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DETECTION AND MEASUREMENT 
OF THE DlSULFlDE WR33278 

BLOOD AND TISSUES 
[NH2(CH2)3NHCH2CH2S-] 2 IN 

L. M. Shaw and H. S .  Bonner 
Department of Pathology and Laboratory Medicine 

Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 191 04 

ABSTRACT 

A l iquid chromatographic method employing an in-series dual 
mercury/gold amalgam electrochemical detector has been developed 
for  measurement of the s y m  t r i  cal d i  sul f i de me tabol i t e  WR33278 
[NH2(CH2)3NHCH2CH2S-12 of the radioprotector WR2721 i n  blood, 
t issues and biological f luids  such as urine. The problem of 
adsorption of th i s  disulfide to the octylsilane reverse phase 
column was overcome by including 10.7 mmol/L ethylamine i n  the 
mobile phase. 
[CH3NH (CH2) 3NHCHzCHzS-12, the internal standard, are approximate1 y 
3.9 and 11 m i n u t e s ,  respectively. Linearity o f  the method was to 
1000 umol/L. This method has good precision and accuracy and has a 
sensitivity l i m i t  of 0.2 uml/L. Investigation o f  the metabolism 
and pharmacokinetics of WR33278 i n  patients and experimental animal 
models, a f te r  administration of WR2721, using the described 
chromatographic conditions i s  currently underway. 

The retention times f o r  WR33278 and WR183159 

INTRODUCTION 

WR2721, an experimental radio-and chemoprotective drug (1-7) 

and hypocalcemic agent (8.9) i s  rapidly cleared from the 
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440 SHAW AND BONNER 

bloodstream (3,101 by a va r ie t y  o f  normal t issues. Uptake i s  

presumed t o  be mediated by plasma membrane a l k a l i n e  phosphatase 

(11-13). 

a l k a l i n e  phosphatase-rich plasma membranes v i a  c i r c u l a t i n g  blood 

plasma. WR2721 i s  then hydrolyzed a t  the surface o f  such plasma 

membrane s i t e s  by a l k a l i n e  phosphatase to produce the f ree  

su l fhyd ry l  metabol i te WR1065. The l a t t e r  then penetrates c e l l  

membranes to  reach c r i t i c a l  i n t r a c e l l u l a r  s i tes ,  providing, by an 

unknown mechanism(s), i t s  p ro tec t i ve  o r  other pharmacological 

act ions.  

from t i ssue  t o  t i ssue which could r e s u l t ,  a t  l e a s t  p a r t i a l l y ,  from 

the observed d i f fe rences  i n  the r a t e  o f  i n t r a c e l l u l a r  accumulation 

and/or f u r t h e r  metabolism o f  WR1065 (14). Pursu i t  o f  the i n v e s t i -  

ga t ion  o f  the metabolism o f  WR1065 requ i res  development o f  a 

s p e c i f i c  and sens i t i ve  method f o r  measurement o f  i t s  symmetrical 

d i su l f i de ,  WR33278. Here we r e p o r t  the development o f  a reverse 

phase l i q u i d  chromatography method using an in -ser ies  dual 

mercury/gold amalgam electrochemical detector and a pe rch lo r i  c 

acid/EDTA sample preparat ion step t h a t  a f fo rds  re1 i a b l e  measurement 

o f  WR33278 i n  b i o l o g i c a l  f l u i d s  and t issue. 

According t o  t h i s  pos tu la ted  pathway WR2721 reaches 

The degree o f  rad iopro tec t ion  provided by WR2721 var ies  

MATERIALS AND METHODS 

Apparatus 

A B ioana ly t i ca l  Systems LC-304 l i q u i d  chromatograph w i t h  tandem 

LC-4B amperometric c o n t r o l l e r s  was mod i f ied  to exclude oxygen from 

the system. A l l  t e f l o n  tubing was replaced w i t h  s ta in less  s tee l .  
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WR33218 IN BLOOD AND TISSUES 44 1 

A dual p i s ton  pump operated a t  3,300 ps i  and a dual, i n  series, 

mercury/gol d amal gam electrochemical detector was used as 

previously described (15). W 1 ,  the upstream electrode was he ld  a t  

a constant po ten t i a l  of -1.000 V whi le W2, the downstream 

electrode, was he ld  a t  a po ten t i a l  o f  + 0.15 V. 

column was maintained a t  25°C w i t h  a temperature jacket. 

column used f o r  these studies was the BAS Biophase Octyl  5u (4.6 x 

250 mm). 

remove dissolved oxygen. 

Temperature o f  the 

The 

The mobile phase was continuously purged w i t h  n i t rogen t o  

Chemical s 

WR33278 CNH2(CH2)3NHCH2CH2S-l2 and WR183159 

CCH3NH(CH2)3NHCH2CH2S-12 were suppl ied t o  us by D r .  Lawrence 

Fleckenstein o f  the Uni ted States Army Medical Research and 

Oevelopment Command a t  Walter Reed Army I n s t i t u t e  o f  Research. 

A c e t o n i t r i l e  and methanol were obtained from Fisher S c i e n t i f i c  

(King o f  Prussia, PA), and ethylamine was from Sigma Chemical Co. 

( S t  Louis, MO). 

ana ly t i ca l  grade ava i lab le .  

A l l  o ther reagents used were o f  the highest 

Sample Preparation and Chromotrography 

A l l  specimens were processed a t  0°C by adding an a l i q u o t  o f  a 

so lu t i on  o f  0.56 mol/L pe rch lo r i c  a c i d  i n  1.54 mnol/L disodium EDTA 

t o  an equal volume a l i q u o t  o f  the sample t o  be analyzed. 

mixtures were then cent r i fuged i n  the co ld  (4'C) f o r  15 min i n  

order to prepare the  supernatant f r a c t i o n  f o r  i n j e c t i o n  i n t o  the 

chromotograph. 

These 

Twenty m i c r o l i t e r  a l i quo ts  o f  the pro te in - f ree  
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442 SHAW AND BONNER 

specimens were i n j e c t e d  onto a Biophase o c t y l  5u column (250 x 4.6 

mm) t h a t  was maintained a t  a constant temperature o f  25'C w i t h  a 

temperature jacket.  E l u t i o n  o f  WR33278 a t  3.9 min and the i n t e r n a l  

standard WR183159 a t  11.0 min was achieved i s o c r a t i c a l l y  using an 

aqueous mobile phase t h a t  contained 10.7 mnol/L ethylamine, 1% 

methanol and 0.1 mol/L monochloroacetic acid, pH 3.0, a t  a f low 

r a t e  o f  2 mL/min. 

RESULTS AND DISCUSSION 

Detection, L i n e a r i t y  and S e n s i t i v i t y  

A c y c l i c  voltammogram o f  a so lu t i on  o f  WR33278 i s  shown i n  

Figure 1. 

surface o f  

-810 mV wh 

The voltamnogram shows t h a t  WR33278 i s  reduced a t  the 

the mercury/gold amalgam e lec t rode a t  a p o t e n t i a l  o f  

ch i s  s i m i l a r  to t h a t  observed f o r  other d i s u l f i d e s  such 

as g lu ta th ione d i s u l f i d e  (15). The f r e e  su l fhyd ry l  compound 

produced by the reduc t ive  step would be WR1065 which i s  then 

ox id ized  a t  the e lec t rode surface a t  a po ten t i a l  o f  + 0.15 V. 

i s  cons is ten t  w i t h  the reported ox ida t ion  o f  WR1065 a t  the surface 

o f  a mercury/gold amalgam electrode (16). 

in -ser ies  dual mercury/gold e lec t rode w i t h  W 1 ,  the upstream 

electrode, s e t  a t  -1.000 V and Wp, the downstream electrode s e t  a t  

+ 0.15 V w i t h  respect to a Ag/AgCl reference e lec t rode i s  an 

appropr iate detector f o r  HPLC ana lys is  o f  WR33278. 

This 

These data show t h a t  the 

I n i t i a l  attempts a t  chromatography using the mobile phase 

previously recommended f o r  g lu ta th ione d i s u l f i d e  analysis (15) were 

unsuccessful due to s i g n i f i c a n t  adsorption o f  both WR33278 and the 

i n t e r n a l  standard t o  the column. The problem o f  adsorption of 
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WR33278 IN BLOOD AND TISSUES 443 

A-The Awaveat-810mVisdueto 
reduction of RSSR to 2 RSH. 

B - The 5 peak is due to the oxidation 
of Hg by the RSH 

C - Peak C is the oxidation of Hg 
directly and represents a 
positive limit in the potential. 

/B t 
C 

E I UOLT I 

FIGURE 1 

d i s u l f i d e  compounds t o  reverse phase HPLC columns was recen t l y  

described by P e r r e t t  and Rudge (17). 

problem was overcome by rep lac ing  sodium o c t y l s u l f a t e  w i t h  

ethylamine i n  the mobile phase. 

presumed to complex w i t h  f ree  hydroxyl residues i n  the s o l i d  phase 

thus e l im ina t i ng  any i n te rac t i ons  o f  the terminal  amino groups of 

WR33278 w i t h  these moieties, thereby prevent ing adsorpt ion t o  the 

o c t y l s i l a n e  column. A t y p i c a l  chromatogram showing detector 

response versus e l u t i o n  time f o r  WR33278 and the i n t e r n a l  standard 

WR183159 i s  displayed i n  Figure 2. 

varying concentrat ions o f  WR33278 t o  t h a t  o f  the i n t e r n a l  standard 

WR183159, a t  a concentrat ion o f  100 umol/L i n  drug f ree  human 

We found t h a t  the adsorpt ion 

The amino group o f  ethylamine i s  

The r a t i o  o f  peak heights o f  
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FIGURE 2 

plasma was determined. 

heights to that  o f  the internal standard was linear over the 

WR33278 concentration range o f  1.0 to 1000 umol/L (R2 = 0.999). 

The limit o f  sensitivity, signal to noise ratio o f  3 to 1 ,  was 4 

pmol per injected sample (200 nmol/L o f  sample). 

The increase in the ratio o f  WR33278 peak 
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WR33278 IN BLOOD AND TISSUES 44s 

Sample Preparation 

It was shown previously (16) tha t  the immediate treatment o f  

blood samples w i th  the perch lor ic  acid/EDTA solut ion a t  0°C f o r  

sample preparation i s  c r i t i c a l  f o r  prevention o f  oxidat ion o f  

WR1065 to disul f ides including i t s  symmetrical d i su l f i de  WR33278. 

WR2721 hydrolysis under these ac id ic  conditions i s  prevented by 

maintenance o f  the temperature a t  O'C (16,181. This step i s  also 

c r i t i c a l  i n  the measurement o f  WR33278, as wel l ,  since the l a t t e r  

i s  determined i n  the presence o f  considerable quant i t ies  o f  WR1065 

i n  blood and tissues o f  pat ients  and animals a f t e r  administrat ion 

o f  the parent drug WR2721. Furthermore the use o f  the perch lor ic  

acid/EDTA step prevents any possible d i su l f i de  interchange re- 

actions t h a t  could occur a t  physiologic pH which would be another 

potent ia l  a r t e f a c t  i n  the measurement o f  WR33278 i n  b io log ica l  

samples. 

t r i ch lo roace t i c  and metaphosphoric a l t e r  the reduced glutathione: 

oxidized glutathione r a t i o  i n  the sample preparation step f o r  

cer ta in  tissues (19) presumably due to conversion o f  the reduced t o  

the oxidized sul fhydryl  compound. We therefore tested f o r  the 

possible conversion o f  WR1065 t o  WR33278 by incubating 1 nnnol/L 

WR1065 i n  the perch lor ic  acid/EDTA solut ion described above a t  0°C. 

Using the described WR33278 HPLC method we detected no WR33278 

formation i n  samples taken a t  incubation times o f  1, 2, 3.5, 5.5 

and 24 hours. 

method ( <  0.2 umol/L) perch lor ic  ac id  d i d  no t  catalyze the 

production o f  WR33278 from WR1065. 

I t has been noted t h a t  cer ta in  acids such as perchlor ic.  

Thus w i t h i n  the s e n s i t i v i t y  l i m i t  o f  the described 

When the described sample 
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446 SHAW AND BONNER 

TABLE 1 

The Precision and Accuracy o f  the HPLC Method 

Spi ked-in Percent 
WR33278 Conc. Mean Measured Precision De v i a ti on 

umol /L C0nc.a ( SD 1 CVb (D)C 

5 
10 
50 

100 
500 

3.98 (0.07) 1.8% -20.0 
9.7 (0.14) 1.5% - 3.0 

56.2 (0.66) 1.2% 12.4 
104 (1.44) 1.4% 4.0 
473 (8.33) 1.8% - 5.4 

Average % deviat ion = 8.96 (The average o f  the sum o f  the absolute 
values o f  D). 

a The mean measured concentrations obtained w i th  the HPLC method 
f o r  each o f  four blood samples a t  each WR33278 concentration using 
i nd i v idua l l y  spiked specimens. The i n te rna l  standard was 100 
umol/L WR183159. 

b (SD)CV, the standard deviat ion and coe f f i c i en t  o f  va r ia t i on  o f  
the quadruplicate determinations. 

C (D) i s  the percent deviat ion o f  the mean measured concentration 
from the spiked i n  concentration. 

preparation method was used we obtained reproducibly very good 

recovery o f  WR33278 t h a t  had been added t o  human blood (Table 1 ) .  

We fu r the r  tested the accuracy o f  the method by determining 

recovery o f  WR33278 added t o  a mouse l i v e r  homogenate. For 

added-in concentrations o f  10, 50, 100 and 500 umol/L WR33278 the 

percent recovery values were 86.7, 94.4, 108 and 89.8%, 

respectively. 

data i s  9.3%, which i s  comparable t o  the value o f  8.9% obtained f o r  

spiked blood samples (Table 1).  

The mean percent deviation calculated from those 
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FIGURE 3 

The applicabili ty of the described method for WR33278 

measurement is i l lus t ra ted  i n  Figure 3 which shows a chromotograph 

of a urine specimen collected from a patient one hour a f te r  

administration of a single dose of WR2721 (5.02 mmoles). 243.2 

umol/L of WR33278 was detected i n  th i s  specimen which, a f te r  

correction for the total  volume of the collected specimen of 325 mL 

represents 1.6% of the WR2721 dose. When W1 the upstream electrode 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



448 SHAW AND BONNER 

i s  turned o f f  the WR33278 and WR183159 peaks disappear as expected 

f o r  d i su l f i des .  

WR33278 a t  4.3 min was found. 

when W 1  was o f f  i t  must be an endogenous d i s u l f i d e  since the l a t t e r  

c lass o f  compound, b u t  n o t  reduced su l fhyd ry l  compounds, requ i re  

reduc t ion  a t  the W 1  e lectrode surface f i r s t  i n  order f o r  de tec t ion  

a t  the o x i d i z i n g  W2 downstream electrode t o  be possible.  

n o t  observed any endogenous i n t e r f e r i n g  substances t h a t  co-elute 

w i t h  e i t h e r  WR33278 o r  WR183159 i n  cont ro l  blood and u r ine  

specimens obtained from pa t ien ts  p r i o r  t o  admin is t ra t ion  o f  WR2721. 

Inves t i ga t i on  o f  the metabolism and pharmacokinetics o f  WR33278 i n  

pa t i en ts  and mice a f t e r  admin is t ra t ion  o f  WR2721 i s  underway i n  our 

labora tory  u t i l i z i n g  the described electrochemical HPLC method. 

Also an u n i d e n t i f i e d  peak t h a t  e lu ted  l a t e r  than 

Since t h i s  peak a lso  disappeared 

We have 
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