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APPLICATIONS O F  A MODIFIED "ISOHYDRIC SOLVENT SYS- 
TEM" I N  HPLC ON SILICA GEL FOR THE ANALYSIS OF THE 

MACROLIDE ANTIBIOTICS TURIMYCINS AND SPIRAMYCINS 

G.A. Bens, E. Crombez and P. D e  Moerloose 
Department of  Pharmaceutical  Chemistry 

and Drug Q u a l i t y  Control  
S t a t e  Un ive r s i ty  of Ghent, 

Hare lbekes t r aa t  72 ,  B-9000-GhentI Belgium 

ABSTRACT 

The behaviour of  some macrol ide a n t i b i o t i c s  i n  high- 
performance l i q u i d  chromatography on s i l i c a  g e l  using an 
i s o h y d r i c  e l u e n t  system and i t s  mod i f i ca t ions  are d e s c r i -  
bed. These mod i f i ca t ions  invo lve  water c o n t e n t  and d i e t h y l -  
amine c o n t e n t  v a r i a t i o n s  i n  t h e  e l u e n t ,  and a l s o  column t e m -  
p e r a t u r e  v a r i a t i o n s ,  using column packing material  previous-  
l y  desc r ibed .  Extent ion t o  o t h e r  t y p e s  of  s i l i c a  g e l  packing 
materials w a s  a l s o  performed. The experiments showed e x c e l -  
l e n t  r e s u l t s  f o r  t he  s e p a r a t i o n s  of  t h e  macrol ide a n t i b i o -  
t i c  complexes Turimycins and Spiramycins and proved t h a t  
t h e  chromatographic process i s  not  on ly  an adso rp t ion  one 
b u t  t h a t  p a r t i t i o n i n g  e f f e c t s  a l s o  p l a y  an impor t an t  r o l e .  

- I N T R O D U C T I S  

The problem of s e p a r a t i o n  of v a r i o u s  macrol ide a n t i b i o -  
t ics  i s  f r e q u e n t l y  encountered. I n  s e v e r a l  i n s t a n c e s ,  t h e  e f ,  
f i c i e n c i e s  of  t h e  s e p a r a t i o n s  by high-performance t h i n - l a y e r  

chromatography ( H . P . T . L . C . )  and high-performance l i q u i d  ch ro  

matography (H.P.L.C.) are n o t  s a t i s f a c t o r y  due t o  t h e  s i m i l a  
s t r u c t u r e s  and l a r g e  molecular weights  o f  t h e s e  components. 
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1450 BENS, CROMBEZ, AND DE MOERLOOSE 

N a m e  

Spiramycin 1 
2 

3 

Turimycin H 2  

H3 

H 4  

H5 

S t r u c t u r e  of Spiramycin and Turimycin Macrolide Antibio- 
t i c s  

-- 
Abbre - 
v i a t e d  R1 
name 

Sp 1 H 

Sp 2 COCH3 

Sp 3 COCH2CH3 

-- 

- 

H 2  H 

H 3  H 

H 4  H 

H5 H 
~- 

- 

R 3  

s1 

s1 
- s1 

S1 
S1 
Sl 

S1 

The i n t r o d u c t i o n  of t h e  i s o h y d r i c  s o l v e n t  system 
theory by Thomas e t  a l .  ( 1 - 4 )  a s  an al l - round e l u e n t  s y s -  
t e m  on s i l i ca  g e l ,  prompted u s  t o  i n v e s t i g a t e  t h e  a p p l i -  
c a t i o n  of t h i s  t heo ry  t o  t h e  s e p a r a t i o n  of two macrolide 
a n t i b i o t i c  complexes: Turimycins and Spiramycins (5-10 ) 

(Table I ) . 
During t h e s e  i n v e s t i g a t i o n s  it became clear t h a t  s e -  

v e r a l  chromatographic parameters  could be improved t o  a 
g r e a t  e x t e n t  by rnodifyinq t h e  o r i g i n a l  i s o h y d r i c  s o l v e n t  
sys  t e m  . 

R4 

COCH3 

COCH2CH3 

COCH2CH2CH3 

COCH2CH (CH3) 

Table I 

- 

R 2  

s 2  

s 2  

s2  

- 

- 
H 

H 

H 

H 
- 

s1 
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ISOHYDRIC SOLVENT SYSTEM IN HPLC 1451 

EXPERIMENTAL 

High-Performance Liquid Chromatography 

A Varian 4 1 0 0  l i q u i d  chromatograph o r  a S p e c t r a  Phy- 
s i c s  SP 8000 l i q u i d  chromatograph w a s  used, equipped w i t h  
a v a r i a b l e  wavelength d e t e c t o r  (Varichrom, Varian,  Palo 
Al to ,  C a r  U S A ) ,  set  a t  232 nm. 

The temperature of t h e  column w a s  c o n t r o l l e d  us ing  
a waterbath (Varian)  o r  a hea ted  a i r  oven (Spectra-Phy- 
s i c s ) .  Samples, d i s so lved  i n  t h e  e l u e n t ,  w e r e  i n j e c t e d  
using a s i x  way V a l c o  v a l v e  w i t h  a sample loop of 20 mm . 3 

- Reagents and Materials 

- Di-isopropylether ,  methanol and iso-octane w e r e  of ana- 

- Diethylamine (U.C.B.  , B r u s s e l s ,  Belgium) and water were 

- Column packing materials : 

l y t i c a l  grade (Merck, Darmstadt, G.F.R.) 

d e s t i l l e d  i n . a n  a l l - g l a s s  appa ra tus  p r i o r  t o  use 

- S p h e r o s i l  - - ----- --------- XOA-600 ( 5  u m )  (P ro labo ,  Pa r i s ,  France) , 
s p h e r i c a l  porous s i l i c a  gel, s p e c i f i c  s u r f a c e  area, 

580 m 2 / g ,  mean pore diameter  9 0  A 
- & & C , ~ E O , S , ~ : ~  S i  6 0  ( 5  prd(Merck, Darmstadt, G.F.R.) ir- 

r e g u l a r  s i l i c a  gel, s p e c i f i c  s u r f a c e  area,  500 m /g ,  
mean pore diameter  60  A 

- Lichrggpher S i  100 ( 5  urn) (Merck, Darmstadt, G . F . R . )  

2 

s p h e r i c a l  porous s i l i ca  g e l ,  s p e c i f i c  s u r f a c e  area 
250 m / g r  mean pore diameter  100 A 2 

- Spherisogb-g-2; ( 5  u m )  (Phase S e p a r a t i o n s ,  Queensfer-  
r y ,  U.K.) s p h e r i c a l  porous s i l i c a  g e l ,  s p e c i f i c  s u r -  
f a c e  a r e a  2 2 0  m /g, mean po re  diameter  80 A 

- Columns (150 mm x 4 . 6  mm I . D . ,  s t a i n l e s s - s t e e l  t u b i n g  
w i t h  2 u m  p o r o s i t y  f r i t s )  w e r e  f i l l e d  by means of  a 
s l u r r y  technique ( s l u r r y  : 2 g s i l i c a  g e l  i n  15 m l  car- 
b o n t e t r a c h l o r i d e  :methanol ( 8 0 :  2 0 )  , methanol as p r e s s u r i -  

2 
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1452 BENS, CROMBEZ, AND DE MOERLOOSE 

z ingso lven t ,  upward f i l l i n g ) .  
- Spiramycins : bulk powders and pure components were ob- 

t a i n e d  from S.P.E.C.I.A. (Pa r i s ,  France) 
- Turimycins ~: bulk powders and pure components were ob- 

t a i n e d  from D r .  F r i c k e ,  Forschungszentrum fiir  Moleku- 
l a r b i o l o g i e  und Medizin, Jena,(G.D.R.) 

RESULTS A N D  D I S C U S S I O N  

A normal i s o h y d r i c  e l u e n t  system is  a combination 
of t w o  i s o h y d r i c  s o l v e n t  mix tu res ,  one a p o l a r  and t h e  
o t h e r  p o l a r  i n  n a t u r e  (1,3). The o r i g i n a l  i s o h y d r i c  e l u -  
e n t  used i n  ou r  experiments c o n s i s t e d  of t h e  a p o l a r  mix- 

t u r e  A[ Di-isopropylether  : iso-octane (500 :500) ] and t h e  po- 
l a r  mixture B [ Di-isopropy1ether:methanol:water ( 5 0 0 : 4 7 4 :  

2 6 ) ] .  To suppres s  t h e  i o n i z a t i o n  of  t h e  b a s i c  f u n c t i o n s  
i n  t h e  macrolide molecules,  0 . 2  % diethylamine w a s  added 
t o  each combination of A and B. 

A f i r s t  t r i a l  f o r  t h e  s e p a r a t i o n  of  t h e  Turimycin and 
the  Spiramycin group was made by p l o t t i n g  t h e  c a p a c i t y  f a c -  
t o r s  of  t he  va r ious  a n t i b i o t i c s  as a function of  t h e  i n v e r s e  
of t h e  molar water f r a c t i o n ,  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  
of mixture B i n  t h e  e l u e n t .  A s  po in t ed  o u t  by Thomas e t  a l . ,  

t h e r e  was a l i n e a r  r e l a t i o n s h i p  between t h e  c a p a c i t y  f a c t o r s  
and t h e  inve r se  of t h e  molar water f r a c t i o n  i n  t h e  e l u e n t .  
A r e p r e s e n t a t i o n  of t h i s  phenomenon f o r  t h e  Spiramycins i s  
given i n  f i g u r e 1  . A m i x t u r e  of about  70  t o  80 p e r  c e n t  A 

and 30 t o  2 0  p e r  c e n t  B showed t h e  b e s t  r e s u l t s  f o r  t h e  se- 
p a r a t i o n  of Spiramycins and Turimycins. Figure I1 g i v e s  as an 
example, t h e  s e p a r a t i o n  of Turimycins on 80A-20B. To i m -  
prove t h e  r e s o l u t i o n  between Turimycins H 4  and H 5  and t h e  
Spiramycins 2 and 3 ,  t h e  e f f e c t s  of  water c o n t e n t  and d i e -  
thylamine concen t r a t ion  of t h e  e l u e n t  w e r e  s t u d i e d  and a l -  
so  t h e  e f f e c t  of column temperature  v a r i a t i o n ,  as t h e s e  sho- 
wed t o  be important  t o  improve t h e  column e f f i c i e n c y .  
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FIGURE I1 

Separa t ion  o f  components o f  a Turimycin bulk  powder 
( H 5 ,  H 4 ,  H 3  and H 2 ,  X : unknowns) 
C o l u m n  : S p h e r o s i l  XOA 6 0 0 ,  5 pm, 150 mm x 4 . 6  I . D .  
E l u e n t  : 80A-20B wi th  0 . 2  % d ie thy lamine  (B w i t h  2 .6  % 

Flow : 1.0 ml.min 
Detec t ion  : 2 3 2  nm 
Temperature : ambient 
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1454 BENS, CROMBEZ, ANTI DE MOERLOOSE 

Var ia t ion  of t h e  water c o n t e n t  o f  mixture  B - 

When using an i s o h y d r i c  e l u e n t  system as desc r ibed  
(1) , t h e  a c t i v i t y  of t h e  adso rben t  i s  equa l  t o  one (cia= 
1) by d e f i n i t i o n .  Normally, t o  be i s o h y d r i c ,  mixture B 

should c o n t a i n  2 . 6 0 4  % of water and mixture  A a n e g l i -  
gable  amount of  0.004 % o f  water. By a l t e r i n g  t h e  amount 
of water i n  mixture B ,  t h e  a c t i v i t y  of t h e  adso rben t  i s  
a l s o  changed. T o  s t u d y  t h i s  e f f e c t  on t h e  d i f f e r e n t  ma- 
c r o l i d e  a n t i b i o t i c s ,  t h e  water c o n t e n t  of mixture  B w a s  
changed i n  fol lowing s t e p s  : 0 %-0.65 %-1.3 %-2.6  % 

( aa  = 1 ) - 3 . 9  % and 4.55 % water i n  mixture  B .  At 5.2. % 

water i n  mixture 8, demixing w a s  n o t i c e d  when adding A 

and B t o g e t h e r  at a r a t i o  of 7 0  A and 30 B. 
I n  c o n t r a d i c t i o n  w i t h  t h e  adso rp t ion  theo ry  of Tho- 

m a s  e t  a l . ,  t h e  c a p a c i t y  f a c t o r s  of the Turimycins and 
Spiramycins d i d  no t  dec rease ,  b u t  t hey  showed a n  i n c r e a -  
se with i n c r e a s i n g  water c o n t e n t  of mixture  B.  Th i s  e f -  
f e c t  can be seen i n  f i g u r e  111,wherecapacity f a c t o r s  of 

“‘t 
I1 I 

FIGURE I11 --- 
Capacity f a c t o r s  (k’) of Spiramycins (I) and Turi-  
mycins (11) as a func t ion  of t h e  w a t e r  c o n t e n t  of 
mixture B ( Eluent :  7 0 A - 3 0 B I  wi th  0 . 2 %  diethylamine)  
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ISOHYDRIC SOLVENT SYSTEM I N  HPLC 1455 

TABLE I1 

Column-efficiencies (N) and Resolut ions (R ) f o r  S p i r a -  
mycins and Turimycins as a Function of  t h e  Pgrcentane of 
Water i n  Mixture B 

% Water 
i n  

mixture B 

0 % 

0 . 6 5  % 

1.30 % 

2 . 6 0  % 

3 .90  % 

4.55 % 

- 

-- 

H3 

- 
1 4 9 1  

2567 

35 70 

29 76 

2376 

RS H4'- H5 

0 . 5 6  

1 . 2 7  
1.58 

Turimycins and Spiramycins are given as a function of t h e  
water  con ten t  i n  mixture B a t  t h e  same p ropor t ion  (70 :30)  

of mixtures  A and B and wi th  t h e  same amount of organ ic  
base ( 0 . 2  % diethylamine)  i n  t h e  e l u e n t .  From t a b l e  I1 

one may a l s o  n o t i c e  t h a t  t h e  e f f i c i e n c y  of  t h e  column 
w a s  maximal f o r  2.6 % water  i n  mixture  B f o r  t h e  Turi-  
mycins ( c a l c u l a t e d  on Turimycin H ) and f o r  1 . 3  % water 
i n  mixture B f o r  t h e  Spiramycins ( c a l c u l a t e d  on Spiramy- 
c i n  1) . Nevertheless ,  t h e  r e s o l u t i o n s  between Turimycins 
H 4  and H5 and Spiramycins 2 and 3 w e r e  opt imal  f o r  4.55 % 

water i n  mixture  B.  This improvement i n  r e s o l u t i o n  wi th  
less e f f i c i e n c y  i s  t h e  r e s u l t  of  t h e  important  con t r ibu -  
t i o n  of t h e  c a p a c i t y  f a c t o r  and s e l e c t i v i t y  terms i n  t h e  
equa t ion  of t h e  r e s o l u t i o n t  

3 

An example of t h i s  e f f e c t  i s  shown i n  f i g u r e I V  where 
chromatograms are given of t h e  s e p a r a t i o n s  o f  Turimycins 
a t  2 .6  % w a t e r  and 4.55 % w a t e r  i n  mixture  B. 
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1456 BENS, CROMBEZ, AND DE MOERLOOSE 

t 
aoiw 1 

11 li 
7 I 

FIGURE IV_ 

I n f l u e n c e  of t h e  w a t e r  c o n t e n t  of mix tu re  B on t h e  
s e p a r a t i o n  of  Turimycins .  
Column : S p h e r o s i l  XOA 6 0 0 ,  5 pm, 150  mm x 4 . 6  mm I . D .  
E l u e n t  : 70A-30B (B w i t h  2.60 % H 0 (I)  and w i t h  4 . 5 5  % 

Flow : 1.0 ml.min-I 
De tec t ion  : 232 nm 
Temperature : ambient  

-- 
H 0 (11)), w i t h  0 . 2  % dieghylamine  2 

-- 
--- 

V a r i a t i o n  o f  t h e  d i e thy lamine  c o n c e n t r a t i o n  i n  t h e  e l u e n t  

The i n f l u e n c e  o f  t h e  c o n c e n t r a t i o n  of  o r g a n i c  base 
i n  t h e  e l u e n t  on c a p a c i t y  f a c t o r s ,  e f f i c i e n c y  and r e s o l u -  
t i o n  was s t u d i e d ,  by add ing  d i f f e r e n t  amounts o f  d i e t h y l -  
amine t o  t h e  o r i g i n a l  i s o h y d r i c  mix tu re  (70A-30B; 2.6 % 

water i n  B ) .  The e f f e c t  on t h e  c a p a c i t y  f a c t o r s  of T u r i -  
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I I1 

I t I t 
0 001  a05 0.1 0.2 0!3 a , ( W 2 N H  o i i  obs ki a2 23 %(C2H51$dH 

in eluent In dumt 

FIGURG V 

I n f l u e n c e  o f  d i e thy lamine  c o n c e n t r a t i o n  i n  t h e  e l u e n t  
on t h e  c a p a c i t y  f a c t o r s  (k') o f  Spi ramycins  ( I )  and 
Turimycins  (11) ( E l u e n t  : 70A:30BI w i t h  2.6 % H 2 0  i n  B )  

mycins and Spi ramycins  are g iven  i n  f i g u r e  V .  From t h i s  

f i g u r e  one can  see t h a t  t h e  Spi ramycins  do n o t  e l u t e  
from t h e  column when t h e r e  i s  no d i e thy lamine  i n  t h e  
e l u e n t ,  due t o  t h e i r  supplementary basic f u n c t i o n  i n  t h e  
forosamine s u g a r  moiety (S2;  see t a b l e  I ) ,  w h i l e  Turimy- 
c i n s  e l u t e  w i t h i n  a r e a s o n a b l e  t i m e .  I n  t a b l e 1 1 1  it can  
be seen  t h a t  t h e  r e s o l u t i o n  i s  n o t  maximal f o r  concen t r a -  

t i o n s  o f  d i e thy lamine  f o r  which column e f f i c i e n c y  i s  ma- 
x i m a l  (0.05 % d ie thy lamine  i n  t h e  e l u e n t ) ,  due t o  a g r e a t  
c o n t r i b u t i o n  of t h e  c a p a c i t y  f a c t o r s  i n  t h e  e q u a t i o n  o f  

t h e  r e s o l u t i o n .  FigureVI r e p r e s e n t s  t h e  s e p a r a t i o n s  o f  Spi,- 
ramycins  a t  0 . 3  % and 0.05 % d i e t h y l a m i n e  i n  t h e  e l u e n t ,  
showing extreme d i f f e r e n c e s  i n  e f f i c i e n c i e s  f o r  s l i g h t  
d i f f e r e n c e s  i n  base c o n c e n t r a t i o n s .  

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



-- 
i n  the e l u e n t  
% Diethylamine N Sp 1 Rs Sp 2 - Sp 3 

r 

.- 

- 
0 %  - - 
0.01 % 2 9 2 0  2.75 

0.05 % 3 8 3 0  2 . 5 4  

0.1 % 3292 2 .05  

0 . 2  % 2328 1 . 4 6  

0 . 3  % 107  2 0 . 9 5  

I 0.3VoDEP 

N H 3  

3414 

36 77 
4 8 2 0  

3910 

3 0 1 1  

2228  

RS H 4  - H 5  

1 . 2 9  

1 . 0 6  

0 . 8 3  

0 .57  

- 

F I G U R E  VI 

I n f l u e n c e  of t h e  d i e thy lamine  c o n c e n t r a t i o n  of t h e  
e l u e n t  on t h e  s e p a r a t i o n  of Spi ramycin  a n t i b i o t i c s  
( E l u e n t  70A:30B; B w i t h  2 .6  % H 2 0 )  
I : 0 . 3  % D . E . A .  

I1 : 0.05 % D.E:A.  low : 1.0 ml.min-1 
D e t e c t i o n  : 2 3 2  nm 
Tempera ture  : ambient  
-I_- 
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ISOHYDRIC SOLVENT SYSTEM IN HPLC 1459 

FIGURE V I I  

I n f luence  of column temperature  on t h e  c a p a c i t y  f ac -  
t o r s  (k') o f  Spiramycins ( I )  and Turimycins (11). 
E luen t  : 70A:30BI with 0.05 % diethylamine ( B  w i th  
2 . 6  % H 2 0 )  

V a r i a t i o n  of  column temperature  

The e f f e c t  of column temperature  v a r i a t i o n  on t h e  se- 
p a r a t i o n  of t h e  macrolide a n t i b i o t i c  complexes w a s  inves- 
t i g a t e d  using t h e  o r i g i n a l  i s o h y d r i c  e l u e n t  system, i . e .  
t h e  combination 70 A - 30 B, whereas B con ta ined  2.6 % w a -  
ter ,  but  with 0.05 % diethylamine.  A s  t h i s  i s  a l r e a d y  a 
p a r t i a l l y  opt imized system (0.05 % diethylamine i n s t e a d  o f  
0.2 % o r i g i n a l l y )  , t h e  r e s u l t s  of  temperature  v a r i a t i o n  
were n o t  as s p e c t a c u l a r  as f o r  water- and diethylamine 
c o n t e n t  v a r i a t i o n  (F igu re  VII)  .Capacity f a c t o r s  s l i g h t l y  
decreased with i n c r e a s i n g  column temperatures  b u t  t h e  se- 
l e c t i v i t i e s  f o r  t h e  p a i r s  : 

H5 k '  H5 
H 4  k H 4  H5-H4 (a / = T--) remained p r a c t i c a l l y  unchanged. 

I n  t a b l e r v i t c a n  be seen t h a t  t h e r e  i s  a n  optimum 
a t  35OC f o r  Turimycins and f o r  Spiramycins a t  h i g h e r  t e m -  
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1460 BENS, CROMBEZ, AND DE MOERLOOSE 

I I1 

I11 IV \ *3 I I 
F I G U R E  V I I I  

Separation of Spiramycins on four types of silica 
ael columns. 
Eluent : 70A-30B with 0.05 % diethylamine ( B  with 

4.55 % H70) 
-- Flow : 1.0 ml.minel. 
Detection : 232 nm 
Tempera&= : 45OC 
Columns : 150  mm x 4.6 mm I . D .  

---- 

I : Lichrosorb Si60 
I1 : Spherosil XOA 600 

I11 : Lichrospher Silo0 
IV : Spherisorb S-5-W 
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ISOHYDRIC SOLVENT SYSTEM IN HPLC 1461 

TABLE I V  

Column-efficiencies ( N )  and Reso lu t ions  (R ) f a r  Sp i r a -  
mycins and Turimycins a s  a Function of t h e  C8lumn Tempera- 
t u r e  

tempe- 
r a t u r e  
25 OC 

35OC 
45 OC 

55OC 
1 6 5 ° C  

1.07 
3930 4815 1.19 
4 900 4715 1.15 
5841 4769 1.13 
6776 2.88 4615 1.09 - 

p e r a t u r e s  I b u t  t h e  r e s o l u t i o n  w a s  s a t i s f a c t o r y  even a t  
lower temperatures .  

E f f e c t  o f  t h e  s i l i ca  g e l  adso rben t  - 
With an optimized e l u e n t  system, c o n s i s t i n g  of 70A - 

30B (with 4.55 % water i n  mixture B and 0.05 % d i e t h y l -  
amine i n  t h e  t o t a l )  and a column temperature  of 45OC, 

f o u r  types  of s i l i c a  g e l  w e r e  compared t o  i n v e s t i g a t e  
t h e  c o n t r i b u t i o n  of t h e i r  s p e c i f i c  s u r f a c e  area o r  t h e i r  
pore diameter  on t h e  s e p a r a t i o n  o f  t h e  group o f  Spiramy- 
c i n s .  E x c e l l e n t  s e p a r a t i o n s  were ob ta ined  w i t h  t h e  d i f -  
f e r e n t  t y p e s ,  b u t  a r e l a t i o n s h i p  between t h e  c a p a c i t y  
f a c t o r s  and po re  diameters  o r  s p e c i f i c  s u r f a c e s  could 
n o t  be foun t  (F igu re  V I I I )  . 

- CONCLUSION 

Using a modified i s o h y d r i c  e l u e n t  systeml Turimy- 
c i n  and Spiramycin macrolide a n t i b i o t i c s  are w e l l  sepa- 
r a t e d  and both adsospt ion-  and p a r t i t i o n  e f f e c t s  are 
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1462 BENS, CROMBEZ, AND DE MOERLOOSE 

observed. When p l o t t i n g  k '  -values  a g a i n t s t  t h e  percen- 
t age  of water i n  mixture  B ,  one may n o t i c e  t h a t  t h e  
cu rva tu re  obtained has t h e  same s lope  as t h e  water ad- 
s o r p t i o n  isotherm of s i l i c a  g e l  (11) (F igure  111). 

Two hypotheses can be p u t  forward. The f i r s t  one 
i s  t h a t  capac i ty  f a c t o r s  ( o r  r e l a t i v e  r e t e n t i o n s  on 
t h e  column) of Spiramycins and Turimycins are i n c r e a -  
s i n g  wi th  i n c r e a s i n g  water c o n t e n t  of mixture  B ,  due 
t o  a p a r t i t i o n i n g  p rocess .  I n  t h e  second hypo thes i s ,  
one may b e l i e v e  t h a t  t h e  i n c r e a s e d  water c o n t e n t  of 
mixture B (and hence i n c r e a s e d  mass of water on t h e  
s i l i ca  g e l  s u r f a c e ) ,  d e c r e a s e s  t h e  mass of diethylami-  
ne adsorbed on t h e  s i l i c a  g e l  s u r f a c e .  As a r e s u l t  of 

t h i s  decreased diethylamine c o n c e n t r a t i o n ,  t h e  r e t en -  
t i o n  t i m e s  of Spiramycins and Turimycins i n c r e a s e  as 
evidenced by t h e  d a t a  ob ta ined  when t h e  diethylamine 
concen t r a t ion  w a s  v a r i e d .  (see : V a r i a t i o n  of t h e  d i e -  
thylamine concen t r a t ion  i n  t h e  e l u e n t ) .  

The f i r s t  hypo thes i s  was s t a t e d  by fo l lowing  ex- 
per iments  : a s  on ly  Turimycins d i d  e l u t e  from t h e  co- 
lumn a t  0 % diethylamine i n  t h e  e l u e n t  (see : Varia; 
t i o n  o f  t h e  diethylamine c o n c e n t r a t i o n  i n  t h e  e l u e n t ) ,  
Turimycins H 5  and H3 were used t o  check t h e i r  behaviour 
with d i f f e r e n t  water concen t r a t ions  i n  t h e  e l u e n t  a t  
0 % diethylamine.  As can be seen from t a b l e  V, where 
c a p a c i t y  f a c t o r s  of Turimycins H5 and H3 are given as 
a f u n t i o n  of t h e  percentage of  water i n  mixture B a t  

0 % diethylamine,  t h e  c a p a c i t y  f a c t o r s  i n c r e a s e d  with 
i n c r e a s i n g  water c o n t e n t  of t h e  e l u e n t ,  i n d i c a t i n g  a pa r -  
t i t i o n i n g  p rocess .  

Neve r the l e s s ,  t h i s  may n o t  exclude t h e  f a c t  t h a t  d i -  
ethylamine may be washed o u t  a t  h i g h e r  water l e v e l s  i n  
the  e l u e n t  and produce h ighe r  r e t e n t i o n s  of t h e  macrol i -  
des. 
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ISOHYDRIC SOLVENT SYSTEM IN HPLC 1463 

TABLE V 

Capaci ty  f a c t o r s  of Turimycins H5 and H3 as a Funtion of 
t h e  Percentage of Water i n  Mixture B a t  0 % Diethylamine 
i n  t h e  Eluent  

% Water i n  
mixture B 

0 %  

0.65 % 

1.30 % 

2.60 % 

3.90 % 

4.55 % 

k '  H5 

1.39 
2.02 
2.15 
2.49 
2.97 
4.06 

k '  H3 

2.28 
3.53 
3.97 
4.67 
5.93 
8.33 

A water l a y e r  i s  b u i l d  up on t h e  s i l i ca  g e l  s u r f a c e  
and i n s t e a d  of  adso rp t ion  chromatography on a h i g h l y  de- 
a c t i v a t e d  adsorbent  o f  which t h e  a c t i v i t y  i s  k e p t  con- 
s t a n t ,  mixed mechanisms of a d s o r t i o n  and p a r t i t i o n  t a k e  
p l ace .  

Temperature e f f e c t s  are of minor i n f l u e n c e ,  when 
us ing  very low amounts (0.05 8 )  of o r g a n i c  base  i n  t h e  
e l u e n t ,  bu t  they may c o n t r i b u t e  t o  a g r e a t  e x t e n t  t o  
the  e f f i c i e n c y  of t h e  column when us ing  up t o  0.3 % o f  
o r g a n i c  base i n  t h e  e l u e n t .  This can be exp la ined  by a 
lower uptake of  base by t h e  s i l i c a  gel a t  h i g h e r  tempe- 
r a t u r e s  as low o rgan ic  base concen t r a t ions  g i v e  very 
high p l a t e  numbers f o r  t h e  column. 

Although t h e  i s o h y d r i c  s o l e n t  t heo ry  w a s  based on 
the  use of  one p a r t i c u l a r  s i l i c a  g e l  ( S p h e r o s i l  XOA 600)  
o t h e r  s i l i c a  g e l s  may be used, r e s u l t i n g  i n  s imula r  se- 
p a r a t i o n  p o s s i b i l i t i e s .  

For t h e  moment, t h e  same experiments  are performed 
i n  our  l a b o r a t o r y  on a g r e a t  number of  b a s i s  drugs and 
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1464 BENS, CROMBEZ, AND DE MOERLOOSE 

t h e  u s e  of t h e s e  i s o h y d r i c  s y s t e m s  i n  h i g h - p e r f o r m a n c e  

t h i n - l a y e r  chromatography o n  s i l i c a  g e l  i s  a l so  u n d e r  

i n v e s t i g a t i o n .  R e s u l t s  w i l l  be p r e s e n t e d  i n  a n e x t  pa- 
p e r .  
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