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Tbe polysulfonated aapthylurea suramin is currently 
lmdargoing extmsive clinical trials. A narmw therapeutic 
ariaderar requireg frequent dose adjustment to minimize toxicity. 
A sinple, rapid and repmducible assay was developed for 
measuring surapnin levels in plasma. plasma samples are injected 
directly onto the aolurm and eluted isocratically w i t h  
acetonitrile and an ion pairhq reagent. Retention time is 

tbe of 50-300 m, with WitiVit ieS  to Conc€&r&ionS 
of 5 ug. A smdll srmple s ize  (0.5 ul) gave similar results 

approodmately tOF0 mizrutes, Leaavary greater than 95% throughout 

dllowing assays of fingercstick Sanples. Equal atxaraq was 
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2270 TONG ET AL. 

abtaiaedusingtrypanblueasaninterndlstandaril. careful 

be acccilplisbed rapidly and accurately. 
d-, maWabxy for safe ncaninistmtion of the agent, can 

8uramin is a polysulfonated napthylurea that was was used 

eaKtenSiv%ly to treat -asis and tqpaMmu 'asis for many 

year% (1). Bollowing t b  d€Qtm&mtion that suramin inhibits 

reverse transcpiptase (2), a clinical t r i a l  in paticmts w i t h  

AIm was perfomad (3). BubseQueoItly, the agent was shcrwn to 

inhibit binding of a variety of  polypeptide^ growth factors to 

their remptom imludiq basic fibroblast gruwth factor (hFGF), 

transfoxnhq grmth factor-bebs ( e b ) ,  platelet derived growth 

faetor (-1 and cpidenaal gruwth factor (EGF) (4-7). A phase 

I trial in patients w i t h  cancer $bowed antitumor activity 

against adrenal aaw rmal caaaar, and adult T-cell lynphau€l 

(8). IntemseintemstwasgeaeraMbythereportof 

significant antikraor activity in paticmts w i t h  hoxmone 

resistant pmstate cancer, a disease traditionally refractory to 

chemotheral?y (9). Taadcities from the clinical t r i a l s  incluaea 

myelomppmssion, a n t i w a t i o n  and a peripheral neuropathy 

that can progregs to a O U L l l a i n - ~  8yndroare (9,lo). 

O f  grI3ate.r inport is the xlarxa? -tic windcrw of the 

drug both H t m  a in-vivo and the variable kinetics in 

iadividudl patimts. cpwvth factor inhibition is clearly dose 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SURAMIN IN PLASMA 227 1 

-t in a variety of cell lines (4-6). In a phase 1/11 

clinical trial no were seen belw serum SULgrmn . levels 

of 200 ug/hil, while the incidence of neurobxicity increased 

Uraatatically above 300 u;l/ml. F, using a dose rate of 350 

ms/m2/aay by continunas infusion, sennu 1-s at 7 days 

-el fipm 50-350 ug/hil (10). published data on the 

paarmaaakiaetics of t3urd.n in patients w i t h  Mv infection 

shmred spctearritn pteh bindiq~, a t em ina l  half-life of 44-54 

days, w i t h  senm conumtration8 Qreatar tban 100 ug,hl for 

several ua&s aftar discontinuation of therapy (11). 

absanred toxicities at senm amcentrations above 300 ug/ml, the 

variable kinetics of loading in individual patients ant the long 

tmdml half-life make frequent serm concentration monitoring 

a requisite cuqpnent of a l l  clinical trials w i t h  this agent. 

~saays for surmin have been available for many years 

The 

(l2,U). The n w t  Widely used is a high pressure liquid 

czhrcma- (HPXC) metbod published by Klecker and Coll ins  

(14). T b  metbod M l V e S  three exkactl '0115 of each sauple w i t h  

caution reQQrmeaded to generate appropriate standard curves when 

levels above 100 and 200 ug/ml are e l x p c b d .  As our ongoing and 

future clinical trials with suramin require frequent dose 

aQjustmnts, a rapid, reproducible and hexpensive assay is of 

major -. previars SkdieS of nmthotracate levels in 

rabbit plama shmm13 that measurements were greatly facilitated 

w i t h  equivalent ~CCUMCY by injection of the plasma sample 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2272 TONG ET AL. 

directly into tbe Emc (15). The Buw8ss w i t h  this approach 

pnmpted similar investigations us* suraanin. 

blATeRIAfsANDMFIRDDB 

m t s :  suramuin was clbtained from Dr. Kleckar at the 

Dmmlcpmntal Tbenapy Branch of the National cancer Institute. 

mxc grade aeatonictrile (Baker) was pmxhmd fran VWR, 

(PlscatarUay, JruSey), HPIL: Qrads d m  f- 

Pi- 8datifiCr ( w i e l d ,  JarSey), trypan blUe and 

and tettakrtyl auumniun dihydrogeDI phasphate (TBAP) 1M solution 

from Aldrich cbemieal (Milwaukeet, Wisaonsin). control plksma 

was abtaiaed from spedmns from volunteer blood donors at 

m. 
Qrmmatogrsplry Bystem: The moikilar chraaatograph consists 

of a Rheodym 7520 injection value, 8P8810 isocratic pun@, 

SP8450 Variable wavelagth W/VIS detector and WINner 

chranatogmpldc station fran 8pectra-Physics (San Jose, 

California). Tbs aolupn was a Reliance Cyan0 Cartridge column 4 

P 80 by Rrpont (~ilmbgtcm, Delaware). The mobile phase 

oonsisted of 35% acetonitrile and 25 mM aarmonirrm acetate at ph 

5.5 w i t h  10 mbf TBAp at a flow rate of 1 ml/min. The eluent is 

xmitored at 320 11p at 0.01 AuFzI. 

aad plasma mm emtrim in an EppenQrf microfuge - 5 4 1 2  

for 5 minutes beforr injection. No additional sample 

8uramin standards in water 

prcrgaratian was par.fan&ed. Five microliters of plasspa was used 

per injection to ensure a cuuplete flush and f i l l  the injection 
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SURAMIN IN PLASMA 2273 

1- O f  0.5 Ul. m a y ,  p- abtained by 

venipmcturm md fiagarcstick were aarpared. m r  the internal 

stsadard metbod, 100 ul of 0.5% trypan blue aqueous solution was 

added to 900 ul of plasma and analyzed as descrLbed above. 

llE€!mm 

Aftar suwaing varieus types of aoluprms and aon8itions, the 

Reliaaoe cyaao aolumr 4x80 mn was used. This established 

appmpriate isocratic aoaditions w i t h  satisfactory peak shapes 

for suramin analysis. 

Btandard curves for plasma and water in the wncentration 

raage of 50 to 300 w are illustrated in Figures lA and lB. 

T I m r n s a y w a s 1 i n e a r ~ t h i s r a n g e b o t h i n w a t e . r  ( y =  

l.lt(x - 1.5, $ = 0.9998) and fn plasma (y  = 1.126X - 1.7, 

I? I: 0.9996). plasma recowry is greater than 95% w i t h  a 

staadacd &viatian of less than 2%. No interferenca fran 

oontrol plasma was abLsenred. The retention time of suranun ' w a s  

2 -. Tbe 1-t O f  SeaSithdty Was 0.5 Ul O f  5 ug/ml (0.25 

rrg, signal to noise ratio > 3 at 0.02 XJFS). As the therapeutic 

range is fm 250-300 w, SensitiVitiM were M t  pursued 

further. 

Table 1 shows the results as peak area fran aqueous 

and SpikSaplaSma standards fm 50 to 300 

assayed three -Ve Recxrvery Bxceeded 96% h 

all -, and wk9 Qreater than 97% h the of 200 to 300 
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SURAMIN IN PLASMA 2275 

Tablo 1: peak m of tnlrmin in water and spikeaplasma, 

and peraeat reacrvary over three different days: 

muan (staabard M a t i o n ) .  

50 56.3 (2.4) 54.6 (1.4) 97 

100 114 (2.1) 110 (2.9) 96 

is0 167 (5.9) 169 (2.2) 101 

200 228 (5.7) 225 (2.6) 99 

250 285 (4.5) 276 (3.3) 97 

300 342 (5.9) 338 (6.2) 99 

ug/M. The Rbsodyae 7520 h j d o n  valve hezs Ugh precision for 

sluhui-liter rrrmplee which allcRls use of the external standard 

metbod. 

Table 2 shcrars tba peak of area of the suramin standards and 

trypan blw Using tba internal standard method. With a slight 

decrease in tba gpcnmt of aaetonitrile, the retention times for 

trypan blw aad €!uradn wure 1.5’and 2.8 minutes respectively. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2276 TONG ET AL. 

50 

100 

S O  

200 

250 

300 

46 

88 

129 

176 

224 

277 

20.6 

20.2 

19.9 

18.9 

18.4 

18.5 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1
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0.001 AU T 

JL Time 
(minutes) , , , . , 

0 2 4  

Control 
plasma 

c 1 - - 
0 2 4  0 2 4  I 

Injection Injection Injection 
# 1  # 30 # 60 

Figurel2. caltrel platam and nnaltiple injections of spurea 

plasppa. CdLailated peak areas were similar (see text). 

uncbqpd fmm that abearved for tbe first sanple. AS peak 

height and peak shapes may vary, peak areas were used for 

cblculati4 plasma concentrations. Attenpts to regenerate the 

oolurm were rrot successful, hit, as the colrmm is inexpensive, 

rn furtber at- to clean or guard the column were made. 

Figure 3 slmm a represeatative acmparison of a venipmcture 

(3A) and fiager stick (3B) sanple. The actual smple s ize  

analyzed was 0.5 ul, making it possible to perform the assay 

w i t h  only 10 ul (for duplicate determinations) of plasma. AS 
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c 

(-r 

I 

.- 
1 I 

0.001 AU T 

0 2 4  0 2 4  

Min 

pigurm 3. (krrurison of vmi- (left) and finger stick 

(right) spednms. As noted in text, peak areas were 

virtually i&xlti&. 
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300 
nm 

Figure 4. w spectnm of in mabile phasel. 

ahcRm in the Figure d8 caparable results were obtaineU using 

the finger-stick sample. 

DISCUSS ION 

ENlappin is a novel anti- agent w i t h  a unique putative 

lnaohAniLlpp of action. As serwn levells vary widely amng 

iadidQdLS8 aad the therapeutic .orindas is -8 frequent dose 

aajusbmnts are mumsary. Tbe present assay allows rapid and 

qprdudble detarminatioars on d l  volmm sanqles. The assay 

+rrehnicnla bypasma the nmd for nairtiple -OM and 
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gradient Cuutian, mducing variation and the time required for 

asrray- 

Tb. ay.kpr yp. darived frrm previcnrs work using metmtrexate 

*ah dmmd little platma interference when monitoxhg at 315 

m. wlrclpnin haa W abmoxption (Figure I )  in this range alluwing 

-tiam at thia wavalezqth. The anKmmt of acetonitrile 

was inporhnt. In practice, small incraaents of 1% X N  w e r e  

added until tbe &sired mtentim time was reached. 

obtaimd were rsgrodsrcible on the - samples on threa 

mnmoutiva days us- h&pndent nms. 

syrhqa-1- micro injeotor is designed to inject 

auhuicroliter ample8 w i t h  high precision and luw dbpersion 

(16). with this bjection valve and a filled loop injection 

m, (UI method Of assay was possible. A guard 

aolLmm )Icts nat u88d due to cost and time consiaerations. 

alternative, a solid phase -on (8pE) procedure can be 

u#6 to M tho lifo of the aolurmr. Howeiver, the cast of 50 

rrrtraotiaprcl QooBQds the oost of a nm~ analytical calm. 

The results 

The Rheodyne 7520 

As an 

Althouqhsapshroadrrmingofthesurapninpeakwasabsenred (vide 

srpta), peak areas were mchanged, allowing stable assays for at 

l.aSt 50 Tbe apPliCaaility Of the technique iS 

furthu rrh.nnrrl by its adapbbility to mall ample vo1mes. 

-, .ssay. frcm fizgar .tick and venipwture samples gave 

similar mb.  
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of tbarcrpeutia levels for langer duratians may be required. 

this stetting, el- BBML suramin lenrel mbnitoring will bel wen 

In 

more critical. 

facilitate safe ac#ninistraticm of this novel canpcrrmd. 

Tbo assay system described will greatly 

1. 

2. 

3. 

4. 

5. 

6. 
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