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SUMMARY 

The chromatographic behaviour of 48 alkaloids on cation exchangers with 
cellulose, paraifin and polystyrene matrices in both the acid and sodium salt forms 
has been investigated. Water--organic solvent mixtures, aqueous bufBer solutions and 
organic and mineral acid solutions in both water and in aqueous-organic soIvents 
have been used 2s eluents. 

The retention mechanisms of these compounds on 2lginic acid, Rexyn 102 
(H+) and Dowex 50-X4 (H’) thin layers are discussed. Interesting separations of the 
alkaloids were carried out on alginic acid and Rexyn 102 (H’). 

INTRODUCTIOX 

In Part I’, the chromatographic behaviour of 48 alkaloids on thin layers of 
some anion exchangers (AG l-X4 and CeBex D) was described. This part concerns 
the chromatographic behaviour of the same alkaloids on layers of cation exchangers 
with cellulose (alginic acid and sodium carboxymethyiceltulose), paraffin (Rexyn 202) 
and polystyrene (Dowex 50-X4) matrices. 

This study was carried out in order to give a complete picture of the use of ion 
exchangers in the separation of alkaloids and, at the same time, to characterize the 
influence of the matrix on the chromatogmphic behaviour of these compounds. 

Preparation of layers and solutions 
The solutions of the alkaloids were prepared as described in Part 1’. The 

layers (thickness 3oOpm) of al&tic acid’, Rexyn 102 (Fisher Scientific, Fair Lawn, 

NJ., U.S.A.) and Dowex 50-X4 were prepared with 3 g of resin and 9 g of micro- 
crystaB.ine ceBulose (E. Merck, Darmstadt, G.F.R.) in 50 ml of water. Before use, 
the exchangers were rinsed with water and methanol and dried at room temperature. 

The sodium carboxymethykzelhrlose (CMCN2) layers were prepared with 4 g 
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of exchanger (1.18 mequiv./g, No. 132, Schleicher & SchZl, Dassel, G.F.R.) in 50 
ml of water. The chromatographic meastiements were carried out at 25 f 0.5” in a 
thermostatted developing chamber (Desaga, Heidelberg, G.F.R.). The migration 
distance was 11 cm unless stated otherwise. 

Detection 
The alkaloids were detected as described in Part I’, except that for the ex- 

changers in the acid form it was not necessary to spray the layers with 6 M acetic 
acid solution. 

Of the 48 alkaloids, four caMot be detected on al,tic acid (veratrine, ephed- 
rine, cevadine and protoveratrine A) and four on Dowex 50-X4 (veratrine, ephed- 
rine, spermine and spermidine) thin: layers; on Rexyn 102 (II+) thin layers, only 
veratrine and ephedrine cannot be detected. 

RESULTS AND DISCUSSION 

Cation exchmgers in the acidform 
Aigilzic acid. In Table I are reported the RF values of 44 alkaloids on layers of 

alginic acid, eluting with solutions of pH between 0.60 and 2.35. Table I also indicates 
the amounts of each alkaloid deposited on the layer. It should be noted that such 
amounts are generally smaller than those used with anion exchangers’. 

The different alkaloids were classified in order of increasing RF values on elu- 
tion at pH 2.35 because at this pH many interesting deductions on the retention of 
these compounds by the exchanger can be made. In fact, on the basis of the RF values, 
it can be stated that the retention of the alkaloids by alginic acid is correlated with 
the number of positive charges that are present in the molecule of the diEerent com- 
pounds at pH 2.35. In accordance with this assertion, all compounds with two or 
more positive charges at this pH have RF 5 0.08; those with a completely protonated 
amino group and a partly protonated second group have & val-ues between 0.12 and 
0.19. The alkaloids with only one positive charge have RF values between 0.21 and 
0.39 and uncharged alkaloids between 0.69 and 0.91. 

The chromatographic behaviour of the alkaloids at different pH values of the 
eluent is also correlated with the number of positive charges in the moiecule. In fact, 
as the pH is decreased, a remarkable increase in the & values is observed for those 
compounds with two or more positive charges in the molecule, while the correspond- 
ing increase for those compounds, such as theobromine, whose basic groups are not 
protonated in the pH range studied, is negligible. 

Fig. 1 shows the R-w WKWS pH curves for some compounds selected on the 
basis of the number of positive charges. The trends for most al&aloids Et the types of 
curves in Fig. 1. In particular, alkaloids with twr> positive charges have an RM ver.stLs 
pH trend similar to curve (a), those with one positive charge to curve (b) and those 
with no charge to curve (c). 

Curve (d) refers to berberine, which is protonated in the whole range explored, 
and is similar, although to a iesser extent, to the trends for yphimbine, boldine, 
reserpine, ergocristine, ergot&c and ergonovine. Such trends can be ascribed to 
the progressive dominance of the adsorption process over the ion-exchange process 
as the pH of the eluent is decreased. With curves (a) a&d (b), on the other hand, the 
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TABLE I 

RF VALUES OF ALKALOIDS ON ALGENKC ACID THIN LAYERS 

Acetic acid i hydroehioric acid solutions were used as eiuent_ Acetic acid concentration, 1 mole/l. 
Abbreviations: es. = elongated spot; n-d. = not determined. 

Spermke 0.01 0.01 
Spermidine 0.01 0.02 
Quinine 0.02 0.06 
Quinidine sulphate 0.02 0.05 
Cinchonine hydrochloride 0.03 0.08 
Cinchonidiue 0.03 0.08 
Tubocumrine 0.04 0.10 
Ergocristine 0.04 0.13 
Berberine hydrochloride 0.05 0.09 
Emetine hydrochloride 0.05 0.13 
Reserpine 0.06 O.i3 
Ergotamine 0.06 0.16 
Sparteine suiphate 0.08 0.22 
Narceine 0.12 0.12 
Ergonovine 0.12 0.18 
Boldine 0.15 0.23 
Yohimbine hydrochloride 0.15 0.28 
Strychnine 0.17 0.30 
Brucine 0.18 0.31 
Jbogaine 0.19 0.33 
Papaverine 0.21 0.39 
Hydrastine 0.22 0.41 
Narcotine &23 0.42 
Ajmaline 0.27 0.46 
Morphine 0.27 0.49 
Lobeline hydrochloride 0.28 0.45 
Scopoke 0.28 O-48 
Tropine 0.29 0.51 
Ethylmorphine 0.29 0.51 
CofXiW 0.30 0.51 
Scopolamine hydrochloride 0.3f 0.52 
Eseriue sulphate 0.32 0.56 
Arecoke hydrocbforide 0.33 0.56 
A&opine 0.33 0.56 
Hyoscyamine 0.33 0.56 
Homatropine 0.33 0.56 
Eucatropiue hydrochloride 0.33 0.54 

Hyoscyne 0.34 0.56 
Prostigmine 0.39 0.61 
Theophylline 0.69 0.70 
Amhrophyliine 0.69 0.70 
Theobromine 0.76 o-77 
Cafieine O.i31 0.82 
Cokhicme 0.91 091 

es. e.s. ad. 
es. 0.61 n-d. 
es. 0.69 0.85 

0.69 0.85 
::9 0.74 0.91 
0.49 0.74 0.91 

0.49 0.68 0.83 
0.28 0.32 0.36 
0.13 0.14 0.13 
0.54 0.75 0.91 
0.23 0.26 0.31 
0.28 0.32 0.36 
0.68 0.86 0.96 

0.10 0.09 0.07 
0.28 0.29 0.25 
0.41 0.40 0.39 
0 62 0.63 n.d. 
0.58 0.65 0.72 
0.59 0.67 0.75 
0.55 0.62 0.64 
0.65 0.75 0.80 
0.67 0.79 0.88 
0.68 0.80 0.88 
0.74 0.80 0.81 
0.77 0.82 0.88 
0.72 0.77 0.80 
0.7g 0.87 0.94 
0.80 0.88 0.94 
0.80 0.87 0.92 
0.80 0.87 0.92 
0.80 O.SS 0.91 
0.83 0.92 0.96 
0.82 0.91 OS4 
0.82 0.91 0.94 
0.82 0.91 0.94 
0.82 0.91 0.94 
0.82 0.91 0.94 
0.86 091 0.94 
0.89 0.94 0.96 
0.73 0.72 0.76 
0.73 0.72 0.76 
0.76 0.76 0.76 
0.83 0.81 0.84 
0.93 0.91 0.89 

5.0 
5.0 
0.3 
0.3 
0.7 
0.7 
6.0 
0.4 
0.01 
4.0 
0.5 
0.4 
5.0 
0.25 
0.4 
0.4 
3.0 
5.0 
5.0 
0.4 
0.4 
0.7 
1.5 
1.0 
5.0 
4.0 
5.0 
7.0 
5.0 
7.0 
5.0 
2.5 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
5.0 
5.0 
5.0 
5.0 
3.0 
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Fig. 1. R,, versus pH curves for some akaloids on alginic acid thin Iayez. (a) Cinchonine hydro- 
chloride; (b) arecoline hydrochloride; (c) theobromine; (d) berberine hytlrocbloride. 

ion-exchange process prevails over tbe whole pH range, with the exception of pH 0.60. 
The slo_pes of the linear portions of curves (a) and (b) are 1.64 and 1.02, respectively, 
in good agreement with the presence on the layer of a divdent ion in the first instance 
and a monovalent ion in the second. 

The trend of curve (c), whose slope is zero, indicates that in the pH range 
szudied theobromine and the other alkaloids that show the same chromatographic 
behaviour are uncharged and therefore their retention tiechanism is controlled by 
the adsorption process. From a comparison gf curves (c) and (d), a Merent depen- 
dence of the adsorption process on the pH, depending on the form of alkaloid 
(protonated or unprotonated), is indicated. Such an occurrence agrees with the results 
obtained for phenols under comparable experimental conditions”. For phenols, in 
fact, it was shown that the adsorption of the phenate ion is more affected than the 
corresponding neutral form by the increase in the ionic strength of the eluent. 

The use of water-alcohol mixtures usually does not result in improved separa- 
tions of alkaloids in comparison with the above aqueous eluents. In fact, with 1 :I 
(v/v) methanol-water mixtures, most aJ_kaloids remain at the application point 
(& I 0.1 I), with the exception of aminophylline and theophylline (& = O-70), 
theobromine (RF = 0.711, narceine (RF = O-78), caffeine (RF = 0.79) and colchicine 
(& = O-96), so that these five can therefore be separated from other alkaloids. 
With higher concentrations of methanol in the aqueous solvent (70-800/,), the weakly 
basic alkaloids exhibit RF values above 0.80, while those with more marked basic 
characteristics (brucine, strychnine, berberine, quiniae,_cinchonine, etc.) are retained 
more strongly, but give rise to elongated spots- Similar behaviour is observed when 
methanol is replaced by ethanol. 
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AnaC&ai applications of algitzic acid layers. Many separations can be effected 
on the basis of the RF values listed in Table I. As an example, Fig. 2 shows the separa- 
tion of nine alkaloids, eluting witk a solution of pH 2.00 that was 1 M in acetic acid 
and 0.01 M in kydrochloric acid. 

SE 

S.P. 

Fig. 2. Thin-layer chromatogxam of alkaloids on dginic acid. Eluent: 1 M acetic acid f 0.01 h4 
hydrochloric acid @H = 2.00). Migration distance: 13.5 cm. White spots: 1 = colchicine; 2 = 
caffeine; 3 = theophylline; 4 = tropine; 5 = papaverine; 6 = strychnine; 7 = ergonovine; 8 = 
berberine hydrochloride; 9 = spermine. Blacic spots: mixtures. S.P. = starting point; SF. = solvent 
fro@L 

Rexyn IO.2 (IV). Table II gives the RF values of 46 alkaloids on Rexyn 102 
(ET*) layers, eluting with aqueous solutions at three different pH values. The com- 
pounds were classified in order of increasing RF values on elution at pH 1.00. 

On this exchanger the alkaloids are retained more strongly than on alginic 
acid owing to the stronger adsorption by the paraE matrix than by the cellulose 
matrix. Also, the RF sequence is difherent from that observed on aiginic acid, as ad- 
sorption is the prevailing parameter that determines the retention of these com- 
pounds on Rexyn 102 (H*). This effect leads to new separations among the alkaloids, 
as the degree of adsorption is correlated witk tke structure of the compound_ From the 
data in Table II, it should also be noted that at pH 0.30 many alkaloids are retained 
more strongly than at higher pH values, indicating that ‘he retention of these com- 
pounds is associated with interactions between the matrix of the exchanger and the 
individual compound. 

The increase in the RF values when ethanol is added to the eluent is in good 
ageement with an adsorption process. Table If gives the RF values obtained on 
eluting with 1 M acetic acid in-water-ethanol mixtures (containing 30 and 50% of 
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TAI3LE II 

RF VAL5ZS OF ALKALOIDS ON REXYN 102 (II+) THIN LAYERS 

Eloents: fa) 1 M acetic acid + hydrochloric acid solutions; (b) 1 M acetic acid ir water-ethanol 
mixtures. 

Aikaioz-d (0) pff of eluem (b) EfhamC 
cffncen?rarz?7n (%) 

2.35 I.00 0.3u 30 SO 

Ilerberine hydrochloride 
Reserpine 
Ergocristine 
Narceine 
Ergotamine 
Papaverine 
Tubocurarine 
Jbogaine 
Colchicine 
Lobehne hydrochloride 
Boldine 
Ergonovine 
Hydrastine 
Strychnine 
&wine 
Yohimbine hydrochloride 
Cevadine 
Emetine hydrochloride 
Narcotine 
Ajmaline 
Cocaine 
Hyoscyne 
Protoveratrine 4 
Eserine strIphate 
Caf&ine 
Theophylline 
Aminophyhine 
Ethylmorphine 
Theobromine 
Quinine 
Atropine 
Hyoscyamine 
Eucatropine hydrochloride 
Quinidine sulphate 
Prostigrnine 
Homatropine 
Cinchonine hydrochloride 
Cinchonidine 
Scopolamine hydrochloride 
Morphine 
Arecohne hydrochloride 
Sparteine sulphate 
Scopoline 
Tropine 
Speimine _-. srxmlldm e 

0.00 0.00 0.01 0.02 0.09 
0.00 0.02 0.02 0.04 0.20 
0.00 0.02 0.02 0.06 0.30 
0.03 0.02 0.02 0.46 0.78 
0.01 0.05 0.04 0.08 0.25 
0.02 0.06 0.04 0.16 0.29 
0.01 0.07 0.06 0.11 0.15 
0.01 0.08 0.06 0.12 0.30 
0.08 0.10 0.14 0.42 0.65 
0.02 0.11 0.07 0.12 0.32 
0.02 0.11 0.10 0.25 0.41 
0.02 0.12 0.10 0.15 0.27 
0.02 0.15 0.13 0.16 0.27 
0.03 0.17 0.14 0.20 0.28 
0.03 0.17 0.14 0.23 0.30 
0.03 0.18 0.10 0.18 0.23 
0.04 0.18 0.12 0.27 0.42 
0.01 0.22 0.19 0.18 0.25 
0.05 0.22 0.19 0.21 0.30 
0.08 0.22 0.28 0.25 0.39 
0.07 0.26 0.20 0.26 0.44 
0.07 0.27 0.24 0.24 0.39 
0.06 0.27 0.24 0.24 0.51 
0.12 0.36 0.37 0.37 0.47 
0.28 0.36 0.42 0.55 0.67 
0.35 0.40 0.53 0.58 0.68 
o-35 0.40 0.54 0.58 0.68 
0.13 0.42 0.37 0.34 0.46 
0.36 0.42 0.46 0.60 0.66 
0.02 0.43 0.36 0.13 0.19 
0.14 0.43 0.42 0.36 0.47 
0.14 0.43 0.42 0.36 0.46 
0.14 0.43 0.42 0.36 0.46 
0.02 0.45 0.37 0.12 0.21 
0.17 0.47 0.47 0.36 0.45 
OS8 0.53 0.53 0.40 0.50 
0.03 0.55 0.46 0.15 0.20 
0.03 0.55 0.47 0.14 0.22 
0.2: 0.59 0.5i 0.42 0.51 
0.23 0.62 0.57 0.43 0.52 
0.33 0.76 0.77 0.46 0.54 
0.18 0.85 0.77 0.30 0.34 
0.42 0.86 0.82 0.53 0.53 
0.42 0.86 0.83 0.53 0.52 
o-06 0.97 0.97 0.12 0.07 
0.11 O-97 0.97 0.26 i_klS 



ethanol). Higher ethanol concentrations cannot be used as the layer disgregates during 
the elution. Oncomparing the RF values in the last two columns in Table 11, it should 
be noted that the RF values are greater at the higher ethanol concentration, with the 
exceptionofspermine and spermidine, whose RF values are lower at the higher ethanol 
concentration, and scopoline and tropine, whose R,- values do not change. With 
spetine and spermidine, the presence in the molecule of three and four protonated 
amino groups, respectively, decreases their solubiljty in aqueous+rganic mixtures. 
The behaviour of scopoline and tropine, which i: different from that of the other 
alkaloids of the tropane group, can be ascribed to the presence in their molecules of 
a free hydroxyl group, which in the other tropane alkaloids is esterified by an aromatic 
acid. The presence of a free hydroxyl group involves a higher polarity and a smaller 
size; both such occurrences limit the solubility of scopoline and tropine in water- 
alcohol mixtures. The addition of a mineral acid to these aqueous-organic mixtures 
usually involves an increase in the RF values; this increase is more marked for 
alkaloids with smaller RF vibes and therefore it causes a levelling of the chromato- 
graphic behaviour of these compounds. 

On eluting with water-alcohol mixtures without mineral or organic acids pre- 
sent, the alkaloids behave in the same manner as on alginic acid under the same 
experimental conditions. In particular, most compounds remain at the application 
point, with the exception of colchicine, narceine and the four purine alkaloids. The 
replacement of ethanol with dimethylformamide does not result in marked dif- 
ferences in the RF values until a 13 water:dimethylformamide ratio is reached. 
Solutions with higher proportions of dimethylformamide can still be used as eluents, 
in a different manner to water-ethanol mixtures. With 1:2 water-dimethylformamide, 
for instance, many alkaloids move to different extents from the application point. 
With this duent, however, those alkaloids which react with DragendorE reagent 
cannot be detected, which is a serious limitation to the use of such mixtures. 

halytical application of Rexyn IO2 (KC) layers. Many interesting separa- 
tions are possible on the basis of the R, values in Table II, and we carried out the fol- 
lo%Glg: tropine/atropine and quinine/cinchonine (1 M CH,COOH f 0.1 M HCl, 
pH 1.00); sperm.ine/spermidine, ergocristinejergonovine and narceine from papav- 
erine, hydrastine and narcotine (1 M CEI&OOEI in 7:3 water-ethanol). Fig. 3 
shows two separations of four of the more importAnt opium and tropane alkaloids, 
eluting with a solution of pH 1.00 that was 1 M in acetic acid and 0.1 M in 
hydrochloric acid. 

Dolvex 50-B (Hi). On Dowex 50-X4 (Hi) layers, the retention of the alkaloids 
is more marked than on alginic acid and Rexyn 102 (Hi) even if more concentrated 
hydrochloric acid solutions are used as eluents. As shown by the data in Table III, 
on eluting with 1 M hydrochloric acid, most alkaloids remain at the application point, 
except for arecoline, the three alkaloids of the tropane goup (scopoline, tropine and 
scopolamine) and the four purine alkaloids. 

Iflarge amounts of ethanol are added to the eluent, many alkaloids move from 
the application point. It should be noted, however, that even with 80% of ethanol 
(Table JB), the RF values of most compounds are less than 0.40, except for colchicine 
(& = CL%), cevadine (RF = 0.65) and narccine (Rp = Q-95), which can therefore 
be separated from the other compounds. 

On replacing ethanol with dimethylformamide, the alkaloids move from the 



Quiaine 
suiphate 

Cixhmine hydrochloride 
Cixhonidine 
Emetine hydrochloride 
Sparteke sulphate 
Tubuxzrine 
Berimirte hydrrhioride 
RWZ-pine 
Ergomistine 
Ajmalke 
Jbogaine 
Strychnine 
Eserine suiphate 
Ergotanine 
Yo’bimbine bycirocbio&Ie 
Papave&e 
Ergonovine 
Lobeline hydrochloride 
Briicine 
Hydras&e 
Roldine 
Ethylmorphine 
I-Ww= 
Bkucmine 
Cocaine 
Protove_mtriie A 
Anxoitie hydrochloride 
Prostigfniix 
Morphke 
ScopoliIie 
Ckffeine 
Eucatmpine hyd_mchloride 
Tropine 
Scopokmke hydrochloride 
A&opine 
r-xyoscyanline 
Homatropine 
AininophyIline 
TkophyIline 
Theobromine 
Cevadke 

Colchkine 
Nasxba . 

0.00 

Z-E 
0:oo 
0.00 
0.04 
0.00 
0.00 
0.00 
0.01 
0.01 
0.00 
0.01 
0.01 
0.00 
0.02 
0.00 
0.05 
0.01 
0.01 
0.01 
0.00 
0.04 
0.03 
0.02 
0.05 
0.08 
C-17 
0.13 
0.13 
0.32 
0.20 
0.06 
0.28 
0.18 
0.07 
0.08 
0.10 
0.28 
0.29 
0_24 
0.03 
0.01 
0.01 

0.01 
0.01 
0.01 
0.01 
0.02 
0.03 
0.04 
0.04 
0.05 
0.06 
0.06 
0.06 
0.10 
0.10 
0.11 
0.11 
o-11 
0.12 
0.13 
0.14 
0.16 
0.17 
0.19 
0.19 
0_2JJ 
0.21 
n-d. 
0.22 
0.25 
0.21 
0.29 
0.29 
0.29 
0.30 
0.30 
0.30 
0.31 
0.31 
0.32 
0.33 
0.38 
039 
0.48 
0.61 

0.01 
0.01 
0.01 
0.01 
0.05 
0.04 
0.04 
0.11 
0.33 
es. 
0.18 
0.27 
0.23 
0.30 
es. 
0.26 
0.32 
0.21 
0.3-a 
0.25 

z-1 
0.28 
0.30 
0.36 
0.25 
n-d. 
0.20 
0.24 
0.27 
0.17 
0.30 
0.39 
0.23 
0.37 
0.40 
0.40 
0.40 
0.31 
0.33 
0.25 
0.65 
0.58 
095 
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Fig. 3. Thin-Iayer chromatogmm of alkaloids on Rexyn 102 (H+). Eluent: 1 Macetic acid t 0.1 M 
hydrochloric acid (PH = 1.00). Migration distance: 14 cm. White spots: 1 = morphine; 2 = 
e$hyhmrphine; 3 = xui-cotine; 4 = papzverine; 5 = scopoline; 6 = scopolamine hydrochloride; 

7 = atropine; 8 = cocaine. Black spots: mixtures. S.P. = starting point; SE = solvent front. 

application point; however, elongated spots are usually obtained and, as on Rexyn 
102 (Hi), DragendorE reagent cannot be employed. 

TABLE IV 

RF VALUES OF ALKALOIDS ON CMCNa THIN LAYE-RS 

Eknt: 0.5 M acetate buffer. 

Aikahid RF A/k&id RF 

Boldine 0.17 Papaverine 0.67 _ 
Berberine hydrochloride 0.23 Hydrastine 0.71 
Reserpine 0.24 Narco’ke 0.72 
Ergocristine 0.29 Sparteine sulphate 0.72 
Ergo- 0.29 Ajmaline 0.?3 
h’arceine 0.35 L&eke hydrochloride 0.75 
Ergonoviue 0.33 Eserine sulphate 0.87 
QuiIdne_ 0.53 EthyLmolphine o.s9 
Qoinidine sufphate 0.53 Scopoline 030 
Cindhonine hydrochloride 0.54 Tropke 0.91 
Cis&o&dine 

:z 
Theobromine 0.94 

Brucine Caffeine 0.95 
Yohi&ne hydrochloride 0157 TheophyiIine 0.95 
Ibogaine 0.5s Aminophylline 0.95 
strychnine ~0.64 Colchicine 0.95 
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Cation emzirangers in the sodium s~lt~~onn 
The results achieved v&h the cation exchangers in the sodium-salt form are 

worse than those with the correspond&g exchangers in the acid form, in terms of 
both the compactness of the spots and the separation possibilities. Such behaviour 
was checked on Rexyn 102 @I*) and Dowex SO-X4 @Ia+), eluting with acetate buffer 
and water-ethanol mixtures. It was not possible, however, to compare the results on 
a@nic acid and sodium alginate, as the latter gelatinizes in aqueous solutions. 

Interesting results were achieved on CMCNa, the matrix of which is similar 
to that of alginic acid. Table IV gives the RF vdues of 30 alkaloids on layers of 
CMCNa, eluting with 0.5 M acetate buffer. Fewer alkaloids were studied on this 
exchanger than on alginic acid, Rexyn 102 (I-I+) and Dowex 50-X4 (ET+) layers be- 
cause only a few compounds react with Dragendorff reagent. The RF sequence is dif- 
ferent from those obtained on a&ink acid and paraffin- or polystyrene-based ex- 
changers in the sodium salt form, which suggests new possibilities for the separation 
of the alkaloids. 

The difference between the chromatographic behaviour of the alkaloids on 
a&ink acid and CMCNa can be ascribed to the higher pH of the eluent used with the 
latter exchanger. 
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