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Abs t rac t  The concentration of  free cisplatin was followed 
in plasma, scala tympani perilymph and cerebrospinal fluid 
(CSF) after an intravenous injection (12.5 mg/kg) in guinea 
pigs. Liquid chromatography with postcolumn derivatiza- 
tion was used for quantitative determination of the drug. 
The distribution of  cisplatin to CSF was fast; at 10 min after 
drug administration the concentration was 7 gg/ml and the 
CSF:plasma ratio was 0.37. Cisplatin seems to distribute 
more slowly to the perilymphatic compartment. The highest 
concentration measured was 4 gg/ml at 20 min after the 
injection, and the perilymph:plasma ratio was 0.40 at that 
time. The concentration-time curves generated for cisplatin 
in perilymph and CSF were similar. No accumulation in the 
perilymphatic compartment or CSF was observed. 
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Introduction 

Cisplatin is the first of  a number of  platinum-containing 
compounds used in the treatment of human malignancies 
[19]. Even though other platinum analogs have been 
developed in an effort to minimize the toxic side effects, 
cisplatin remains at more than 20 years after its introduction 
the first-line treatment of several metastatized solid tumors. 
Cisplatin is the most important antineoplastic drug in the 
treatment of  disseminated testicular cancer and ovarian 
adenocarcinoma [15, 24]. In spite of  successful modifica- 
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tions of drug administration to reduce the serious and dose- 
limiting nephrotoxic effect [9], cisplatin-induced hearing 
loss continues to be a clinical problem in some patients 
receiving high-dose treatment [12, 13]. The ototoxic side 
effect of  cisplatin shows large interindividual variability, 
and whether this variability is due to differences in drug 
concentrations in inner-ear tissues or to physiological 
factors has not been established. To the best of  our knowl- 
edge, no information is available concerning the distribu- 
tion of  cisplatin in the inner ear following intravenous 
administration of  the drug. The distribution of  cisplatin to 
cerebrospinal fluid (CSF) has previously been studied in 
patients with brain tumors [2, 5, 22] and in rhesus monkeys 
[7]. However, total platinum, i.e., free and protein-bound [2, 
7, 22] or ultrafiltrable "free" platinum [5], has been 
determined using atomic absorption or X-ray-dispersive 
spectrometry and, thus, the chemical nature of  the plati- 
num species has not been established. The present study 
demonstrates for the first time the distribution of intact drug 
to scala tympani perilymph (PLT) and CSF after intrave- 
nous administration of  cisplatin to guinea pigs. 

Materials and methods 

Animal groups 

Pigmented guinea pigs with a weight range of 250-550 g (median, 
400 g) were used. The animals were divided into three groups for 
determination of cisplatin concentration in plasma (n = 6), PLT (n = 21), 
and CSF (n = 13). 

Sampling technique 

Each animal was anesthetized with diazepam at 5 mg/kg, droperidol at 
5 mg/kg, and pentobarbital at 20 mg/kg (injected intraperitoneally). All 
surgical procedures were done with the animal placed on a thermic 
isolating sheet and a heater attached above it. The external jugular 
veins were exposed with the animal placed on its back and a catheter 
was inserted in each vein, one being used for cisplatin injection and the 
other, for obtaining blood samples. Cisplatin (12.5 mg/kg) at a 
concentration of 0.5 mg/ml (Platinol, Bristol-Myers Squibb Com- 
pany) was injected i.v. over 3 rain. Blood was drawn at the end of 
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Fig. 1 Chromatogram of a perilymph sample (3.5 B1) containing 
3.0 gg cisplatin/ml 
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Fig. 2 Concentration of cisplatin detected in CSF (O) and plasma 
ultrafiltrate (A) in guinea pigs after an i.v. injection of 12.5 mg/kg. 
Error bars represent SEM 

the injection, every 10 min for up to 60 min, ,and then at 90 and 
120 rain. 

CSF pressure was reduced before perilymph aspiration by opening 
the dura mater. The bulla was exposed through a dorsolateral approach 
and the middle ear ossicles were kept intact. A hole was drilled in the 
otic capsule over the scala tympani in the basal turn. A 10-gl syringe 
filled with 2 gl normal saline was inserted into a holder attached to a 
micromanipulator and the tip of the syringe was lowered into the scala 
tympani. PLT (3-5 gl) was gently aspirated over 3 -5  rain. One 
sample of PLT was taken from each cochlea at up to 90 min after 
drug injection. CSF was collected from the subm-achnoid space in the 
posterior cranial fossa. A wide hole was made in the occipital bone in 
the middle near the foramen magnum, exposing the dura mater. A 
sharp incision was made through the dura and arachnoidea and part of 
the cerebellum was retracted. Clear CSF (5-10 gl) was collected in a 
10-gl syringe over 2 - 5  min. One to five consecutive CSF samples 
were collected within 90 rain after drug injection, with a totaI volume 
of less than 40 B1 being obtained from each animal. 

150 BM. The degradation was followed with LC by injecting a 5-gl 
aliquot every 20 rain for up to 3 h. The data were fitted to an equation 
expressing a first-order rate of degradation. 

Pharmacokinetic analysis 

All results are given as mean values _+ SEM. The plasma concentra- 
tion-time data were fitted to a two-compartment model using the 
NONLIN program (PC NONLIN 4.0 SCI Software, Lexington, Ky., 
USA). The calculation was based on an average of 5 - 6  animals for the 
first 60 min and on 3 and 2 animals for the 90- and 120-min time 
points, respectively. The elimination half-life for cisplatin in CSF was 
calculated from the elimination constant obtained by nonlinear regres- 
sion analysis of data between 20 and 90 min. The area under the 
concentration-time curves (AUC) for cisplatin in PLT and CSF were 
calculated at between 0 and 60 rain by the trapezoidal rule. 

Analytical procedure 

The instrumentation and conditions for the liquid chromatographic 
(LC) system used for the quantitative determination of intact cisplatin 
has been described elsewhere [1]. Briefly, the column used was a 
strong anionic exchanger (Nucleosil SA 5 gm, 150 x 3.2 mm inside 
diameter) and a mobile phase composed of 0.125 M succinic acid 
adjusted to pH 5.2 with sodium hydroxide and methanol (2:3, v/v). The 
postcolumn reaction was performed in a packed-bed reactor using 
diethyldithiocarbamate as the derivatization reagent. The absorbance 
was monitored at 344 nm. 

Blood samples (0.3-0.4 ml) were collected in heparinized tubes 
and were immediately centrifuged for 7 min at 500 g at room 
temperature. Each plasma sample was further ultracentrifuged at 
4,000 g (4 ~ for 30 min using filters with a 10,000 Da cutoff 
(Filtron). The ultrafiltrates were immediately analyzed. 

The PLT and CSF samples were stored at 8 ~ until analysis was 
performed ( < 3 h). Both PLT and CSF samples were directly injected 
into the LC system without any sample pretreatment. A chromatogram 
of a perilymph sample containing 3.0 gg cisplatin/ml is given in Fig. 1. 
The lower limit of detection was about 0.5 gg/ml. 

Determination of in vitro degradation of cisplatin in CSF 

CSF (50 ~tl) was pooled fiom two control animals and maintained at 
37 ~ in a water bath. Cisplatin was added to a final concentration of 

Results 

In the present  study the dis t r ibut ion o f  intact  c isplat in  in 
PLT and C S F  after in t ravenous  (i.v.) adminis t ra t ion  of  
c isplat in  to gu inea  pigs  was de termined.  In Fig.  2 the 
concent ra t ion  o f  cisplat in measured  in C S F  and p lasma is 
shown.  The  dis t r ibut ion and e l imina t ion  phases  in p lasma 
had a half - l i fe  o f  4.7 __ 0.7 and 23 __ 2 min,  respect ively.  
The  first sample  o f  C S F  was taken at 2 rain after the 
in jec t ion  (1.2 gg /ml) .  A t  10 min  the concent ra t ion  was 
7.1 g g / m l  and the C S F : p l a s m a  ratio was 0.37. The  e l imina-  
t ion half - l i fe  in C S F  was 49 _+ 6 min  in v ivo  and 94 _+ 3 min  

in vitro.  
A compar i son  be tween  the concent ra t ions  o f  c isplat in  

de tec ted  in C S F  and pe r i lymph  is g iven  in Fig.  3. The  
concent ra t ion  measured  in PLT at 20 min  was de te rmined  to 
be 4.2 gg /ml ,  and at this t ime the PLT:p lasma ratio was 
0.40. It was not  poss ible  to de te rmine  the rate o f  e l imina t ion  
for c isplat in  in PLT due to insuff ic ient  sensi t ivi ty of  the 
analyt ical  procedure.  The  concent ra t ions  o f  c isplat in  in 
samples  taken at 90 rain in PLT were  be low  the de tec t ion  
limit.  No  s ignif icant  d i f ference  was found be tween  the 
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Fig. 3 Concentration of cisplatin detected in perilymph (11) and CSF 
(~) in guinea pigs given a dose of 12.5 mg/kg. One sample of 
perilymph per cochlea was taken (n = 3 -8 ;  symbols without error 
bars represent an average of two determinations). Error bars represent 
SEM 

concentrations measured in PLT versus CSF at l0 rain 
(Mann-Whitney test; P = 0.143, n = 3 and 5, respectively), 
but a significant difference was found at 20 min (P = 0.004, 
n = 5 and 6, respectively). The AUC values obtained for 
cisplatin in PLT and CSF were similar (148 _+ 9 and 
160 • 17 gg ml- 1 rain, respectively). 

Discussion 

In the majority of pharmacokinetic studies thus far per- 
formed with cisplatin, total platinum or total ultraflltrable 
platinum has been measured, not the intact drug. This is not 
satisfactory since cisplatin has a number of transformation 
products [14], which are vastly different in cytotoxic 
activity. It is generally accepted [3, 11] that cisplatin is 
first hydrolyzed before it reacts with its target DNA. In our 
previous work a method for the determination of cis- 
diamminaquachloroplatinum(II) ion (monoaqua) was de- 
veloped [1], but it was not studied in the present investiga- 
tion since the expected amount of monoaqua in perilymph 
is far below the detection limit of the method. 

Intact cisplatin has previously been investigated in 
plasma and urine [4, 18] but not in CSF or perilymph. 
Gormley et al. [7] studied the total platinum in CSF and 
plasma in rhesus monkeys after a bolus injection and found 
the ratio between CSF and plasma at the time of peak 
concentration for CSF (20-40 rain) to be as low as 
0.02-0.03. The fact that only the unbound fraction of 
cisplatin reflects the active drug makes the results difficult 
to interpret. In the present study the ratio of cisplatin 
concentration between CSF and plasma was 0.37 at 
10 min after the injection. This value is similar in magni- 
tude to that found in a patient with neuroblastoma 
(0.25-0.44) receiving a 2-h infusion of cisplatin [5], 
whereby platinum in plasma ultrafiltrate was measured. 

It is generally accepted that the blood-CSF barrier is 
formed mainly by the epithelium of the cells of the choroid 
plexus. Clear-cut evidence for the site of perilymph pro- 
duction is lacking, but it has been proposed that the 
perilymph composition is maintained only by a local 
mechanism in the cochlea without any contribution from 
the CSF [16]. No active transport mechanism has been 
proven for cisplatin [6]. It is not possible by the present 
methodological approach to establish whether a passive or 
active mechanism is responsible for the fast distribution and 
the rather high concentration of intact drug found in PLT 
and CSF. The ototoxic effect may be explained by altered 
transport properties in the cochlea at other sites, e.g., the 
stria vascularis. Additionally, the blood-CSF barrier is only 
one of several extracellular pathways via which blood- 
borne substances may enter the central nervous system. 

Even though the calculated AUC values for CSF and 
PLT did not differ, the shape of the curves were different. 
This supports an earlier hypothesis of structural differences 
in barrier function between the blood-CSF and the blood- 
perilymph barriers [10]. The blood-CSF barrier is charac- 
terized by selective permeability properties [17]. Previous 
studies have reported that the penetration of non-electro- 
lytes through pores in the blood-perilymph barrier may 
depend on the molecular size [21]. The elimination phase of 
cisplatin in PLT and CSF might reflect elimination from the 
extracellular fluid to the plasma compartment, chemical 
degradation, and distribution to deeper compartments, i.e., 
to the cochlear sensory structures and brain cortex, respec- 
tively. Since cisplatin is hydrophilic, its access to cerebral 
parenchyma is expected to be limited. The pathway for 
cisplatin to the sensory structures in the cochlea is not 
known but does not appear to be mediated through the 
endolymphatic compartment (Laurell et al., manuscript in 
preparation). The results of its in vitro degradation in CSF 
show that a significant proportion of cisplatin is most 
probably eliminated by chemical reaction. Although the 
protein content of CSF is considerably lower than that of 
plasma [20], there are other substances capable of reacting 
with cisplatin, e.g., sulfur-containing amino acids. There is 
no apparent accumulation of drug in PLT, since the 
concentration at 90 rain was below the detection limit. 

Studies on perilymph pharmacokinetics are difficult to 
perform. Several methodological factors may influence the 
results, e.g., the sampling technique and the analytical 
procedure used for determination of the drug concentra- 
tion. Different methods have been proposed to avoid 
methodological errors that may influence the results, i.e., 
mixture of PLT with CSF, minimization of the volume of 
the sample [8], relief of CSF pressure before aspiration of 
PLT [20], and blockage of the cochlear aqueduct [20]. A 
drawback in this study was the volume of perilymph sample 
needed (3 - 5 p J) for the quantitative determination of intact 
cisplatin. The detection limit of the analysis technique (2 ng 
injected amount) made it impossible to use the small 
volume (200 nl) proposed by Hara et al. [8] for kinetic 
studies of cisplatin in perilymph. It cannot be excluded that 
the connection between PLT and CSF through the cochlear 
aqueduct partly accounts for the similarities in the AUC 
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values obtained for PLT and CSF, although under physio-  
logical  conditions there is no fluid transport from CSF to 
PLT [16]. 

The per i lymph concentration has previously been exten- 
sively studied for the ototoxic drug gentamicin [23]. It is 
noteworthy that the concentration ratio determined for 
gentamicin between per i lymph and plasma seems to be in 
the same range (0.24) as that found in the present study for 
cisplatin. This may be due to certain similarit ies between 
the molecules with regard to molecular  weight, polarity, 
and low-level  reversible protein binding. Even though the 
drug concentration in the sensory epithelia does not seem to 
be related to the concentration in the per i lymph [23], the 
initial distribution to the inner ear is expected to be 
mediated through the b lood-per i lymph barrier and the 
vessels in the stria vascularis.  The initial step of  cisplatin- 
induced cochlear toxicity, i.e., the passage to and clearance 
from the peri lymph,  should therefore be considered in 
attempts to reduce the ototoxicity. At  a certain dose level 
it might  be possible to find a method of  administrat ion that 
reduces the amount of  drug that is el iminated from the 
per i lymph to the sensory structures. 

Acknowledgements This study was supported by grants from the 
Swedish Society of Medicine and Tysta Skolan. Bristol-Myers Squibb 
Company kindly supplied us with Platinol. The authors would like to 
thank Prof. Sharon Stone-Elander for reviewing the manuscript before 
submission. 

References 

1. Andersson A, Ehrsson H (1994) Determination of cisplatin and 
cis-diammineaquachloroplatinum(II) ion by liquid chromatogra- 
phy using post-column derivatization with diethyldithiocarbamate. 
J Chromatogr B 652:203 

2. Armand JP, Macquet JR LeRoy AF (1983) Cerebrospinal fluid- 
platinum kinetics of cisplatin in man. Cancer Treat Rep 67:1035 

3. Bancroft DE Lepre CA, Lippard SJ (1990) 195pt NMR kinetic and 
mechanistic studies of cis- and trans-diamminedichloroplati- 
num(II) binding to DNA. J Am Chem Soc 112:6860 

4. Daley-Yates PT, McBrien DCH (1984) Cisplatin metabolites in 
plasma, a study of their pharmacokinetics and importance in the 
nephrotoxic and antitumour activity of cisplatin. Biochem Phar- 
macol 33:3063 

5. DeGregorio MW, King OY, Holleran WM, Wilbur B J, Cadman 
EC, Deisseroth AB, Wilbur JR (1985) Ultrafiltrate and total 
platinum in plasma and cerebrospinal fluid in a patient with 
neuroblastoma. Cancer Treat Rep 69:1441 

6. Gately DR Howell SB (1993) Cellular accumulation of the 
anticancer agent cisplatin: a review. Br J Cancer 67:1171 

7. Gormley PE, Gangji D, Wood JH, Poplack DG (1981) Pharmaco- 
kinetic study of cerebrospinal fluid penetration of cis-diamminedi- 
chloroplatinum(II). Cancer Chemother Pharmacol 5:257 

8. Hara A, Salt AN, Thalmann R (1989) Perilymph composition in 
scala tympani of the cochlea: influence of cerebrospinal fluid. 
Hearing Res 42:265 

9. Hayes DM, Cvitkovic E, Golbey RB, Scheiner E, Helson L, 
Krakoff IH (1977) High dose cis-platinum diammine dichloride. 
Cancer 39:1372 

10. Juhn SK, Rybak LP, Prado S (1981) Nature of blood-labyrinth 
barrier in experimental conditions. Ann Otol 90:135 

11. Knox RJ, Friedlos F, Lyndall DA, Roberts JJ (1986) Mechanism of 
cytotoxicity of anticancer platinum drugs: evidence that cis- 
diamminedichloroplatinum(II) and cis-diammine-(1,1-cyclobuta- 
nedicarboxylato)platinum(II) differ only in the kinetics of their 
interaction with DNA. Cancer Res 46:1972 

12. Kopelman J, Budnick AS, Kramer MB, Sessions RB, Wong GY 
(1988) Ototoxicity of high-dose cisplatin by bolus administration 
in patients with advanced cancers and normal hearing. Laryngo- 
scope 98:858 

13. Laurell G, Jungnelius U (1990) High-dose cisplatin treatment: 
hearing loss and plasma concentrations. Laryngoscope 100:724 

14. Lippard SJ (1982) New chemistry of an old molecule, cis- 
[Pt(NH3)2CI2]. Science 218:1075 

15. Motzer RJ (1993) Optimal treatment for advanced seminoma? 
Cancer 72:3 

16. Ohyama K, Salt AN, Thalmann R (1988) Volume flow rate of 
perilymph in the guinea-pig cochlea. Hearing Res 35:119 

17. Oldendorf WH (1976) Certain aspects of drug distribution to brain. 
Adv Exp Med Biol 69:103 

18. Reece PA, Stafford I, Davy M, Morris R, Freeman S (1989) 
Influence of infusion time on unchanged cisplatin disposition 
in patients with ovarian cancer. Cancer Chemother Pharmacol 
24:256 

19. Rossof AH, Slayton RE, Perlia CP (1972) Preliminary clinical 
experience with cis-diamminedichloroplatinum(II) (NSCl19875, 
CACP). Cancer 30:1451 

20. Scheibe F, Haupt H (1985) Biochemical differences between 
perilymph, cerebrospinal fluid and blood plasma in the guinea 
pig. Hearing Res 17:61 

21. Sterkers O, Ferrary E, Saumon G, Amiel C (1987) Na and 
nonelectrolyte entry into inner ear fluids of the rat. Am J Physiol 
253:F50 

22. Stewart DJ, Leavens M, Maor M, Feun L, Luna M, Bonura J, 
Caprioli R, Loo TL, Benjamin RS (1982) Human central nervous 
system distribution of cis-diamminedichloroplatinum and use as a 
radiosensitizer in malignant brain tumors. Cancer Res 42:2474 

23. Tran Ba Huy R Bernard R Schacht J (1986) Kinetics of gentamicin 
uptake and release in the rat. J Clin Invest 77:1492 

24. Wiltshaw E, Kroner T (1976) Phase II study of cis-dichlorodiam- 
mineplatinum(II) (NSC-119875) in advanced adenocarcinoma of 
the ovary. Cancer Treat Rep 60:55 


