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RAPID AND SIMPLE TECHNIQUE FOR THE QUANTITATION 
OF POLYAMINES I N  BIOLOGICAL SAMPLES 

Rodney F. Minchin and Gayle R. Hanau 
Pharmacology and Toxicology Section, 

D i v i s i o n  o f  Cancer Treatment 
Nat ional  Cancer I n s t i t u t e  
Bethesda, Maryland. 20205 

Laboratory o f  Experimental Therapeutics and Metabolism 

ABSTRACT 

A r a p i d  and simple technique has been developed t o  quan t l f y  putrescine. 
spermidine, and spermine i n  b i o l o g i c a l  t issue.  The method, based upon several 
publ ished procedures. invo lves p r o t e i n  p r e c i p i t a t i o n  w l t h  pe rch lo r i c  ac id  
fo l lowed by dansy lat ion w i t h  5-dimethylamino-1-naphthalenesulfonyl c h l o r i d e  
(dansyl ch lo r i de ) .  A f t e r  e x t r a c t i o n  on a Waters C18 Sep-Pak ca r t r i dge ,  the 
samples are analyzed by h igh  pressure l i q u i d  chromotography us ing  a s tep so l ven t  
change and a 4 C18 reverse phase column. 
al lowed complete analys is  o f  the three polyamines w i t h i n  10 min w i t h  a t o t a l  
run t ime o f  13 min (sample i n j e c t i o n  and re -equ i l i b r i um o f  column). 
curves were l i n e a r  up t o  1 p g  polyamine and the c o e f f i c i e n t  o f  v a r i a t i o n  f o r  
the assay ranged from 4% a t  1 ug  polyamine per  sample t o  11% a t  50 ng polyamine 
per sample. Moreover. u n l i k e  
other  ava i l ab le  methods, the present technique does n o t  requ i re  duel pumps. i o n  
p a i r i n g  aoents, so lvent  e x t r a c t i o n  o r  a gradient  con t ro l  system. The concen- 
t r a t i o n s  o f  putrescine, spermidine and spermine i n  r a t  lung, l i v e r  and kidney 
are reported. 

The chromotographlc condi t ions 

Standard 

The assay i s  therefore hoth r a p i d  and simple. 

INTRODUCTION 

Polyamines are ubiquously d i s t r i b u t e d  endogenous compounds t h a t  have 

been associated w i t h  the regu la t i on  o f  numerous bio1,ogical funct ions such as 

DNA and RNA synthesis (1) .  c e l l u l a r  p r o l i f e r a t i o n  (21 ,  d i f f e r e n t i a t i o n  ( 3 ) .  

i n t r a c e l l u l a r  membrane fus ion  (41 ,  p r o t e i n  kinase a c t l v i t y  (5) and mitochondria1 

membrane a c t i v i t i e s  (6) .  

associated w i t h  t l ssue  i n j u r y  (7.8) and Certain forms o f  cancer I n  man (9 ) .  and 

i t  has been suggested t h a t  u r i na ry  o r  plasma polyamlne l e v e l s  may be a usefu l  

c l i n i c a l  d lagnost ic  t o o l  f o r  the progression o f  such cancers ( 9 ) .  

Moreover, e levated l e v e l s  o f  polyamine have been 

I n  the  present paper, a simple and r a p i d  method f o r  the simultaneous 

determination o f  putrescine, spermidine and spermine has been described. 
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Several exce l l en t  h igh  pressure l i q u i d  chromatographic techniques f o r  

polyamine determinations have been described (10.11). 

methods requi re e l u t i o n  w i t h  a so lvent  gradient  and can take between 25 and 60 

mln f o r  each assay ( i nc lud ing  re -equ i l i b ra t i on  o f  the column) o f t e n  w i t h  poor 

reso lu t i on  when the polyamines are ext racted from b i o l o g i c a l  t issue. The present 

technique does not  requi re  a solvent gradient  system, i o n  p a i r i n g  agents, 

buffers, solvent ex t rac t i on  o r  extensive reac t i on  periods, and t h e  chromatographic 

procedure i s  essen t ia l l y  complete i n  l e s s  than 10 min. 

However, a l l  ava i l ab le  

METHODS 

Extract ion o f  polyamines - The lungs, l i v e r  and kidneys from 250 g male 

Sprague Dawley r a t s  were homogenized i n  9 vol 50 mM phosphate b u f f e r  us ing a 

te f lon-g lass homogenizer. An a l i q u o t  (1.8 m l )  o f  each sample was vortexed w i t h  

0.2 m l  60% perch lo r i c  ac id  and centr i fuged a t  3000 g f o r  4 min. The r e s u l t i n g  

supernatant (0.9 m l )  was mixed w i t h  50 u1 K2CO3 (400 mg/ml) and 50 u l  1.6- 

diaminohexane ( In te rna l  standard: 500 ug/ml) and cen t r i f uged  as above. 

polyamines were then dansylated by adding 40 p 1  o f  supernatant conta in ing the  

i n te rna l  standard t o  100 u l  K2CO3, 800 u1 d i s t i l l e d  water and 2 m l  dansyl 

ch lo r i de  ( 2  m p h l  i n  acetone). The mixture was vortexed and incubated a t  6OoC 

f o r  60 min i n  the dark. The e n t i r e  sample was then placed on a C18 Sep-pak 

ca r t r i dge  (Waters Assoc., U.S.A.) and washed w i t h  9 m l  20% methanol i n  water. 

The dansylated polyamines were then e lu ted  with 5 m l  100% methanol and 10-100 ~1 

of t h i s  f r a c t i o n  was d i r e c t l y  analyzed by HPLC. 

The 

Chranatographlc condi t ions - An A l tex  %-ODs (4.6 m ID x 7.5 cm) column 

was equ i l i b ra ted  with 752 methanol i n  water. Fo l lowing i n j e c t i o n  o f  sample, t he  

solvent was changed t o  95% methanol i n  water a t  2.5 min and then back t o  75% 

methanol a t  8 min. The s p e c i f i c  t i n e s  fo r  changing solvents were selected t o  

minimize run time and was a func t i on  of the volume o f  t he  HPLC system. The 

dansylated polyamines were detected by flourescence us ing a Kratos FS950 detector  

f i t t e d  w i t h  an FSA 100 mercury lamp and FSA 403 e x c i t a t i o n  f i l t e r  (Kratos 

Instruments, U.S.A.). A 470 m emission f i l t e r  was a l so  used. 

RESULTS AND DISCUSSION 

F igure 1 i l l u s t r a t e s  a t y p i c a l  chromatographic p r o f l l e  f o r  putrescine. 1.6- 

diaminohexane, spennidine and spermine ( 1  pg i n  40 u l  i n i t i a l  sample). The 
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Figure 1. Chromatographic p r o f i l e  o f  polyamine standards. 1 = putrescine, 

2 = 1,6-dlaminohexane, 3 = spermidine, 4 = spermine. 

re ten t i on  times f o r  each polyamine were: 

5.46 min; spermidine, 8.43 min; spermine, 9.34 min. Standard curves constructed 

over the ranae o f  50 ng - 1 ug/sample were l i n e a r  and exh ib i t ed  a c o e f f i c i e n t  

o f  v a r i a t i o n  o f  4% a t  the upper concentrat ions and 11% a t  the  lower concentrat ions. 

putrescine. 3.75 mln; 1.6-diaainohexane, 

The dansylat ion o f  t he  polyamines was no t  enhanced by increas ing the  

concentrat ion o f  dansyl ch lo r i de  o r  by extending the  incubat lon period. 

ye l low c o l o r  o f  the dansyl ch lo r i de  had almost completely disappeared a f t e r  60 

The 
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Figure 2. Chromatographlc p r o f i l e  o f  polyamlnes ext racted from r a t  l i v e r  (A) .  

lung ( B )  and kidney (C). 
spermldlne, 4 = spermine. 

1 = putresclne, 2 = 1,6-diamlnohexane, 3 = 

min. It was found t h a t  terminat lon o f  the react lon before t h l s  t ime resu l ted  

i n  the e l u t i o n  o f  an excesslvely l a r g e  peak a t  1.89 min which In te r fe red  w i t h  

the  chromatographic p r o f i l e  o f  putrescine. 

f o r  minimum e l u t i o n  time, Inc lud ing  the  t ime necessary f o r  the re -equ i l i b ra t i on  

o f  the column, wi thout  compromlsing the  reso lu t i on  between peaks. Use o f  a 

4 C18 column o f  only 7.5 cm i n  length and minimal tub ing between the pump, 

i n jec to r ,  column and detector  was a l so  essent ia l  t o  l l m l t  the t o t a l  t ime f o r  

each assay. 

between each in jec t fon .  

The change I n  solvents was optimlzed 

Under the condi t ions descrlbed. a minlmum o f  13 min was requi red 

The chronatographlc p r o f l l e s  f o r  polyamlnes ext racted from r a t  l i v e r .  lung 

and kldney are shown I n  f l g u r e  2. 

those o f  spennldine and spermlne. 

Putrescine l e v e l s  were mlnlma1 compared t o  

The I l l u s t r a t e d  p r o f l l e s  could be r e a d i l y  
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POLYAMINES IN BIOLOGICAL SAMPLES 2609 

TABLE 1 

Concentrat ion o f  Polyamlnes i n  Rat Tissues 

Tissue Putrescine Spermidine Spermlne 
(nmol /g) (nmol/g) (nmol/g) 

L i v e r  72 f 10* 925 f 51 813 t 45 

Kidney 66 f 8 506 t 45 855 t 91 

Lung 67 + 6 709 t 50 458 t 70 

Resul ts  are expressed as Mean t S.E. ,  n=4. except* where n=3. 

enhanced by concentrat ing the dansylated polyamine s o l u t i o n  under a stream o f  

n i t rogen.  The estimated concentrat ions o f  putrescine. spennidine and spemine 

i n  each t i ssue  are l l s t e d  i n  t a b l e  1 and the repor ted values are w i t h l n  the 

range o f  publ ished values (12). 

The present study has developed a slmple and r e l i a b l e  technique f o r  the 

est lmat ion o f  putrescine, spermidine. and spermine i n  b i o l o g i c a l  t issue.  The 

method i s  a l so  r a p i d  compared t o  establ ished procedures b u t  does no t  compromise 

peak resolut ion.  

determination o f  the polyamines f o r  d iagnost ic  purposes. 

so lvent  changes can be r e a d i l y  achieved w i t h  an Autochrom solvent  se lec to r  

(Rain in  Instrument. U.S.A.) and an appropr ia te time-dependent s ignal  generator 

such as a standard HPLC data i n teg ra to r .  

The described technique may be use fu l  f o r  r o u t i n e  c l i n i c a l  

Automation o f  t he  
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