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Summary. Using simple kinetic modelling, we estimated 
the effect of nucleophilic (renal) protecting agents (thiosul- 
fate, mesna, diethyldithiocarbamate) on the half-life and 
the area under the concentration-time curve (AUC) of cis- 
diamminedichloroplatinum(II) (CDDP) in plasma and 
peritoneum. Our basic assumptions were that (a) under 
non-protecting conditions, the elimination of intact CDDP 
from plasma and peritoneum is a first-order process deter- 
mined by the elimination-rate constant (k), and (b) under 
conditions of renal protection, the elimination of CDDP is 
a first-order process determined by kCDDP,P = 
kCDDp+kN.[N], with kCDDP,P representing kCDDP under 
conditions of protection; kN, the second-order rate constant 
for direct interaction of the protecting nucleophile (N) and 
CDDP; and [N], the (steady-state) concentration of N. 
Half-lives under conditions of protection were 
0.693/kCDDP,p. AUCs were obtained by integration of the 
first-order equations. The inactivation-indicating parame- 
ter was defined as being the ratio of the AUC under pro- 
tecting conditions to the AUC under non-protecting condi- 
tions (Rinact). Rinact is approximately given by 
kCDDp/kcDDP,P. For renal protection with i.v. thiosulfate 
(TS, 2 g m -2 h), the estimates of Rinact were 0.61 in plasma 
and 0.7 in the peritoneal cavity for i.p. injected CDDP and 
0.87 in plasma for i.v. CDDP, indicating inactivation of 
CDDP under such conditions. Estimates of Rinact were 0.84 
or 0.96 in plasma and 0.87 in the peritoneal cavity for 
supposed conditions of renal protection by systemic mesna 
(4.4 g m-2 h), suggesting only minor inactivation of i.p. or 
i.v. injected CDDP under such conditions. Under reported 
conditions of protection achieved with 4.4 g m -2 h sys- 
temic diethyldithiocarbamate (DDTC), Rinact was >0.65 or 
0.87 in plasma and >0.75 in the peritoneal cavity for i.p. or 
i.v. injected CDDP, respectively. Thus, DDTC inactivates 
CDDP to a comparable or lesser extent than does TS. 

Offprint requests to: W. J. E van der Vijgh 

Introduction 

Nephrotoxicity [9] is the dose-limiting side effect of cis-di- 
amminedichloroplatinum(II) (CDDP), which displays an- 
titumor activity against a variety of neoplasms [10-13]. 
Howell et al. [4] and Pfeifle et al. [7] have demonstrated 
that thiosulfate (TS) attenuates the nephrotoxicity of both 
i.v. and i.p. injected CDDP. According to these authors, 
the protective effect of TS is associated with substantial 
chemical inactivation of CDDP in the kidneys, where TS is 
concentrated due to its rapid renal clearance. In plasma the 
concentration of TS is much lower and, therefore, con- 
siderably less inactivation is expected in this compartment. 
However, under conditions of renal protection with sys- 
temic TS (2 g m-2 h), the areas under the plasma and 
peritoneal concentration-time curve (AUC) of i.p. CDDP 
were substantially reduced [3, 7]. This finding is consistent 
with the reaction kinetics of CDDP and TS [2]. 

Recently we analyzed the reaction kinetics of CDDP 
with TS and the (potential) renal protecting agents mesna 
(MS) and dimesna (DMS) [5, 6]. The second-order rate 
constant for direct interaction of the protecting agent with 
intact CDDP (kN) appeared to be a valuable kinetic param- 
eter with regard to the effect of the protecting agent on the 
half-life of CDDP and the extent of inactivation of the 
latter in plasma. 

In this paper we present simple equations based on 
first-order elimination and kN for estimation of the effect of 
(D)MS, TS and diethyldithiocarbamate (DDTC) on the 
half-life and AUC of CDDP. 

Methods 

Theoretical approach. Pharmacokinetic studies [3, 4, 7] have revealed 
that under non-protecting conditions, the elimination of intact CDDP 
from plasma and from the peritoneal cavity is, in approximation, a 
first-order process determined by (a) distribution, (b) the reaction of 
CDDP with low-molecular-weight endogenous nueleophiles (metabo- 
lism), (c) protein binding and (d) renal clearance. Loss from the peritone- 
al cavity is additionally determined by transfer from the peritoneal cavity 
to plasma. Under non-protecting conditions, endogenous nucleophiles 
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Fig. 1. Reactions of endogenous nu- 
cleophiles (N) or renal protecting agents (P) 
with CDDP along the parallel pathways of 
(l) the aquation products and (2) direct dis- 
placement of the chloride ligands in CDDP 

react along paJallel pathways with (a) the monoaquated species of 
CDDP, produced in rate-limiting first-order aquation of CDDP; and (b) 
intact CDDP by direct displacement of its chloro ligands (Fig. 1 ). Under 
(renal) protecting conditions, the circulating nucleophilic (renal) protect- 
ing agent, N, competes with the endogenous nucleophiles for intact 
CDDP and its monoaquated species. Consequently, the pattern of meta- 
bolites changes. However, reaction of N with the monoaquated species 
does not result in accelerated inactivation of CDDP, since this production 
rate is determined by the rate-limiting aquation of the drug. By contrast, 
direct interaction of N and intact CDDP gives rise to accelerated chemi- 
cal inactivation. 

Under conditions of protection, the first-order elimination rate con- 
stant is kCDDP,P = kCDDp+kN.[N], with kCDDP representing the elimina- 
tion-rate constant of CDDP under non-protecting conditions; kN, the 
second-order rate constant for direct interaction of CDDP and the pro- 
tecting nucleophile N; and [N], the concentration of this nucleophile in 
plasma and/or the peritoneal cavity. Based on first-order rate equations 
and the above concept, simple equations were derived to estimate the 
effect of N on the half-life (h/2) and the area under the concentration-time 
curve (AUC) of CDDP. 

Effect on the peritoneal AUC of i. p. injected CDDP. The elimination of 
intact CDDP from the peritoneum is, in approximation, a first-order 
process [4]: 

Ct = Co*e-kcDDP t. (1) 

The first-order elimination rate constant of CDDP, kCDDP, is 
6.7X10 3 mim~ [3]. Integration over time yields the expression for the 
area under the concentration-time curve (AUC): 

AUC = C0* [ i -e  kCDDpT]/kcDDP, (2) 

with T representing the dwelling time of CDDP in the peritoneal cavity, 
which is 240 [7] or 360 rain [3] in clinical practice. 

Under conditions of renal protection by concomitant i. v. infusion of 
a (renal) protecting agent N, intact CDDP is inactivated in the peri- 
toneum due to direct interaction with N. The extent of this inactivation is 
determined by kN and the peritoneal concentration of N (IN]): 

AUCp = C0*[ I--e~CDDP,pT]/kcDDP, P, (3) 

with kCDDP,p=kcDDp+kN.[N] and AUCp representing the peritoneal 
AUC under conditions of renal protection. 

The ratio AUCp/AUC was used as an inactivation-indicating param- 
eter (Ri~ct). Rin~t = 1 implies essentially the lack of inactivation of 
CDDP by N; conversely, Rinact = 0 represents complete inactivation of 
CDDP. Combination of Eqs. 2 and 3 yields (1--e-kcDDp,PT/ 1-e- 
kCDDpT~ 1 ): 

Rinact,pf = kCDDp/kcDDP,P, (4) 

where Rinact,pf denotes  einact in the peritoneal fluid. Thus, Rinact is ap- 
proximated by the quotient of the first-order rate constants kCDDP and 
kCODP,P. Rinact,pf is obtained from Eq. 4. Apart from k, [N] is an essential 
parameter in the procedure outlined above. However, during instillation 
of CDDP, [NJ rises like the concentration of an infused drug in 

plasma [3]. Assuming that the peritone',d pharmacokinetic parameters of 
N are available, the average concentration of N ([N]av) during the instil- 
lation period T can be obtained from: 

T T 
[N]av = / Css*(1--e-kt)dt/T' (5) 

, J  

0 

yielding 

[N]av = Css+Css*(~kT-1)/kT (6) 

or approximately (e-kT~0), 

[N]av = Css-Css/kT, (7) 

where k denotes the first-order rate constant of N describing the concen- 
tration profile of N in the peritoneal cavity and Css represents the (esti- 
mated) steady-state concentration of N in the peritoneum [3], 

Effect on the plasma AUC of i.v. injected CDDP. The plasma AUC 
(t = 0-t = ~) of intact CDDP after i. v. administration is given by: 

AUCpl = C0/kcDDp, (8) 

with kCDDP representing the first-order plasma elimination rate constant 
of CDDP under non-protecting conditions (2.7x10 -2 min -1) [3]. Under 
conditions of renal protection, the plasma AUC of intact CDDP after i. v. 
administration is determined by (a) elimination from plasma and (b) 
chemical inactivation due to the direct interaction of CDDP and N: 

AUCp,pl = C0/kcDDP,p, (9) 

with kCDDP,P = kCDDp+kN.[N]. Combination of Eqs. 8 and 9 yields 

Rinact,pl = kCDDp/kcDDP,P. (10) 

Under conditions of renal protection, i.p. injected CDDP is inacti- 
vated by N not only in the peritoneum but also in plasma after its transfer 
from the peritoneum. Consequently, the resultant inactivation of i.p. 
injected CDDP in plasma is 

Rinact = Rinact,pf*Rmact,ph ( 11 ) 

with Rinact,pf = AUCp,pf/AUCpf and Rinact,pt = AUCp,pl/AUCpl. Eq. 11 is 
used to estimate the effect of i. p. injected CDDP on the plasma AUC. 

Effect of the protecting agent on the half-life of CDDP in plasma and 
peritoneum. In all instances (N = TS, DMS, DDTC), the half-life of 
CDDP under conditions of protection (tt/2y) was obtained from kCDDPY 
(tl/2,P = 0.693/kcDDP,P). 

Results 

Rinact was  ob ta ined  for  TS  and M S  by app ly ing  the d e r i v e d  
equa t ions  fo r  the  r epor t ed  pa ramete r s  s u m m a r i z e d  in 
Tab l e  1. T o  af ford  rena l  pro tec t ion ,  Qaz i  et al. [8] in fused  
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N Infusion rate kN [N] (M) 
(g m -2 h) (M -1 m i n  -1) 

Peritoneum Plasma 

D M S  4 .4  a 0 .26  a 4 •  -3b 
TS 2 c 2.9 a 1 •  -3c 

D D T C  4.4  d 4 .4  e 0 . 5 •  -3d 

5 x l 0  -3b 

1.5• -3c 
0.Sx10-3d 

a See Leeuwenkmnp et aL [6] 
b See Leeuwenkamp et al. [5]. The peritoneal concentration was esti- 
mated, assuming that the peritoneal-to-plasma concentration ratio is 
comparable to that of TS [7] 
~ See Goel et al. [3] 
d Mean plasma concentration of DDTC during infusion at a rate of 

100 mg kg < h [8] as estimated from Eq. 12. The peritoneal concentration 
was estimated, assuming that the peritoneal-to-plasma concentration 
ratio is identical to that of TS [7] 

See Bodenner et al. [1] 
N, Protecting nucleophile; kN, second-order rate constant for direct inter- 
action of N and CDDP; [N], steady-state concentration of N 

Table 2. Estimates of Rinact and half-lives of CDDP under conditions of protection 

N Rinact a 

Plasma Peritoneum 

calcd Lit calcd Lit 

t l~  b 

Plasma Peritoneum 

calcd Lit calcd Lit 

- 1 1 1 1 

TS 0.61/0.87 d 0.75 ~ 0.7 0.6 ~ 
MS 0.84/0.96 - 0.87 - 
DDTC >0.65/>0.87 - >0.75 - 

- 26•  c - 104•  c 

2 2  3 4 •  c 72  4 7 •  c 

25 - 90  - 

23 - 78 - 

a For  e s t ima t i on  o f  Rinact fo r  i .p .  in jec ted  C D D P  in p e r i t o n e u m  a n d  
plasma, Eqs. 4 and 11, respectively, were used. Rinact for i.v. CDDP in 
plasma was estimated from Eq. 10 
u Half-life of CDDR Half-life under protecting conditions 
(tl&p = 0.693/kcDDP.p) was obtained from the estimated elimination-rate 

constant under conditions of protection kCDDP, p = kCDDp+kN.[N], with 
kCDDP representing the elimination-rate constant of CDDP under non- 
protecting conditions 
c See Goel et al. [3] 
d Uinact in plasma after i. p./i. v. administration of CDDP, respectively 

D D T C  for  90 rain starting 45 min after the cessat ion of  i. v, 
C D D P  administration. The average D D T C  concentrat ion 
during the infusion period was obtained f rom Eq. 7. For 
reasons of  simplicity,  it was assumed that the D D T C  infu- 
sion was started at the end of  the C D D P  infusion and that 
the effect  of  D D T C  during the post- infusion period was 
negligible because of  its short p lasma half-life of  13 rain 
[1, 8]. The first assumpt ion implies that the actual Rinact is 
greater  than the est imated value. The calculations were 
per formed using kDDTC = 4.6X10-2 min-1 [1]. 

The est imates of  Rinact obtained using N = TS, DMS 
and D D T C  are summar ized  in Table 2. Under  conditions 
of  protection by TS, substantial inactivation of  intact i.p. 
injected C D D P  takes place in p lasma and in the peritoneal 
cavity. By  contrast, protection by MS gives rise to lower 
inactivation of  intact CDDP.  Using the schedule of  Qazi et 
al. [8], it was found that Rinact,DDTC >0.87. Thus, values for  
Rinact,DDTC and Rinact,TS are comparable .  

D i s c u s s i o n  

The est imates for  TS are in fair agreement  with exper imen-  
tal data [3, 7]. Because  of  the high extent of  inactivation 
suggested by Rinact and found exper imental ly  [3, 7], a 
reinvestigation of  the effect  of  TS (2 g m-2 h) on the 
p lasma A U C  of  C D D P  using a CDDP-se lec t ive  analytical 
procedure is warranted. 

Under  supposed conditions of  (renal) protect ion by MS 
[5], the es t imated extent of  inactivation was considerably 
lower. From this kinetic point of  view, MS would be an 
attractive renal protecting agent. In contrast  to TS, D D T C  
also protects against the gastrointestinal and myelotoxic i ty  
of  C D D P  [1, 8]. Substantial inactivation of i.p. injected 
C D D P  after i.v. infusion of  D D T C  is also anticipated 
(Table 2). However ,  clinically, D D T C  is generally given a 
few hours after CDDP,. Therefore,  Rinact is appreciably 
higher in clinical practice. It can thus be concluded that 
f rom a kinetic point  of  view, D D T C  is a suitable agent  for 
protect ion against  the (renal) toxicity of  i.v. and, possibly,  
i.p. injected CDDP.  However ,  recent clinical studies have 
shown that the use of  D D T C  is hampered  by severe neu- 
rotoxicity [8]. 

The  area under the concentrat ion-t ime curve (AUC) is 
a measure  for tumor  exposure to the drug. As a con- 
sequence,  the extent to which the exposure  of  the tumor  to 
C D D P  is reduced by a (renal) protecting agent  is given by 
Rinact. This implies that the dose of  C D D P  must  be esca- 
lated by a factor of  1/Rinact to maintain the therapeutic 
effect. I f  (nephro)toxici ty is adequately suppressed by a 
(renal) protecting agent, the C D D P  dose might  be escalated 
to such an extent (>l/Rinact) that even a gain in therapeutic 
effect might  be obtained. 

It can be concluded that the derived simple equations 
are versatile tools for  est imation of  (a) the effect  of  the 
nucleophile on the half-life of  C D D P  and (b) the extent to 
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which CDDP is inactivated by a nucleophilic (renal) pro- 
tecting agent. From a kinetic point of view, MS and DDTC 
would be useful (renal) protecting agents. 
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