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THIN LAYER CHROMATOGRAPHIC SYFTEMS FOR THE 

CLASSIFICATION ANP 1DENTIFICP.TION OF ANTIBIOTICS 

Ador jan Aszalos * 
Food and Drug A d m i n i s t r a t i o n  

HFD-436 

Washington, D.C. 20204 

and 

ilaleem J. Issaq 

Chemical Carcinogenesis P r o g r m  

Freder ick Cancer Research Center 

Freder ick,  Maryland 21701 

INTRODUCTION 

Several comparative chromatoqraohic systems descr ibed i n  t h e  l i t e r -  

a t u r e  may he use fu l  f o r  f a c i l i t i e s  d e a l i n g  w i t h  a r e l a t i v e l y  Yarge ! i izkr  

o f  d i f f e r e n t  a n t i b i o t i c s ,  such as c l i n i c a l  l a b o r a t o r i e s  engaged i n  t h e  

* Author t o  whom correspondence should be addressed. 
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868 ASZALOS AND ISSAQ 

i d e n t i f i c a t i o n  o f  ant  b i o t i c s  i n  human serum; research l a b o r a t o r i e s  

screening f o r  new ant b i o t i c s ;  and r e g u l a t o r y  agencies t e s t i n g  drug pre- 

parations. I sh ida  e t  al.  (1) in t roduced  t h e  "summarized paper chromato- 

gram" which i s  obta ined when R f  values computed from severa l  so l ven t  

systems a r e  represented g raph ica l l y .  Ret ina (2) c l a s s i f i e d  62 a n t i b i o -  

t i c s  on t h e  bas is  o f  g raph ica l  rep resen ta t i on  u s i n g  paper chromatographic 

techniques. L a t e r  Be t ina  and Nemec (3) used paper chromatography (PC) 

w i t h  bu f fe red  s o l u t i o n s  f o r  t h e  c l a s s i f i c a t i o n  o f  a n t i b i o t i c s .  Sne l l  e t  

al.  ( 4 )  used paper chromatographic c l a s s i f i c a t i o n  o f  a n t i b i o t i c s  i n  crude 

preparations. 

Th in  l a y e r  chromtography (TLC), however, has severa l  advantages 

over  paper chromatography. It takes l e s s  t ime than  PC, t h e  spots can be 

q u a n t i t a t e d  i n  s i t u  on t h e  p l a t e  ( 5 )  and i t  i s  e a s i e r  t o  au tomat i ca l l y  

e l u t e  t h e  spots from the  p l a t e  f o r  a n c i l l a r y  techniques such as i n fa red ,  

mass spectrometry, u v - v i s i b l e  and nuc lea r  magnetic resonance, f o r  s t ruc -  

t u r a l  i d e n t i f i c a t i o n  (7 ) .  

I ssaq  e t  al.  (8) used TLC f o r  t h e  c l a s s i f i c a t i o n  o f  150 a n t i b i o t i c s  

e x h i b i t i n g  ant i tumor proper t ies.  Aszalos e t  a l .  (9 , lO) used i n s t a n t  TLC 

f o r  t h e  c l a s s i f i c a t i o n  of 91 a n t i b i o t i c s .  K r e u t i g  (11) discussed the  use 

of h igh  performance TLC i n  t h e  a n t i b i o t i c  f i e l d .  This review discusses 

severa l  of t h e  TLC c l a s s i f i c a t i o n  and i d e n t i f i c a t i o n  systems used i n  t h e  

a n t i b i o t i c  f i e l d .  

METHODS 

One o f  t h e  e a r l i e s t  systems used f o r  t he  Th in  l a y e r  chromatography: 

i d e n t i f i c a t i o n  o f  a n t i b i o t i c s  by TLC was descr ibed by I t o  e t  al: (12). 

They used c e l l u l o s e  as t h e  adsorbent and propano1:pyr id ine:acet ic  

acid:water (15:10:3:12) as t h e  develop ing so l ven t  f o r  t h e  separat ion o f  

19 water-so lub le a n t i b i o t i c s .  Ninhydr ine o r  ox id i zed  n i t r o p r u s s i d e  were 
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TLC IDENTIFICATION OF ANTIBIOTICS 

used t o  v i s u a l i z e  t h e  compounds. 

a n t i b i o t i c s  s tud ied  w i t h  t h i s  system. Forty-two a n t i b i o t i c s ,  a v a i l a b l e  

Table I shows t h e  Rf  values o f  t h e  
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comnerc ia l ly  i n  France i n  pharmaceutical preparat ions,  were c l a s s i f i e d  

i n t o  groups by Schmitt  and Mathis (13) us ing  TLC so lven t  systems hor izon-  

t a l l y  (simultaneously). 

t i c s  f e l l  i n t o  t h e  same group and, therefore,  TLC grouping can p rov ide  

i n f o r m a t i o n  about t h e  general chemical c h a r a c t e r i s t i c s  o f  an a n t i b i o t i c .  

However, t h i s  conc lus ion was not  subs tan t i a ted  by s tud ies  made by 

Aszalos' group as w i l l  be discussed l a t e r .  

K ieselghur  p l a t e s  i n  1-3 u1 quan t i t i es .  

b i o t i c s  were i d e n t i f i e d  by t h e i r  R f  values and by t h e  c h a r a c t e r i s t i c  

c o l o r s  v i s i b l e  a f t e r  t he  p l a t e s  had been sprayed w i t h  Mathis-Schmitt  

s o l u t i o n  (14) .  

111. 

They concluded t h a t  chemical ly  r e l a t e d  a n t i b i o -  

A n t i b i o t i c s  were a p p l i e d  t o  

A f t e r  development, t h e  a n t i -  

The r e s u l t s  of t h i s  study are presented i n  Tables I1 and 

Table I .  TLC r e s u l t s  (Rf) of bas i c  water-so lub le a n t i b i o t i c s  

on c e l l u l o s e  300 (XN) (12) .  

Anti b i  o t  i c  Rf  x 100 
~~~~ __ 

Glebomycin 
Streptomycin 
D i  hydrostreptomyci n 
Hyd roxy s t r e p t  omyc i n 
Net r o p s i  n 
A m i  d i nomy c i n 
Gentamycin 
S t  r e p t o t h r i c i  n 
V i  omyci n 
Kanaymcin A 
Ka namyci n B 
Kanamycin C 
Paromomycin 
Zygomyci n 
Ca tenu l i n  
Ne omyc i n 
Fradomycin 

41 
44 
44 
32 
51 
53 
35 
26 
21 
17 
15 
23 
15 
15 
15 
10 
10 
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. Table 11. TLC results of antibiotics on Kieselghur G (Merck) in 

four solvent systems (13). 

Rf x 100 

Antibiotic 

Triacetyl oleandomycin 
Gri seofl uvi n 
V i rg i myc i n 
Pristinamycin 

Novobiocin (Na) 
Dihydronovoiocin (Na) 
Di hydronovobiocin 
Fusidic acid (Na) 
R i f amyc i n 
Penicillin G (Na) 
Cephal othin (Na ) 
Cephaloridine 
Chl orampheni col 
Propiocine 
Eryt hromyc i n 
Spiramycin 

Oleandomycin (PO4) 
Lincomycin (HC1) 
K i t asamyc i n (tartrate) 
Cycl oseri ne 
Hydroxymethyl grami cidin 
Tyr ot h r i c i n 

Eaciiracin 
Pimari ci n 
Ny s t a t i n 
Trichomycin 
Tetracycline 
Methyl enecyc 1 i ne (HCl ) 
Oxytetracycl ine 
Demethylchlortetrachycline (K1) 
Chlcrtetracycl ine (HC1 
Rolitetracycl ine 
Colimycin (sO4) 
Polymixin R (SO4) 
Streptomycin (SO4) 
Dihydrostreptomycin (SO4) 
Neomycin (SO ) 
Kanamycin ( 5 4 )  
Paromomycin (SO4) 
Framycetin (SO4) 
Gentamicin (504) 
Viomyci n (SO4) 

14 
98 
58 
33 
57 
92 
38 
12 
60 
79 
99 
95 
22 
20 
66 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

98 
98 
79 
35 
82 
87 
61 
59 
66 
67 
17 
30 
38 
25 
76 

100 
50 
55 

15 
a0 
a5 
33 
67 
58 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 1  
78 
79 

80 

92 
90 
95 
98 
88 
91 
83 
26 
87 
52 
5 2  
3s 
56  
!8  
42 
77 
36 
97 
66 

100 
5 ‘1 
5 ‘2 
55 
57 
47  
5 3  
65 
52 
49 
47 
33 
18 
8 
6 
0 
0 
0 
0 
0 
0 

- 
- 

0 
0 

10 

0 
51  

0 
0 
0 
0 
0 
48 
44 
12 
66 
0 
0 

10 

i o  
9 ,; 
0 

3: 

I) 

2 
0 
9 

- 

.~ 

.J 

n- 
12 

33 

26 
25  
2 2  

?, 

10 
90 
91 
95 

91  
9! 
46 
83 

41; 

a 3  

a Solvent I: ch1oroform:methanol:acetic acid (90:8:2) 
Sol vent 11: 
Solvent 111: butano1:acetlc acid:water (50:25:25); before use of this 

Solvent IV: water:sodium citrate:ci tric acid (100:20:5). 

chl oroform:methanol :water (80:20:25) 

solvent system, chromatoplates were impregnated with pH 3 
buffer (potassium phosphate) 
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Table 111. TLC r e s u l t s  o f  a n t i b i o t i c s  on Kieselghur  G (Merck) i n  

s i x  so lvent  systems !13). 

Rf x 100 

A n t i b i o t i c  
E thy l  Ace- Netha- Etha- 

E the r  Acetate tone no1 n o l  IJater 

Tr iacety lo leandomycin 1 15 90 75 50 0 
G r i  s e o f l u v i  n 30 70 100 70 70 0 
V i rg imyc in  8 30 90 80 90 10 
P r i  s t  i namyc i n 15 30 80 80 70 20 
Novobiocin (Na) 5 20 95 85 gn 0 
Dihydronovoioc in  (Na) 5 20 95 85 90 0 
D i  hyd ronovob i oc i n 20 40 95 90 95 45 
F u s i d i c  a c i d  (Na) 10 30 80 80 70 0 
R i f amy c i n 0 3 100 85 80 65 
P e n i c i l l i n  G (Ya) 0 0 0 85 50 80 
Cephaloth in  (Na) 0 0 0 80 65 80 
Cepha lo r id i  ne 0 0 0 0 10 20 
Chl oramphenicol 35 60 100 100 i on  90 

Erythromycin 0 0 10 do 15 103 
Spiramycin 5 1 5  55 70 90 !? 
01 eandomyci n (PO4) 0 0 2 30 20 1: 
Lincomycin (HC1) 0 0 25 75 80 1s 
Kitasamyci n ( t a r t r a t e )  3 1 5  95 90 100 50 
Cycloser ine 45 70 5: co 95 23 
Hydroxymethyl g ramic id i  n 0 0 20 100 i n 0  . 0 
T y r o t  h r i  c i n 0 n 0 100 100 n 
Baci t r a c i n  0 r! 0 33 L 9 

P i  ma ri c i n 0 0 0 0 50 40 
Nysta t i n 0 0 0 iirl) 0 0 
Trichomyci n 0 0 0 30 65 rl 
Te t racyc l i ne  0 0 0 100 10 n 
Methyl enecycl i ne (HC1) 0 0 0 100 75 10 

Oeme t hy 1 c h 1 o r t  e t  r a c  hyc 1 i ne (HC1) 0 0 r! 100 25 1 C  
Chl o r t e t r a c y c l  i ne (HCl 0 0 0 i n 0  25 10 
Q o l i t e t r a c y c l i n e  0 0 n 29 3C I ?  
Col imycin (SO4) I! 0 0 C 2 .; 
Po l ym ix in  B (504) 0 0 0 0 0 u 

Dihydrost reptomycin (SO4) 0 0 0 0 @ 40 

Propioc ine 10 30 75 75 65 29 

c 

Oxy te t racyc l i ne  0 0 0 20 50 i3  

Streptomycin (SO4) 0 0 0 0 0 40 

Neomycin (SO4)  0 0 0 0 0 50 
Kanamycin (SO4) 0 0 0 0 0 70 
Paromomycin (SO4) 0 0 0 0 0 65 

Gentamicin (S04) 0 0 0 0 0 25 
Viomycin ( S O 4 )  0 0 0 0 0 60 

Framycetin (SO4) 0 0 0 0 0 40 
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The simultaneous use o f  d i f f e r e n t  T L C  so l ven t  systems does not  l end  

i t s e l f  f o r  t h e  i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  of a l a r g e  number o f  

compounds. 

o f  150 ant i tumor a n t i b i o t i c s ,  present i n  crude fe rmen ta t i on  mixtures or  

i n  p h a m c e u t i c a l  preparat ions,  v e r t i c a l  ( sequen t ia l )  as w e l l  as hor izon-  

t a l  so l ven t  systems were used (8). 

e v a l u a t i o n  of crude a n t i b i o t i c  p repara t i ons  obta ined from fermentat ion 

media or mixed i n  pharmaceutical preparations. Using t h i s  chromato- 

graphic  system, R f  values can be regarded as i n d i c a t i o n s  r a t h e r  than t h e  

bas i s  o f  t h e  c l a s s i f i c a t i o n .  

o f  impur i t i es .  Therefore, m o b i l i t y  or  i t s  absence ( R f  0.0-0.05) i n  any 

so lvent  system can only c l a s s i f y  a n t i b i o t i c s  i n t o  groups and subgroups. 

On t h i s  bas is ,  t he  150 ant i tumor a n t i b i o t i c s  were grouped i n t o  5 main 

and 19 subgroups. The so lvent  systems used a re  shown i n  F igu re  1. The 

ues obta ined i n  t h e  

V - V I I I .  I n  another 

fy  91 a n t i b i o t i c s  

Therefore, when d method was developed f o r  t h e  i d e n t i f i c a t i o n  

The method was designed f o r  t h e  f a s t  

R f  values may be i n f l uenced  hy t h e  presence 

a n t i b i o t i c  groups and subgroups toge the r  w i t h  R f  va 

i n d i v i d u a l  so lvent  systems are presented i n  Tables 

study Aszalos e t  a l .  (10) used i n s t a n t  TLC t o  c l a s s  

i n t o  f i v e  groups. 

Bioautography: Crude preparat ions or  pharmaceutical mix tures con- 

t a i n  many b i o l o g i c a l l y  i n a c t i v e  i m p u r i t i e s  t h a t  y i e l d  r m l t i p l e  spots on 

t h e  TLC plates. The a n t i b i o t i c s  are l oca ted  on t h e  TLC p la tes  by bioauto-  

graphy, a technique which u t i l i z e s  agar p l a t e s  seeded w i t h  s e n s i t i v e  

microorganisms o r  mammalian ce l l s .  The b i o l o g i c a l l y  a c t i v e  m a t e r i a l  on 

t h e  TLC p l a t e  i s  l oca ted  by p l a c i n g  t h e  p l a t e  on t h e  seeded agar and 

incuba t ion  t o  f i n d  out  where c e l l  growth i s  i n h i b i t e d .  The i n h i b i t e d  

spots are regarded as R f  value on t h e  TLC p late.  

T y p i c a l l y ,  b ioautographic  agar f o r  microorganism cons is t s  o f  a base 

l a y e r  covered w i t h  a second l a y e r  seeded w i t h  t h e  microorganism. The 
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Table IV.  Subgroups o f  an t i tumor  a n t i b i o t i c s  which moved w i t h  none 

o f  the main so lvents  (main group I )  (8). 

Rf values expressed as Rf x 100. 

S = St reak ing  from Rf  t o  Rf. 

~~ ~~~ 

S i l i c a  Gel C e l l u l o s e  S i l i c a  Gel 

Sol vent System 
Name o r  

Subgroup NSC # A,B,C,D l a  l b  l c  Id 

1-1 Asparaginase 
M i  t o g i  11 i n  
M i  tosper  
R e s t r i c t o c i n  
75603 

1-2 Actinogan 
Bleomycin A1 
Bleomycin A2 
Carzi  n o s t a t i  n 
F l a w 1  i n  
Gougerotin 
Macrommycin 
Neocarz inos ta t in  
Pept i nogan 
Roseol i c  Acid 
a-Sarci n 
T r i  eni ne 
116328 

1-3 Alanosin, Monosodium 
Bluensomyctn Su l fa te  
Kasugamycin 
Ph 1 eomyc i n 
Sancycl i n  
SeptJc id in  
S i 5 t orycos i n 
26697 

1-4 Ac t inorub in  
3-ami  no-2,36-L 

Adr i  amyc i n 
C i  nnamyci n 
Oaunomyci n 
Ouramyc i n 
Hadacidin 
Iyomycin Complex 
N i s i n  
Spectinomycin 
Zorbamyci n 

Hexopyronase K 1  

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

S a l t  0 
n 
0 
0 
0 
0 
0 
0 

0 

n 

0 
0 
0 

0 
0 
0 
0 
0 
0 

n 

72942 0 

1-5 P A  147 0 
Cand ic id in  0 
Copi amyci n, Acetyl 0 
Hedamyc i n 0 
Nucleoside F rac t i on  o f  

Septac id in  0 
Oosporin 0 
Stendomycin 
S a l i c y l a t e  0 

T g y  permission of t l s e v i e r  S c i .  P u b l .  

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
2 

0 

0 
0 
0 
n 
0 
0 

n 

0 0 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
C 0 
0 0 
0 42 
0 0 
0 0 
0 0 
0 0 
I 0 
0 0 
'3 0 

+ 0 
0 5O.T 
+ 0 
+ 0 
a7 0 
n 35 
c 2U 
n 0s  

0 n 

0 t 

3 
0 75 
0 + 
;1 7 s  

0s + 
0 + 

0 + 
0 0-10s 

0 t 

n 
J + 

20 

10s 

50 
73 

77 

40 
21s 
0-30s 
23 

+ 

- 

18 

0 
0 
0 
0 
0 

0-20s 
0-35s 
85 
0.82 
0-30s 
0 

80 
10 
86 
0-35s 
73 
68.90 

40 
38 
60 
25s ,82 
:ij 

75s ,801 

80 
7 7  
s 

0-41s.80 

32 

95 
a7 

?0 
30,85,45 
64 
J 00 
0-50s 
60 
99 
0-64s 
- 50s 

10 + + 86 
60s 10 80 0-75s 
94 + + 38 
0-1s + + so .82. o 
21-50s + 0 63.87 
45-50s + 0 45-50s 

83 + + 70 

Co., A m s t e r d a m )  
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TLC IDENTIFICATION OF ANTIBIOTICS 

Table V. Subgroups of ant i tumor a n t i b i o t i c s  which moved w i t h  

methanol o n l y  (main group IT) (8). See legend Table I V .  

875 

Name or 
Subgroup NSC I 

S i l i c a  Gel 
Sol vent System 

D 2a 2b 2c 

11-1 

11-2 

11-3 

11-4 

Azacol u t i on Comp 1 ex 
Azalomycin F-complex 
Azotonlyc i n 
C y t o v i r i n  
Duazomycin 
Indole-3-Carhoxaldehyde 
S t a t o l  on 

5-Azacytidine 
Azaseri ne 
DON 
Formycin B 
3H- I ndol  e 
Pyrazomyci n 
R u b i f l a v i n  
Sarkomycin, Sodium S a l t  

c AMP 
Formyci,n A 
Palmi toy1 - c i  t i  d ine  
Sangivamycin 
Th i osangi vamyc i n 

Ac ry l  ami de 
Act  i nobol i n  
Adenosine 
L-Lyxo-Hexopyranoside 
M i  tocromi n 

Rufochromomyci n 
S tep ton i  g r i  n 

0,40 
14,50 
86 
0,14 
S 
75 
0-33s 

59 
S 
S 
76 
13 
78 
10s. 
68 

74 
67 
94 
71 
75 

a6 
36 
35 
18 
79 

02 
86 

0 0 
0 0 
0 fl 
0 0 
0 0,s 
0 0 
0 0 ,  

0 29 
0 10 
fl 10 
0 31 
0 0 
0 25 
0 0 
0 9,73 

28 0 
0 29 
0 77 
0 26 
0 2 2  

65.86 52 
0-25s I i . ! 3  
30 2 1  
0.22 50 
10 lo?, 515 

O-9~,10 68s 
21 15s.63 

82 ,72  

0 
0 
0 
0 
0,5 
0 
0 

0 
0 
0 
0 
92 
0 
5?.98 
0 

39 
12 
33 
21 
19 

IC 
I P , l ?  
61 
58 
!OD, 7 1  
4:,40 
0,6,15 
21 

IBy permission of Elsevier Sci. Publ .  Co., Amsterdam) 

composit ion of t h e  second l a y e r  va r ies  accord ing t o  t h e  n u ? . r i t i o n a l  

requirement o f  t h e  microorganism employed. 

p laced on s t e r i l i z e d  f i l t e r  paper r e s t i n g  on t h e  seeded agar f o r  approx i -  

mately 3 h r  t o  a t l ow  e l u t i o n  of t h e  b i o a c t i v e  m a t e r i a l  i n t o  t h e  agar. 

A f t e r  removal o f  t h e  T L C  p l a t e  and t h e  f i l t e r  paper and incuba t ion  f o r  

opt imal  t i m e  and temperature f o r  m i c r o b i a l  growth, t h e  zone o f  i n h i b i t i o n  

The d r i e d  TLC p l a t e  i s  then 
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a76 ASZALOS AND ISSAQ 

Table V I .  Subgroups o f  an t i t umor  a n t i b i o t i c s  which moved w i t h  

methanol and 10% methanol i n  ch lo ro fo rm so lven ts  (main group 111) (8). 

See legend Table I V .  

S i l i c a  Gel 
Sol vent System 

Name o r  
Subgroup NSC # C 0 3a 3b 3c 3d 

111-1 

111-2 

111-3 

I 11-4 

111-5 

Iyomycin 61 
Mithramycin 
M i  thramycin-Mg 
Sparsomycin 

Aureol i c  Ac id 
hi c e t  i n 
Anisomycin 
Logosin 

Azas t rep ton ig r i  n 
Nebul a r i  n 
Puromycin 
S t e p t o n i g r i n  methyl '  e s t e r  
V i  nb l  ast ine,  su l fa te ,  

hydrate 

Ascomyci n 
Char t reus i  n-2-hydrate 
Cordycepin 
Fus id i c  Acid 
S t ept  ozo t o c i  n 

A n t i b i o t i c  M5-18903 
A n t i b i o t i c  1037 
01 i vomyci n 
Chromomycin AZ 
Mitomycin C 
Olivomycin A 
Pactamycin . Rifamycin SV 
S t e p t o l y d i g i  n 
S tep to ro toc in  HCl  

0-10 0-10 0 
16 92 0 
18 92 0 
16 67 0 

16 92 0 
60 80 0 
15 40 0 
17 90 0 

34 91 23 
18 71 0 
15 40 0 
11 88 0-35 

72.41 55 0 

90.0 70 96.0 
40 70 50,26 
13 60 1 7  
0 24 a5 
20,O 80 45,O 

60.50 88 - 
13 70 32 
50 90 - 
47 95 45 

50 95 26-50 
ia  78 18 

44 70 12 
62.10 92 90.57 

62,25,0 80 19 
0-45 85,77 0-20 

0 
0 
0 
0 

0 
14-45 
13 
13 

0 
29 
0-12 
0 

92 

96,O 
0 
45 
0 
34,23 

96 
45 
98 
94 
74 
93 
93 
93 
55 
21 

0 
0 
0 
0 

96 
0 
0 
0 

0 
24 
0 
0-15 

0 

34,o 
0-25 
21 
96 
0 

98 
75 

98 
7 5  
98 
93 
98 
0-14 
0-16 

98 

0 
0 
0 
0 

0 
0 
0 
0 

35,o 
0 
81 
0 

21  

1E-37 
0 
36 
30,20 

25  
1 6  
41 
48 
23 
40 
78 
56 

11 
za 

(By permission of E l s e v i e r  S c i .  Publ. Co., Amsterdam) 

i s  l oca ted  and expressed as R f  value. 

found i n  t h e  l i t e r a t u r e  (8.9). Be t ina  (15)  wrote a c r i t i c a l  review o f  

t h e  a p p l i c a t i o n  o f  bioautography as a spec ia l  d e t e c t i o n  method i n  paper 

and TLC s tud ies  on a n t i b i o t i c s .  

D e t a i l s  o f  t h i s  procedure can be 
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Table V I I .  Subgroups o f  anti tumor a n t i b i o t i c s  which moved w i t h  

methanol, 10% methanol i n  chloroform. and ethylacetate solvents (main 

group IV) (8). See legend Table I V .  

S i  1 i ca  Gel 
Sol vent System 

Name or  
Subgroup NSC # B C 0 4a 4b 4c 

I V - 1  A n t i b i o t i c  E73 
C i  nerubin 
Cyc 1 o hex i m i  de 
G i  o tox in  
Griseoful  v i n  
Verrucarin A 
Nonact i n 
Prodi g i  0s i n 
Steptorubin 
T-2 Toxin 
Tuberin 

IV-2 Famagi 11 i n  
Fusarubi n 
Mycorhodi n 
01 igomycin 

. St rep tov i tac in  A 
S t rep tov i tac in  8 
S t rep tov i tac in  C 
S t rep tov i tac in  0 
Strep tov i tac in  G 

Actinomycin C2 
Actinomycin C3 
Actinomycin 0 
Carbomyci n 
C h l  oramp heni co l  
Cyanei n 
En t eromyci n 
I l l u d i n  
M i  kamyci n 

Porf  i romyci n 
Rifamide 
Toyocamyci n 
V i  r i d o g r i  sein 

Gel becidi  ne 
Narangomycin 
Rubradir in 
Ryanodi ne 
S t  rep t  ovar i  c i  n A 
Kundrymyci n 

IV-3 . A n t i b i o t i c  B-14798-X 

I V-4 Angu i d i  ne 

50 
S 
73.50 
75 
52 
80.75 
86 
46 
63 
76 
42 

38 
68 
38 
86 
15 
48 
48 
69 
52 

42 
24 
25 
24 
30 
42 
40 
13 
56 
75. 
25.17 
12 
14.0 
10 
0-15 

50 

18 
63.0 
50 
24 
0-11 

0-16 

76 81  
94 5 - 80 
90.80.70 87 
92 82 
98.95 90 
30 85 
71.33 50 
90 71 
79 88 
43 83 

0-43 89 
80 82 
95 89 
90 89 
40 80 
78 92 

92 
88 71 92 
76 92 

43 83 
50.40.30 86 
55.45.35 86 
50.40.30 86 
72.58.54 92 
43- . 83 
33 88 
17.04 87 
44 88 
82.70 82.40 

32 78 
62.25.0 90 
23 80 
80 85 

14 88 
81 91 
65 78 
98.75.0 87,Q 
14 88 
43 95 
18-27 82 

0-50 

20 
30 

10 
10 
10 
40 
12 
10s 
10 
12 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

- 
40 - 
46 92 
62.37 86.662 
30 40 
16 50 
14 50 
40 50 
17  35.15 
31.17s 50,36s 
10 - 
18 29 

10 - 
17 43 
10 - 
10 15 
11 30 
10 14 
10 18 
10 33 
10 14 

0 15 
0 20 
0 18 
0 20 
0 . 16 
0 15 
0 10 
0 10 
0 13 
0 22 

0 14 
0 10 
0 50 
0 21 

0 0 
0 0 
0 0 
0 5 
0 0 
0 0 
0 0 

(By permission of E l s e v i e r  S c i .  Publ. Co.. Amsterdam) 
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a78 ASZACOS AND ISSAQ 

Table VIII. Ant i tumor a n t i b i o t i c s  which moved w i t h  a l l  main 

so l ven ts  (main group V )  (8). See legend Table I V .  

S i l i c a  Gel 
Sol vent System 

Name o r  NSC # 

~~ 

A B C 0 

L-A1 anosi ne 
Coumermyc i n 
Cyclamyci n Complex 

Kanchanomycin 
11254 
58987 
102810 
Bos t ryco  i d i  n 
108408 
135015 

~ 

45 
0-10 
0-14 

0-20 
96 
28 
10.20 
10 
60 
0-60 

40 
10-18 
0-12 
20,60 
0 
96 
41 
91 
0-60 
aa 
40 

80 

30.90 

0.60.80 
95 
77 
93 
80 
100 
75 

0-23 
7 5  
1.00 
60.80 

0-24 
95 
93 
91 
0-36 
85 
75 

5 = s t reak ing  f o r  Rf t o  Rf. 
?f values a re  expressed as R f  x 100. 
(By perrnission of Elsevier S c i .  Publ. C o d ,  Amsterdam) 

For t h e  bioautography o f  c e r t a i n  a n t i b i o t i c s ,  mammalian c e l l s  are 

p r e f e r a b l e  t o  microorganism. Among o the r  mammalian c e l l s ,  KB c e l l s  are 

used successfu l ly  i n  semiso l i d  agar p!ates. The r o l l e r  b o t t l e  produced 

c e l l s  are spun down and resuspended t o  a f i n a l  concen t ra t i on  of  lo6 

c e l l s  per m l  medium a t  37°C and a re  immediately d ispersed i n t o  the  

b ioautographic  dishes. 

i s  recommended.) A f t e r  c o o l i n g  t o  room temperature, t he  TLC p l a t e s  are 

t r e a t e d  as w i t h  microorganisms. The p l a t e s  are kepL a t  17°C overn ight ,  

i n  humid i f i ed  C02 incubators.. De tec t i on  o f  i n h i b i t i o n  zones i s  best 

done by f l o o d i n g  t h e  agar sur face w i t h  2,6-dichlorophenol indophenol f o r  

5-10 min. 

i ncuba to r  f o r  40-60 min. The dye i s  reduced by v i a b l e  c e l l s  causing a 

c o l o r  change from b lue  t o  white. B lue  spots, t he  area o f  dead c e l l s ,  are 

regarded as R f  values on the  TLC p lates.  

(For KB c e l l s  medium MEMO plus 15% c 3 l C  serlirn 

A f t e r  pour ing o f f  t h e  dye, t h e  bioautograph i s  placed i n  t h e  
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TLC IDENTIFICATION OF ANTIBIOTICS a79 

DISCUSSION 

Using t h e  above techniques (i.e. T L C  combined w i t h  bioautography) 

t h e  r e s u l t s  g i ven  i n  Tables I V - V I I I  were obta ined w i t h  re ference samples. 

These r e s u l t s  were l a t e r  used f o r  t h e  i d e n t i f i c a t i o n  of an t i t umor  a n t i -  

b i o t i c s  i n  fermentat ions media (10). It was found t h a t  t h e  a n t i b i o t i c s  

i n  mixtures, fermentat ion media o r  crude p repara t i ons  may no t  g i v e  t h e  

same Rf  va lue (m ig ra t i on )  as those of pure a n t i b i o t i c s .  

main and subclasses f o r  a l l  a n t i b i o t i c s  remained t h e  same. If one pure 

a n t i b i o t i c  d i d  no t  move i n  one p a r t i c u l a r  so l ven t  system, t h e  same occur- 

r e d  w i t h  t h e  a n t i b i o t i c  i n  t h e  impure preparat ion,  main ly  because o f  t h e  

des ign o f  t h e  so l ven t  systems. It i s  poss ib le ,  t he re fo re ,  t o  e l i m i n a t e  

t h e  use o f  standard samples o f  a n t i b i o t i c s ,  u s u a l l y  used i n  p a r a l l e l  

i d e n t i f i c a t i o n  processes, a f t e r  t h e  system has been standardized i n  d 

p a r t i c u l a r  laboratory .  I n  a d d i t i o n  t o  c l a s s i f y i n g  an a n t i b i o t i c ,  t h e  

system may he lp  i n  t h e  i n d e n t i f i c a t i o n  of a n t i b i o t i c s  i n  pharmaceutical 

preparations. Also, p r e l i m i n a r y  i n d i c a t i o n s  may be obta ined as t o  

whether an a n t i b i o t i c  i n  an unknown m i x t u r e  i s  a novel one. For example, 

a n t i b i o t i c s  FCRC-53 (16). FCRC-48 (17) ,  and FCRC-57 (18) were detected i n  

t h e  au tho r ' s  l a b o r a t o r i e s  us ing  t h i s  technique. Furthermore, t h e  c l a s s i -  

f i c a t i o n  system can be s t o r e d  i n  a computer and used f o r  t h e  e v a l u a t i o n  

of an a n t i b i o t i c  i n  a fe rmen ta t i on  media (19). 

However, t h e  

Examination o f  t h e  data i n  Tables I V - V I I  r evea ls  t h a t  t h e  so lvent  

systems employed d i d  no t  p lace  a l l  a n t i b i o t i c s  w i t h  c l o s e  chemical 

r e l a t i o n s h i p  i n t o  one subgroup as was suggested by Schmitt  and Mathias 

(13). 

F o r  example, most nuc leos ide t y p e  a n t i b i o t i c s  f e l l  i n  t h e  main group 11; 

however, t h e  quinone t ype  a n t i b i o t i c  r u b i f l a v i n  i s  i n  subclass 11-2, and 

t h e  very s i m i l a r  iyomycin B i  i s  i n  subgroup 111-1. S i m i l a r l y ,  t h e  sugar 

Only t rends  can be detected and most ly  on t h e  main group leve ls .  
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880 ASZALOS AND ISSAQ 

c o n t a i n i n g  chromomycine AZ and o l ivomycin are i n  subgroup 111-5, w h i l e  

t h e  very s i m i l a r  ge lbec id ine  i s  i n  subgroup IV-4. 

A comparison between t h e  r e s u l t s  obta ined u s i n g  TLC c l a s s i f i c a t i o n  

f o r  150 a n t i b i o t i c s  (8) and those obta ined by i n s t a n t  TLC f o r  91 a n t i -  

b i o t i c s  (9), i n d i c a t e s  t h e  fo l l ow ing :  t h e  main a n t i b i o t i c  c lasses were 

obta ined i n  both systems by t h e  same general procedures. 

moving i n  any o f  t h e  pr imary so l ven t  systems formed group I; those which 

moved only  w i t h  methanol formed'group 11; and those which moved w i t h  a l l  

p r imary so l ven ts  formed group I V  i n  t h e  ITLC system and group V i n  t h e  

TLC system. Those which moved i n  t h e  so l ven ts  10% methanol i n  chloroform 

and methanol formed group 111 i n  bo th  systems, and those which moved w i t h  

t h e  prev ious two so lvents  and e thy lace ta te  formed group I V  i n  t h e  TLC 

system. 

b i o t i c .  groups. 

A n t i b i o t i c s  not  

The TLC system has f i v e  and t h e  ITLC system has four  m i n  a n t i -  

It i s  c l e a r  from the  above r e s u l t s  t h a t  t h e  c l a s s i f i c a t i o n  o f  a n t i -  

b i o t i c s  i n t o  d i f f e r e n t  groups accord ing t o  t h e i r  m o b i l i t y  i n  a number o f  

so lvent  systems does no t  c l a r i f y  these a n t i b i o t i c s  accord ing t o  t h e i r  

chemical nature. Also m i g r a t i o n  o f  an a n t i b i o t i c  i n  more o r  l ess  adsor- 

bent does no t  r e f l e c t  t h e i r  primary s t ructures.  

CONCLUSION 

The usefulness o f  t he  above presented TLC-bioautography c l a s s i f i -  

c a t i o n  systems was discussed i n  connection w i t h  screening f o r  new a n t i -  

b i o t i c s ,  ana lys i s  o f  pharmaceutical preparations, and i d e n t i f i c a t i o n  o f  

a n t i b i o t i c s  i n  d i f f e r e n t  samples. These samples cou ld  be crude prepar- 

a t i ons ,  phys io log i ca l  so lu t i ons ,  animal food add i t i ves ,  o r  a n t i b i o t i c  

mixtures. The number o f  a n t i b i o t i c s  c l a s s i f i e d  by these TLC and ITLC 

systems i s  not  t oo  l a r g e  (225) .  however, these systems can be extended 

accord ing t o  needs t o  i nc lude  t h e  most important a n t i b i o t i c s  i n  a par- 
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TLC IDENTIFICATION OF ANTIBIOTICS 881 

t i c u l a r  l abo ra to ry .  

4500 a n t i b i o t i c s  o r i g i n a t i n g  f rom fermentations. 

a n t i b i o t i c s  f rom o the r  sources, i.e., animal t i ssues ,  p lan ts ,  and marine, 

resources t o t a l  over 2000 a t  t h i s  time. Yowever, depending on t h e  needs, 

t h e  most impor tant  a n t i b i o t i c s  can be i nc luded  i n  t h e  present system or 

a new system can be se t  up modeled a f t e r  t h i s  system. It i s  our  exper- 

ience t h a t  t h e  c l a s s i f i c a t i o n  o f  over  200 a n t i b i o t i c s  i n  one system 

may r e s u l t  i n  t o o  l a r g e  a number o f  subclasses w i t h  ambiguous r e s u l t s ,  

i .e., same R f  values. However, 'combination o f  d i f f e r e n t  methods, such 

as MS, I R ,  PC, gas and h i g h  performance l i q u i d  chromatography, and hio- 

l o g i c a l  t e s t i n g  us ing  microbes and mammalian c e l l s ,  w i t h  TLC c l a s s f f i -  

c a t i o n  may increase t h e  numher o f  a n t i b i o t i c s  t h a t  can be i nc luded  i n  a 

c l a s s i f i c a t i o n  system s u i t a b l e  t o  t h e  needs o f  a p a r t i c u l a r  l abo ra to ry .  

The use o f  computer s torage and c a p a b i l i t y ,  we bel ieve,  i s  a tremendous 

asset f o r  t h e  present tyDe o f  c l a s s i f i c a t i o n .  

TLC i s  n o t  on l y  used f o r  t h e  separation, c l a s s i f i c a t i o n  and quan t i -  

No s i n g l e  system can be designed f o r  a l l  known 

The number o f  known 

t a t i o n  o f  unknown a n t i b i o t i c s  i n  a fermentat ion media, bu t  t o  determine 

t h e  optimum harvest  t ime o f  a n t i b i o t i c s .  

q u a n t i t a t i v e l y  determine t h e  harvest  t ime  o f  v e r r u c a r i n  (20). Other iises 

o f  TLC i n  t h e  a n t i b i o t i c  f i e l d  were reviewed by Aszalos and F r o s t  (9) and 

by Be t ina  (15). 

For example, TLC was used t o  
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