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JOURNAL OF LIQUID CHROMATOGRAPHY, 8(10),  1881-1892 (1985) 

HIGH PERFORMANCE LIQUID CHROMATO- 
GRAPHIC ASSAY FOR 5-FLUOROURACIL 

AND 5- F LUOROCYTOSI N E 

L. Biondi and J.  G. Nairn 
Faculty of Pharmacy 
University o f  Toronto 

Toronto, Ontario 
Canada, MSS 1 A1  

ABSTRACT 

A h i g h  performance l i q u i d  chromatographic  a s s a y  f o r  
s e p a r a t i n g  5 - f l u o r o u r a c i l  and 5 - f l u o r o c y t o s i n e  i n  t h e  p r e s e n c e  of 
p o t e n t i a l  decomposi t ion p r o d u c t s  u r e a ,  b a r b i t u r i c  a c i d ,  u r a c i l  
6-hydroxycytosine,  and c y t o s i n e  was developed. 

It was found t h a t  i on -pa i r  chromatography u s i n g  a r e v e r s e -  
phase C 1 8  column, 0.46 cm i.d. by 15 cm i n  l e n g t h ,  employing 
g r a d i e n t  e l u t i o n  w a s  s a t i s f a c t o r y  f o r  s e p a r a t i n g  t h e  v a r i o u s  com- 
pounds, however, i s o c r a t i c  e l u t i o n  was more a p p r o p r i a t e  for  
d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  of  t h e  two d rugs  i n  t h e  p r e s e n c e  
of  t h e i r  a c t u a l  decomposi t ion p roduc t s .  

The mob i l e  phase f o r  i s o c r a t i c  e l u t i o n  w a s  85% aqueous 
phospha te  b u f f e r  pH 2.1 and 15% methanol c o n t a i n i n g  0.0025 g 
pen tane  and hep tane  s u l f o n i c  a c i d  sodium salts  d e l i v e r e d  a t  1.0 
mllmin. 
do n o t  a b s o r b  s t r o n g l y  a t  a s i n g l e  wavelength.  A l i n e a r  r e l a t i o n -  
s h i p  w a s  o b t a i n e d  f o r  t h e  peak h e i g h t  r a t i o  f o r  b o t h  5 - f l u o r o u r a c i l  
and 5 - f l u o r o c y t o s i n e  a g a i n s t  5-methylcytosine,  t h e  i n t e r n a l  s t a n d a r d  
o v e r  t h e  r ange  0.125 t o  1.000 x Ifo 

The e l u e n t  was monitored a t  254 and 285 nm a s  a l l  compounds 

- 
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1882 BIONDI AND NAIRN 

INTRODUCTION 

I n  o r d e r  t o  s tudy t h e  s t a b i l i t y  of 5 - f l u o r o u r a c i l  and 

5 - f l u o r o c ~ ~ t o s i n e ,  methods r e p o r t e d  i n  t h e  l i t e r a t u r e  were considered 

f o r  t h e  high performance l i q u i d  chromatographic (HPLC) assay  of 

5- f luorourac i l  (1-10) and 5- f luorocytos ine  (11-14), however, t h e s e  

papers  a r e  mainly concerned wi th  s e p a r a t i n g  t h e  drugs from o t h e r  

drugs i n  body f l u i d s  o r  t h e  drugs from t h e i r  metabol i tes .  

The s t a b i l i t y  of 5 - f l u o r o u r a c i l  has  been i n v e s t i g a t e d ,  

thus  provid ing  informat ion  on decomposition products  which are 

non-chromophoric i n  n a t u r e  (15). The p o t e n t i a l  decomposition 

products  of 5- f luorocytos ine  may be p o s t u l a t e d  by cons ider ing  t h e  

decomposition of o t h e r  5-halogenated c y t o s i n e s  o r  c y t o s i n e  (16, 1 7 ,  

18) .  The compounds i n  Table  1 were s e l e c t e d  f o r  HF'LC s e p a r a t i o n  

study. A l l  t h e  compounds absorb i n  t h e  W spectrum except  urea ,  

which i s  f r e q u e n t l y  found when t h e  pyrimidine r i n g  i s  cleaved 

(20,23). There are o t h e r  decomposition products  from t h e  degrada- 

TABLE 1 

I o n i z a t i o n  Constants  of Compounds and 
Wavelength of Maximum Absorbance i n  Acid ic  Medium 

Compounds PKa (1)  PKa (2 )  Xmax(acid) nm 
Abb. 
Code 

d I 5-Fluorourac i l  

I1 5-Fluorocytosine 

111 5-Methylcytosine 

IV Cytosine' 

V 

VI UracilC 

V I I  B a r b i t u r i c  AcidC 

V I I I  Urea 

f 

C 

6-Hydr oxy cy t osinee 

aa 13a 

2.9 10.71a 

4.6 12,4a 

4.5 l z a  
--- b 

0.8 
9,5a >13a 

4.04a --- 

266 

28 3-2 a 7 

283 

276 

260 expt. 

260 

205,253 expt .  

n i l  expt .  

a a c i d i c  d i s s o c i a t i o n  b b a s i c  d i s s o c i a t i o n  c Ref (19) 

d Ref (20) e Ref (21) f Ref (22)  
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5-FLUOROURACIL AND 5-FLUOROCYTOSINE 1883 

t i o n  of 5-halogenouracils o r  cy tos ines ,  but none of them absorb 

i n  t h e  W por t ion  of t h e  spectrum (15, 1 7 ,  18).  5-methylcytosine 

was se l ec t ed  as t h e  i n t e r n a l  s tandard  (13) as i t  resembles 

5-fluorocytosine i n  many physico-chemical c h a r a c t e r i s t i c s  and i s  

q u i t e  s t ab le .  

MATERIALS AND METHOD 

Apparatus and Reagents 

The HPLC w a s  ca r r i ed  ou t  on a system cons i s t ing  of two 

pumps model 1 1 2 ,  i n j e c t o r  model 340, c o n t r o l l e r  model 421, 

v a r i a b l e  wavelength de t ec to r  model 165, recorder  Kipp and Zonen 

BD41 and C18 reverse  phase column, Altex Ul t rasphere  ODS a n a l y t i c a l  

5 pm column and 10 pm precolumn (Beckman Instruments Inc., Berkley 

Ca l i fo rn ia ) ,  

The compounds 5-fluorocytosine (Hoffman-LaRoche Ltd., 

Vaudreuil Quebec), 5 - f luorourac i l ,  5-methylcytosine, 6-hydroxy- 

cy tos ine ,  b a r b i t u r i c  ac id ,  cy tos ine  (Sigma Chemical Co., S t .  Louis 

Mo), urea (B.D.H. Laboratory Chemicals, Toronto, Ontario),  u r a c i l  

(Mann Research Lab., New York, N.Y.) were used as received. 

Methanol, 1-pentane su l fon ic  ac id  sodium s a l t  and 1-heptane s u l f o n i c  

ac id  sodium salt  were HPLC grade, 

Liquid Chromatography 

I s o c r a t i c  Elution. 

3 4  2 4  

The mobile phase cons is ted  of 85% of 

0.05 H PO and 0.053KH PO aqueous pH 2.1 bu f fe r  and 15% methanol; 

conta in ing  0.0025 pentane s u l f o n i c  ac id  and 0.0025 M heptane 

su l fon ic  ac id  a s  t he  sodium s a l t s .  A l l  s o lven t s  were f i l t e r e d  through 

a 0.45 Um t e f l o n  f i l t e r  Type HA (Mill ipore Corp., Bedford Ma) 

before use. In j ec t ions  were made i n t o  a 20 l.~ l i t e r  f i xed  loop and 

the  mobile phase was de l ivered  a t  1.0 ml/min which y ie lded  a p res su re  

of approximately 1500 ps i .  

254 nm and 285 nm. 

of 0.5 and 

A l l  chromatography was conducted a t  room temperature. 

The column e luen t  was monitored a t  

Chromatograms were obtained a t  an a t t enua t ion  

0.2 a u f s  r e spec t ive ly ,  a t  a c h a r t  speed of 0.5 cm/min. 
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1884 BIONDI AND NAIRN 

Gradien t  E l u t i o n ,  The aqueous mobile  phase conta ined  t h e  

same concent ra t ion  of b u f f e r  salts and s u l f o n i c  a c i d  salts and t h e  

methanol ic  phase conta ined  t h e  same c o n c e n t r a t i o n  of  s u l f o n i c  a c i d s  

as descr ibed  above. The g r a d i e n t  procedure a t  a f low rate  of 1.0 m l /  

rnin w a s  100% aqueous s o l u t i o n  f o r  2 rnin, a l i n e a r  i n c r e a s e  of  

methanol ic  s o l u t i o n  t o  30% of  t h e  mobile phase,  and s imul taneous ly  

a l i n e a r  decrease  of  aqueous s o l u t i o n  t o  70% over  a 1 min per iod.  

Then a 70% aqueous phase and a 30% methanol ic  phase was used t h e r e -  

a f t e r .  The o t h e r  o p e r a t i n g  c o n d i t i o n s ,  f i l t r a t i o n ,  i n j e c t i o n ,  

monitor ing wavelengths ,  a t t e n u a t i o n ,  c h a r t  speed and tempera ture  

were the  same as descr ibed  f o r  i s o c r a t i c  e l u t i o n .  

A n a l y t i c a l  Procedure 

The b u f f e r - i n t e r n a l  s t a n d a r d  s o l u t i o n  w a s  p repared  by 

d i l u t i n g  an aqueous s t o c k  s o l u t i o n  of 5-methylcytosine ten-fold 

w i t h  a phosphate b u f f e r  s o l u t i o n  t o  y i e l d  a c o n c e n t r a t i o n  of i n t e r n a l  

s tandard  of 1.5 x lo-' g and a b u f f e r  which had t h e  same concentra-  

t i o n  as t h e  aqueous p o r t i o n  of t h e  mobile  phase. Each sample used 

i n  i s o c r a t i c  e l u t i o n  and g r a d i e n t  e l u t i o n  c o n t a i n i n g  t h e  seven 

compounds w a s  d i l u t e d  wi th  t h e  b u f f e r  i n t e r n a l  s t a n d a r d  1 t o  1 0 ,  

t o  y i e l d  a f i n a l  c o n c e n t r a t i o n  of 10 f o r  each  of  t h e  compounds. 

The c a l i b r a t i o n  curves  f o r  t h e  two main compounds of  

i n t e r e s t ,  5 - f l u o r o u r a c i l  and 5- f luorocytos ine  were c a r r i e d  out  a long  

wi th  t h e  i n t e r n a l  s tandard  by u s i n g  t h e  85% aqueous b u f f e r  phase 

a n d  15% methanol ic  phase d e s c r i b e d  above. 

were prepared by r e p e a t i n g  t h e  HPLC a n a l y s i s  of t h e  mixture  t e n  

times. 

-4 

The c a l i b r a t i o n  curves  

RESULTS AND DISCUSSION 

I n  o r d e r  t o  develop a s u i t a b l e  HPLC a s s a y  f o r  5 - f l u o r o u r a c i l  

and 5- f luorocytos ine  and p o t e n t i a l  decomposition products ,  i t  w a s  

no ted  t h a t  s e v e r a l  of  t h e  compounds are weak a c i d s  o r  b a s e s  

(Table  1 ) .  

sample and t h e  e l u t i n g  s o l v e n t  so a s  t o  c o n t r o l  t h e  type  and concent ra -  

t i o n  of  i o n i c  s p e c i e s  p r e s e n t  i n  s o l u t i o n ,  a s s u r i n g  t h a t  t h e i r  chroma- 

Thus i t  w a s  necessary  t o  main ta in  t h e  pH o f  t h e  a n a l y t i c a l  
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5-FLUOROURACIL AND 5-FLUOROCYTOSINE 1885 

t o g r a p h i c  i n t e r a c t i o n s  and t h e i r  a b s o r p t i o n  w a s  c o n s t a n t  d u r i n g  t h e  

assay.  A s  a r e s u l t ,  an a c i d i c  mob i l e  phase  pH 2-3 w a s  u sed ,  t h i s  

caused some of t h e  compounds t o  remain n e u t r a l ,  namely b a r b i t u r i c  

a c i d ,  u r a c i l ,  5 - f l u o r o u r a c i l  and 6-hydroxycytosineY w h i l e  o t h e r  

compounds 5 - f l u o r o c y t o s i n e ,  c y t o s i n e  and 5 -me thy lcy tos ine  e x i s t e d  

a s  c a t i o n s .  In o r d e r  t o  i n c r e a s e  t h e  r e t e n t i o n  t i m e  of t h e  i o n i c  

compounds a t  t h i s  pH on t h e  r cve r se -phase  column, a coun te r - ion  

w a s  used. The e l u t i o n  p a t t e r n s  of  t h e  compounds were s t u d i e d  

u s i n g  v a r i o u s  p r o p o r t i o n s  o f  aqueous phospha te  b u f f e r  pll 2.1 and 

methanol  w i t h  0.005 pen tane  s u l f o n i c  a c i d  o r  0.005 h e p t a n e  

s u l f o r i c  a c i d  o r  a mix tu re  of  0.0025 p e n t a n e  s u l f o n i c  a c i d  and 

0.0025 g hep tane  s u l f o n i c  a c i d  p r e p a r e d  by u s i n g  t h e  sodium s a l t s ,  

It  was found t h a t  pentarie s u l f o n i c  a c i d  would n o t  a l l o w  complete  

s e p a r a t i o n  of  5 - f l u o r o u r a c i l  and 5 - f l u o r o c y t o s i n e  from t h e  n e u t r a l  

compounds, whereas t h e  hep tane  s u l f o n i c  a c i d  and m i x t u r e  of  s u l f o n i c  

a c i d s  e f f e c t e d  t h e  s e p a r a t i o n .  The mix tu re  of s u l f o n i c  a c i d  sa l t s  

was used as t h i s  dec reased  t h e  a n a l y s i s  t i m e .  The e l u t i n g  p a t t e r n s  

of  t h e  compounds w i t h  v a r i o u s  p r o p o r t i o n s  o f  phospha te  b u f f e r  pH 2.1 

an< methanol ,  c o n t a i n i n g  0,0025 g hep tane  s u l f o n i c  acid/0.0025 

p e n t a n e  s u l f o n i c  a c i d  were s t u d i e d .  Fig.  1 i s  a g raph  o f  t h e  

c a p a c i t y  f a c t o r  

(k = , t = r e t e n t i o n  t ime  of compound, t = r e t e n t i o n  time 
t r  - t 

r 
of  s o l v e n t  f r o n t )  

p l o t t e d  a g a i n s t  t h e  p e r c e n t  of  methanol  i n  t h e  e l u e n t .  It can b e  

seen  t h a t  t h e  compounds which remain n e u t r a l  e l u t e  a s  r e s o l v e d  bands 

o n l y  when t h e  mobile  phase i s  v e r y  weak. In  o r d e r  t o  e f f e c t  a 

r e a s o n a b l e  s e p a r a t i o n  of  t h e  n e u t r a l  compounds and t o  m a i n t a i n  a 

s u i t a b l e  e l u t i o n  t i m e  f o r  t h e  p a i r e d  i o n i c  compounds, g r a d i e n t  

e l u t i o n  was used,  employing a h i g h  water c o n t e n t  a t  t h e  beg inn ing  

of t h e  e l u t i o n  and t h e n  i n c r e a s i n g  t h e  p e r c e n t  o f  m e t h a n o l i c  phase 

t o  remove t h e  p a i r e d  i o n i c  compounds from t h e  column. The most 

a p p r o p r i a t e  c o n d i t i o n s  are t h o s e  d e s c r i b e d  above i n  t h e  e x p e r i m e n t a l  

s e c t i o n .  The compounds are c l e a r l y  s e p a r a t e d  one from t h e  o t h e r ,  

and t h e  e l u e n t  was ana lysed  a t  two s e p a r a t e  wave leng ths ,  s i n c e  a l l  
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Figure 1 - Capacity Factor a s  a Function of Percent Methanolic Phase 

of the Eluent. 
Key: see Table 1 
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5-FLUOROURACIL AND 5-FLUOROCYTOSINE 1887 

t h e  compounds do n o t  absorb s t r o n g l y  a t  a s i n g l e  wavelength as 

can b e  seen from Fig.  2. The wavelength of 285 nm was s e l e c t e d  

because i t  i s  t h e  X m a x  f o r  5- f luorocytos ine  and c l o s e  t o  t h e  Amax 

f o r  5-methylcytosine and cy tos ine .  A l l  t h e  o t h e r  compounds have 

a p p r e c i a b l e  absorbance a t  254 nm. The r e t e n t i o n  times are given 

i n  t h e  f i g u r e  l e  end from which t h e  c a p a c i t y  f a c t o r  k and t h e  

s e l e c t i v i t y  a = - can be determined, where ka and k 

capac i ty  f a c t o r s  f o r  two compounds. The s e l e c t i v i t y  f a c t o r  had 

a v a l u e  g r e a t e r  than 1 f o r  a l l  a d j a c e n t  peaks. 

b 
ab 
ka 

are t h e  

Because of t h e  changing s o l v e n t  c o n d i t i o n s  and t h e  need 

f o r  r e - e q u i l i b r a t i o n  before  s t a r t i n g  a new e l u t i o n ,  i t  was decided 

t o  determine t h e  r e p r o d u c i b i l i t y  of t h e  a s s a y  f o r  5- f lurocytos ine  

by g r a d i e n t  e l u t i o n .  A sample of 5- f luorocytos ine  and 5-methyl- 

c y t o s i n e  prepared a s  descr ibed  i n  t h e  method s e c t i o n  w a s  chroma- 

tographed a number of times. The c o e f f i c i e n t s  of v a r i a t i o n  ( p e r c e n t )  

f o r  t h e  peak h e i g h t  r a t i o  of t h e  two w a s  3,97% (n = 12) .  

In  o r d e r  t o  s tudy  t h e  k i n e t i c s  of decomposition of a drug,  

high r e p r o d u c i b i l i t y  f o r  t h e  drug peaks i s  important  i n  o r d e r  t o  

q u a n t i f y  the  r e s u l t s ,  and t h e  peaks i n  t h e  degrada t ion  products  

should be separa ted  from the  drug peak. A t y p i c a l  i s o c r a t i c  

e l u t i o n  chromatogram, along wi th  t h e  r e t e n t i o n  times, i s  given i n  

Fig. 3. Under t h e s e  c o n d i t i o n s  u r a c i l ,  6-hydroxycytosine and 

5 - f l u o r o u r a c i l  were n o t  completely reso lved ,  however, they  were 

d i s t i n g u i s h a b l e  a t  254 nm. 

Q u a n t i t a t i o n  of 5 - f l u o r o u r a c i l  and 5- f luorocytos ine  w a s  

ob ta ined  from c a l i b r a t i o n  curves  i n  which t h e  peak h e i g h t  r a t i o  

d r u g l i n t e r n a l  s tandard  was p l o t t e d  a g a i n s t  t h e  drug concent ra t ion .  

There i s  a l i n e a r  r e l a t i o n s h i p  between t h e  peak h e i g h t  r a t i o s  of  

5 - f l u o r o u r a c i l  t o  5-methylcytosine over  t h e  range 0.125 t o  

1.00 x 

y = 0.3076 x - 0.001200 and t h e  c o r r e l a t i o n  c o e f f i c i e n t  is 0.9995. 

The c o e f f i c i e n t s  of v a r i a t i o n  (percentages)  at  0.125, 0.25, 0.5, 

0.75 and 1.00 x M are 3.99, 2.34, 1.47, 2,78 and 0.90 

r e s p e c t i v e l y .  There i s  a l s o  a l i n e a r  r e l a t i o n s h i p  between t h e  

peak he ight  r a t i o s  of 5- f luorocytos ine  and 5-methylcytosine over  

- M. The leas t - square  r e g r e s s i o n  f o r  t h e  curve  i s  
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I 2 5 4 n m , 0 - 0 . 5  AUFS 
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I- -- I 2 8 5 n m ,  0-0.2 AUFS 
1 I I 1 I I 1 1 
0 2 4 6 8 1 0 1 2 1 4  

M I N U T E S  

Figure 2 - Representa t ive  Chromatogram f o r  Gradien t  Elu t ion .  
S ,  s o l v e n t  f r o n t ,  I n j e c t i o n  event ,  arrow. Reten t ion  
t i m e s ,  min, t,,2.16; tVII,2.66; tVI,3.82; t 1 ~ 4 . 3 6 ;  
tV,4.82; t 9 .20;  t1~11.36;  t111~12.62. 
Key: see  * i i l e  1 
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5-FLUOROURACIL AND 5-FLUOROCYTOSINE 1889 

F i g u r e  3 

254n m, 0-0.5 AUFS 

Ip 

II I' 

m 

PT- 

285  n m, 0-0.2 AUFS 
11111 
0 2 4 6 8  

MINUTES 

R e p r e s e n t a t i v e  Chromatogram f o r  I s o c r a t i c  E l u t i o n .  
S, s o l v e n t  f r o n t ,  I n j e c t i o n  e v e n t ,  arrow. R e t e n t i o n  
times, min, t,,1.84; t ,2.04; tVI,2.38;  tV,2.44; 
t I , 2 .  52 ; t 1 1 ~ 3 . 7 6  ; t1~Yi!40; tIIIY5. 66. 
Key: see Tab le  1 
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1890 BIONDI AND NAIRN 

t h e  r ange  0.125 t o  1.00 x M. The l e a s t - s q u a r e  r e g r e s s i o n  f o r  

t h e  cu rve  is y = 0.9868 x +0.002312 and t h e  c o r r e l a t i o n  c o e f f i c i e n t  

i s  0.9999. The c o e f f i c i e n t s  of v a r i a t i o n  ( p e r c e n t a g e s )  a t  0.125, 

0.25, 0.5, 0.75 and 1.00 x M a r e  1.16, 1.03, 0.59, 0.82, 

0.35 r e s p e c t i v e l y .  

It h a s  been sugges t ed  t h a t  an i n t e r n a l  s t a n d a r d  i s  n o t  

needed i n  some c a s e s  i f  a f i x e d  loop  i s  used f o r  t h e  i n j e c t i o n  of 

t h e  samples. It  was found t h a t  t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  

t h e  i n d i v i d u a l  compound's peak h e i g h t  were g r e a t e r  t h a n  t h a t  of 

t h e  co r re spond ing  r a t i o  of d rug  t o  i n t e r n a l  s t a n d a r d  peak h e i g h t  

l i s t e d  above, which i n d i c a t e s  t h e  v a l u e  of  u s i n g  a n  i n t e r n a l  

s t a n d a r d  t o  minimize v a r i a t i o n s  d u r i n g  t h e  a n a l y s i s .  

I n  c o n c l u s i o n ,  t h e  above chromatographic  sys t em can be  

empl.oyed t o  s e p a r a t e  and i d e n t i f y  t h e  two d r u g s  and p o t e n t i a l  

decomposi t ion p r o d u c t s  u s i n g  g r a d i e n t  e l u t i o n .  

S t a b i l i t y  s t u d i e s  of 5 - f l u o r o c y t o s i n e  i n  a c i d i c  media 

employing t h e  above a n a l y t i c a l  p rocedure ,  show t h a t  t h e  on ly  

chromophoric p roduc t  is 5 - f l u o r o u r a c i l .  I n  n e u t r a l  and b a s i c  

media,  5 - f luo rocy tos ine  b r e a k s  down t o  g i v e  5 - f l u o r o u r a c i l  and 

non-chromophoric p r o d u c t s  ( 2 4 ) .  Consequent ly ,  i s o c r a t i c  e l u t i o n  

can be  used t o  s e p a r a t e  and q u a n t i f y  t h e  two compounds in t h e  

p re sence  of t h e i r  decomposi t ion p roduc t s .  
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