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ABSTRACT 

Copovithane (BAYi7433) i s  a syn the t i c  polymer o f  molecular weight 7.800 
dal tons w i t h  anti tumor a c t i v i t y .  
b i o l o g i c a l  f l u i d s  i n v o l v i n g  organic ex t rac t i on ,  and hydro lys is  and TNBS 
d e r i v i t i z a t i o n  o f  generated methylamine was developed. This method u t i l i z e s  
HPLC f o r  f i n a l  q u a n t i t a t i o n  o f  t h e  TNBS-methylamine adduct. The lower l i m i t  
o f  de tec t i on  was 15 g/ml o f  e i t h e r  plasma o r  urine. This method was sens i t i ve  
enough t o  monitor t h e  pharmacokinetics o f  copovithane i n  pa t i en ts  rece iv ing  
therapy . 

An a n a l y t i c a l  method f o r  copovithane i n  

INTRODUCTION 

Bay i 7433 (copovithane, Fig. 1) i s  a syn the t i c  copolymer o f  1. 3 b i s -  

(methylaminocarboxy)-2-methylene propane and N-vinyl py r ro l  idone w i t h  an average 

molecular weight o f  5,800 daltons. Although uncharged, t h i s  h igh molecular weight 

ma te r ia l  i s  h i g h l y  so lub le i n  aqueous solvents. Copovithane was found t o  have 

s i g n i f i c a n t  ant i tumor a c t i v i t y  against sarcoma 180, P388 leukemia, carcinoma E0771 

and fibrosarcoma F1026 i n  mice and a c t i v i t y  against Walker 1098 tumor i n  ra t s .  

Copovithane was found t o  be a we l l - t o le ra ted  compound which exh ib i t ed  anti tumor 

a c t i v i t y  i n  animal s tud ies a f t e r  s ing le  i n j e c t i o n  e i t h e r  p r i o r  t o  o r  a f t e r  

innoculat ion o f  tumor c e l l s  (1). 
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+cH-cH*-C I 1 jfi 

Bay I 7433 
Copovithane 

FIGURE i :  Subunit s t r u c t u r e  o f  copovithane polymer. 

The mechanism o f  ant i tumor a c t i o n  o f  t h i s  agent has not  y e t  been elucidated. 

However, copovithane i s  not  c y t o t o x i c  i n  v i t r o ,  suggesting t h a t  t h i s  agent requ i res  

metabolic conversion o r  t h a t  t h i s  agent operates through changes i n  host  c o n t r o l  

mechanisms (1). Copovithane i s  c u r r e n t l y  undergoing phase I c l i n i c a l  t r i a l s  and 

i n  concert w i t h  these t r i a l s ,  we have developed a h igh  performance l i q u i d  

chromatographic method t o  assay copovithane i n  b i o l o g i c a l  f l u i d s  i n  preparat ion 

f o r  pharmacokinetic s tud ies i n  man. 

MATERIALS AND METHODS 

A l l  ma te r ia l s  purchased from regu la r  commercial supp l i e rs  were o f  reagent 

grade o r  higher. 

and Jackson, Muskegon, Michigan. A l l  so lvents  were f i l t e r e d ,  vacuum degassed 

and sparged w i t h  n i t rogen  immediately be fo re  use. 

Chromatography. A l l  analyses were performed w i t h  a Waters Associates 

D i s t i l l e d - i n - g l a s s  a c e t o n i t r i l e  was purchased from Burdick 

(M i l f o rd ,  MA) l i q u i d  chromatograph cons is t i ng  of a model 7108 sample processor, 

a model M6000 pump, a model 720 system c o n t r o l l e r ,  a data module and a model 

450 variable-wavelength UV detector .  

m, 10 u p a r t i c l e  s i ze )  C-18 column from Waters Associates was used f o r  a l l  

analyses. 

An a n a l y t i c a l  reverse phase (30 cm x 3.9 

The mobile phase consis ted o f  30% a c e t o n i t r i t e  and 70% water. The 
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COPOVITHANE I N  PLASMA AND URINE 161 

f l o w  r a t e  was 2 m l /m in .  The column e l u a t e  was monitored f o r  UV absorbance a t  

340 nm. 

Plasma. A l i quo ts  (2  m l )  o f  plasma con ta in ing  copovithane were placed i n  15 

m l  Corex t e s t  tubes and cooled on i c e  f o r  5 minutes. 

p r e c i p i t a t e d  by t h e  a d d i t i o n  o f  200 p 1  o f  10 N pe rch lo r i c  acid, 

were vortexed v igorous ly  and al lowed t o  stand f o r  5 minutes on ice.  

were spun a t  17,000 x g f o r  15 minutes, t he  supernatents were t rans fe r red  t o  

g lass (12 x 75 mm) t e s t  tubes and 2 0 0 ~ 1  o f  10 N KOH was added t o  n e u t r a l i z e  

each sample. 

cen t r i f uged  f o r  3 minutes i n  a Serofuge I1  cen t r i f uge .  The supernatents were 

t rans fe r red  t o  15 m l  Corex t e s t  tubes and 2 ml o f  hot  (85'C) saturated sodium 

c h l o r i d e  s o l u t i o n  was added t o  each sample. The drug was then ex t rac ted  th ree  

t imes by a d d i t i o n  o f  3 m l  o f  ch loroform (F isher  Science Co., Fair lawn, New 

Jersey). The samples were vortexed v igo rous l y  and then spun a t  17,000 x g f o r  

15 minutes. The ch loroform ex t rac ts  were combined and then d r i e d  down under a 

n i t rogen  stream. 

c h l o r i c  acid, q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 3.51111 screw-cap v i a l ,  sealed and 

placed i n  a 160°C o i l  bath. 

on i ce ,  and adjusted t o  n e u t r a l i t y  w i t h  1 m l  o f  5 N sodium hydroxide. The 

pH o f  each sample was f u r t h e r  ad justed t o  8.0 by the  a d d i t i o n  3 m l  o f  1 M 

sodium bicarbonate bu f fe r ,  pH 8.0. An a l i q u o t  (0.75 m l )  of a 0.5% s o l u t i o n  

o f  t r i n i t robenzene  sulphonic ac id  (TNBS, Sigma Chemical Co., MO) i n  acetone 

was added. and were 

ex t rac ted  3 t imes w i t h  3 m l  o f  e thy l  acetate. The e thy l  acetate e x t r a c t s  were 

combined and evaporated t o  dryness under a n i t rogen  stream. 

recons t i t u ted  i n  250 p l o f  0.2 M Na2HP04 (pH 6.4) i n  a c e t o n i t r i l e  and 

chromatographed as described. 

Plasma p ro te ins  were 

The samples 

The samples 

The samples were again cooled on i c e  f o r  5 minutes and then 

The samples were then recons t i t u ted  w i t h  1 m l  o f  5 N hydro- 

A f t e r  16 hours, t h e  samples were removed, cooled 

The samples were then incubated i n  t h e  dark f o r  150 min. 

The samples were 

RESULTS AND DISCUSSION 

Copovithane (BAY i 7433) i s  a poly-n-methyl carbamate polymer. Since 

t h i s  molecule has l i t t l e  i n t r i n s i c  UV character ,  chemical mod i f i ca t i on  o f  

i t s  s t r u c t u r e  t o  incorporate a chromophore was necessary t o  increase s e n s i t i v i t y  

i n  the drug assay. 
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FIGURE 2: High performance l i q u i d  chromatogrdphy o f  copovithane. 

2 m l  o f  plasma. 
2A: HPLC o f  plasma Blank. 

2B: HPLC o f  plasma w i t h  added copovithane (do pgfml). 

2C: HPLC o f  p a r i e n t  plasma sample a f t e r  admin i s t ra t i on  o f  copovithane. 
Q u a n t i t a t i o n  of copovithane i n  t h i s  ample i s  approximately 150 ug/ml. 

This sample corresponds t o  i n j e c t i o n  o f  

F igure 2A shows t h e  h igh  performance l i q u i d  chromatogram o f  a plasma blank. 

The arrow a t  15 minutes i n d i c t e s  the  p o s i t i o n  o f  t h e  TNBS methylamine adduct 

der ived from copovithane hydro lys is .  A t  t h i s  f i g u r e  shows, t h e  plasma blank 

conta ins no peaks which i n t e r f e r e  w i t h  chromatographic analys is .  

shows a plasma sample wi th copovithane added a t  a concentrat ion o f  400 ug/ml. 

F igure 2C shows a p a t i e n t  plasma sample obta ined 1 hour a f t e r  t h e  admin i s t ra t i on  

o f  copovithane a t  a dose o f  10g/m2. 

was ca l cu la ted  t o  be 400 Ug/ml. 

was const ructed by the  method o f  standard add i t i on .  

F igure 3. 

l i n e ,  y = 1.22 x -10.2 over the  concentrat ion range 0 t o  500 pg/ml. 

ca l cu la ted  recovery r a t e  us ing t h i s  method f o r  plasma was 40%. 

and in t ra-assay v a r i a b i l i t y  o f  standards was 19% and 2.3% respec t i ve l y .  

f unc t i ona l  lower  l i m i t  o f  de tec t i on  o f  t h i s  method i n  plasma was 15 g/ml. 

F igure 28 

Copovithane concentrat ion i n  t h i s  sample 

A standard curve f o r  copovithane i n  plasma 

The r e s u l t s  are shown i n  

The const ructed curve c l o s e l y  f i t  (r* = 0.995) the  ca l cu la ted  

The 

In terassay 

The 
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FIGURE 3: S t a n d a r d  c u r v e  f o r  c o p o v i t h a n e  i n  plasma. 
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FIGURE 4: High per formance  l i q u i d  chromatography of  c o p o v i t h a n e  i n  u r i n e .  

4A: HPLC of urine b l a n k  from a normal v o l u n t e e r .  

4B: HPLC o f  urine w i t h  added c o p o v i t h a n e  (100 v g / m l j .  

4C: HPLC o f  p a t i e n t  u r i n e  sample  t w e n t y - f o u r  h o u r s  a f t e r  d r u g  
a d m i n i s t r a t i o n  (75 pg/ml) .  
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164 ROSENBLUM ET AL. 

Incubation of copovithane w i t h  plasma a t  37'C f o r  24 hours showed no decrease 

i n  drug concentrat ion compared t o  a f r e s h l y  prepared sample. 

Figure 4A shows the HPLC p r o f i l e  of a urine blank. A t  approximately 16 m i n ,  

f i g u r e  4A shows t h e  presence of an endogenous peak which i n t e r f e r e s  w i t h  copovithane 

quant i ta t ion  a t  low drug concentrat ion.  

in te r fe rence  were unsuccessful. 

Attempts t o  f u r t h e r  reduce t h i s  

Figure 48 shows a ur ine standard w i t h  added copovithane a t  a concentrat ion 

of 100 pg/ml. 

urine. 

pa t ien t  i n  the f i r s t  2 4  hours a f t e r  copovithane adminis t ra t ion.  

The ca lcu la ted  recovery r a t e  using t h i s  method was 80% f o r  

Figure 4C shows the chromatogram of a ur ine sample co l lec ted  from a 

For quant i ta t ive  purposes, a standard curve f o r  urine was constructed a l s o  

by t h i s  method of s tandard addi t ion.  

over the e n t i r e  concentrat ion range t e s t e d .  

As shown i n  f i g u r e  5, t h i s  assay was l i n e a r  

Linear regression ana lys i s  showed 
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Standard curve f o r  copovithane i n  ur ine.  FIGURE 5: 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



165 COPOVITHANE IN PLASMA AND URINE 

that the points closely fit (r2 = 0.95) a straight line. The lowest limit 

o f  detection using this method was approximately 15 pg/ml. 

Preliminary pharmacokinetic analysis of plasma obtained from one patient who 

received copovithane as a 20 minute infusion at a dose of 10 g/m2 is shown in 

figure 6. 

In this one patient, t1iZ-a was 18 minutes while the terminal phase ti12 

was 180 minutes. 

Assay sensitivity limits for plasma were reached after 12 hours. 

Complete pharmacokinetic analysis of copovithane administration will be 

However, this study shows presented upon completion of this clinical trial. 

that the method is sensitive enough to monitor plasma concentrations of copovithane 

at pharmacologically achievable doses. 
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FlGURE 6: Plasma disappearance of  copovithane in one patient who received 
10 g/m2 dose as a one-hour infusion. 
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