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ABSTRACT 

Lipophilicity of amino acids was determined by 
reversed-phase thin-layer chromatography using silica, 
aluminium oxide, cellulose, diatomaceous earth and 
their mixtures as supports with water as eluent. 

To compare the retention behaviour of supports 
principal component analysis /PCA/ was applied. The 
potency order and the selectivity of support mixtures 
wa6 CalCUlat6d by the spectral map technique. Linear 
and logarithmic correlations were calculated between 
the first PCA loadings and the potency values as de- 
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1920 GULLNER ET AL. 

pendent variables and the composition of supports as 
independent variables. 

The first eigenvalue explained more than 9% of 
the total variance that is only one hidden factor in- 
fluenced decisively the retention. On the basis of 
structural differences the retention strength of ami- 
no acids on support mixtures can not be explained ad- 
equately. The first principal component responsible 
for the 90% of change in the retention of amino acids 
is related to the logarithm of support cornposition 
that is the sorbente retain their original adsorptive 
character also after impregnation. 

INTRODUCTION 

Quantitative Structure-Activity Relationship 
/QSAR/ studies have found growing acceptance in the 
up-to-date drug design. Numerous molecular parameters 
have been applied in QSAR calculations, but in the 
majority of caaes the lipophilicity showed the strong- 
est correlation with the biological activity /1-3/. 

Different methods have been developed to deter- 
mine the lipophilicity of bioactive compounds as the 
partition between water and n-octanol /4/, reversed- 
phase thin-layer chromatography /RPTLC/ /5-9/, high- 
performance liquid chromatography /10-12/, and gas- 
liquid chromatography /13-15/. !Che chromatographic 
methods have some advantages, they are rapid and ac- 
curate, the bioactive compounds need not to be very 
pure and the investigation requires only a fairly 
low quantity. However, in RPTLC the adsorptive char- 
acteristics of support can exert high influence on 
the retention also after impregnation /16,17/. In 
ca8e of 5-nitro-imidaeole derivatives it was proved 
that the quality of impregnation agent influenced 
considerably the % value, the correlations between 
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MIXED SUPPORTS IN CHROMATOGRAPHY OF AMINO ACIDS 1921 

t he  o r d e r  of % values  determined on s i l i c a  plates  
impregnated with var ious l i p o p h i l i c  agents  were very 
good /la/. I n  the  case o f  p o l a r  compounds not  only 
the adsorpt ive s t r eng th  but a l s o  t he  sur face  pH val-  
ue of supports exer t s  a marked inf luence on the  l i po -  
p h i l i c i t y  determination /19/. The l i p o p h i l i c i t y  de- 
termination of amino acids by RPTLC showed some unex- 
pected d i f f i c u l t i e s ,  t h e  r e t en t ions  o f  amino acids 
were low on impregnated s i l i c a  s u p p o r t  most frequent- 
l y  used i n  RPTLC i n  common e luent  systems /20,21/, 
therefore  water insoluble  a lcohols  sa tura ted  with wa- 
t e r ,  w i t h  a c e t i c  acid o r  with ammonia so lu t ions  were 
a p p l i e d  as e luents  /22,23/. Ion par ing w i t h  t r i f l u o r o  
a c e t i c  acid has been appl ied t o  overcome problems 
with s t reaking  and t o  ob ta in  b e t t e r  separa t ion  /24/. 

Retention s t r eng th  and s e l e c t i v i t y  o f  supports 
determined experimentally depend considerably on the  
experimental condi t ions and on t h e  so lu t e s  i nves t i -  
gated /25/. With large number of supports and solu- 
t e s  computer a s s i s t ed  mul t iva r i a t e  techniques o f f e r  
t h e  unique p o s s i b i l i t y  t o  evaluate  a l l  r e t e n t i o n  data 
simultaneously /26/. Retention s t r eng th  o f  supports  
can be expressed by the  r e t e n t i o n  of  a number o f  so- 
l u t e s .  The usage o f  r e t e n t i o n  spec t ra  i s  aimed a t  
grouping of those supports which share the  same /pos- 
s i b l y  unknown/ mechanism o f  re ten t ion .  Usually the  
information on the  s p e c t r a l  p rope r t i e s  i s  dis turbed 
by the r e l a t i v e  r e t en t ion  s t r eng th  o f  supports  and 
f o r  t h i s  reason any c l a s s i f i c a t i o n  procedure has t o  
be preceeded by the  separa t ion  o f  the  r e l a t i v e  re-  
t e n t i o n  s t rength  from the r e t en t ion  mechanism. The 
technique o f  spec t r a l  mapping complies w i t h  these  re-  
quirements /27/. This technique has been succesfu l ly  
appl ied t o  c l a s s i f y  e luents  i n  IipTLC /28/ and t o  com- 
pare the  r e t en t ion  c h a r a c t e r i s t i c s  o f  some covalent ly  
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1922 GULLNER ET AL. 

bonded s i l i c a  /29/. The o b j e c t i v e s  o f  t h i s  work were 
t o  s tudy  t h e  e f f e c t  o f  mixed s u p p o r t s  on t h e  l i p o -  
p h i l i c i t y  de te rmina t ion  o f  the amino a c i d s .  

MATERIALS AND TLI3THODS 

The fol lowing chromatographic s o r b e n t s  w e r e  app- 
l i e d :  Kieselgel 60 G /Merck/, MN-Aluminium oxide  G 
/Macherey-Nagel/, C e l l u l o s e p u l v e r  hQ? 300 /Macherey- 
Nagel/ and Kieee lgur  G /Merck/. The compoeition o f  
mixed s u p p o r t s  is shown i n  Table 1. 

A s o l u t i o n  of  10% p a r a f f i n  o i l  i n  n-hexane was 
added t o  each mixed suppor t  t o  o b t a i n  9:l suppor t :  
p a r a f f i n  o i l  weight r a t i o .  These suspens ions  were 
shaken overn ight  a t  room tempera ture  t h e n  t h e  n-hex- 
ane w a s  removed i n  a rotary vacuum evapora tor .  Lay- 
e r e  of  0.25 mm t h i c k n e s s  were prepared  on 20 x 20 cm 
g l a s s  p l a t e s  from each impregnated sorbent .  

3 3 r a t i o n  of 1 mg/cm , 5 mm o f  each s o l u t i o n  was spot -  
Amino a c i d s  were d i s s o l v e d  i n  w a t e r  a t  a concent- 

TABLE 1 

Composition of  Mixed Suppor ts  / i n  % / 

No. o f  Aluminium K i e s e l g e l  C e l l u l o s e  K i e s e l g u r  
support  oxide 

1 50 
2 50 
3 50 
4 50 
5 50 
6 50 
7 50 
8 30 
9 70 

25 25 
25 25 

25 25 
16.6 16.6 16.6 

50 
50 

50 
70 
30 
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MIXED SUPPORTS IN CHROMATOGRAPHY OF AMINO ACIDS 1923 

ted on the plates. Distilled water served as eluent. 
After development the plates were dried at 105OC and 
the amino acids were detected by ninhydrin reagent. 
For each experiment five independent parallel determi- 
nations were carried out .  

taking into consideration simultaneously the retention 
strength and selectivity of supports principal compo- 
nent analysis /PCA/ / 30 /  wae applied to the data mat- 
rix /lOO.Rf values of 21 amino acids on 9 different 
mixed supports/. 

To treat separately the retention strength and 
selectivity the spectral map technique wtis applied. To 
elucidate the role of support composition in the re- 
tention behaviour linear and logarithmic correlations 
were calculated between the first PCA loadings and po- 
tency values of spectral map as dependent variables 
and the composition data of Table 1. as independent 
variables. 

To compare the retention behaviour of supports 

RESULTS AND UISCUSSION 

Some results of principal component analysis we 
compiled in Table 2. The first eigenvalue explains 
more than 90% of total variance that means that only 
one hidden factor influence at 90% level the retention 
of all amino acids on each support. The two dimension- 
al linear map of supports shows clearly that support6 
1, 3 and 4 exhibit similar retention behaviour and 
support 8 deviates the moet strongly from the others 
/Fig. 1./. The two dimeneional map of PCA variables 
shows the distribution of amino acids taking into 
consideration simultaneouely their retentions on the 
9 support mixtures. The amino acids without any addi- 
tional functional group /Gly, Ala, Val, Leu, Ile/ form 
a loose clueter in the central part of the map, the 
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1924 GULLNER ET AL. 

TABLE 2 

Resul t s  o f  t h e  P r inc ipa l  Component Analysis 
Eig envalue s Sum of  t o t a l  var iance 

explained % 
8.22 91.35 
0 -53 97e20 

No, of  mppor t  I 11 
P r i n c i p a l  component loadings  

1 0 987 -0.089 

2 0 . 934 0.326 
3 0.986 -0.089 
4 0.987 -0.032 

5 0 955 0.263 

7 0 971 -0.205 
6 0.912 0,356 

a 0 904 -0 387 
9 0.962 -0.129 

FIGURE 1. 
Numbers ind ica t e  mixed support8 I n  Table 1. 

Two dimenBiOnal map o f  PCA loadings  
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MIXED SUPPORTS IN CHROMATOGRAPHY OF AMINO ACIDS 1925 

o the r  amino ac ids  a re  d i s t r ibu ted  t angen t i a l ly  t o  it. 
This phenomenon suggests t h a t  all s u b s t i t u t i o n s  i n f l u -  
ence the  r e t en t ion  by d i f f e r e n t  ways. The d ibas i c  a m i -  
no acids Lys, A r g  and Pro toge ther  with hydroxi-Pro 
form two d i s t i n c t  p a i r s  t h a t  i s  the  p a i r s  behave s i m i -  
l a r l y  but d i f f e r  considerably fron the  o the r  amino ac- 
i d s .  Dicarboxylic amino ac ids  Glu, Asp and Tyr form 
a c l u s t e r ,  too,  which proves the  a c i d i c  cha rac t e r  o f  
phenolic OH group i n  Tyr. The amino ac ids  with alco-  
h o l i c  OH groups /Ser, Thr/ a r e  near  t o  eachother and 
t o  t h e  c e n t r a l  group. This observation i n d i c a t e s  t h a t  
a l s o  t h i s  funct ional  group inf luences the  r e t e n t i o n ,  
but t o  a l e s s e r  extent  than the  o the r  ones. Phe, Trp 
and Cys form a wel l  defined c l u s t e r ,  however they are 
s t r u c t u r a l l y  d i f f e ren t .  The potency / r e t en t ion  
s t rength /  order  of support mixtures and amino acids 
a r e  l i s t e d  i n  Table 3.  
A s  the  s p e c t r a l  map technique ca l cu la t e s  t h e  potency 
on the  basis o f  Rf values ,  t h e  higher  potency means 
higher  Rf value,  Since the  eluent  was always the  same 
i n  o u r  case,  t h e  higher  potency means a lower re ten-  
t i o n  s t rength  of support mixtures and a lower reten-  
t i o n  o f  amino acids .  The r e t en t ion  s t r eng th  o f  mixed 
support decreases with growing concentrat ion of s i l i -  
ca  /supports 7 ,  8 and 9/, t he  r e t e n t i o n  decreasing 
e f f e c t  o f  ce l lu lose  and diatomaceous ea r th  i s  lower 
than t h a t  o f  s i l i c a  /supports 5,  6 and 7/ however i n  
common chromatographic procedures s i l i c a  i s  consider- 
ed as a s t ronger  sorbent than ce l lu lose  and diatoma- 
ceous ear th .  The r e t en t ion  o f  Trp, Cys and Phe were 
the  strongest,  t h i s  f ind ing  explains  t h a t  they form a 
separate  c l u s t e r  i n  PCA. On t h e  basis o f  s t r u c t u r a l  
d i f fe rences  the  r e t en t ion  s t r eng th  of  amino acids on 
support mixtures can not be explained adequately. The 
spec t r a l  map is s i m i l a r  t o  the  map of  PCA loadings 
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1926 GULLNER ET AL. 

'TABLE 3 

Potency Order of Support Mixtures and Amino Acida 
Calculated by the Spectral Map Technique 

No I 
1 
2 

3 
4 
5 
6 
7 
8 
9 

Support Amino acid 
Potency 
2.46 
2.18 

2.36 

1.71 
2.27 
2.62 
1.90 

2.44 

2.29 

Name 
T r p  
CYS 
Phe 
ASP 
Hie 
Ark3 
w r  
Leu 
Glu 
Ile 
Met 
Asn 
LY 
Thr 
S er 
Gln 
V s l  

GlY 
Pro 
A1 a 
OH-Pro 

Potency 
3.4 
5 
6.5 
7.2 
12.2 
12.4 
12.5 
13.1 
13*6 
14.2 
14.3 
14.8 
15.1 
16.7 
18*7 
19.4 
19.7 
19.9 
22.5 
23.4 
24.4 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MIXED SUPPORTS IN CHROMATOGRAPHY OF AMINO ACIDS 

Arg. 

I r p .  
Phe. 

I l e .  
Leu. 

Cys. 
His. 

Met. 

Glu. 
lyre  

Asp- 

1927 

.Pro 

.OH-Pro 

.Val .Ale 
.Cly 

.Gin 

Jhr .Ser 
.Asn 

FIGURE 2. D i s t r i b u t i o n  o f  amino acids  a c c o r d i n g  t o  
t h e i r  r e t e n t i o n  on mixed s u p p o r t s  /Two dimensional  
map o f  PCA variables/ 

6. 

5 .  

2 .  

7. 
B .  

I 
L.1 

I ’ *  

I 3 *  

FIGURE 3.  Two dimensional  non- l inear  mapping o f  spec- 
t r a l  data /Numbers i n d i c a t e  mixed s u p p o r t s  i n  Table  I/ 
Number o f  i t e r a t i o n s :  24 
E r r o r  of mapping: 3.28*10-* 
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1928 GULLNER ET AL. 

/Fig. 3./ that  i s  the spectral  charac te r i s t ics  inf lu-  
ence markedly the d is t r ibu t ion  o f  support mixtures. 
The F values o f  l i n e a r  correlat ions between the load- 
ings o f  f irst  pr incipal  component /F = 1.53/, potency 
o f  spectral  map /F = 4.31/ and the composition data 
o f  support mixtures were lower than those of logarith- 
mic correlations /F = 3.87 and 5.34, respectively/. 
As no signif icant  effect  o f  Kieselgur content of sup- 
p o r t  on the dependent var iables  waa observed / p a r t i a l  
t values 1.73 , 1.58 , 0.89 , 0.09 , respectively/ i t  
was omitted f rom the data and the calculat ions were 
recalculated. The remits a r e  summarized i n  Table 4. 
The l i n e a r  correlat ion between the loadings of f i r s t  
principal component and the composition of suppor t  
d i d  not reach the 9% significance l e v e l  therefore 
i t s  parameters were not included i n  Table 4. 

Our calculat ion proved tha t  the first pr incipal  
component responsible f o r  the  9% of change of amino 
acids on a l l  supports can be ident i f ied  as the loga- 
rithm o f  support composition /Eq. 11 i n  Table 4/. It 
proves that the sorbents - however they a r e  heavily 
impregnated with paraff in  o i l  - r e t a i n  t h e i r  adsorp- 
t i v e  character and this i s  responsible f o r  the reten- 
t i o n  behaviour and not the paraffin o i l  adsorbed on 
t h e i r  surfaces. The path coef f ic ien ts  / b i  values/ show 
clear ly  that aluminium oxide, s i l i c a  and cel lulose 
have about the same impact on the retent ion of amino 
acids. 

cornposition, the logarithmic function /Eq. III/ f i ts  
b e t t e r  t o  the experimental data than the l i n e a r  one 
/Eq. II/. The growing aluminium oxide content o f  sup- 
p o r t  increases the retention, the si l ica and cel lulose 
content decreases i t .  This observation gives possibi- 
l i t y  t o  produce mixed supports with any retent ion 

The potency values depend a l s o  on the support 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MlXED SUPPORTS IN CHROMATOGRAPHY OF AMINO ACIDS 1929 

TABLE 4 
Parameters of Correlations between the Loadings of 
First Principal Component /Yl/, Potency Values /Y2/ 
and Composition of Support Mixtures 

I. 

11. 

111 

+ b3X3 Y2 = a + blxl + b 2 3  
Y1 P a + bllogxl + b210gx2 + b310gx3 
Y2 = a + bllogxl + b210gx2 + b310gx3 

where xl = aluminium oxide content of support in % 
x2 = silica content of support in % 
x3 = celluloae content of support in % 

Parameter 

a 

bl 
b2 
b3 
r 
r 2 

8 

'bl 
'b2 
'b3 
bi 
b!! 
b3 

' tl 
t2 
t3 

P 

239.3 
-0 94 
0.84 
0.95 
0.8334 
0.6945 

0.81 
0.41 
0.50 

0.71 
0.59 
3.83 
1.16 
2.07 
1.89 

Fg@ * 3.62 

28.3 

-0.33 

No. of equation 
I1 . I11 . 

0.61 506 4 
0.20 -173 . 1 
1.85 *lo'* 15.0 
1.38*10-2 12.8 
0.8674 0.9175 
0.7524 0 a 8417 
0.03. 28.5 
7 . 7 6 low2 54.5 
6 31 4.43 
6.1 7 4.33 
0.58 -0.57 
0.73 0.67 
0.55 0.58 
5 -14 8.96 
2.24 2.96 

2.56 3.18 

F95% 5-41 

2.94 3.38 

t9@$ = 2.02 tg5$ = 2.57 
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1930 GULLNER ET AL. 

strength. The path coefficients are similar support- 
ing o w  previous finding that these three sorbents 
have about the same impact on the reversed-phase thin- 
layer chromatographic retention of amino acids. 
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