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SUMMARY 

The chromatographic behavior of carbohydrates on silica gel plates impregnated 
with sodium acetate, monosodium phosphate and disodium phosphate is described 
and discussed. 

The study shows that bidimensional thin-layer chromatography of carbo- 
hydrates with the above impregnants is not feasible, but that excellent monodimen- 
sional separations of up to ten sugars can be achieved with the sodium acetate and 
monosodium phosphate impregnants. 

An investigation is specifically devoted to the setting up of a monodimensional 
chromatogram which separs,tes the most important carbohydrates (biologically) in an 
S-hour run. 

-. 

INTRODUCTION 

In a previous paper we explored the limitations and potentiality of thin-layer 
chromatography of carbohydrates on silica gel impregnated with boric acid. The 
present work is a study of the cbromatographic behavior of sugars on silica gel 
impregnated with sodium acetate, monosodium phosphate and disodium phosphate. 

EXPERIhlENTAL 

Prejbaration of the clcromato#Zates 
30 g of silica gel, TLC grade, with binder (Flulca G) was mixed with each of the 

following solutions : 
(a) Sodium acetate, 0.2 M, 
(b) Monosodium phosphate, 0.2 AI, 

(c) Disodium phosphate, 0.2 M. 

* Manqing Director of the Istituto cli Puericultura. 
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The suspensions thus obtained were applied in the usual. manner in an 0.3 mm 
layer to the glass plates. These plates were dried for 24 hours at room temperature and 
then activated for I hour at 110~. 

The following pure sugar samples were used 

Mo~zosacchavidcs O,?igosacc?tari’des 

Glyceraldehyde 
Dihydroxyacetonc 
Erythrose 
Ribosc 
Arabinosc 
Xylose 
Lyxose 
Fucose 
Rhamnoso 
Glucose 
Galactosc 
Mannose 
Levulosc 
Sorbose 
Mannoheptulosc 
Scclohcptnlosc 

Sucrose 
Turanose 
Maltose 
LZVAOSC 

Trehalosc 
Mclibiosc 
Rnffinosc 

cc-Methyl-D-@co&de 
cl-~lethyl-D-mannosiclc 

Solvent systems 
The 

( 5) 
( 6) 
( 7) 
( 8) 
( 9) 
(10) 
w 

E I 

following solvent systems were employed : 

qz-Butanol-boric acid, 0.03 ill (g : I) 
+Butanol-acetone-water (4 : 5 : I) 
qz-Butanol-acetic acid-water (4: I : 5) 

+Butanol-pyridine-water (8 : 4: 3) 
+Butanol-pyridine-acetone-boric acid, 0.03 M (60 : 3 : 20: 17) 
fz-But anol-isopropanol-water (3 : 5 : 2) 

a-Butanol-ethanol-water (2 : I : I) 
gz-But anol-ethanol-phosphoric acid, o. I iI4 (I : I o : 5) 

gz-Butanol-ethanol-hydrochloric acid., 0.1 iV (II : IO: 5) 

gz-Butanol-methanol-water (5 : 3 : I) 
vz-Butanol-ethyl acetate-boric acid, 0.03 M (70 : 15 : 15) 

gz-Butanol-ethyl acetate-pyridine-water (z : 3 : 2 : 3) 
gz-Butanol-ethyl acetate-isopropanol-acetic acid-water 
(35:100:60:35:30) 
+Butanol-ethyl acetate-isopropanoi-acetic acid-water (3 : IO : 6 : 6 : 3) 
gz-Propanol-water (85 : 15) 
+Propanol-acetic acid-water (4: I : 5) 

ut-Propanol-acetic acid-boric acid, 0.03 M (4: I : 5) 

+Propanol-pyridine-water (5 : 3 : 2) 

(rg) 92-Propanol-ethyl acetate-water (I : 4: 2) 
(20) Ethyl acetate-acetic acid-water (6 : 3: z) 

(21) Ethyl acetate-pyridine-water (2 : I : 2) 
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Ethyl acetate-pyridine-water (3 : I : 2) 
Ethyl acetate-pyridine-water (3 : 3 : 2) 
Ethyl acetate-pyridine-water (4 : 3 : 2) 
Ethyl acetate-pyridine-boric acid, 0.03 M (2 : I : 2) 

Ethyl acetate-acetic acid-boric acid, 0.03 AG? (3 : I : 3) 
Ethyl acetate-isopropanol-water (65 : 22 : II) 

Ethyl acetate-isopropanol-acetic acid-water ( IOO : 60 : 35 : 30) 
Ethyl acetate-isopropanol-water (100 : 60 : 30) 
+Butanol-methanol-boric acid, 0.03 M (5,: 3 : I) 
GButanol-acetic acid-water (5 : 4 : I) 
Ethyl acetate-acetic acid-methanol-water (60: 15 : 15 : IO) 
Isopropanol-ethyl. acetate-water (7 : I : 2) 

Chloroform-methanol (6 : 4) 
Isopropanol-water (4 : I) 
Acetone-water (g : I) 
Acetone-water-chloroform-methanol (8 : 0.5 : I : I) 
Methanol-chloroform-acetone-ammonia (28 Be) (5 : 2 : 3 : 2) 

Methanol-chloroform-ammonia (28 Se) (6: 4 :0.7) 
N-Butanol-ethyl ether-water (4 : 5 : I) 

+Butanol-ethyl acetate-isopropanol-water (200 : IOO : 70 : 35) 
H-Butanol-ethyl acetate-isopropanol-water (35 : IOO : 60 : 30) 

Monod~mensional clzromatograj?dy 
IO mg of each sugar were dissolved in 2 ml distilled water. One ,~l of each 

solution (= 5 ,ug of carbohydrate) was applied to the chromatoplate with a micro- 
pipette. The chromatoplate was then placed in a tank containing the developing 
solvent system, the walls being lined with filter paper impregnated with the devel- 
oping solvent. The plates were so slightly tilted that they were practically upright. 
The room temperature was kept at 22 O. 

Detection of the spots 
After development, the chromatoplate was dried at room temperature for a 

short time. It was then heated in an oven at IIOO until the odor of the solvents could 
no longer be detected (cn. I hour). The heated chromatoplate was then sprayed with a 
freshly prepared solution of 20 mg of naphthoresorcinol, IO ml of ethanol and 0,2-0.4 
ml of cont. I--I&SO,. (The sodium acetate impregnated plates needed 0.4 ml of l&SO, 
for good color development). After a few minutes at room. temperature, vivid spots 
appeared against a white or slightly tinted background. The white background dark- 
ened if the chromatoplates were overheated after spraying. The colors of the spots 
have already been described in a preceding study’, where they were developed on 
boric acid impregnated plates. These colors proved to be equally vivid on the mono- 
sodium phosphate impregnated plates, but the sodium acetate impregnation caused 
the shades to vary a little (they tended slightly toward an overall brownish, tint). 
Disodium phosphate impregnation caused a deadening of the colors coupled with a 
darkening of the background. . % 

Tables 1; II and III show the approximate RF values ( x ,100) of the carbo- 
hydrates used, relative to.ea.ch solvent reported. 
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TABLE I 

Ji$V,xLmS (X 100) ON PLATESIM'PREGNATE~ WXTNSODIUM ACETATE 

Solvmat system 

I 2 3 4 5 G 7 8 g IO rr z2 13 I4 15 XG I7 rf 

Glyceraldchyde 
Dihyclroxyacetone 
Erythrosc 
Ribose 
Arabinosc 
Xylose 
Lyxose 
Fucose 
Rhamnosc’ 
Glucose 
Galactose 
Mannose 
Levulose 
Sorbose 
Mannoheptulose 
Secloheptulose 
sucrose 
Turanose 
Maltose 
Lactose 
Trehalose 
Melibiose 
Rafflnose 
a-Methyl-D-glucoside 
a-Methyl-D-mannosicle 

Slta$e if sfiots 

8 53 
22 53 
I6 44 

s 29 

I< ‘356 
I3 34 
10 32 
21 47 

5 22 
3 I9 

20 43 
4 23 
7 26 
4 20 
5 21 
2 =7 
I I3 
I I3 
o 9 
2 I2 
0 s 

1; z$ 
L 

A B 

60 54 2Q 32 55 55 64 55 I9 47 48 45 52 84 68 74 
63 58 0 35 4I 60 Gg 46 21 55 43 51 42 84 66 64 
66 49 0 29 40 64 70 46 16 58 23 49 45 84 68 6C 

35 66 67 32 7 36 29 47 30 77 59 55 
20 3I 59 65 32 4 30 25 38 27 68 5s 51 
29 37 7I 7= 43 39 8I 65 63 66 

44 27 
28 36 66 71 

42 
; $ “3; i; 

56 4I 25 25 37 69 69 39 7 46 28 

2~ ;z 3; 36 21 43 

4: 

3x 66 66 65 73 35 so I6 3 56 33 40 25 36 30 74 60 5s 
55 25 I3 I6 3I 62 67 29 2 3= 23 29 24 77 67 55 
66 55 37 36 43 7I 70 51 I6 5I 39 46 46 .79 63 69 
55 32 Is 20 33 59 68 31 3 33 24 42 2s 77 66 52 
5s 33 20 23 33 63 73 36 4 33 26 43 31 74 62 55 
60 30 IS 21 31 64 67 33 2 27 25 39 29 72 59 58 
60 26 Ig 18 3I 55 71 2s 3 25 23 35 25 76 60 56 
55 24 12 16 32 GS 72 27 2 27 2x 38 24 81 66 51 
60 23 12 15 27 G3 68 25 I 27 20 31 22 71 58 53 
55 ;=$ Io I3 26 63 70 23 25 I9 35 20 57 .@ 46 
55 153 8 21 52 67 16 

A 
22 15 27 14 77 58 36 

6g IS 15 26 66 71 2.4 2 20 rg 25 20 74 56 48 
58 14 5 IO 21 53 67 16 o 22 15 23 14 71 56 42 
55 15 3 3 15 5g 6S IO o 21 II 21 g 55 33 
55 44 27 31 4= 70 74 45 I2 33 34 51 41 

z: 
66 63 

55 34, 20 24 33 70 74 34 5 31 27 42 34. 75 63 58 

ABBDBDBDB .4 EA B A EEB 

the 1 
The shape of the spots in each solvent used is represented in Tables I-III by 

etters A-E which are defined below : 

A = sharply-defined and well-rounded spots ; 

B = slightly diffuse, but well-rounded spots; 
C = well-defined, but deformed spots; 
D = diffuse spots ; 

E = diffuse and tailed spots. 
.Solvents,producing “A” and “B” spots are, naturally, the best, but “C” spots 

are often also acceptable. 

‘, 

The choice of 0.2 M solutions was based on the work of OVODOV et 

showed that best results are obtained with 0.2-0.3 M impregnation. 
The thickness:of the layer was left at 0.33 mm, as in our preceding 

the reasons stated in that paper. 

acL3, which 

study3, for 

‘The spots were usually sharply defined, when sodium acetate and monosodium 
phosphate were used for impregnation, but in the second case, they were more 
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xg 20 aL- a2 23 24 25 26 27 28 29 30 3x 32 33 34 35 3G 37 38 39 40 41 42 

55 57 38 
45 54 32 

.;z i; ;f 

46 35 25 
37 48 32 
48 46 30 
47 42 29 
54 56 36 
47 34 29 
,54 31 26 
49 53 25 
56 36 27 
38 40 29 
46’ 32 27 
46 29 27 
52 24 25 

.45, I9 25 
47 20 24 

45 I4 23 

“;I 14 I6 26 23 
44’ 8 22 

40 43 30 
40 34 30 

D .23 CD 

44 55 31 43 60 33 38 29 54 64 6; 
42 50 11 39 7= 37 54 22 55 49 57 

5 47 23 38 73 19 34 30 56 46 54 
20 50 15 40 54 12 42 20 42 45 44 
25 27 16 28 47 5 37 I3 41 37 43 
f; 49 18 39 47 7 45 52 51 52 

45 24 25 73 9 44. 
21 21 

52 43 53 
31 45 19 41 53 8 46 18 48 49 so 
29 G4 22 41 58 18 54 33 5 57 63 
I$ 34 16 I3 10 25 71 4 37 10 44 37 43 

39 43 4 35 9 37 36 40 
;i 58 30 35 74 17 5 30 58 48 Go 

41 14 35 55 7 37 13 39 39 42 
21 45 IG 39 43 5 38 I* 4G 42 43 
I4 32 7 14 G6 3 3G 10 42 3G 41 
25 22 z&j. 32 46 4 34 IO 37 31 48 
14 33 13 50 38 2 33 8 35 32 35 

7 15 8 18 63 I 2g G 34 25 30 
18 18 9 

41 35 
o 

30 7 13 20 8 39 27 0 23 IS :: 3o 2g 21 25 
18 18 9 28 55 26 34 19 26 
I5 I4 8 16 55 i 22 2 23 23 
I3 27 4 32 25 0 17 2 6 

:y 
18 

32 58 25 41 47 9 44 rg 51 4.2 50 

27 56 23 4“ 44 4 37 I3 47 39 42 

CD CD CD CD CD A A A A BA 

51 
38 

;: 

49 
43 
Go 

43 
32 
57 
37 
43 
41 
34 
32 
35 
26 
16 

33 
26 

;52 

43 

41 47 51 41 99 49 
4;f: 

.e 
5; ;; 43 80 

21 33 
5; 

17 35 2g 21 36 18 
24 46 43 29 42 30 
22 44 40 30 39 25 
20 42 36 26 36 29 

33 53 5 4: 42 4* Ir 37 25 13 
8 34 20 g IG 

47 5= 49 39 47 4: 
7 37 25 I3 17 6 

14 41 29 21 25 15 
4 36 20 12 IO 12 

16 31 23 17 xg 14 

4 36 IG 5 o 30 13 9 2 1: 
4 29 ZI 3 6 2 

0 ;: 1: 1 4 o 
5 
0 *Q 7 3 1 

3 
o 

0 231 3 0 0 

30 51 33 4% 47 34 
12 43 26 rg 18 g 

BC EBABEE 

41 41 58 52 99 55 25 47 37 
I5 30’ 25 
9 23 19 

s 14 9 14 10 
4. 19 19 
,z 14’ 17 16 16 

9 27 27 
o 9 9 
0 

7 
2: 8 

26 
2 g IO 
3 II II 
0 9 9 
3 8 8 

0 0 5 z 5 
o 4 5 

0 0 2 4 4 
0 3 3 
0 0.2 
3 IG I6 
3 II’ II 

A A C, 

rounded and less diffuse (OVODOV et al. reported similar results). With disodium 
phosphate impregnation, the spots were generally well shaped, ‘but color development 
was poor. Apart from the tendency of the background to darken when heated, many 
sugars (even though we used 5-pg quantities) were difficult to detect with the naph- 
thoresorcinol reagent. J 

The.migration ratio of each carbohydrate tended to be independent of the sol- 
vent system used with all three impregnants, and we observed that, with very few 
exceptions, Rp values obtained with the disodium phosphate impregnant were lower 
than the corresponding Rp’s obtained with monosodium phosphate, but that the 
general pattern of spots with these two impregnants was very similar. Exceptions to 
this pattern, of independence of ,, the solvent used occurred only when boric acid was 
incorporated into the system. 

Common characteristics of all three types of impregnation were : 
(a) The I+ values of the following II carbohydrates (from bottom to top) were 

in ascending progression : ra%nose, lactose, maltose, sucrose,, &lactose, levulose, 
ribose, fucose, xylose, rhamnose and glyceraldehyde. 

: (b) Oligosaccharides tended to have the same migration rates,’ especially the 
triad, raffinose, trehalose and melibiose, which was extremely difficult to separate, 

J. Ckromato~., 39 (1969) 40;;417 



410 M. LATO, B. BRUNELLI, G. CIUFPZNI 

TABLE I 

RF VALUES ( X 100) ON PLATES IM’PREGNATED WITH SODIUM ACETATE 

Cavboltydratcs Solvcwt system 

I 2 3 4 5 G 7 8 g 10 rr 12 z3 I4 15 XG I7 rc! 

Glyceraldchyde 3 53 
Dihydroxyacetone 22 53 
Erythrosc 16 44 
Ribose 3 29 
Arabinose 
Xylose r; ;56 
Lyxose 13 34 
Fucose 10 32 
Rhamnosc 21 47 
Glucose 5 22 
Galactose 3 19 
Mannosc 20 43 
Levulose 4 23 
Sorbose 7 26 
Mannohepixlose 4 20 
Sedoheptulose 5 21 
Sucrose 2 =7 
Turanose I 13 
Maltose I I3 
Lactose o 9 
Trchalose 2 I2 
Melibiose 0 8 
Rafflnose 
a-Methyl-D-glucoside 
a-Methyl-n-mannosicle 

1; $ 
ti 

Shape tif @ok A B 

60 

63 
66 

55 
GO 

58 
66 
56 
59 
66 

2: 
,“: 
60 
60 

55 
60 

55 
55 
69 
58 
55 
55 
55 

Al3 

54 2Q 32 55 55 G4 55 19 47 48 45 52 34 Gs 74 
53 

: 
35 41 60 Gg 46 21 55 43 51 42 84 G6 64 

49 zg 40 64 70 46 16 58 23 4g 45 84 G8 6c 

38 23 21 35 G6 G7 32 29 47 30 77 59 55 
15 21 20 31 59 G5 32 74 

$ 

47 26 29 37 71 7= 43 9 55 
25 38 27 68 5S 51 
32 52 39 31 G5 63 

44 27 28 36 46 71 42 3 46 31 42 37 79 59 63 
$ ,“: ;: i; Gg 66 Gg 73 39 50 16 7 46 56 40 28 48 6 47 35 81 81 63 66 6g 58 

30 IS 21 3x 66 65 35 3 33 25 3G 30 74 Go 5s 
25 13 16 31 G2 67 29 2 3= 23 29 24 77 G7 55 
55 37 3G 43 71 70 51 16 51 39 4G 79 G3 69 
32 IS 20 33 59 G8 31 3 33 24 42 

2; 
- 77 G6 52 

33 20 23 33 63 73 36 
2 

33 26 43 31 74 G2 55 
30 IS 21 31 64 67 33 27 25 39 29 72 59 53 
26 Ig 18 31 55 71 2s 3 25 23 35 25 76 Go 56 
24 12 16 32 G3 72 27 2 27 21 38 24 81 66 51 
23 12 15 27 63 68 25 I 27 20 31 22 71 53 53 
20 IO 13 26 63 70 23 I 25 I9 35 20 57 s3 46 
13 5 8 21 52 67 16 o 22 15 27 x&t 77 53 36 
IS 13 15 26 66 71 24 2 20 rg 25 20 74 56 43 
14 5 IO 21 53 67 16 o 22 15 23 I4 71 56 42 

15 3 3 15 5g 6S IO o 21 II 21 g 44 27 31 4= 70 74 45 12 33 34 51 41 g: :z 2; 

34, 20 24 33 70 74 34 5 31 27 42 34, 75 G3 53 

B D B D D D B A E A l3AEEB 

The shape of the spots in each solvent used is represented in Tables I-III by 
the letters A-E which are defined below : 

A = sharply-defined and well-rounded spots ; 

33 = slightly diffuse, but well-rounded spots; 
C = well-defined, but deformed spots; 
D = diffuse spots ; 

E = diffuse and tailed spots. 
Solvents ,producing “A” and “B” spots are, naturally, the best, but “C” spots 

are often also acceptable. 

IXSCUSSION 

The choice of 0.2 M solutions was based on the work of OVODOV et 

showed that best results are obtained with 0.2-0.3 M impregnation. 
The thickness:of the layer was left at 0.33 mm, as in our preceding 

the reasons stated in that paper. 

aP, which 

studya, for 

The spots were vsually sharply defined, when sodium acetate and monosodium 
phosphate were used for impregnation, but in the second case, they were more 

J.: Claromatog., 39 (1969). 407-417 



TLC OF CARBOHYDRATES’ON IMPREGNATED SILICA GEL 413 

,: 

.:rg 20 2r 22 23 24 25 26 27 28 29 30 31 32 33 34 35 ,3G 37 38 39 40 41 42 

,;30 31 44 39 G7 41 35 38 38 52 55 64 67 55 66' 58 G2 55 59 gg 48 ,21 : 62 54' 

'28' 4G 44 28 75 GO 43 37 49 57 GO 54 51 55 GG 55 54 52 G8 89 41 I4 44 48 
'29 38 45 38 70 57 23 37 3G 55 47 53 51 47 '67 48 56 G5 61 82 23 =3 41 42 
,2G 27 .27 25 71 49 32 40 IG 35 2G 47 41 3G 54 33 49 49 43 37 27 9 28 27 
'24 19 27 I* 35 33 2G 33 7 22 12 42 31 24 43 30 4s 33 30 41 20 s3 13 12, 
.:.;29. 27 38 13 70 43 33 40 I3 35 24 52 43 37 58 37 5s G7 43 38 30 so 25 25 
,iG 26 26 15 62 46 28 37 14 35 23 49 40 3G 59 3G 47 52 43 34 2G 10 2G 24 
,'2G 24 .30 14 G7 43 32 40 II 3.1 20 51 40 35 58 38 52 49 42 41 27 9 24' '23 
,29: 37 41 33 85 58 34 40 32 52 50 Go 52 51 G8 47 G2 G8 57 40 41 11 45 47 

::;;z I4 J.1 25 
:z 

’ g 7 40 39 28 25 24 23 36 40 4 18 
2: $ 

r.o 8 40 31 30 28 20 SG 41 36 22 IG 35 30 24 IG 20 15 13 18 12 ,5 8 IO 110 'g 7 
;:27' 37 33 81 62 34 38 46 55 49 47 7s 49 59 63 52 38 fi 13 41 '40 
31 IG 24 II 53 34 2G 40 7 20 13 40 33 24 41 22 41 31 25 36 15 7 16 ,14 

.'23 20 30 9 50 29 2G 35 G 23 13 42 37 2G 45 2G 44 35 29 19 17 14 13 12, 

.'24 14 23 9 45 29 24 37 5 18 IO 42 31 21 45 20 37 27 21 II ro 4 13 xx 

..~22 " 16 ~ 30 9 46 30 25 34 5 Ig 10 42 2g 21 41 27 40 32 26 IG 17 13 

'30 g 21 
; ;; ;; 

24 41 2 10 5 35 25 13 45 9 42 '19 13 13 5 5 

I; 'T; 

"24 8 22 25 37 2 9 5 3G 23 IO 4x 8 36 20 13 6 4 5 6 5 

:30 7 19 G 41 18 23 42 2 9 4 3o 9 35 7 29 1~ 8 9 3 3 5 fr3 
,',30 4 16 7 27 

;$ 2": h& 
0 

: 
3 20 :: 9 24 5 16 G 5 

: 
2 I 3' ,2 

'123 7 25 9 31 0 3 38 22 8 3s 4 30 IO 5 2 IO 2: 2: 
'23 5 I5 G 21 TO 24 37 o 3 2 15 rg 8 15 3 II 22 2 3 I o .'I ‘, x : 
'30 3: I4 7 20 9 21 35 1% ;i 2: ;: ;j 8 19 2 9 2 3 0 0' 2 '0 

26 37 11 54 33 27 35 36 Gs 44 Go 57 43 
32 

40 13 24 26 
'24 19 33 11 53 27 2G 36 .I4 41 31 20 45 23 46 31 24 13 14 14 13 .12 

'D c CD CD CD CD CD 33D A A A A C A 13 E A A A E B A A A. 

monosodium phosphate, solvent 5 (which contains boric acid) separated raffinose and 
trehalose, as well as the triad, dihydroxyacetone-erythrose-glyceraldehyde. On the 
other hand, solvent 5 was only able to separate dihydroxyacetone from glyckraldehyde 
when sodium acetate was used for impregnation. Again, with the sodium acetate 
impregnation, solvent I (contains boric acid) separated dihydroxyacetone, erythrose 
and glyceraldehyde. :.: .* 

There was no solvent, in conjunction with any type of impregnation, ‘which 
succeeded in separating all the. components of the two triads (raffinose-melibiose- 
trehalose and dihydroxyacetone-erythrose-glycercildehyde) . To sum up, the most 
difficult, problem to solve is the separation, on the s&e plate,‘of oligosaccharides and 
the low molecular weightbtrioses and tetroses; The best separations were always in the 
pentose-hexose range. : ‘. 

The .monosaccharide quartet, arabinose-sedoheptulose-sorbose-a-methyl-n- 
mannoside, was impossible to split into more than, two components with the’ mono- 
sodium or disodium phosphate impregnank Sodium acetate impregn.ation, however, 
resulted in solvents’4,8 and 20’ separating-the group,into’three spots;’ while solvent 23 
separated all four sugars. Unfortunately, the spots obtained with this,last-mentioned 
solvent were badly-shaped and diffuse; " ', 
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:T&BLE.III I’ :; 

), 
,,n~~~hLVES'(X.I00)'ON PLATBSIMPREGNATIED WLTEE DISODIUM PHOSPHATE I’ “.! 

Ccwbqltydvattis .’ 
,(‘, 

Solvent sysiem 4 

‘., :, . 
‘. 

.’ .’ I'2 3 ,4. 5 .6 7 8 g zo II za 13 r4 ~5 r6 I’ ‘7 i& 

‘: .’ ‘,,‘. 

,.Glyc&aldohycle 30 66 55. 41. 55 59 63 71 7r ~ 67 52 49 47 55 63 87 
;:Dili~droxyaccton~ 

78 84’: 
29 ‘62 43 3o.-, 43 .45 41 66 66 52 28 41 41 49 46 89. 76’ 76: 

I. Ery$hros& t ‘30 56 44. 30 38 45 42 .G7, 66 
‘.Rilqose 

51 i7 44 35 47 48 ,‘87 77 .7S’. 
., 7 ” 34. 42 23 .24 30 27 59 ,57 30 ,6 30 23 33 28 92 67 .60, 

;Arabinose 7 20 34 2x 13 20 22 57 53 24 5 22 14 20 is. 8g Gg ,52’:, 
.IXylose zo .,35 38 27 ~6 32 zg 64 65 38 8’ 41 23 34 31 92.: 74 64’.: 
.Lyxow 14 38. 35.,22 26 ‘35 ,30 66 ,66 41 10 49 22 .33 34 89 
~~,FU~OS~, 13 35 38 24 '24 

74 67.: 
31 30, 64’ 64 38 1‘0 31 23; 32 30 ,92 

,Rhainnoso 
71 67:. 

: Glticdsc 
‘31 59’ 4.x 33. 49 52 45 7x’ 71 60 27 44 40 51 52 88 76 8+ 

II Id 18 Gal&%osti 5 35 15 11 14 x9 :; $’ 1; 20 3 38 go 73 4g.f ; 
“Marinose 3 9 =3 

‘::LCvulos~, 

,9 44, 36 ,12, 

<(Sorb&e : 
27 56’ 19 43 ,32 ‘19 45. g 
; 21 ‘36 18: 

50 15 47 22 72 56 75 55 55 23 2 27 14 '22 ; 
20, 

go .74 47: 

~&I~~,n~+p~ulo~o 16 35 16, : ‘7 8 21 23 21 23 ,5g 63,. 
62 zg. 2 

54 21 19,. 
'59 24 2 29 24 

16 22 
12 xg 20 24 

gr Gg 54” 
go, 73 47,f 

,Secloheptuloso 
;Si&o?se 2 'IO 34 ,+5' II 13 

20 .i3 63 5g 26 22 rg gz Gg 56:’ 

~!T~~rak$e 2 II 35 '13.'. Z 
14 15 62,. 58 15 ” 3 I xg 14 7. 12 /, 24 I.5 89. 73 51:: 
16 rG ,Gz 62 17 2 25 7 10, 15 

ILactose’ .M_jiJtose : ‘. ,’ 

91, 
o’ 
0 7 46 ,7 5, 

8 II 
8’ ,87,. 88 

73 5,2’:,*. 
-73 

~~T~oliilose ” 
73 ,4g:; 3#i, 

21: 88 
,Melibi_Se ” 
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solvent system was apparent, but such was not the case with the sodium acetate, 
monosodium phosphate and disodium phosphate impregnants, This is, naturally, 
the basic obstacle to successful bidimensional chromatography. 

~1onodisnensiou2aZ chronaalogr6zjVzy 
The sodium acetate and monosodium phosphate impregnants, however, have a 

great advantage: they can separate sharply different mixtures (according, to the 
solvent used), of up to q-10 carbbhydrates on a monodimension_al run. 

Figs. I and z show some,examples of separations on a standard 18 cm run. 
The data in Tables I, II and III can of course be used for selecting the 

conditions tar a given carbohydrate mixture. 
We wish to point out that with monosodium phosphate impregnation, solvent 

37 was successful in separating a mixture of sugars containing glucose, levulose, ribose 
and other biologically important carbohydrates, The following IO sugars were separat- 
ed on a 33 cm run: ratEnose, lactose, maltose, galactose, sucrose, glucose,’ levulcse, 
arabinose, ribose :and rhamnose. This finding means that only one, rather than’ two, 
standard carbohydrate mixtures are necessary for clinical applicatious., In a preceding 
paper, which described a monodimensional technique for the ‘qualitative and’ semi- 

? . 

J. Ch'O?WtO~., 39 (1969) 407-417 



416 U. LATO, B. BRUNELLL, G. CLUFPLNL 

‘0 
3: 12 0 

24 0 
80 

14 0 

110 

19c3 

22 
23 8 

90 1 

3 

1 

9 8 
7 
4 70 
13 100 
1C 8 

11 

190 
19 a 

220 
20 0 
230 

, . 

4 10 

14 0 

10 
16 8 

19 0 
20 0 
230 

00 

130 
170 

16 0 

200 

23 0 

10 
l2 0 
GO 
0 
4 8 

10 
‘2 0 
24 0 
00 

25.0 
150 

. . 

160 
c 170 

21 0 

23 0 . ;; i 8 

sotvent 2 20 32 36 - 37 

Fig. I. Separation of carbohydrate mixtures on silica gel impregnated with 0.2 M sodium acetate. 
Carbohydrates : I = glyceraldchydc; 2 - dihydroxyacetone; 3 = crythrose ; 4 3 ribose ; 5 P 
arabinosc; 6 = xyloso; 7 = lyxose; 8 = fucosc ; g = rhamnose ; IO = glucose; I I II galactose ; 
12 = mannose; I 3 1 levulosc ; 14 = sorbose ; 15 = mannoheptulose ; 16 = sedoheptulose ; 
17 = sucrose; 18 =: turanose; xg I maltose: 20 = lactose; 21: a trehalose; 22 = melibiose; 
23 = raffhosc; 24 = a-methyl-D-glucoside; 25 = a-methyl-D-mannoside. 
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Fig. 2. Separation of carbohydrate mixtures on silica gel impregnated with 0.2 M monosodium 
phosphate, For numbering of carbohydrates see Fig. I. 

quantitative analysis bf carbbh$drates commonly fouhd in biological fluids’, we were 
forced to ,propose a separate glhcose standard in addition to the standard carbo- 
hydrate’mixfure, since ghicose bridg&the ribose atid levulose spots. 

‘Fig, 3 shows how clearly solvent 37 achieves the separation Of the above& 
mentioned sugars; The time required for this run was exactly 8 hburs. 

!.’ .,: ‘, ) 
.,’ , 
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Fig, 3, Monodimensional chromatography of two carbohydrate mixtures on a zo x 35 cm plate. 
Adsorbent: Silica Gel G with 0.2 M monosodium phosphate imprcgnant, Solvent system : acctonc- 
water-chloroform-methanol (8 : 0.5 : I : I). I, 3 and 5 = 8, 4 and z@g per spot respectively of (from 
bottom to top) : raffmose, lactose, maltose, galactosc, sucrose, glucose, lcvulose, arabinose, ribose, 
rharnnosc. 2, Li and 6 = 8, 4 and z pg per spot respectively of (from bottom to top): melibiosc, 
trehalose, turanose, mannoheptulose, lyxose and dihydroxyacetone. 
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