25% 2-propanol, and 60 mM
sodium phosphate buffer (pH 2.6). Detection was performed with on-
line '**™Pt-radioactivity detection (18) or with on-line "*Se-radioactivity
detection (14).

Radioactivity measurements of tissue samples were performed on a -
scintillation counter.

Laboratory Animals. Female BALB/c mice and male Wistar rats were
obtained from the Central Institute for the Breeding of Laboratory
Animals/Harlan Sprague Dawley (Zeist, The Netherlands). Mice were 8
weeks of age and weighed 18-20 g at the start of the experiments. Rats
were 8 t0 9 weeks of age and weighed 240-260 g. All animals were
provided with standard laboratory food (SRMA chow, Hope Farms,
Woerden, The Netherlands) and water ad libitum.

Tumors. Transplantable Prima breast tumor cells were obtained from
The Radiobiological Institute TNO (Rijswijk, The Netherlands). The
Prima tumor originated as a breast carcinoma, induced by forced breed-
ing in BALB/c mice bearing murine mammary tumor virus. The Prima
tumor cell-line was cultured in vitro in standard Dulbecco’s modification
of Minimal Essential Medium (Gibco, Paisley, UK), supplemented with
L-glutamine (500 mg/liter), 2-mercaptoethanol (60 umol/liter), and 10%
fetal calf serum (Flow Laboratories (Zwanenburg, The Netherlands).

Pharmacokinetic Studies. Pharmacokinetic studies were performed in
Wistar rats (N = 5), after cannulation of the carotid artery(19). Animals
were treated with cisplatin and selenite. Both compounds were admin-
istered intravenously in a lateral tail vein in 1 ml physiological saline.
Blood samples of 300 ul were taken from the cannula and immediately
centrifuged to obtain plasma. Plasma samples were immediately ultra-
filtered over YMT filters in an Amicon MPS-1 micropartition system
(Amicon, Oosterhout, The Netherlands) for 20 min at 2000g. Ultrafil-
trates were stored in liquid nitrogen and analyzed by HPLC within 24
hr.

AUC:s were calculated by means of the trapezoidal rule. Elimination
half-lives of the initial elimination phases (#,) were calculated from the
log-linear parts of the semilogarithmical curves of plasma concentrations
versus time (20). No other pharmacokinetic parameters were calculated,
because, on the one hand, this is known to be difficult in the case of the
chemically very reactive and unstable cisplatin, and because, on the other
hand, pharmacokinetic parameters of total radioactivity in the case of
cisplatin are of limited value.

Rats used for urinary excretion experiments were not cannulated and
were placed in metabolism cages 24 hr before the start of the experiments.
Urine samples were collected at regular time intervals. At each time
point the bladders were emptied by forced urination with diethylether
anesthesia. Urine samples were filtered through 0.45 um Millipore filters
(Nihon Millipore, Kogyo Yonezawa, Japan) and stored in liquid nitro-
gen. Urine samples were analyzed within 24 hr after collection.

Pharmacokinetics of Selenite. Sodium [*Se]selenite, 25 umol/kg, was
intravenously administered 1 hr before intravenous administration of 1
ml physiological saline. Blood samples were collected at 0, 5, 10, 20, 30,
60, 120, 240, and 360 min, and 24 hr after administration of ["*Se)
selenite and urine samples at time points 1, 2, 4, 6, 12, and 24 hr. Filtered
samples were analyzed for total "Se-radioactivity and for ["*Se}selenium
compounds by HPLC with on-line "*Se-radioactivity detection. The
influence of cisplatin on the pharmacokinetics of ["*Sejselenite was

studied in similar experiments in which cisplatin (17 umol/kg) was
intravenously administered instead of physiological saline.

Influence of Selenite on the Pharmacokinetics of Cisplatin. Sodium
selenite (25 umol/kg) was intravenously administered 1 hr before intra-
venous administration of ['**®Pt]cisplatin (17 umol/kg). A control group
was treated with 1 ml physiological saline instead of sodium selenite.
Blood samples were collected at 0, 5, 10, 20, 30, 60, 120, 240, and 360
min, and 24 hr after administration of cisplatin and urine samples at
time points 1, 2, 4, 6, 12, and 24 hr. Filtered samples were analyzed for
total '**"Pt-radioactivity and for ['***Pt]platinum compounds by HPLC
with on-line '**®Pt-radioactivity detection.

Distribution Studies. BALB/c mice were inoculated subcutaneously
with 0.5 X 10° Prima breast tumor cells in the left thigh (day 0). Mice
with tumors greater than 0.5 g (day 8) were used for distribution studies.
Mice were treated with ['**Pt]cisplatin and ["*Se]sclenite. At selected
time points, groups of animals were killed, and tumors and kidneys were
removed, weighed, and '*™Pt- and "*Se-radioactivity levels were deter-
mined. The following three groups were included in this study. Group I:
sodium ["*Se]selenite (25 umol/kg ip) was administered in 0.5 ml phys-
iological saline, 1 hr later followed by 1 ml physiological saline. Group
II: physiological saline (0.5 ml ip) was administered 1 hr later followed
by ['**™Pt)cisplatin (45 umol/kg ip) administered in 1 ml physiological
saline. Group III: ["*Se]selenite (25 umol Se/kg ip) was administered 1
hr later followed by ['***Pt)cisplatin (45 umol/kg ip) administered in 1
ml physiological saline. Time points of measurements were 30, 65, 75,
90, and 120 min after the first injection.

Statistics. Students’ 7 test (unpaired) was used to evaluate the signifi-
cance of differences between data from the experimental groups. The
level of significance was set at p < 0.05.

Results

Pharmacokinetics of Selenite. The pharmacokinetics of selen-
ite was studied in two groups of rats. One group was treated
intravenously with sodium [**Se]selenite and 1 hr later with
physiological saline; the other group was treated with sodium
[*Se]selenite and 1 hr later with cisplatin. No significant differ-
ences were observed in HPLC radiochromatograms of plasma
ultrafiltrate and urine samples from the two groups of rats at
equal time points. In all plasma ultrafiltrate samples, only one
’Se-containing compound was detected with HPLC (fig. 14, B).
This compound had a retention time of 2.5 min and was iden-
tified as ["*Se]selenite. It has previously been shown that the
HPLC system used is suitable for the separation of selenite from
a variety of organoselenium compounds, such as
bis(glutathione)selenide (21). The detection limit of our HPLC
system is 6.2 X 107! M Se for plasma ultrafiltrate and urine: the
detector response is independent of both the matrix composition
of the samples and the chemical structure of the selenium com-
pounds (21).

In HPLC radiochromatograms of the urine samples, three
3Se-containing peaks were observed (fig. 1C, D). The first peak
was identified as ["*Se]selenite (retention time: 2.5 min). The
identity of the other "*Se-compounds remains to be established.

Plasma concentration of [*Se]selenite and total ["*Se}selenium
as a function of time are plotted semilogarithmically in fig. 2.
Calculated pharmacokinetic parameters are summarized in table
1. Plasma ["*Se]selenium consisted of ["*Se]selenium in plasma
proteins and ["*Se]selenite in plasma ultrafiltrate. The elimina-
tion of ["*Se]selenite and total ["*Se]selenium from plasma pro-
ceeded biphasically. The plasma elimination half-life, initial ¢y,
of ["*Se]selenite was 22 + 2 min. A second elimination phase for
both ["*Se]selenite and total ["*Se]selenium proceeded much
slower (fig. 2). Because the experiments were terminated 24 hr
after administration of sodium [*Se]selenite, the kinetics of this
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FIG. 1. HPLC radiochromatograms of plasma ultrafiltrate (A, B) and urine samples (C, D) from Wistar rats, obtained 60 min after intravenous
treatment with 25 umol/kg sodium [*Se]selenite (A, C) and 25 umol/kg sodium ["Se]selenite plus 17 umol/kg cisplatin 1 hr later (B, D).

Peak 1, with a retention time of 2.5 min, was identified as sodium [*Se]selenite.
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FIG. 2. Semilogarithmic concentration vs. time plot of total [*Se]
selenium (A, A) and [ Se]selenite (O, @) in plasma of the Wistar rat
after intravenous administration of 25 umol/kg sodium ["Se]selenite

(O, &) and 25 umol/kg sodium ["Se]selenite plus 17 umol/kg cisplatin
1 hr later (A, ©).

terminal phase could not be determined accurately. As shown in
fig. 2 and table 1, coadministration of cisplatin did not influence
the pharmacokinetics of ["*Se]selenite nor of total ["*Se]selenium.

Cumulative urinary excretion curves for ["*Se]selenite and total
["*Se]selenium are shown in fig. 3. Rats given sodium [7Se]
selenite alone excreted 30 + 2.5% (N = 5) of the dose as total
["*Se]selenium in urine within 24 hr and 2.3 + 0.2% of the dose
in the form of unchanged ["*Se]selenite. Urinary excretion of
["*Se]selenite nor of total ["*Se]selenium was affected by coad-
ministration of cisplatin (fig. 3).

Pharmacokinetics of Cisplatin. The pharmacokinetics of
['**™Pt]cisplatin was studied in two groups of rats: one treated
intravenously with ['**™Pt]cisplatin and physiological saline, and

TABLE 1
Pharmacokinetics of total [*Sejselenium and ["*Se]selenite in plasma of
rats treated intravenously with sodium [*Se]selenite, either with or
withowt cisplatin®

Parameter [*Se]Selenite

["*Se]Selenite

Compound Measured without Cisplatin _ with Cisplatin
Total ["*Se]selenium Initial #, (min) 25+3 242
V (mi/kg) 139+ 16 148 £ 15
AUC (0-2 hr) 45+04 41+04
AUC (0-6 hr) 7.1 +£0.6 6.6 £ 0.6
[*Se]Selenite Initial ¢, (min) 2+2 212
V (ml/kg) 312+ 22 319+ 17
AUC (0-2 hr) 080+ 0.05 0.78 £ 0.07
AUC (0-6 hr) 1.1+£0.11 1.1 £0.11

“Mean + SD (N = 5). AUCs are expressed in mmol- min~'/liter.

one treated intravenously with ['**™Pt]cisplatin and sodium se-
lenite. No significant differences were observed between the
HPLC radiochromatograms of plasma ultrafiltrate and urine
samples from the two groups of rats at equal time points (fig. 4).
It has previously been shown that the HPLC system used is
suitable for separation of cisplatin from various platinum com-
plexes (18). In all plasma ultrafiltrate samples, two ['**™Pt]
platinum compounds were detected, the first of which with a
retention time of 2.1 min, was identified as ['**™Pt]cisplatin (18).
The structure of the second compound (retention time 19.2 min)
remains to be established: this compound was present in all
samples as a fixed percentage (0.5%) of total ['**"Pt]platinum
and is not considered to be a metabolite of ['**™Pt]cisplatin in
vivo, because it was also formed when ['**™Pt]cisplatin was
dissolved in plasma ultrafiltrate. De Waal ez al. (22) have ob-
served a similar platinum complex in plasma ultrafiltrate in vitro
and have proposed that this compound is a hydrolysis product
of cisplatin, probably cis-diammineaquachloroplatinum. The de-
tection limit of our HPLC system is 3.3 X 10~* M ['**™Py] for
plasma ultrafiltrate and urine; the detector response is independ-
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FIG. 3. Cumulative urinary ["*Se]selenite (A) and total [*Se]selenium
(B) excretion curves as percentage of dose afier intravenous treatment of
the Wistar rat with 25 umol/kg sodium ["Se]selenite (®) and 25 umol/

kg sodium [*Se]selenite plus 17 umol/kg cisplatin 1 hr later (O).

o

ent of both the matrix composition of the samples and the
chemical structure of the platinum compounds (18).

In HPLC radiochromatograms of urine samples, several '**™Pt-
peaks were observed (fig. 4). The retention time of the first peak
was 2.1 min, and this peak was identified as ['**™Pt]cisplatin
(18). The identity of the other '**™Pt-compounds remains to be
established. These compounds, however, are not considered to

be metabolites of ['**™Pt]cisplatin, because the same pattern of
["**™Pt]platinum peaks was observed in the HPLC chromato-
grams of control urine samples in which ['**Pt|cisplatin was
dissolved: apparently ['**™Pt]cisplatin decomposes in the urinary
tract or the bladder by chemical reactions with constituents of
urine, such as amino acids or thiols.

Influence of Selenite on the Pharmacokinetics of Cisplatin.
Plasma concentrations of ['**™Pt]cisplatin and total ['**™Pt]plat-
inum as a function of time are plotted semilogarithmically in fig.
5. After a short distribution phase, the curves proceeded biphas-
ically. A second elimination phase for both ['**™Pt]cisplatin and
total ['**™Pt]platinum proceeds much slower (fig. 5). This ter-
minal elimination phase could not be determined accurately,
however, because the experiments were terminated after 24 hr.
Sodium selenite had neither effect on concentrations of ['**Pt]
cisplatin nor on total ['**"Pt]platinum concentrations in plasma.
Calculated pharmacokinetic parameters are summarized in table
2. The initial plasma elimination-half-life for ['**®Pt]cisplatin,
tw, was 28 + 2 min. The AUC, measured over the time interval
0-2 hr, was 2408 + 293 umol-min~'/liter. Pharmacokinetic
parameters of ['**™Pt]cisplatin and total ['**"Pt]platinum were
not affected by sodium selenite (table 2).

Typical cumulative urinary excretion curves for total ['**®Pt]
platinum are shown in fig. 6. Rats given ['**Pt]cisplatin alone
excreted 45 + 5% of the dose in urine within 4 hr and 67 £ 6%
(N = 5) within 24 hr. Urinary excretion of total ['**™Pt]platinum
was not significantly affected by coadministration of sodium
selenite (fig. 6).

Distribution Studies. As shown in table 3, "*Se-levels in the
kidneys of BALB/c mice, treated once intraperitoneally with
sodium ["*Se]selenite were consistently higher (4 to 10 times)
than those in the Prima tumors on all time points tested. Coad-
ministration of ['**™Pt]cisplatin did not influence "*Se-levels in
tumor nor kidneys.

After intraperitoneal administration of ['**™Pt]cisplatin,

07 C urine
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FIG. 4. HPLC radiochromatograms of plasma ultrafiltrate (A, B) and urine samples (C, D) from the Wistar rat obtained 60 min afier intravenous
treatment with 17 umol/kg ['**™Pyjcisplatin (A, C) and 25 umol/kg sodium selenite plus 17 umol/kg ['**®Ptjcisplatin | hr later (B, D).

Peak 1, with a retention time of 2.1 min, was identified as [ '**™Pt]cisplatin.
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FIG. 5. Semilogarithmic concentration vs. time plot of total ['**™P1]
platinum (8, A) and ['**™Pijcisplatin (O, @) in plasma of the Wistar rat
afier intravenous treatment with 17 umol/kg ['**™Ptcisplatin (A, O) and
25 umol/kg sodium selenite plus 17 umol/kg ['**™Pijcisplatin | hr later

(4, @).

TABLE 2

Pharmacokinetics of ['**™Pijcisplatin and total ['**™Ptjplatinum in
plasma of rats treated intravenously with [***™Ptjcisplatin, either with or

without sodium selenite”
[™=PtiCispla-  ["=PYICs-
Compound Measured Parameter tin without Se-  platin with
lenite Selenite
Total ['***Pt]platinum Initial ¢, (min) 303 32+2
V (ml/kg) 372+£33 358 + 28
AUC (0-2 hr) 2403 27+£03
AUC (0-6 hr) 27+£03 29+03
["**™Pt]Cisplatin Initial 7, (min) 28+2 272
V (ml/kg) 504 + 46 482 + 34
AUC (0-2 hr) 1.5+£0.2 1.6+0.3
AUC (0-6 hr) 1.6 +0.3 1.8+0.2

“Mean £ SD (N = 5). AUCs were expressed in mmol- min~'/liter.

19smpt.]evels in the kidneys were also higher than those in the
tumor: the kidney to tumor ratio was 2.3, 60 min after admin-
istration of ['**™Pt]cisplatin (corresponding to 120 min after
administration of physiological saline), which is much lower than
the ratio of 8 for "*Se-levels observed 60 min after administration
of a single dose of sodium [*Se]selenite. Coadministration of
sodium ["Se]selenite 1 hr before ['**™Pt]cisplatin did not influ-
ence either '**™Pt-levels in the tumor nor the kidneys (table 3).

Discussion

Sodium selenite has been shown to protect Wistar rats against
cisplatin-induced nephrotoxicity, when administered 1 hr prior
to cisplatin (14). In this study, we have used recently developed
sensitive and specific radioanalytical techniques for the analyses
of ['*™Pt]cisplatin and metabolites (18). and [*Se]selenite and
metabolites (21) in order to study some pharmacokinetic aspects
of a possible interaction between cisplatin and sodium selenite
in rats and mice.

Pharmacokinetics of Selenite. Because no data on the kinetics
of elimination of selenite after administration of a single dose of
sodium selenite were available, we first studied the pharmacoki-
netics of sodium [7*Se]selenite in the rat. In the first 2 hr after
single intravenous administration of sodium ["*Se]selenite, a

VERMEULEN ET AL.
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FIG. 6. Cumulative urinary excretion curve of total ['***Pjplatinum as
percentage of the dose, afier intravenous treatment of the Wistar rat
with 17 umol/kg ['**™Ptjcisplatin (®) or with 25 umol/kg sodium
selenite plus 17 umol/kg ['**®Pijcisplatin | hr later (O).

TABLE 3
Levels of ['**™Ptjplatinum and ["*Se]selenium in kidney and tumor of

Prima breast tumor-bearing mice treated intraperitoneally with sodium
["*Sejselenite and/or [*"*"Ptcisplatin®

. cm . Selenium Platinum
Selenite tin Time - -
Kidney Tumor Kidney Tumor
"'2:” umol/kg  min nmol/g tissue nmol/g tissue
25 0 30 2314 6%3 —_ —_
25 0 65 32+1 4+1 - -
25 45 65 32+3 4+1 53+10 145
0 45 65 — - 69+8 145
25 0 75 25+8 6+%2 - -
25 45 75 318 52 52+£20 2111
0 45 75 - — 675 20%2
25 0 9 312 5+2 —_ —
25 45 9 30+3 5+1 84+20 18x7
0 45 90 — —_ 65+13 207
25 0 120 326 4+2 - -
25 45 120 319 31 40+20 11x3
0 45 120 —_ - 64+10 28x11

“ Cisplatin was administered 1 hr after sodium selenite or physiological
saline. Time was after administration of selenite or physiological saline.
Mean + SD (N = 3).

rapid decline in plasma concentrations of ["*Se]selenite was
observed (fig. 2). Only 2.3% of the dose was excreted in the urine
within 24 hr as unchanged [*Se]selenite. Most ["*Se]selenite
appears to be eliminated from plasma by incorporation in pro-
teins, such as glutathione peroxidase, and by metabolic conver-
sion (23). Possibly irreversible binding of selenium to or incor-
poration in thiol-containing proteins probably explains the rela-
tively slow terminal elimination phase for ["*Sejselenium from
plasma. Selenite has been shown to be metabolized to hydrogen
selenide (H,Se), which is sequentially methylated to dimethylse-
lenide (CH;SeCH;) and trimethylselenonium [(CH;):Se*] via
methylselenol (CH;SeH) (24). Dimethylselenide is excreted in
exhaled air and trimethylselenonium (CHj;);Se* is excreted in

g
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the urine (25). The major renal metabolite that we have observed
(retention time: 48.4 min; fig. 1) is probably the trimethylsele-
nonium ion. The plasma and urinary data presented in this study
demonstrate that administration of cisplatin, 1 hr after sodium
["*Se]selenite administration, did not influence the elimination
of ["*Se]selenite nor of total ["*Se]selenium from plasma (figs. 1-
3 and table 1).

Pharmacokinetics of Cisplatin. The pharmacokinetics of the
elimination of intravenous-administered cisplatin from plasma
ultrafiltrate in Wistar rats, observed in this study (figs. 4-6),
corresponded well with the pharmacokinetics of cisplatin in
rodents, previously described by Van Hennik et al. (20) and
Siddik et al. (26). After a short and rapid initial elimination
phase of about 2 hr, both unchanged ['***Pt]cisplatin and total
["**=Pt]platinum showed a second, much slower elimination
phase, the climination half-life of which could not be measured
accurately. Because cisplatin is very reactive toward thiol- and
amine-containing nucleophiles and because cisplatin decom-
poses rapidly to various reactive aquated hydrolysis products,
more or less covalent binding to macromolecules in plasma
probably contributes considerably to the slow terminal elimina-
tion phase of ['**"Pt]cisplatin and total ['***Pt]platinum. The
AUC:s of ['*™Pt]cisplatin and total ['***Pt]platinum were calcu-
lated accurately for the time period between 0-2 and 0-6 hr
(tables 1 and 2), because the renal toxicity of cisplatin is generally
thought to be related to peak level concentrations at a short time
interval after dosing. Sodium selenite, administered at dose and
time schedules providing protection against cisplatin-induced
nephrotoxicity, did not significantly affect plasma AUCs nor the
initial elimination half-lives nor the terminal elimination of
[***Pt)cisplatin and total ['**Pt]platinum (fig. 5, table 2). This
means that coadministration of sodium selenite does not reduce
the systemic availability of cisplatin in the first critical hours
after administration of cisplatin. This is in contrast to the effects
of other chemoprotectors. Goel er al. (12) have demonstrated
that sodium thiosulfate, at doses providing protection against
cisplatin-induced nephrotoxicity, reduced the plasma AUC of
cisplatin and of diethyldithiocarbamate-reactive platinum species
of cisplatin. It seems therefore obvious that application of sodium
thiosulfate as chemoprotector against cisplatin-induced nephro-
toxicity might suffer from a concomitant reduction of the anti-
tumor activity of cisplatin as a result of reduced concentrations
of cisplatin in plasma. Recently, Aamdal ez al. (11) have dem-
onstrated that sodium thiosulfate indeed fails to increase the
therapeutic index of cisplatin in several tumor models. These
results are in contrast to the experiments of Howell (27), however,
who has shown that intraperitoneally administered sodium thi-
osulfate can increase the therapeutic index of intravenous-ad-
ministered cisplatin.

Distribution of Selenium and Platinum. We have previously
shown that sodium selenite protects rodents against cisplatin-
induced nephrotoxicity when it is administered 1 hr before
cisplatin, but not when administered 1 hr thereafter (14), indi-
cating that the events responsible for the protective effect of
selenite must occur before or shortly after administration of
cisplatin. In this study we also measured '**®Pt- and "*Se-levels
in both kidneys and tumors of Prima tumor-bearing BALB/c
mice from 0.5 hr before up to 1 hr after administration of sodium
["*Se]selenite and ['**Pt]cisplatin (table 3). Coadministration of
sodium ["*Se]selenite did not influence '**™Pt-levels in the kid-
neys nor in the tumor. Moreover, "*Se-levels in the kidneys were
much higher than those in the tumor, after administration of a

single dose of sodium ["*Se]selenite. Apparently, ["*Se]selenium
is concentrating strongly and selectively in the kidneys soon after
administration of sodium ["*Se]selenite. A possible explanation
for the protective effect of selenite might, therefore, be a selective
inactivation of cisplatin by selenite in the kidneys. We have
previously shown that selenite itself is not capable of reacting
directly with cisplatin (15). The fact that, in this study, neither
levels of ['"*™Pt]cisplatin nor total ['***Pt]platinum were de-
creased by coadministration of sodium selenite supports this
suggestion. Although these results do not fully exclude the pos-
sibility that a direct reaction between cisplatin and selenite does
occur in the kidneys, it scems most likely that bioactivation of
selenite is required for its protective effect. Glutathione, present
at much higher levels in the kidneys than in tumors (28), might
well play a role in the bioactivation of selenite to protect species
of selenite, such as nucleophilic thiols (15).

Conclusions

The results presented in this study demonstrate that sodium
selenite does not protect BALB/c mice against cisplatin nephro-
toxicity by reducing the systemic availability of cisplatin or total
platinum. Apparently, concentration and bioactivation of selen-
ite in the kidney are required for its protective effect. This
bioactivation most probably occurs to a much higher extent in
the kidney than in tumors. Further studies are necessary to
establish the clinical value of selenite as chemoprotector against
cisplatin-induced nephrotoxicity.
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