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DETERMINATION OF SURAMIN IN PLASMA 
AND URINE BY ION-PAIRED REVERSE- 
PHASE H IGH-PER FORMANCE LlQU ID 

CHROMATOGRAPHY 

Thomas J. Stoker, Greg LaFollette, 
John Gam bertoglio, Francesca Aw eeka, 

and Emil T. Lin 
University of California 

San Francisco Division o f  Clinical Pharmacy 
San Francisco, California 

ABSTRACT 

A high-pressure liquid chromatographic (HPLC) assay has 
been developed for the quantification of the anti-viral 
drug suramin (SUR) in human plasma and urine. This 
assay is simple and accurate,using an isocratic mobile 
phase in a reverse-phase ion-pairing mode. 

This assay was developed for the determination of high 
levels of suramin in the urine and plasma of patients 
being treated for the acquired immunodefficiency 
Syndrome ( A I D S ) .  The limit of detection of this assay 
was 0 . 2 5  pg/mL. Congo red (CR) was used as the 
internal standard with a retention time of 5.9 min, 
while suramin had a retention time of 13 min. 

I" 

Before the onset of the acquired immunodeficiency 
syndrome ( A I D S ) ,  suramin was used solely for the 
treatment of parasitic diseases such as trypanosomiasis 
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3452 STOLZER ET AL. 

and onchocerciasis. Recently, however, suramin has been 
found to inhibit in vitro the cytopathic effects of the 
human immunodeficiency virus (HIV), a virus believed to 
be etiologically associated with A I D S  (1). This finding 
has led to investigations of the safety and efficacy 
of this agent for the treatment of patients with this 
disorder. Recent studies have indicated that suramin may 
be of limited use in this role as single agent therapy 
(2). 

Unfortunately, little is known regarding the 
pharmacokinetic disposition of suramin. Hawking ( 3 ) ,  
has previously attempted to study the distribution and 
elimination characteristics of this agent, but these 
results have been limited by the use of colorimetric 
assay methods that are less specific than more 
conventional assays using high-pressure liquid 
chromatography (HPLC) . The HPLC assay for suramin 
developed by Klecker and associates ( 4 )has problems 
with reproducability and internal standard, and we 
found this method to be limited. Recently, Ruprecht 
et.al. (5) published an assay using an isocratic mobile 
phase, but the internal standard requires a triple 
recrystalization process before its use. Furthermore, 
this assay measures drug concentrations in plasma 
samples only. 

We have developed a simple HPLC assay for determining 
suramin levels in both plasma and urine. 

EXPERIMENTAL 

Apparatus 

Two separate systems were used demonstrating the 
adaptability of the assay to varying systems and 
components. 

System I consisted of a Beckman 112 pump (Beckman 
Instruments Inc., Berkeley, CA), a Waters WISP 710B 
automatic injector (Waters Associates, Milford, MA) and 
a Waters model 441 UV detector. The detector wavelength 
was set at 254 nm, and the signal evaluated at an 
absorbance of 0.1 AUFS. Peak integration was recorded 
with a Hewlett-Packard 3392A integrator (Hewlett-Packard 
Co., Avondale, PA), and the column used was a Waters 
Nova-Pak C18, 4p(3.9 mm x 15 cm) . 
System I1 utilized a Waters M-45 pump, U6K manual 
injector(a Waters WISP 710B was used when multiple 
samples were run) , and a model 481 UV detector, set at 
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SURAMIN IN PLASMA AND URINE 3453 

a wavelength  of 254 nm, 0 . 1  AUFS ( a l l  Waters )  . The 
column w a s  a Waters Nova-Pak C18r 41(3 .9mm x 15cm) , and 
detected p e a k s  recorded w i t h  a Hewle t t -Packard  3392A 
i n t e g r a t o r .  

Reagents 

A l l  w a t e r  u sed  i n  t h e  a s s a y  was de - ion ized  th rough  a 
t rnanopuret t  wa te r  f i l t r a t i o n  sys tem ( M i l l i p o r e ,  Mi l fo rd ,  
M A ) .  

The r e a g e n t s  u sed  w e r e  : A c e t o n i t r i l e  ( C H 3 C N ) ,  HPLC 
g r a d e ,  o b t a i n e d  from F i s c h e r  S c i e n t i f i c  ( P i t t s b u r g ,  P A )  
; sodium suramin s t o c k  from Mobay Chemical Corp. , made 
by  FBA Pharmaceu t i ca l s  ( F i g . l a ;  l o t  H U 9 7 1 K ,  N e w  York, 
N Y ) ;  c o n g o  red,  F i s c h e r  S c i e n t i f i c ,  C h e m i c a l  
Manufac tur ing  D i v i s i o n  ( F i g . l b ;  l o t  745785, Fa i r l awn ,  
N J )  ; ammonium a c e t a t e  ( N H 4 0 A c  , l o t  02607 HM) , and 
te t rabuty lammonium c h l o r i d e  (TBAC1, l o t  4 9 0 4 T L )  b o t h  
from Ald r i ch  Chemical Co. (Milwaukee, WI) ; and g l a c i a l  
acet ic  acid (HOAc) ,  Ma l l inck rod t  I n c .  ( l o t  7739 KAGY, 
P a r i s ,  K Y ) .  A l l  r e a g e n t s  were used  as r e c i e v e d .  

Stock Solutions 

The s t o c k  s o l u t i o n s  used  were stable u n t i l  t i m e  of use  
and m a d e  as fo l lows :  

SUR s tock-  10mg suramin powder/ 5mL "nanopure" H 2 0  
CR s t o c k -  8mg CR/  5mL "nanopure" H 2 0  t o  d i s s o l v e ,  

TBACl (0 .5  M) s tock -  0 .5  M TBACl i n  "nanopurett  H20. 
brought  up t o  50mL w i t h  CH3CN. 

N H 4 0 A c / T B A C l  s t o c k  (50 mM N H ~ O A C ,  2 6  mM TBAC1) -  
50 mM N H ~ O A C ,  2 6  mM T B A C l  i n  "nanopure" H20 
( u s u a l l y  made i n  2L q u a n t i t i e s ) .  

Mobile Phase 

The m o b i l e  p h a s e  c o n s i s t e d  of 4 2 %  CH3CN, 1 0 %  
NH40Ac/TBAC1 s t o c k ,  f i n a l  pH a t  6 .8  and was p r e p a r e d  i n  
two l i t e r  volumes u s i n g  t h e  f o l l o w i n g  p rocedure :  E i g h t  
hundred m i l l i l i t e r s  of  CH3CN w a s  added t o  a 2 L  g radua ted  
c y l i n d e r ,  fo l lowed  by enough "nanopure" wa te r  t o  b r i n g  
up t h e  volume t o  1700mL. Next,  200mL of  N H 4 0 A c / T B A C 1  
s t o c k  w a s  added,  and  t h e  f i n a l  volume a d j u s t e d  t o  2 L  
w i t h  "nanopurel l  water. T h i s  w a s  t h e n  f i l t e r e d  unde r  
vacuum w i t h  a 0 . 4 5 ~  membrane f i l t e r ,  and t h e  f i n a l  p H  
a d j u s t e d  t o  6 . 8  w i th  g l a c i a l  a c e t i c  a c i d /  "nanopure" H 2 0  
( 1 : 3 ) .  The mob i l e  phase  was t h e n  pumped t h r o u g h  t h e  
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N a 0 3 S B N o c q H 3  / \  q C 0 N H . I  SO3Na 

SO,Na 
Na03S \ / 03Na H3C \ 

NH NH 
I I 

\ /  
Na03S 

b 

\ N=N 

0,Na 

Q 
S0,Na 

F i u u r e  L: The c h e m i c a l  s t r u c t u r e s  of a )  Sodium Suramin ,  
m o l e c u l a r  w e i g h t  1429.21,  a n d  b) Congo R e d ,  m o l e c u l a r  w e i g h t  
696.67.  

column a t  a f l o w  rate of l.OmL/min., a t  a p r e s s u r e  of 
1500 p s i .  The column e q u i l i b r a t i o n  t i m e  w a s  a b o u t  30 
min.  b e f o r e  a n a l y s i s  c o u l d  be i n i t i a t e d .  

Sample Preparation and Analysis 

Sample p r e p a r a t i o n  r e q u i r e d  u s i n g  a t r i p l e  e x t r a c t i o n  
method t o  a s s u r e  c o m p l e t e  s e p a r a t i o n  of the d r u g  f rom 
plasma p r o t e i n s .  I n  a t e s t  t u b e ,  0.5mL of human plasma 
was added followed by the d r u g  s t o c k  s p i k e  ( f o r  s t a n d a r d  
c u r v e  p r e p a r a t i o n ) .  Next ,  50p.L of CR s t o c k ,  t h e  
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SURAMIN IN PLASMA AND URINE 3455 

i n t e r n a l  s t a n d a r d ,  w a s  added, fol lowed by 1OOpL of 
TBACl  (0.5M) s tock  and then vortexed f o r  1 5  s e c .  One 
m i l l i l i t e r  o f  CH3CN was added and v o r t e x e d  t o  
p r e c i p i t a t e  plasma p r o t e i n s ,  and cen t r i fuged  a t  3000 x g 
f o r  10  min. The r e s u l t i n g  supernatant  w a s  t hen  decanted 
and saved. 

For t h e  second e x t r a c t i o n ,  1OOpL of TBACl  (0.5M) s tock  
and 1mL of  CH3CN w e r e  added t o  t h e  plasma p e l l e t ,  t h e  
p e l l e t  w a s  resuspended w i t h  a me ta l  s p a t u l a ,  and 
vortexed.  This was then  cen t r i fuged  as before ,  and t h e  
s u p e r n a t a n t  w a s  poo led  w i t h  t h a t  from t h e  f i r s t  
e x t r a c t i o n .  The t h i r d  e x t r a c t i o n  was i d e n t i c a l  t o  t h e  
second, and t h e  pooled supernatant  was evaporated under 
a stream of N2 t o  a volume of 1 m L .  Twelve m i c r o l i t e r s  
of t h e  sample were then  i n j e c t e d  i n t o  t h e  HPLC system. 

The p r e p a r a t i o n  of u r i n e  s t anda rd  curves and c l i n i c a l  
samples r equ i r ed  a s i n g l e  e x t r a c t i o n  on ly .  To 0.5mL of 
human u r i n e ,  t h e  SUR s t o c k  w a s  sp iked  ( f o r  s t a n d a r d  
curve p r e p a r a t i o n ) ,  50pL of CR s tock was added followed 
by 1 m L  of  CH3CN and then  vo r t exed .  The samples were 
then ready f o r  a n a l y s i s .  

RESULTS 

Separat ion  

Figures  2a-c show t y p i c a l  chromatograms f o r  spiked human 
plasma samples r ep resen t ing  concen t r a t ions  of 0, 2 ,  and 
150pg/mL SUR. Figure 2d shows t h e  chromatogram of a 
t y p i c a l  sample from an AIDS p a t i e n t  . A plasma l e v e l  of 
153.1pg/mL was measured fo l lowing  s e v e r a l  months of 
t he rapy  with 1 gram of suramin adminis tered weekly. The 
i n t e r n a l  s t a n d a r d ' s  (CR)  r e t e n t i o n  t i m e  w a s  5 . 9  min., 
while  t h e  r e t e n t i o n  t i m e  of SUR was 13 min. A l a r g e  
peak a p p e a r i n g  a t  a p p r o x i m a t e l y  10 m i n .  was an 
endogenous plasma peak p r e s e n t  i n  b o t h  h e a l t h y  
v o l u n t e e r s '  b l a n k  plasma used  i n  s t a n d a r d  c u r v e  
p r e p a r a t i o n ,  and i n  t h e  plasma of  p a t i e n t s  
p a r t i c i p a t i n g  i n  t h e  c l i n i c a l  s tudy .  Although always 
p re sen t ,  it d i d  not i n t e r f e r e  with e i t h e r  CR o r  SUR. 

Linearity 

Tab le  1 and f i g u r e  3 show t h e  l i n e a r  r e l a t i o n s h i p  
between t h e  concen t r a t ion  of SUR i n  plasma and t h e  peak 
h e i g h t  r a t i o  of SUR/CR . Using an unweighted method of 
least  squa res  with a f l o a t i n g  i n t e r c e p t  and t h e  o r i g i n  
as a d a t a  p o i n t ,  a c o e f f i c i e n t  of de t e rmina t ion  ( r2)  
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Fiaure 2: Typical chromatograms from the assay representing 
a) standard curve points of 0.0 pg/mL b) 2.0 pg/mL and c) 150 
pg/mL. Figure 2d is a chromatogram of a typical clinical 
sample , this one corresponding to 153.1 pg/mL. 
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SURAMIN IN PLASMA AND URINE 345 7 

TABLE 1:LINEARITY 

SURAMIN STANDARD CURVE 
IN HUMAN PLASMA 

pL SUR Spiked C o n c .  Peak Height R a t i o  C a l c .  C o n c .  
Spiked (uu/mL) (SUR/C R) (uu/mL) 

0.00 

0.50 

1.25 

2.50 

5.0 

12.5 

17.5 

25.0 

37.5 

6 -  

5 -  0 s u 4 -  
F 

- 6 3:  
W 

Y 
= 2 -  

a ’ -  4 

0.00 

2.00 

5.00 

10.0 

20.0 

50.0 

70.0 

100.0 

150.0 

0 

0.1080 

0.2202 

0.4616 

0.7736 

2.0011 

2.8102 

3.9088 

5 . 8 5 1 7  
y=O.O389x t 0.0328, 

- 0 . 8 4  

1 . 9 3  

4.82 

1 1 . 0  

1 9 . 0  

50.6 

71.4 

99.6 

1 4 9 . 5  
r2=0.9998 

0 50 100 150 

SURAMIN PLASMA CONCENTRATION 
(MCG/ML) 

Fiaure 1: Graph of a standard curve showing the linearity of 
the assay. 
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of 0.9998,  a s l o p e  of 0 .0389,  and  a y - i n t e r c e p t  of 
0.0328 w e r e  o b t a i n e d .  A l s o  i nc luded  i n  Table  1 a r e  t h e  
c a l c u l a t e d  c o n c e n t r a t i o n s  of  each  p o i n t  on t h e  c u r v e .  
A l l  s t a n d a r d  cu rves  run i n  plasma y i e l d e d  r2  v a l u e s  of 
a t  l e a s t  0.999+,  and t h e  s t a n d a r d  c u r v e s  r u n  i n  b l ank  
u r i n e  y i e l d e d  cu rves  wi th  r2 v a l u e s  of 0 . 9 9 9 5 + .  

Precision 

The i n t e r - d a y  p r e c i s i o n  of the  method (Table 2 )  was 
run throughout  an 86 day p e r i o d  w i t h  d rug  c o n c e n t r a t i o n s  
of 6, 20, and  100kg/mL. The c o e f f i c i e n t  of v a r i a t i o n  
(CV) ranged from 2 . 7 6 %  t o  4 . 6 2 % .  

I n t r a - d a y  p r e c i s i o n  (Table 3 ) ,  w a s  run  w i t h  d r u g  
c o n c e n t r a t i o n s  of 5,  2 0 ,  and 100pg/mL and had a CV range 
of 0.826% t o  5.51%. 

Recovery 

Table  4 shows t h e  p e r c e n t  recovery  of SUR i n  plasma v s .  
H 2 0 .  Sp iked  samples  were p r e p a r e d  as  described above 
e x c e p t  t h a t  CR was n o t  added  u n t i l  j u s t  b e f o r e  N 2  

TABLE 2:INTER-DAY PRECISION FOR SURAMIN IN PLASMA 

H I G H  MEDIUM LOW 
CONCENTRATION CONCENTRATION CONCENTRATION 

DAY ( 1 0 W r n L )  ( 2 W r n L )  f 6- 

1 91.44 19.58 5.66 

2 91.64 19.40 5.42 

9 95.00 19.84 5.79 

15 92.96 18.72 5.51 

16 

85 

99.33 19.51 5.81 

103.8 20.12 5.49 

86 95.40 20.39 6.07 

MEAN 97.64 19.56 5.10 

SD 4.51 0.539 0.229 

%CV 4.62 2.76 3.96 
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TABLE 3:INTRA-DAY PRECISION FOR SURAMIN IN PLASMA 

HIGH MEDIUM LOW 
CONCENTRATION CONCENTRATION CONCENTRATION 

LE ( l O Q & . , h L l  f70- ( 5- 

97.64 20.30 

104.3 20.49 

99.14 19.94 

99.07 20.15 

100.7 20 -38 

101.2 20.23 

5.84 

5.09 

5.17 

5.02 

5.11 

4.99 

7 98.94 20.13 5.10 

8 98.59 20.26 4.86 

MEAN 100.9 20.22 

SD 2.09 0.167 

% cv 2 . 0 7  0.826 

5.35 

0.295 

5.51 

TABLE 4:RECOVERY OF SURAMIN FROM HUMAN PLASMA 

PEAK HIGH MEDIUM LOW 
HEIGHT CONCENTRATION CONCENTRATION CONCENTRATION 

( W m L )  ( 2 0 U m L I  (- 

Water 3 - 4102 0.6847 0.1716 

Plasma 2.6662 0.5839 0.1418 

Re c ove I y 
( P l a  srna / 
Water) 

18.2% 85.3% 82.6% 
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evapora t ion .  The peak height  r a t i o s  of SUR/CR i n  plasma 
were determined a s  fol lows:  

(peak he igh t  r a t i o  of SUR/CR i n  plasma) 

(peak he igh t  r a t i o  of SUR/CR i n  water ) 
XlOO %Recovery = ____---_____________------------------- 

The recovery f o r  t r i p l e  e x t r a c t i o n s  ranged from 1 8 . 2 %  t o  
85 .3%.  

P I  SCUSS- 

In  o r d e r  t o  determine suramin l e v e l s  i n  plasma and 
u r i n e  samples c o l l e c t e d  from A I D S  p a t i e n t s  being t r e a t e d  
with t h i s  agent ,  w e  i n i t i a l l y  u t i l i z e d  t h e  HPLC assay a s  
d e s c r i b e d  by Klecker ,  e t .  a l .  ( 4 )  .We were, however, 
unable t o  reproduce t h e  assay,  and decided t o  develop a 
more s imple a s s a y  us ing  an i s o c r a t i c  mobile phase i n  
p l a c e  of a g rad ien t  system. 

Trypan b l u e  was used a s  t h e  i n t e r n a l  s t anda rd  i n  t h e  
K l e c k e r  assay, but  we observed t h a t  t h i s  agent had a 
s h i f t i n g  r e t e n t i o n  t ime and was a s s o c i a t e d  with a number 
of  s m a l l  i n t e r f e r i n g  peaks,  b e l i e v e d  t o  be due t o  
i m p u r i t i e s  p r e s e n t  i n  t h e  t rypan  b l u e  s t o c k  s o l u t i o n .  
Rather  t h a n  p u r i f y i n g  t h e  t rypan  b l u e  s tock ,  congo r e d  
w a s  u sed  as  o u r  i n t e r n a l  s t a n d a r d .  I t s  chemica l  
s t r u c t u r e  i s  similar t o  suramin, and t h e  chromatographic 
peak shape i s  s u p e r i o r  t o  t h a t  of t rypan  blue,  having 
a r e t e n t i o n  t i m e  d i f f e r e n t  from a l l  endogenous plasma 
or  i n t e r f e r i n g  drug peaks.  In add i t ion ,  t rypan b lue  is a 
suspected carcinogen whereas congo red i s  n o t .  

Our sample p repa ra t ion  w a s  s i m i l a r  to t h a t  used by t h e  
Klecker  a s s a y ,  w i t h  t h e  e x c e p t i o n  of u s i n g  TBACl  t o  
f u r t h e r  enhance peak shape. 

In  our s tudy ,  we were ana lyz ing  c l i n i c a l  samples with 
high drug concen t r a t ions  and t h e r e f o r e  l e s s  concerned 
with t h e  d e t e c t i o n  of very low drug 1 e v e l s . I n  our assay 
q u a n t i f i c a t i o n  below 2pg/mL w a s  poor, but  no at tempt  w a s  
made t o  improve t h i s  s e n s i t i v i t y ,  s i n c e  t h i s  l e v e l  w a s  
s u f f i c i e n t  f o r  our purposes.  Both t h e  K l e c k e r ( 4 )  and t h e  
Ruprecht(5) assays are q u a n t i f i a b l e  down t o  t h e  O.Spg/mL 
l e v e l ,  b u t  o n l y  ou r  a s s a y  and Ruprech t ’ s  have 
l i n e a r i t y  through t h e  200pg/mL l e v e l .  

I n  o rde r  t o  produce an accu ra t e ,  simple assay t h a t  could 
be reproduced, two s e p a r a t e  HPLC systems were set  up 
using d i f f e r e n t  t ypes  of pumps, d e t e c t o r s  and i n j e c t o r s .  
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D i f f e r e n t  columns of t h e  same manufacturer were a l s o  
used and t h e  a s say  w a s  found t o  work e q u a l l y  w e l l  w i t h  
b o t h  systems.  T h i s  w e  f e l t  w a s  e s p e c i a l l y  important  
s i n c e  a wide v a r i e t y  of HPLC equipment i s  c u r r e n t l y  
used.  System I1 was used f o r  a l l  d a t a  recorded i n  t h i s  
paper .  

Two s p e c i a l  procedures of note  were r equ i r ed  with t h i s  
a s s a y .  F i r s t ,  t h e  c l i n i c a l  samples assayed w e r e  taken 
from p a t i e n t s  with AIDS, so s p e c i a l  p r e c a u t i o n s  were 
t a k e n ,  i n c l u d i n g  complete p r e p a r a t i o n  of  t h e  samples 
under  a P2  b i o l o g i c a l  h a z a r d  s a f t e y  fume hood, 
i n c l u d i n g  a u t o c l a v i n g  of l i q u i d  and s o l i d  i n f e c t e d  
wastes, wearing of gloves and p r o t e c t i v e  gowns a t  a l l  
t i m e s ,  and d e c o n t a m i n a t i o n  of  work s u r f a c e s  and 
instruments.Deactivation o f  t h e  AIDS v i r u s  was 
accomplished while preparing samples, by t h e  a d d i t i o n  of 
t h e  t h e  i n t e r n a l  s t anda rd  ( i n  a c e t o n i t r i l e ) ,  ( 6 ) .  The 
samples, however, were s t i l l  handled with g r e a t  c a r e  
a s  descr ibed above. Second, with t h e  mobile phase a t  a 
r e l a t i v e l y  high pH of 6 . 8 ,  t h e  column l i f e  was g r e a t l y  
i n c r e a s e d  by washing weekly with f i l t e r e d  "nanopure" 
water f o r  one hour a t  a flow rate of lmL/min., followed 
by f i l t e r e d  HPLC grade methanol f o r  one hour a t  t h e  same 
rate.  

I n  c o n c l u s i o n ,  we b e l i e v e  t h a t  t h i s  is a s imple ,  
a c c u r a t e  a s s a y  w i t h  g r e a t  r e p r o d u c a b i l i t y ,  f o r  t h e  
d e t e c t i o n  of moderate t o  high l e v e l s  of suramin i n  human 
plasma and u r i n e .  I t  r e q u i r e s  n e i t h e r  unusual  no r  
l e n g t h y  p r e p a r a t i o n s  and  can b e  pe r fo rmed  u s i n g  
d i f f e r e n t  HPLC equipment. 
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