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Summary. N-5-dimethyl-9-[(2-methoxy-4-methylsulphonyl- 
amino)phenylamino]-4-acridinecarboxamide (CI-921), 
which is an analogue of amsacrine, has entered phase 1 
clinical trials as an antitumour drug. The plasma pharma- 
cokinetics of CI-921 has been studied in six rabbits after 
short i. v. infusions of 6.35, 12.7 and 25.4 Ixmol/kg. Total 
plasma concentrations of CI-921 were determined by a 
high-performance liquid chromatography method for up 
to 12 h post infusion. Comparison of pharmacokinetic pa- 
rameters for each rabbit by within-subject analysis of vari- 
ance indicated that with a four-fold increase in the dose 
from 6.35 to 25.4 lxmol/kg there was a 44% increase in the 
area under the concentration-time curve normalised to 
dose (P< 0.001) and a 43% increase in the elimination half- 
life (P<0.005), and a 30% decrease in the total plasma 
clearance (P<0.001). Dose had no effect on the end of in- 
fusion concentration normalised to dose, or on the steady- 
state volume of distribution. These results indicate that CI- 
921 experiences dose-dependent elimination kinetics in the 
rabbit. 

Introduction 

N-5-dimethyl-P-[(2-methoxy-4-methylsulphonylamino)- 
phenylamino]-4-acridinecarboxamide (CI-921) (Fig. 1) is a 
second-generation anticancer agent which is currently in 
phase 1 clinical trials. Amsacrine, its predecessor, was clin- 
ically effective against leukaemia [2, 4] and certain lym- 
phomas, [10] but had little activity against most solid tu- 
mours [3, 4]. Further studies have been undertaken to 
identify analogues of amsacrine which might offer a 
broader clinical antitumour spectrum. From this pro- 
gramme has emerged CI-921, which has significantly grea- 
ter activity than amsacrine against solid turnout test sys- 
tems [1]. This compound is more lipophilic, is a weaker 
base and experiences more plasma protein binding than 
amsacrine [7]. Previously we have shown that amsacrine 
undergoes dose-dependent kinetics in the rabbit at doses 
greater than 12.7 p~mol/kg [6]. The aim of this study was to 
investigate whether C1-921 experiences dose-dependent 
kinetics over a similar dose range. 
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Materials and methods 

C1-921 in the form of the isethionate salt (from Dr. B. 
Baguley, Cancer Research Labs, University of Auckland 
Medical School) was dissolved in lactic acid solution to 
give a concentration of 12.7mmol/1. The appropriate 
amount of CI-921 was then diluted with 5% dextrose solu- 
tion to 20 ml for infusion. 

Six New Zealand white rabbits (weight range 
2.7-5.4 kg) were maintained on commercial rabbit pellets 
and water ad libitum. Each received CI-921 doses of 12.7, 
6.35 and 25.4 ~tmol/kg, in that order, infused over 35 min 
into a marginal ear vein at 0.58 ml/min. Two additional 
rabbits also received identical 12.7 ~tmol/kg doses admin- 
istered 1 month apart. On completion of the infusion, the 
catheter line was flushed with 4 ml 5% dextrose solution 
containing 5 units/ml sodium heparin. Venous blood 
(3 ml) was collected from the opposite ear into heparinised 
tubes at 0, 0.5, 1, 2, 4, 6, 8 and 12 h post infusion. Plasma 
was separated immediately by centrifugation and stored at 
- 2 0 ° C  in capped glass vials until analysis. A minimum 
recovery period of 1 month was allowed between consecu- 
tive doses. No significant loss of body weight occurred 
over the experimental period. 

Plasma CI-921 concentrations were determined in du- 
plicate 0.5 ml aliquots by our HPLC method [5]. This assay 
has good accuracy with recoveries ranging from 98.3% to 
106.6% over the range 0.05-40 Ixmol/l in plasma and ex- 
cellent precision with intra-assay coefficients of variation 
(n=9) of 2.6%, 4.3% and 3.8% and interassay coefficients 
of variation of 7.3%, 4.6% and 3.8% (n = 56) at plasma con- 
centrations of 0.1, 1.0 and 15 lxmol/1 respectively. 

Model-independent pharmacokinetic parameters were 
calculated from the plasma concentration-time curve for 
each dose for all rabbits. The area under the plasma con- 
centration-time curve (AUC o °°) and the area under the first 
moment of the concentration-time curve (AUMC o °°) were 
determined using the trapezoidal rule while successive 

CH 3 C O N H C H  3 Fig. 1. Structure of CI-921 
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Fig. 2. Mean CI-921 plasma concentration-time profiles normal- 
ised to the 6.35 ~ m o l / k g  dose  ( 0 ) .  The  12.7 and  25.4 g m o l /  
kg doses are represented by • and • respectively. The bars re- 
present the SEM 

concen t r a t i on  values  were  inc reas ing  and  the log t rape-  
zo ida l  rule  when  successive concen t r a t i on  va lues  were  de- 
c reas ing  af ter  the m a x i m u m .  Both were  ex t r apo la t ed  to 
inf in i ty  by the usual  me thods  [8]. The  t e rmina l  half- l i fe  
(tl½) was ca lcu la ted  by 0.693/k.  Other  p h a r m a c o k i n e t i c  
pa ramete r s  ca lcu la ted  were  the  to ta l  p l a sma  c lea rance  
( C I = D O S E / A U C  o °°) and  the  s teady-sta te  v o l u m e  o f  dis- 
t r ibu t ion  (Vss = C1 ( A U M C ~ / A U C  o°°)-T/2) where  T was 
the  infus ion  t ime  for  this shor t - te rm cons tan t  rate  i. v. infu-  
sion. 
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Fig. 3. Relationship between dose and the ratio of the A U C o  ~ for 
each dose (,4 UCD) to the AUC for the lowest dose (6.35 p, mol/kg) 

i n  each rabbit. Each symbol represents an individual rabbit. The 
dashed line represents the predicted values, if the kinetics were 
linear 

The pharmacokinetic parameters were compared for 
each rabbit for each dose using within-subject one-way 
analysis of variance. Further a posteriori comparisons be- 
tween the different dose groups were undertaken using the 
Newman-Keuls test. Differences were regarded as signifi- 
cant at a P value less than 0.05. 

Table 1. Pharmacokinetic parameters after three different dose infusions of CI-921 in rabbits 

Rabbit Dose Cmax Cmax n t V2 C1 Vss AUC S AUC n 
(p, mol/kg) (pmol/1) (p, mol/1) h (ml/h/kg)  (ml/kg) (l, tmol - h/l)  (I, tmol • h/l)  

A34 6.35 13.5 13.5 1.47 222 337 28.5 28.5 
12.7 31.0 15.5 1.51 193 322 65.9 33.0 
25.4 59.7 14.9 1.95 148 404 172.0 43.0 

R! 6.35 18.7 18.7 1.61 251 309 25.3 25.3 
12.7 31.5 15.8 1.64 226 351 56.3 28.2 
25.4 66.9 16.7 1.68 201 338 126.3 31.8 

X22 6.35 21.0 21.0 1.72 141 284 44.9 44.9 
12.7 48.1 24.1 1.93 102 228 124.4 62.2 
25.4 54.2 13.6 3.27 110 518 231.4 57.8 

K43 6.35 16.9 16.9 1.82 180 356 35.2 35.2 
12.7 36.9 18.4 1.89 142 272 89.6 44.8 
25.4 83.7 20.9 2.44 114 373 221.8 55.5 

K44 6.35 15.8 15.8 2.08 154 360 41.2 41.2 
12.7 29.5 14.8 2.08 145 370 87.6 43.8 
25.4 75.7 18.9 2.65 101 379 251.9 63.0 

K46 6.35 19.5 19.5 1.55 166 281 38.2 38.2 
12.7 30.5 15.3 2.08 145 370 80.5 40.8 
25.4 69.9 17.5 2.65 113 424 225.4 56.4 

Mean 6.35 17.6 17.6 1.71 186 321 35.6 35.6 
SD 2.7 2.7 0.22 42 35 12.1 12.1 

Mean 12.7 34.6 17.3 1.82 161 318 84.0 42.1 
SD 7.1 3.6 0.21 43 56 35.6 11.8 

Mean 25.4 68.3 17.1 2.44 131 406 204.8 51.3 
SD 10.6 2.6 0.56 38 62 85 11.6 
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Results 

The observed concentration-time profiles from the two 
rabbits who received identical 12.71xmol/kg doses 1 
month  apart were superimposable with no obvious trends 
in any of  the kinetic parameters, indicating that a 1-month 
recovery period between doses was acceptable. 

The CI-921 plasma concentration-time profiles were 
normalised by dividing the plasma concentration by the 
appropriate multiple of  the lowest dose (6.35 ~xmol/kg). 
The mean normalised profiles are shown in Fig. 2. The 
12.7 ~tmol/kg and 25.4 ~tmol/kg dose profiles were not su- 
perimposable on the lowest dose, giving higher than ex- 
pected profiles, suggesting non-linear kinetics. This is also 
evident from Fig. 3, which depicts the relationship be- 
tween dose and the ratio of  the A U C T  for each dose to the 
A U C T  for the 6.35 ~tmol/kg dose. I f  the A U C T  increased 
proport ionally with dose according to hnear kinetics, the 
points would have been scattered normally about the 
dashed line at the higher doses. 

The pharmacokinetic parameters for each rabbit are 
presented in Table 1. Within-subject one-way analysis of  
variance indicated that with increasing dose, there were 
significant increases in the A U C o  ~ normalised to dose 
(AUC n; P <  0.001) and the t½ (P<  0.005), and a significant 
decrease in C1 (P<  0.001). Dose had no effect on Vss or or 
the end of  infusion concentration normalised to dos~ 
(Cmaxn). Further comparisons using the Newman-Keul~ 
test indicated that significant differences (P<  0.005) exist- 
ed for C1 and AUC n between the 6.35 and 12.7 ~tmol/kg 
doses and between the 12.7 and 25.41xmol/kg doses. A 
significant difference was also observed for the ¢/2 between 
the 12.7 and the 25.4 Ixmol/kg dose and between the 6.35 
and the 25.4 lxmol/kg dose, but not between the 6.35 and 
the 12.7 ~tmol/kg dose. 

Discussion 

We have previously shown that amsacrine, an analogue of  
CI-921, exhibited dose-dependent kinetics at doses greater 
than 12.7 Ixmol/kg when infused into rabbits using this 
same regimen [6]. There is also some evidence to suggest 
that amsacrine undergoes dose-dependent kinetics in pa- 
tients [9]. This present study indicated that CI-921 also ex- 
periences dose-dependent kinetics in rabbits and this oc- 
curs at lower doses than with amsacrine. The dose-depen- 
dent kinetics are due to a reduction in total plasma clear- 
ance of  CI-921 with increasing dose but the mechanism is 
unknown at present. As CI-921 is very highly protein 
bound [7], further studies are underway to investigate 
whether changes in binding are involved in the dose-de- 

pendent  kinetics. This would appear unlikely, as we have 
shown by equilibrium dialysis using tritiated CI-921 that 
the binding of  CI-921 is independent of  concentration 
over the range 1 -10 t  lxmol/1 in blood bank plasma 
(unpublished observations). 

Our results suggest that dose-dependent kinetics might 
be expected during the phase 1 clinical trials of  CI-921 in 
cancer patients. 
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