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;:~he~,ii+erice,of 9l-l in buffered reversed-phase thin-layer chromatography 

,. of p&killins and cephalosporins 
,’ ., ‘,. ; 

,. ,: 
‘s: , : The’& values of penicillins and cephalosporins, as determined by a previously 

“.‘, ,’ described reversed-phase TLC methodl~ 2, were shown to correlate well with the anti- 
y ,. bacterial, activity a, This was in ,agreement with findings that the lipid-solubility of 
~:“unionized molecules is one of the important factors in determining the passage of 

: ,,dr& through biological membranes 4~5. A decrease in the permeability of a membrane 
tb .tieak acids or bases can result from a change in the pI3 of the medium, which ionizes 

lb 

16 

;. 4 cetone concentration ‘I 

I: Fig. I, The RM: values of some qompounds plotted against the composition of the mobile phase. ,, 
,,The straight lines were calculated from the RM values in the range of linearity. Each point rep- 
I resents the’ mean of 8 determinations. Tho compounds are numbered as in Tables I and II. The 

‘,. ,,’ ‘pH 2.6 and 9.4 ,?f the mobile phase correspond respectively to (a) and (b). 
.‘., 
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TABLE I 

LIST OF THE PENICILLINS ACCORDING TO THE DECREASING LIPOPHILIC CHARACTER OF THEIR MOLE- 

CULES AS EXPRESSED BY THEIR EXTRAPOLATED Rfi~ VALUES BOTH AT pH 2.6 AND 904 

Ca.rbenecillin was previously indicated as carboxybenzylpenicillinl. 

0 

R ” -C-NH-CH--CH 

’ -!,-;““‘zH co 

NO. Covnpownd R RM vahtc 

fiH 2.6 PH 9.4 

I 

2 

3 

4 

5 

6 

7 

Dicloxacillin 

Cloxacillin 

Nafcillin 

Oxacillin 

Phcnethicillin 

Phenoxymcthylpcnicillin 

Renzylpenicillin 

8 Methicillin 

9 Ampicillin 

IO Carbenccillin 

CH,- 

CH- 
I 
NH2 

1.76 J.43 

1.67 1.21 

I.43 1.20 

I.39 0.96 

I.35 0.91 

1.17 osg 

0.84 0.4.5 

0.78 O.&$I 

0.11 0.05 

-0.37 -0.50 
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TABLE II 

LIST OF THE CEPHALOSPORINS ACCORDING TO THE DECREASING LIPOPHILZC CHARACTER OF THEIR 

MOLECULES AS EXPRESSED BY THEIR EXTRAPOLATED Rlcl VALUES BOTH AT pN 2.6 AND 9.4 

Cephaloridine was not tested in the previous work on cephalosporinss. 

NO. Comfiownds Rx R, R&f valrre 

fiH 2.G PH 9.4 

II (Acid) 0-CO-CH3 

12 (Acid) O-co-cH2 

I3 (Sodium salt) 0-CO-CH, 

=4 (Sodium salt) N3 

15 (Ccphaloriclinc) 

16 (Sodium Ccphaloram) 0-CO-CH, 

I7 (Sodium Cephalotin) 0-co-cCH3 

IS 

19 

20 

2x 

(Acid) N3 

(Acid) 0-CO-CH, NH-CO- CH, 

(7-Amino-copha- 
losporanic acid) 0-CO-CH3 NH: 

-0.17 

(Potassium cepha- 
losporin C) 

0-CO-CH3 

NH -CO-_(CH,),-CH, 

NH-CO-CH2 

NH-CO-CH,S-CH, 

NH -CO-CH2S-CH2 / \ 

-0 - 

NH -CO-CH2 

NH-CO-CH;, / \ 

-0 - 

NH 

I-94 

I.59 

I .qY 

I.37 

0.99 

0.86 

0.69 

0.47 

0.38 

NH-CO(CH2&-C6 
NHz 

-0.49 
\ COOH 

1.72 

I.40 

1.20 

I.17 

I *OS 

0.63 

0.43 

0.42 

0.22 

-0.20 

-0.57 

%x 
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the molecules”. The present worlc shows that such a reversed-phase TLC method can 
demonstrate the influence of the pH of the mobile phase on the partitioning of penicil- 
lins and cephalosporins between the polar mobile and the non-polar stationary 
phases. 

The AM values of the penicillins and cephalosporins are reported in Tables I 
and II. The non-polar stationary phase consisted of silicone oil. The aqueous mobile 
phase was sodium acetate Verona1 buffer at pH 2.6 or 9.4, alone or in various propor- 
tions with acetone. The pH of the mobile phase was measured after each chromato- 
graphic run and found to be practically unchanged. The details of the TLC method 
have already been publishedl. 

Iiesarlts and discacssion 
As previously pointed out le2, there is a range of linear relationship between 

Rnf values and acetone concentration in the mobile phase (Fig. I). The plots in Fig. I 

also show that a lipophilic compound such as dicloxacillin at pH 2.6 did not move 
from the starting line until a IO y. acetone concentration was used as mobile phase. 
On the other hand, at pH 9.4 a 2 Y. acetone concentration was sufficient to move the 
compound. More hydrophilic compounds such as compound No. 18 and carbenecillin 
migrated with a o O/O acetone concentration in the mobile phase both at pH 2.6 and 
9,4. However the RM values obtained at pH 2.6 were higher than those at pH 9.4. 
The only exception was cephaloridine, the &?M values of which were higher at pH 9.4 
than at pH 2.6 (Fig. I), By means of the equations of the straight lines it was possible 
to calculate an XM value for each compound at 0 y. acetone in the mobile phase at 
pH 2.6 and 9.4 (Tables I and II). In practice, the compounds migrated as round 
spots both at acid and basic pH’s. 

Higher XM values indicate a more lipophihc nature; this means that at an acid 
pH more molecules are unionized and therefore are more lipophilic than at a basic 
pH, This is in agreement with the acidic character of penicillins and cephalosporin@. 
The behavior of cephaloridine could be considered a consequence of the basic charac- 
ter of the pyridine ring in its molecule which is ionized at an acid p.H. 

The influence of pH on the chromatographic behavior of acids and bases has 
also been pointed out by several other investigatorsi- lo. HOWE* in particular, showed 
that, for several series of organic acids, an acid or basic mobile phase, where the acids 
were unionized or ionized, respectively, caused different migrations of each compound. 
BUSHY" suggested the use of a formula derived by SOCZEWI~~SSKI~~ for the calculation 
of the pK of an acid or base from paper chromatographic data. The classification of 
the compounds is practically the same as that previously found with a mobile phase 
of pH 7.419 2. 

R,v (acid) = o.xgo -I- x.ogG R,v (basic) 

In Fig, 2, the rinf values for each compound at pH 2.6 are plotted against those 
at pH 9.4. It can be seen that there is a linear relationship between the two series of 
data, espressed by the equation: 

This means that all the compounds tested esperimentally show the same in- 
crease in their Rnq value when one changes the pH of the mobile phase from 2.6 to 
9.4, Cephaloridine, which was not used in calculating the equation of the straight 
line, shows the greatest deviation from the regression line. In fact, its R&f values 
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Fig. 2. The Rm values at pH 2.6 are plotted against those at pH g-4. The compounds are nutnbered 
as in Tables I and II. 

decrease by changing from a basic to an acidic pH in the mobile phase. The present 
data seem to suggest that buffered reversed-phaseTLC can be used as a system, which 
permits one to study changes in the lipophilic character of a compound according to 
variations in the pH of the medium. The TLC technique described here could possibly 
provide a model system for studying the penetration of molecules through biological 
membranes. 
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