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JOURNAZ, OF LIQUID CHROMATOGRAPHY, 7 ( 1 2 ) ,  2447-2465 ( 1 9 8 4 )  

A L I Q U I D  CHROMATOGRAPHIC ELECTROCHEMICAL ASSAY FOR 

(WR2721) I N  HUMAN PLASMA 
S-2-(3-AMINOPROPYLAMINO)ETHYLPHOSPHOROTHIOATE 

L.M. Shaw, H. BOnner, A. Turr i s i ,  A.L. Norfleet  and D.J.  Glover 

Therapy, Medicine and t h e  Cancer Center of the  
Hospital of the  University of Pennsylvania 

Philadelphia,  PA 19104 

Departments of Pathology and Laboratory Medicine, Radiation 

ABSTRACT 

A l i qu id  chromatographic electrochemical method f o r  t h e  
determindtion of the radioprotect ive drug WR2721 i n  human plasma 
has been developed. This method includes the use of a Hg/Au 
electrochemical de tec tor  f o r  the  d i r e c t  measurement of WR2721 
concentration. An analog of WR2721, S-3-(4-aminobutylamino) 
propylphosphorothioate (WR80855) is  the  in t e rna l  standard. The 
re ten t ion  times f o r  WR2721 and WR80855 are  approximately 4.5 and 
9 minutes, respectively.  WR1065, the  f r e e  sulfhydryl metabolite 
of WR2721, is retained on the  column under the  described chromato- 
graphic conditions and therefore  does not i n t e re fe re  with the  
determination of the parent  drug. With modification of the  
mobile phase WR1065 is  e lu ted  from the  column a t  a re ten t ion  time 
of approximately 20 minutes. This method has good l i n e a r i t y ,  
precis ion and accuracy, and is  f r e e  from interference from endo- 
genous plasma substances. Preliminary r e su l t s  showing the  appl i -  
c a b i l i t y  of t h i s  method t o  human pharmacokinetic s tud ies  and t o  
inves t iga t ing  the  enzymatic hydrolysis of WR2721 are  presented. 

INTRODUCTION 

A number of s tud ies  i n  animals have shown t h a t  WR2721 pro- 

vides  s ign i f i can t  protect ion of normal t i s sues  from radia t ion  

in ju ry  (1 ,2) .  Recent observations suggest t h a t  t h i s  experimental 
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2448 SHAW ET AL. 

drug w i l l  a l so  p ro tec t  normal t i s sues  from a lkyla t ing  agent 

t o x i c i t y  ( 3 ) .  On t h e  other  hand, t he  rad iosens i t iv i ty  of a 
number of so l id  animal tumors i s  not a l t e r ed  by the  administra- 

t i on  of WR2721. The recent  observation of f a c i l i t a t e d  uptake of 

WR2721 by normal cells  compared t o  passive absorption by so l id  

tumors has been proposed t o  account fo r  its d i f f e r e n t i a l  protec- 

t i v e  e f f e c t  ( 4 ) .  The pro tec t ive  e f f e c t  of WR2721 is  presumed t o  

r e s u l t  from t h e  appearance, a t  a very rapid rate, of i t s  dephos- 

phorylated f r e e  sulfhydryl  metabolite,  WR1065, within cells (5). 

WR2721 is now i n  c l i n i c a l  t r i a l s  i n  t h e  United S ta tes  and Japan 

(6,788) 

In order  t o  pursue pharmacological and pharmacokinetic 

s tud ies  of WR2721 i n  man an assay fo r  WR2721 i s  required which is  

r e l i ab le ,  f a s t ,  not subject t o  in te r fe rence  from endogenous 

substances and t h a t  could readi ly  be adapted t o  the  invest igat ion 

of metabolites. We descr ibe here our HPLC method. The d i r e c t  

electrochemical detect ion of WR2721 in t he  column e f f luen t  is 

based on the  f inding t h a t  it is oxidized a t  a po ten t ia l  of +0.15 

v o l t s  a t  t he  surface of a mercury/gold amalgam electrode. 

MATERIALS AND METHODS 

Apparatus 

A Bioanalytical  Systems LC-154 l i q u i d  chromatograph includ- 

ing a dual p i s ton  pump operated a t  3,000 p s i  and a s ing le  

mercury/gold detector  was used a s  recent ly  described by Allison 

and Shoup ( 9 ) .  Column temperature was maintained a t  25OC with a 

temperature jacket.  A l l  t e f lon  tubing was replaced with s ta in-  

less steel t o  exclude oxygen. The column used fo r  these s tud ies  

was the  BAS Biophase ODS 5~ (4.6 x 250 mm). The mobile phase was 

continuously purged with ni t rogen t o  remove dissolved oxygen* 

Chemi ca Is 

S-2-(3-aminopropylamino)ethylphosphorothioate (WR2721), S- 

2-(3-aminopropylamino)ethanethiol (WR1065) and S-(3-aminobutyl- 
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WR2721 IN HUMAN PLASMA 2449 

amino)propylphosphorothioate (WR80855) were supplied t o  us by 

D r .  Lawrence Fleckenstein of t he  United S ta tes  Army Medical 

Research and Development Command a t  Walter Reed Army I n s t i t u t e  of 

Research. Acetoni t r i le  and methanol w e r e  obtained from Fisher 

Sc ien t i f i c  (King of Prussia ,  PA)  and sodium octyl  s u l f a t e  w a s  

from Eastman Kodak Co. (Rochester, N Y ) .  Acid phosphatase iso- 

enzyme 2A prepared from human seminal f l u i d  w a s  a g i f t  from D r .  

Norman Yang, isoenzyme 5 prepared from human spleen was a g i f t  

from D r .  B i l l  Lam. Human l i v e r  a lka l ine  phosphatase was a g i f t  

from D r .  Claude Pe t i t c l e rq  and the  ca l f  i n t e s t ine  enzyme (Type 

XXX-TA) was obtained from Sigma Chemical Co. (St .  Louis, MO). 

All other reagents used w e r e  of t he  highest  ana ly t ica l  grade 

avai lable .  

Sample Preparation and Chromatography 

Plasma specimens were prepared, a t  4 O c ,  immediately from 

blood drawn i n t o  EDTA vacutainer tubes which had been s tored i n  

an i c e  bath. To a 1 m~ a l iquo t  of each plasma sample was added 

0.1 mL of a 1 mmol/L aqueous so lu t ion  of the  in t e rna l  standard 

WR80855 and the  samples w e r e  then s tored a t  -70 OC u n t i l  they 

w e r e  analyzed. Jus t  p r io r  t o  analysis  the  plasma specimens w e r e  

thawed and maintained a t  0 oc  i n  an i c e  bath. In order t o  remove 

plasma pro te ins  p r i o r  t o  l i q u i d  chromatographic analysis  an equal 

vohme a l iquot  of ice-cold a c e t o n i t r i l e  w a s  added t o  an a l iquot  

of each thawed plasma specimen. After mixing, the  samples w e r e  

spun i n  a re f r igera ted  centr i fuge a t  4 Oc. Twenty micro l i te r  

a l i q w t s  of t he  supernatants were in jec ted  onto a Biophase 5lJ 

octadecyls i lane column (250 x 4.6 mm) t h a t  w a s  maintained a t  25 

OC with a constant temperature jacket.  

i n t e rna l  standard WR80855 was achieved i soc ra t i ca l ly  using an 
aqueous mobile phase containing 0.1 mol/L monochloroacetic acid 

and 1.5 mmol/L sodium oc ty lsu l fa te ,  pH 3.0, a t  a flow r a t e  of 2 - 0  

&/mine 

Elution of WR2721 and the 
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2450 SHAW ET AL. 

Pharmacokinetic Study 

In  order  t o  evaluate the  appl icat ion of t he  HPLC method f o r  

determining WR2721 i n  human plasma, a pa t i en t  w a s  given a s ing le  

300 mg dose ( 3 - 4  mg/kg) as a 10 second intravenous bolus. Blood 

samples w e r e  obtained p r i o r  t o  and a f t e r  completion of t he  infu- 

s ion of WR2721 a t  2,  2.5, 3, 4 ,  8, 12, 20, 30, 45 minutes and I ,  

2 ,  4 ,  8 and 24 hours. The WR2721 plasma concentration versus 

time data obtained on the  pa t i en t  w e r e  analyzed using the MK 

MODEL I1 PLUS Version of the  Extended Least Squares Nonlinear 

Regression Program, ELSNLR (10). 

Acid and Alkaline Phosphatase Assays 

Acid phosphatase c a t a l y t i c  assay conditions a re  e s sen t i a l ly  

those described by Kachmar and Moss (11) .  The react ion mixture 

contained i n  f i n a l  concentrations,  p-nitrophenyl phosphate, 5 

mmol/L; sodium c i t r a t e ,  100 nunol/L, p H  5.0; and 0.1 mL of enzyme 

so lu t ion  i n  a t o t a l  volume of 1.0 a. Incubation was f o r  30 

minutes a t  37 OC. 

absorbance measured a t  405 nm. In t e s t i n g  f o r  the  possible  

hydrolysis of WR2721 by acid phosphatase, t he  l a t t e r  was subst i -  

tu ted  for  p-nitrophenyl phosphate a t  a f i n a l  concentration Of 0.2 

mol/L and t h e  incubation a t  37 Oc conducted for 30 minutes. A 

control  react ion mixture consis ted of a l l  cons t i tuents  except t he  

acid phosphatase. After 30 minutes the  reac t ion  tubes w e r e  

placed i n  ice and then 20 p L  a l iquots  w e r e  in jec ted  onto the  HPLC 

column f o r  WR2721 analysis .  

The reac t ion  was stopped with 0.1N NaOH and 

Using p-nitrophenyl phosphate as subs t ra te ,  a lka l ine  phospha- 

t a se  a c t i v i t y  was measured. The react ion mixture contained i n  

f i n a l  concentrations: p-nitrophenylphosphate, 16 mmol/L; t r is  

(hydroxymethyl)aminomethane, 50 mmol/L, a t  pH values of 7.4, 8.0, 

8.6, 9.2 and 10.0; magnesium ace ta te ,  2 mmol/L; and 0.02 mL Of 

enzyme i n  a t o t a l  reac t ion  mixture volume of 1.0 mL. 

was f o r  15 minutes a t  37 OC. Absorbance w a s  measured a t  405 

Incubation 
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WR2721 IN HUMAN PLASMA 2451 

a f t e r  the  addi t ion of 0.1N NaOH. In  order t o  determine the  r a t e  

of hydrolysis of WR2721 by a lka l ine  phosphatase the  l a t t e r  sub- 

s t r a t e  was subs t i tu ted  f o r  p-nitrophenylphosphate a t  a f i n a l  

concentration of 0.2 mmol/L and the  incubation a t  37 OC conducted 

f o r  15 minutes. Control react ion mixtures consisted of all 

cons t i tuents  except f o r  a lka l ine  phosphatase a t  each of the  above 

pH values. A t  t h e  completion of the  incubation period the reac- 

t i o n  tubes w e r e  placed i n  ice and the  20 P L  a l iquo t s  were in- 

jected onto t h e  HPLC column f o r  WR2721 analysis.  In  a separate  

chromatographic run these reac t ion  mixtures w e r e  analyzed f o r  

WRlO65 

RESULTS AND DISCUSSION 

Detection 

A d i f f e r e n t i a l  pulse voltammogram of a so lu t ion  of WR2721 i n  

t h e  HPLC mobile phase , (an aqueous so lu t ion  of 0.1 mol/L mono- 

chloroacet ic  acid and 1.5 mmol/L sodium oc ty lsu l fa te ,  p H  3.0), is  

displayed i n  Figure 1. From t h i s  experimental data  it is c l ea r  

t h a t  WK2721 would be oxidized on the  surface of a Hg/Au electrode 

set a t  an operat ing po ten t i a l  of +O.f5 vol t s .  Thus t he  HPLC 

column ef f luent  was monitored with a s ing le  Hg/Au working elec- 

trode at  an operat ing po ten t i a l  of +0.15 vol ts .  A t yp ica l  chro- 

matogram showing de tec tor  response versus e lu t ion  time f o r  WR2721 

and t h e  in t e rna l  standard WR80855 is displayed i n  Figure 2 .  

It is important t o  emphasize the  f a c t  t h a t  i n  es tab l i sh ing  

experimental conditions f o r  t h i s  HPLC assay f o r  WR272 1 consider- 

ab le  precautions were taken t o  minimize hydrolysis. 

is reported to undergo nonenzymatic hydrolysis  with increasing 

r a t e s  a s  p H  i s  lowered, conditions i n  t h i s  method minimize the 

p o s s i b i l i t y  of any loss of WR2721 due t o  hydrolysis:  plasma 

specimens (s tandards and pa t i en t  specimens) a r e  s tored  a t  -70 OC 

u n t i l  analyzed; use of a neut ra l  polar  organic solvent  (acetoni-  

Since WR2721 
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I *  I 1 
+0.240 -0.500 
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d 

FIGURE 1. A d i f f e r e n t i a l  pu 

f 
2 PA 
1 

E(volt) 

;e voltammogram a I 5 mmol/L WR272 1 
i n  an aqueous so lu t ion  of 0.1 mol/L monochloroacetic ac id  and 1.5 
mmol/L sodium oc ty l su l f a t e ,  p H  3, using a Hg/Au electrode.  

t r i l e )  ins tead  of an acid,  such as perchlor ic  ac id ,  f o r  pro te in  

p rec ip i t a t ion ;  a r e l a t i v e l y  sho r t  chromatography time and, there-  

fo re ,  sho r t  time i n  t h e  pH 3.0 mobile phase. Swynnerton, e t  a l .  

(12)  have measured the  rate of nonenzymatic hydrolysis of WR2721 

as a funct ion of pH a t  37 OC. 

rnin’l and the  standard k ine t i c  equation f o r  a f i r s t  order  reac- 

t i o n ,  it is  predicted t h a t  i n  5 minutes a t  37 OC, pH 3.0, 3.44% 

of WR2721 would be hydrolyzed. 

WR2721 i s  less than 5 minutes and the  operat ing temperature of 

t h e  HPLC column i s  25 OC our experimental conditions should not 

produce s i g n i f i c a n t  losses  of WR2721 due t o  hydrolysis.  

Using a value f o r  kobs of 0.007 

Since the  re ten t ion  time f o r  

Linear i ty ,  Recovery, Precis ion and Accuracy 

As shown i n  Figure 3 the  response of t h e  Hg/Au de tec tor  was 

l i n e a r  over t he  WR2721 concentrat ion range of 1 t o  1000 umol/L 

( R 2  = 0.998). 

using 14C-WR2721 added t o  normal plasma (Table 1 1 .  

(68,688/69,774 x 100) Of 14C-WR2721 added t o  normal plasma w a s  

recovered i n  the  a c e t o n i t r i l e  supernatant.  Eighty-nine percent  

(61,112/68,688 x 100) of t he  l abe l l ed  WR2721 i n  the  supernatant 

a l iquo t  appl ied t o  the  HPLC column w a s  recovered (a  t o t a l  of 

s i x t y  0.4 mL f r a c t i o n s  w e r e  co l lec ted  and counted). 

The absolute  recovery of WR2721 w a s  determined 

98.4% 
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WR2721 IN HIJ" PLASMA 2453 

FIGURE 2. Chromatogram of 500 pmol/L WR2721 and 100 p o l / L  
WR80855 i n  normal human plasma. Sensit ivity is  50 nA f u l l  scale  
through 7 .3  min a t  which point it was changed to 10 nA. The 
acetoni tr i le  extraction step and other experimental de ta i l s  are 
described in Materials and Methods. 
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2454 SHAW ET AL. 

WR2721 in Human Plasma (pmol/L) 

FIGURE 3. 
t o  WR80855 over t h e  range of WR2721 concentrat ions i n  normal 
human plasma of 1 t o  1000 l lmol/L are p l o t t e d  a g a i n s t  WR2721 
concentrat ion.  

The average of d u p l i c a t e  peak he ight  r a t i o s  of WR2721 

TABLE 1 

Recovery of 14c-w~272ia from Spiked ~ormal Human Plasmab 

Counts per min. 
per 0.02 mL 

Plasma containing 14C-WR2721 and unlabel led 
WR2721 ( 100 u m o l / L )  69,774 

A c e t o n i t r i l e  supernatantc  68,688 
T o t a l  counts  recovered from chromatographc 61,112 
T o t a l  counts recovered i n  WR2721c peak 53,388 

~S-2-(3-aminopropylamino)ethyl-1,2-~~C-phosphorothioic acid.  
bHuman plasma from a heal thy drug-free s u b j e c t  w a s  c o l l e c t e d  

i n  EDTA vacutainer  tubes.  0.02 mL of a f r e s h l y  prepared ice-cold 
s o l u t i o n ,  i n  10 mmol/L phosphate b u f f e r ,  pH 7.4, of 2.5 m o l / L  
WR2721 and 1.87 X 106 DPM 14C-WR2721 w a s  added t o  0.48 mL of t h e  
ice-cold plasma pool. 

CValues corrected for d i l u t i o n  of plasma by an equal  volume 
of a c e t o n i t r i l e .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



14,000 

12,000 

10,000 

8,000 z n 
0 

6,000 

- 

- 

- 

- 

- 

2455 
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FIGURE 4. Chromatogram of 100 U m o l / L  WR2721 i n  human plasma to  
which 14C-NR2721 had been added. A plot of the  1 4 ~  c p m  f o r  each 
of s i x t y  co l lec ted  e f f luent  f r ac t ions  is displayed a s  a function 
of time a f t e r  t h e  sample w a s  in jected.  Other experimental 
d e t a i l s  a r e  described i n  Table 1. 

I 

Examination of the  chromatogram obtained fo r  t h i s  experiment 

(Figure 4) shows t h a t  no r ad ioac t iv i ty  peak o ther  than t h a t  

corresponding t o  the  WR2721 chromatographic peak could be 

detected.  Of t h e  t o t a l  14C counts recovered from the  column, 87% 

(53,388/61,112 x 100) was recovered i n  the  WR2721 peak- The ne t  

recovery of WR2721 car r ied  through a l l  of the  steps i n  the  proce- 

dure is therefore  76.5% (53,388/69,774). These recovery da ta  

compare favorably t o  those obtained by Swynnerton, e t  a l .  (12) 
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2456 SHAW ET AL. 

TABLE 2 

Determination of t h e  Precis ion and Accuracy of the  HPLC Method 

Spiked- i n  Percent 
WR2721 Conc. Mean Measured Precis ion Deviation 

vmol/L Conc .a (SD )CVb ( D ) C  

2 
5 

40 
200 
800 

1.74 (0.11)6.5% -13.0 
5.3 (0.36)6.5% 6.0 

35.8 (1.22)3.4% -10.5 
21 1 (7.38)3.5% 5.5 
785 ( 10.1 11.2% -1.9 

Average % deviat ion = 7.4 (The average of t he  sum of the  absolute  
values of D) 

aThe mean measured concentrations obtained with our HPLC 
method f o r  each of four plasma samples a t  each WR2721 concentra- 
t i o n  using ind iv idua l ly  spiked specimens. The in t e rna l  standard 
w a s  100 umol/L WR80855. 

of the  quadrupl i cat e determinations . 
t i on  from the  spiked-in concentration. 

b(SD)CV, t h e  standard deviat ion and coe f f i c i en t  of va r i a t ion  

C ( D )  is  the  percent deviat ion of the  mean measured concentra- 

with t h e i r  recent ly  described fluorescamine der iva t iza t ion  HPLC 

method . 
With WR80855 as an in t e rna l  s tandard w e  obtained the  preci- 

sion and accuracy data  summarized i n  Table 2. Using a l iquots  of 

a normal human plasma pool t o  which WR2721 w a s  added t o  f i n a l  

concentrations ranging from 2 t o  800 umol/L w e  obtained an aver- 

age coe f f i c i en t  of va r i a t ion  of .4.4% and an average deviat ion 

from the  spiked-in concentrat ion value of 7.4%. 

Chromatography of 5-2-(3-Aminopropylamino)ethanethiol (WR1065) 

WR1065, t he  f r e e  sulfhydryl  metabol i te  of WR2721, does not  

i n t e r f e r e  with the  HPLC assay f o r  WR2721. In cont ro l  experiments 

w e  t e s t e d  f o r  t he  possible  appearance of t h i s  compound i n  our 
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WR2721 IN HUMAN PLASMA 245 7 

chromatograms. 

minutes a f t e r  i n j ec t ion  of 20 V L  of 0.1 mmol/L and 4 mmol/L 

so lu t ions  of t h i s  ccmpound i n  10 minol/S, tris(hydroxymethy1)amino- 

methane, pH 7.4, o r  of 2 O p  L of 0 .1  mmol/L and 4 mmol/L of WR1065 

i n  10 mmol/L phosphate buffer ,  p H  7.4. 

WR1065 d id  not e l u t e  from the column during 20  

By modifying t h e  mobile phase used €or  WR2721 chromatography 

t o  include 30% methanol it was possible  t o  e l u t e  WR7065 from t he  

Biophase ODS 5p column i n  20  minutes a t  a flow r a t e  of 1 mL/min 

(Figure 5 ) . 
Human Pharmacokinetic Study 

A pharmacokinetic study was performed on a pa t i en t  t r ea t ed  

with 300 mg (3 .4  mg/kg) of WR2721 administered as a 10 second 

intravenous bolus dose. Blood samples w e r e  obtained p r i o r  to and 

a f t e r  completion of WE721 administration a t  2, 2.5, 3, 4. 8, 12, 

2 0 ,  3 0 ,  45 minutes and 1, 2, 4, 8 and 24 hours. A semilog p lo t  

of WR2721 concentration versus  t i m e  is displayed i n  Figure 6 and 

a typ ica l  chromatogram of t h i s  pa t i en t s '  plasma compared t o  the 

pre-dose plasma is  shown i n  Figure 7. 

Figure 6 shows that t he  majority of t h e  drug w a s  c leared from 

plasma within about 5 minutes. Consistent with t h i s  conclusion 

i s  t h e  very shor t  d i s t r ibu t ion  ha l f - l i f e ,  T1/2 , of 0.84 minute 

and t h e  rapid clearance frmn t h e  cen t r a l  compartment, C1, of 

0.977 L/hr/kg calculated from the  data  p i n t s  with the  extended 

least squares nonlinear regression (ELSNLR) program ( 1 0 ) .  

Examination of the  data  i n  

Enzymatic Hydrolysis of WR2721 

It has been shown i n  experiments with m i c e  t h a t  within 15 

minutes a f t e r  administration of an intravenous dose of WR2721 the  

pr inc ipa l  metabolite i n  most t i s s u e s  is WR1065 ( 5 ) .  Previous 

s tud ies  with mammalian t i s s u e s  have ra i sed  t h e  p o s s i b i l i t y  t h a t  

WR2721, or phosphorothioates with s imi la r  s t ruc tu re  such a s  

cysteamine S-phosphate, are hydrolyzed by e i t h e r  acid phosphatase 
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 
Minutes 

FIGURE 5. Chranatogram of an aqueous so lu t ion  of 200 ymol/L 
WR2721 and 200 Wol/L WR1065 i n  2.7 mmol/L EDTA and 10 mol/L 
tris(hydroxymethyl)aminomethane, pH 7.4. The mobile phase i s  30% 
methanol, by volume, i n  water. Monochloroacetic acid and sodium 
oc ty l su l f a t e ,  pH 3.0, a r e  i n  t h e  mobile phase a t  f i n a l  concentra- 
t i ons  of 0.1 mol/L and 1.5 mmol/L, respectively.  The mobile 
phase flow r a t e  is 1.0 mL/min. Sens i t i v i ty  was changed f r o m  500 
n A  f u l l  scale t o  100  nA f u l l  s ca l e  a t  7 min. 

Time (min) 

FIGURE 6. A semilog p l o t  of WR2721 plasma concentration versus 
t i m e .  Each poin t  is t h e  average of dupl icate  determinations. 
The l i n e  f i t t i n g  the  p i n t s  i s  t h e  l e a s t  squares bes t  f i t  l i n e  
determined with the  ELSNLR program ( 1 0 ) .  
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A B 

L l 1 l i t l  l t t I 1 1 1  

0 2 4  6 8 1 0 1 2  0 2 4  6 8 1 0 1 2  
Minutes Minutes 

FIGURE 7. Chromatograms of acetonitri le-plasma supernatants 
prepared from A, plasma obtained from a pa t i en t  immediately 
before  a 300 mg intravenous bolus dose and B, plasma obtained 
from the  pa t i en t  two minutes a f t e r  t h e  dose. The s e n s i t i v i t y  is 
50 nA f u l l  scale .  

(13,14) o r  a lka l ine  phosphatase (15,16,17) t o  produce the  corres- 

ponding f r ee  sulfhydryl metabolite. 

i s  not  hydrolyzed by e i t h e r  human acid phosphatase isoenzyme 2A 

prepared f r a n  p ros t a t i c  f l u i d  a s  previously described (18) or 

isoenzyme 5 from human spleen ( 1 9 ) .  On the  other hand, human 

l i v e r  a lka l ine  phosphatase, prepared a s  described by Daigle (20) 

and ca l f  i n t e s t i n e  a lka l ine  phosphatase do catalyze the  hydro- 

l y s i s  of WR2721 (Table 3). 

hydrolysis  was higher than t h a t  achieved with PNPP a s  subs t ra te  

using t h e  human l i v e r  enzyme, bu t  lower using the  calf  i n t e s t ine  

enzyme may r e s u l t  from k ine t i c  differences between the  a lka l ine  

phosphatase isoenzymes. More deta i led  k ine t i c  s tud ies  w i l l  be 

required t o  character ize  t h i s  difference-  

As shown i n  Table 3, WR2721 

The f a c t  t h a t  the  r a t e  of WR2721 
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TABLE 3 

Rates of Hydrolysis of p-Nitrophenylphosphate and 
WR2721 by Acid and Alkaline Phosphatases 

Hydrolysis Rate@ 
(nmol/min/mL react ion mixture) 

Acid Phosphatase 
X. Isoenzyme 2& 

11. Isoenzyme 5C 

WR2721 pNitrophenylphosphate 

0.0002 
0 

Alkaline Phosphatase 
I. Human l ive rd  11.49 
11. Calf i n t e s t inee  11.25 

2.75 
2.07 

6.56 
5 08 

%Each a c t i v i t y  value is the  average of dupl icate  determina- 

bEach reac t ion  mixture contained 2.75 mU of isoenzyme 2A 
t ions  a s  described in  Materials and Methods. 

acid phosphatase per mL with p-nitrophenylphosphate a s  substrate .  
In  t e s t ing  f o r  possible  WK2721 hydrolysis  each reac t ion  mixture 
contained 44,000 mU of isoenzyme 2A acid phosphatase per  mL. 

phosphatase per mL with p-nitrophenylphosphate a s  substrate .  
t e s t i n g  f o r  possible WR2721 hydrolysis each react ion mixture 
contained 83 m u  of isoenzyme 5 acid phosphatase per  mL. 

a lka l ine  phosphatase. 

t i ne  a lka l ine  phosphatase. All a lka l ine  phosphatase react ion 
mixtures were incubated a t  pH 8.6. 

CEach reac t ion  mixture contained 2.07 mU of isoenzyme 5 acid 
In 

dEach mL of react ion mixture contained 6.6 mU of human l i v e r  

‘=Each mL of react ion mixture contained 508 mU of calf  in tes -  

The r a t e  of WR2721 hydrolysis as a function of pH using human 

l i v e r  a lka l ine  phosphatase is shown i n  Figure 8. The maximal 

r a t e  of hydrolysis catalyzed by human l i v e r  a lka l ine  phosphatase 

was obtained a t  p H  8.6. In cont ras t  t he  optimal pH f o r  the  

synthet ic  subs t ra te ,  p-nitrophenylphosphate, is  much higher than 

8.6 (Figure 8 ) .  The highest  a c t i v i t y  was a t  p H  10 ( t h e  highest  

pH value t e s t ed ) .  Previous s tud ies  have obtained p H  optima, with 

p-nitrophenylphosphate a s  subs t ra te ,  of 10.2 f o r  a lka l ine  phospha- 

t a s e  extracted from human l i v e r  cells grown i n  t i s sue  cu l ture  
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! 
WR2721 - pNitrophenylphosphate 

7.0 0 .o 9:o 10.0 

PH 

FIGURE 8 .  A p l o t  of t he  r a t e s  of hydrolysis of WR2721 and p 
nitrophenylphosphate by human l i v e r  a lka l ine  phosphatase a s  a 
funct ion of p H .  Each m l  of reac t ion  mixture contained 6.6 mu of 
enzyme . 

( 2 1 )  and 10.’4 for a lka l ine  phosphatase pu r i f i ed  from human l i v e r  

obtained a t  autopsy ( 2 2 ) .  O u r  f inding of d i f f e ren t  pH optima for 

these  t w o  a lkal ine phosphatase subs t ra tes  i s  consis tent  with 

previous observations of the  dependence of the  pH optimum f o r  

a lka l ine  phosphatase on both t h e  chemical nature  of t he  subs t r a t e  

a s  w e l l  as on the  substrate concentration (23). 
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CONCLUSIONS 

SHAW ET AL. 

The HPLC electrochemical de tec t ion  method reported here fo r  

t he  measurement of WR2721 has t h e  following advantages: 

a )  it is  rapid,  s ince  each chromatographic cycle i s  15 minutes; 

b )  it i s  a d i r e c t  method which does not  requi re  addi t ional  deriva- 

t i za t ion  s teps ;  c )  it i s  both prec ise  and accurate;  d)  it e l i m i -  

nates  plasma pro te ins  p r io r  t o  chromatography using a neut ra l  

polar  organic solvent;  e )  ne i ther  the  f r ee  sulfhydryl  metabolite 

of WR2721, WR1065, nor endogenous substances from pa t i en t s '  

plasma co-elute with e i t h e r  WR2721 o r  WR80855; f )  it i s  readi ly  

appl icable  t o  the  study of WR2721 pharmacokinetics i n  humans and 

t o  the  inves t iga t ion  of its metabolism by mammalian a lka l ine  

phosphatases . 
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