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CHROMATOGRAPH;II’ OF SOME QUATERNARY DRUGS ON COLUMNS OF 

SEPHADIX G-IO 

SUMMARY 

The chromatographic behaviour of some pyridinium oximcs and related quater- 
nary drugs on columns of Sephadex G-IO was studied. Comparable data for the elution 
of some of the drugs from a CM-cellulose column were also obtained. Hydrogen bond- 
ing between the acidic hydrosyl groups and the Sephadex gel seemed to be the major 
controlling factor in the chromatography. Interaction between the gel and arbmatic 
nuclei in the drugs, and solute size, also played a part in determining the elution posi- 
tions of samples. Quaternary compounds not possessing hydroxyl groups or aromatic 
rings tended to be eluted rapidly without separation. The system worked well, however, 
for the separation of a range of quaternary drugs and should be useful for analytical 
and small-scale preparative work. 

INTRODUCTION 

The tightly cross-linked destran gel Sephades G-IO has been found suitable for 
the chromatographic separation of amino acids and similar compounclsl. Several 
authors have also reported on the properties of this and similar gels regarding the 
separation of inorganic salts 2 f 3, which has practical significance in the preparation of 
low-molecular-weight organic compounds free from inorganic salts”. These reports 
suggested that chromatography on Sephadex G-IO might be useful in the study of 
quaternary salts, many of which are employed as drugs for various purposes. This 
paper therefore describes some of the factors which influence the elution of quaternary 
drugs from Sephadex G-IO columns, Much of the work was performed on the cholin- 
esterase-reactivating drug PARI! (z-l~ydroxyiminometllyl-r-methylpyridinium clllo- 
ride) and related compounds with ionizable acidic side groups. The columns were 
eluted with buffers of ionic strength similar to that of physiological saline solution to 
avoid some of the adsorption phenomena known to occurb, and also to ensure that the 
drug cations would have the same degree of hydration as occurs in. biological systems, 
This latter condition was necessary as the possibility of estimating the relative sizes 
of ions from the chromatographic data was considered. 
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ESPERIMIENTAL 

Dogs used am? their estimation 
PAM was recrystallized from a product of I< and I< Laboratories, U.S.A. It 

was estimated spectrophotometrically in column fractions by measurement of the 
optical density (0.D.) at 336 nm of the samples made alkaline with NaOH. TMB-4 
[~,~‘-trimetl~ylenebis-(4-hydroxyiminometl~ylp~idinium bromide)] was synthesized 
by Dr. M. JARVIS at these laboratories. It was assayed in the manner used for PAM, 
measurements being made at a wavelength of 347 nm. Edrophonium (N-ethyldi- 
methyl-3-hydroxyanilinium chloride) from Hoffmann-La Roche, Switzerland, was 
estimated from .the O.D. of alkaline solutions at zg4 nm. Paraquat (x,1’-dimethyl-4,4’- 
bipyridinium dichloride) and diquat (r,r’-ethylene-2,2’-bipyridinium dibromide) 
were obtained from I.C.I. Ltd. Paraquat was assayed by measuring the O.D. at 604 nm 
after adding 0.2 ml of I O/O sodium dithionite in 0.1 .ii NaOH to 2.5 ml of the column 
fraction. The concentration of diquat was assayed from the O.D. of solutions at 310 
nm. Other drugs, obtained from commercial sources, were assayed semi-quantitatively 
by a manual version of the bromocresol green method”. Samples containing alkali 
metal salts were quantitatively assayed by flame photometry. 

Structures of some of the compounds are shown in Fig. I. 

CoZ&n~t chromatograg5lay 
Sephadex G-IO, particle size 40-120 pm, (AB Pharmacia, Uppsala, Sweden) 

from lot number 8062 was used as the stationary phase. The dextran was allowed to 
swell in 150 mM NaCl, IO mM Tris-HCl, pH 7.4, and the supernatant was decanted 
off after the bulk of the solid had settled. The decantation was repeated twice to re- 
move very fine particles. The gel was then packed into a glass column of 2.52 cm2 cross- 
sectional area. The height of the gel bed was approximately 36 cm, the esact height 
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being recorded during the experiments. The column was connected by polyetliylenc 
tubing to a peristaltic pump throu& which buffer was pumped at a rate of 5.0 ml/h. 
The freshly packed column was eluted with buffer for seven days before a sample was 
applied. Samples were invariably applied in a volume of I ml of the buffer used for 
elution. Concentrations of 5 x IO-~ n/r of pyridinium compounds, I x x0-3 A4 of 
eclropllonium or z x IO-” M of alkali metal chlorides were used in the samples. The 
pH and ionic strength of the samples were therefore nearly identical with those of the 
eluting buffers. Samples were applied after allowing the buffer to drain from the top of 
the column bed and were washed in wit11 two o.5-ml portions of buffer before re- 
connecting the pump system. The colunm was eluted at the rate of 5,o ml/h and the 
effluent was collected in so-min periods. Tile exact volume of the fractions was checked 
during each run by including some graduated tubes in the fraction collector. The com- 
position of the buffersemployed is given in the RESULTS section; when the sample \va.s 
sodium chloride, the ionic stren@ was maintained by the use of potassium chloride. 
To avoid any interaction among samples on the column, a separate chromatographic 
run was performecl for each sample. The temperature was 20 & 2’ throughout the 

esperinients. 

The cln-omatographic technique was later refined by enlploying a column with 
negligible dead space at top and bottom, and injecting the sample into the supply 
tubing through a two-way tap. The column (\Vri(rht Scientific Ltd., Great Britain) had 
a cross-sectional area of 4.00 cni2. The bed height was 4g.S cm when packed at a flow 
rate of 14 ml/h. This apparatus was used to investigate the separation of mistures of 
drugs. 

The void volumes of the columns were determined at frequent intervals by 
measuring the elution position of 0.2 o/o Blue Destran 2000 (Dharmacia). The pyricline- 

treated columns adsorbed Blue Destran irreversibly; for these columns, the void 
volume was determined by the USC oE the polyclestran Macrodex (Pharmacia) at a 
concentration of 0.01 o/o, The clestran was determined in the effluent by tile ,znthrone 
reaction. 

The concentration of the sample substance in the collected fractions was plotted 
against the elution volume. The centre of the elutecl peak was dcterminecl at a level of 
one third of the total peal; height (Fig. 2). 

After use for two months, the column was elutecl wit11 distilled \vater until the 
sodium chloricle concentration in the effluent was less than 5 x IO-~ 116. The packing 
was then removed ancl dehydrated in ethanol-water mistures, dried at 70~ ancl 
weigliecl. 

The results are expressed in terms of the penetration of the sample solute into 
the solvent within the gel grains..Tliis calculation gives a figure equivalent to the I&, 
value, but in these esperirnents the results were influenced by factors other than 
partition due to ionic size. Therefore the term Ir’ used here is apparently similar to 
Kd, but is not a simple partition coefficient, I< = (V, - T~,J/T~,~ where T/c is the elutiorl 
volume of the solute as calculated above, ancl T/,, is the void volum& of the column. 
‘The internal volumq, vg, was estimated from the weighC of dry gel, eniployin~ a value 
of 1.64 g/ml for its clensity’. Tr, = ‘Ire - (V, + V,), where T/L is tile total bccl volume 
.and ‘vfI is tlie volume occupiecl by the solid gel structure. From vfl, the water regain of 
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the gel could be calculated; from four column packings, a mean value of 0.1~5 ml/g dry 
gel was obtained. For each sample, two determinations of IZ were made at different 
times; mean values are quoted here. 
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Fig. z. Composite diagram to illustrate the chromatography of cations on Sephnclcs G-IO. l?our 
separate chromatographic runs are incluclccl. The cross-sectional arca of the column bed was 2.52 

crnfI and the bed volume 91 ml. The vertical axis rcprcsents sample concentration in terms of opti- 
cal density (see ESPERIAMENTAL section) or molar concentration ; the value of one unit on the scale 
is given below. BD = Blue Dextran 2000 (0.7). 0.05), DQ = cliquat (0.D o.z5), PAM = 2-hy- 
clroxyiminomethyl-I-methylpyriclinium chloride (O.D. 0.20), Ii = potassium chloriclc (one unit 
represents 5 x IO-~ il.!!). The construction on the right of the diagram shows the mcthocl of finding 
the elution volume; that is at the centre of the peak at a height of one thircl of the masimum height. 

Pyridine treatnlent of Sephatlex G-IO coZacnam 
A column was packed with gel in ISO mM NaCl, IO ml? Tris-HCl, pH 7.4, as 

described above. The eluting solution was then changed to 1.0 n/r pyridine, 0.03 i’kt 
acetic acid, pH 6.7, and three bed volumes of this buffer were passed through the 
column at 5 ml/h. The buffer was then changed back to the original one and the column 
was washed for one week at the same rate. The column was then used for determining 
K values as described previously. After one set of figures was obtained, the pyridine 
treatment was repeated in a slightly different fashion. The column was eluted with 
240 ml of I M pyridine, followed by 240 ml of 0.2 ilf acetic acid. Then it was washed 
with the original buffer, and a second set of I< values was determined. 

C/aromlt,ogYap~ay on u cozac~la~a of CM-c&c10sc 
Whatman carboxymethylcellulose (CM II, W. and R. l3alston Ltd., Great 

Britain) was stirred in a large volume of 0.1 N NaOH, then allowed to settle. The 
supernatant was decanted and replaced wit11 ISO mM NaCl, IO mAJ Tris-HCl, pI_I 7.4. 
After several washes with this buffer, the cellulose was packed into a column of cross- 
sectional area 2;oS cm2 to a height of 16.5 cm. The column was washed with buffer 
using a pressure of 8 cm of water, which gave a flow rate of 0.5 ml/min, Samples were 
applied to the column and elution volumes determined ‘essentially as described above 
for Sephadex G-IO. Results were expressed as the elution volume (V,) divided by the 
total bed volume (Vl), taking care to measure the latter at the same state of com- 
pression each time. Two determinations were. made for eacll sample. 
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RESULTS AND DISCUSSION 

The samples of organic cations and alkali metal ions were eluted from the G-IO 
columns as sharp, slightly asymmetrical peaks (Fig. 2). It was possible to determine 
the elution volumes with good reproducibility; duplicate measurements of K did not 
vary by more than 0.03 and were usually within 0.01. The sample recovery averaged 
97 O/o. There was an indication that the recovery of Blue Dextran 2000 was lower on 
freshly packed columns, for which values of 62 %, 47 y0 and 71 y. were obtained. The 
recovery of the Blue Destran from the pyricline-treated column was nil. 

The elution rate was normally 5.0 ml/h. IZowever, an increase in rate to 20 ml/l1 
did not affect the chromatography of PARI. No change in K for PAM was found when 
the sample load was increased from I ml of 5 x IO-~ Al to I ml of I x 10-2 Jd 
(S.G ,q to 1.72 mg of the chloride). 

When the effect of varying the buffer salt composition was studied, it was found 
that neither the substitution of potassium for sodium (Table I, results I and 2) nor the 
use of imidazole in place of Tris (Table II) affected the elution of PAPI. In contrast, 
the total replacement of chloride with iodide greatly increased I< for PAIM and sodium 
(Table I, results 4 and 12). Partial replacement wit11 iodide had no effect (result 3). 

IsjO lllnf NaCl 
15” IllM KC1 
I35 Illn~/ KC1 ( 15 IllA li 1 
I50 miil 1< I 

I50 1llM NaCl 

I50 Ill Af NaCl 
150 1ll.w NaCI 

150 IllAf NnCI 

150 IllJf NnCl 
I50 IllA!f KC1 

IO lllAr( KC1 
150 IllAY l<! 

150 Ill n,f NaCl 
150 lllfvr NrtCl 
150 nli\l NnCl 

0.32 

0,325 
0.3-F 

When the ionic strength of the eluting buffer was reduced drastically, an increase 
in the I< of PAhI (Table III) and of sodium (Table I) was noted. This result was 
espected, since many other substances are known to adsorb to Sephades gels at lo\! 
ionic strengtl+. There was also a slight increase of K in I 11% N&l, probably due 
to the salting out of the sample from the solution into bound lvater or more Ilyclro- 
pliobic ai*eas of the gel structure. 

Tile pT_I of the eluting buffer had the geatest influence on the elution of tlit 
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TABLE 1’1 

THE EFFECT OF THE PI-1 OF THE ELUTINC I3UFPlZR ON THE ELUTTON I’OSKTION OF PYRTDIXIUAI OSIbIES 

FROM SEPHADEX G-IO 

%hc buffer composition was IO nd!f Tris or imiclazolc with 150 xni\d N&I, acljustcd to the required 
pH with IbICl. For some csperimcnts, 0.5 fir NzLCI wns usccl in the buticr. 

PAM 6.0 
6.4 
7.4 

;:: 
.s.s 

PAM 
Z:i 

TMB-4 6.0 

G 

Imiclazolc 
In-klazolc 
Imidazole 
Tris 
Ixniclnzole 
Tris 

Tris, 0.5 M NaCl 
Tris, 0.5 IkI NaCl 

Imiclazole 
Tris 
X-is 

0.7x 

03.33 

0.665 
0.67 
0,575 
U-535 

0.67 
0.50 

0.735 
0.695 
0.39 

TABLE III 

THE EFFECT OP SALT CONCENTRATIOK IN THE ‘ISLUTING I3UFFIX.R ON THE ELUTIOS OF PA&l FRO&L 

SEPHADEX G-IO 

I‘hc buffers were composed of IO InM Tris with NsCl in the concentration indicatccl, acljustecl to' 
the required pI_I with I-ICI. 

6.8 
7.4 
7.4 

150 m ikI 0.5 miW ;:; 
1.0 nd 

150 111 ALI E 
0.5 A!! 8-S 

3.6 
o-775 
o.G3 
0.075 
0.67 

0.72 
o-535 
0.50 

lb This concentration was obtainccl by elutiiig the colunln c.shuustivcly \vith tlistillwl water. 

The sample was apl~liecl in distillccl water. 

pyridinium oximes (Table II). The effect occurred around the pK value of the PAM 
oxime group (S,o), and since there is no reason to suppose that the destran gel itself 
was affected in this pH range, the phenomenon must be solely related to the ionization 
of the oximess. For PAM as a cation, K Was 0.71, but when the compound was nearly 
all in the zwitterionic form, K was 0.535, The change in Ii’ forTMB-4 was even greater, 
.from 0,735 to less than 0.39. The effect persisted in 0.5 M NaCl. Edrophonium 
responded in the same way to change in pH (Table I), which was to be expected as 
the pK of its plrenolic liydroxyl is S.25, This drug demonstrated unequivocally a 
departure from simple partition due to size, since the I< of 1.03 at pH 7.4 must llave 

1. C~&JDo,?takW’.. 60 (197I) 195-193 
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been due to some form of aclsqrption or retention within the gel. As expected, the elu- 
tion of neither potassium nor paraquat was affected by change in pH (Table I). 

The Sephadex results were compared with similar chromatographic experiments 
on CM-cellulose (Table IV), on which material the ionic size of the sample would not 
have a direct effect on the elution. In fact, the results were consistent with purely 
cation-eschange effects, the elution volumes being in the order paraquat > potassium 
> sodium > PAM cation > PAM zwitterion. This was the same order as for elution 
from the Sephadex column, except for the anomalous position of paraquat. It is worth 
noting that the use of iodide in place of chloride did not alter the chromatography of 

TA’BLE IV 

THE ELUTIOAN OF VARIOUS CATIONS FROM A COLUBIN OF Chl-CELLULOSE IN 13UFFEItS OF DIFFEREST 

COMPOSITIONS 

‘Buffers wcrc cox~~posccl of I0 mM Tris or imidazole with additional salts as indicntecl and were ad- 
justccl to the rcquircd pI_I with IICl. The results arc given as the clution volume expressed as a 
fraction of the total bed volume (Ire/V,). 

Sanaple Bttffcr salt 
contposit~iou 

PAM G.0 I 50 mM NaCl I.IG5 

PAM 7.4 I 50 mM NaCl 1~13 

PAM 8.8 I 50 mM NaCl 0.95 
PAM 7.4 150 m&Z Ii1 1.12 

Paraquat 7. .f I 50 mA4 NaCl I.83 

Sodium 7.4 I 50 mM KC1 1.20 

Potassium G.0 I 50 mM NaCl 1,305 

Potassium 7.4 I 50 mM NaCl I .qo 

Tl-IIZ ELUTION OP A VARIETY OF QUATERNARY DRUGS FIZOM THE LARGE COLUMN OF ~1~l~l-iAJ~E.S G-10 

The eluting buffers wcrc 150 mM NaCl, IO 1nfl1 imiclazolc (pH G-0) or 150 mnI NaCl, IO mMTris 
I-XC1 (PI-I 8.S). 

-_ -- 

Sarufile pri Ii- 

PAM 6.0 0.74 
IXrophonium 0.0 r.15 
Eclrophonium analoguc~~ G.0 I.12 
Pyriclostigminc G.0 0.385 
Paraquat G.0 
Succinylclioline 

0.31 
G.0 O.IG5,0.32’~ 

l%mtoliniunl 0.0 0.21 
Dccamcthonium 0.0 0.205 
Hcxamctlioniuni G.0 0.10 
Gallaminc tricthiocliclc G.o 0.11 

PAM 8.S 
TM13-.+ Y.Y 
l~clropl~onium analogtic~~ Y.8 

0.50 
o.3G5 
o.GY5 

1~ ‘1’1~~ tricthyl analoguc of cclrophonium, N-tricthyl-3-hyclrosyanilinium chloriclc. 
IJ Succinylclicholinc and tlic nionocholinc cstcr proclucccl by hydrolysis. 
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PAM on CM-cellulose, so that the effect of iodide on the Sephadex column was not on 
ionic bonding. 

A wider range of quaternary drugs was examined on the larger column (Table V) . 
Comparison of I< values with those from the small column showed no consistent dif- 
ferences. Little difference was to be expected because there was no great change in the 
ratio of column height to cross-secti.onal area. Examination of these results together 
with the previous ones allows some generalizations to be made about the elution 
behaviour of different compounds. Erstly, drugs without any form of acidic side 
group were eluted rapidly with I< values around 0.1 to 0.2. The compounds with an 
ionizable hydroxyl group (oximes and edrophonium) were eluted slowly when the 
group was not ionized (i.e. at pH. 60). Ionization of the acidic group resulted in these 
latter drugs showing less affinity for the column and becoming eluted at intermediate 
I< values (0.3 to 0.7). 

Among the factors known to influence the behaviour of solutes on Sephadex 
columns are solute size, ionic interaction with carboxyl groups in the gell, and ad- 
sorption due to aromatic rings in the solute”. The first factor seemed to play little part 
in determining the present results, for many of the drugs (hexamethonium, deca- 
methonium, succinylcholine, etc.) were eluted at nearly the same rate. Only in com- 
parison of the alkali cations with the organic cations was there a suggestion of a size 
effect, Results obtained on the CM-cellulose column suggested that ion exchange 
played little part in elution from the Sephades G-IO, for the bisquaternary compound 
paraquat was strongly bonded to the CM-cellulose but not to the Sephadex. Further, 
the compounds with lowest I< values on Sephadex (gallamine triethiodide, hexa- 
mctlionium, etc.) were those with the greatest positive charges. Also, treatment with 
pyridine (Table VI) had little effect on the elution of quaternary compounds from the 
Sephadex. This treatment was reported by EAKER AND PORATH~ to abolish ionic 
effects, so in this case we. presume that none were present. That the pyridine washes 
had altered the nature of the column was shown by the irreversible adsorption of the 
Blue Dextran 2000. The “aromatic” adsorption effect of GELOTTI+ did, however, 
seem to be present. The pyridinium or pl?enolic drugs (TIMB-4, pyriclostigmine, 
edrophonium, etc.) always had higher I< values than non-aromatic compounds of 

TMI% ILIVECT 012 PYRIDINE TIUSAT~IENT OF A SETWAIWX G-IO COLUXIN ON ml; IJLUTION OF VARIOUS 
cI\*rIoxs 

The cluting buffer was 150 n~nd N&l, IO mM Tris-I-El at 131-I 7.4 or 8.S. 

Salllple w A- 

u~nl~rct7trcz xst tvcatlrrcut z??lC.? fvcatlrzelzt 
a- -. 

PAM 
$1; 0.67 O.CG 0.645 PAM o-535 o.515 0.515 

-m113-4 
El 

O-695 0.66 0.63 
mm-~ 0.39 O*-lU o-38 

Potassiurp 7.4 O*Qj 0,795 0.7Gg 

Prtraquat 7.4 0.32 n.cl. 0.29s 

n.cl. = not clctcrminccl. 

J. CIwomatogr., 60 (1971) ~85-194 
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comparable size. The difference was not great, but comparison between paraquat and 
pentolinium illustrates the point well. The only esception was that of gallamine tri- 
ethiodide, which is a bulky, highly charged molecule perhaps not comparable to the 
others. It seems then that size and aromaticity may play some part in the chromato- 
graphic behaviour of these drugs, but these factors do not seem to be the determining 
ones. 

Since major changes in elution pattern were associated with the acidic hydrosyl 
group, it seems probable that hydrogen bonding through this group to the Sephades 
gel structure is the main factor which controls elution of the oximes and phenolic 
drugs, as suggested for other organic acids by l3noo1c AND HOUSLEY~. Thus PAM in 
acid media would form hydrogen bonds readily and be eluted slowly; on change of pH 
to the alkaline side, the proton would be lost from the osime group and hydrogen 
bonding would cease. The elution of I?AM zwitterion would then be controlled by 
“aromatic” adsorption to the gel, as would that of paraquat and other pyridinium 
compounds. Drugs with no possibility of hydrogen bonding or without aromatic 
character, such as hexamethonium, would be eluted faster still. These effects would be 
modified by ionic size, e.g. the alkali metal cations presumably penetrate the gel better 
than the organic cations and are therefore eluted more slowly. This theory of hydrogen 
bonciing explains the present results well. However, in the absence of direct evidence, 
it cannot be regarded as conclusively proven. 

Since iodide ion is believed to act as a structure breaker, the effect of this ion in 
increasing K values (Table I) may have been to decrease the amount of structural 
water around the gel, and thus increase penetration of the solute ions. The K value for 
PAM in iodide buffer would then be increased g-reatly, since greater penetration would 
afford the opportunity for adsorption effects to be increased. 

These column elutions were all performed in buffers similar to physiological 
media, and therefore the compounds studied should have had the same hydrated ion 
size as they possess in biological fluids. If we accept the mechanism of chromatography 
postulated above, the organic cations must all have effective diameters greater than 
those of hydrated sodium and potassium ions, PAM cation leas a lower K value than 
that of sodium ion (Tables I and III), which will become even lower when corrected 
for aromatic aclsorption. Therefore we conclude that tile PAM cation is much more 
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Fig. 3. The scparatiotl of a moclcl mixture of three drugs 011 the lnrgcr column ol Scphaclcs G-10 
(,t.oo ~1112 x .+g,8 cm). A sample of 1 ml of buffer cotitnitiitq 5 x ro-4 AT PAM. 5 x Ioe4 Ad 
pm2.quat (PCJ) and 2 x I0 -:’ M cclrophoniutn (U) was nppliecl to the colum~i mcl clutcd with 1.50 
Ill&f NiLCl, 10 In.?1 imiclnzole, ]>I-1 (5.0. Tllc drugs wcrc clctcctcd I>>? lllCi~S~llGll~ the 0.11. Ol tllc COllcCt- 

cd fractions ;Lt tllc appropriate wavclcngtl~s (see ‘IE~mIunImma section). The 0.13. scale IO~ the 

PAM pcalc slioulcl bc twice that shown. 
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bulky than the sodium ion. Such deductions are of interest in deciding how drugs pass 
through biological membrane9. 

Complete separation of three drugs in a model mixture was achieved (Fig. 3) on 
the larger column. Nearly complete separation of IO mg each of PAM and TMB-4 was 
obtained ‘on the same column run at pH 8.5. The presence of proteins in solution 
(0.5 ml of rabbit serum) did not alter the elution of PAM; the proteins were eluted 
cleanly at the void volume. Further practical use was made of the column technique 
to investigate the composition of a preparation of N-triethyl-3-hydroxyanilinium 
bromide (a $1 analogue of edrophonium), which was suspected of having decomposed 
partially to N-diethyl-3-ethoxyaniline. UV spectrophotometry suggested that this 
decomposition had occurred; but a quantitative analysis was not possible. When 
chromatographed on the larger column of Sephadex G-IO at pH 6.0, 58 O/o of the com- 
pound was recovered as a peak at 157.5 ml, whereas at pH 8.8, 59.5 y0 was recovered 
at 125.4 ml;‘This demonstrated that 59 o/o of the sample behaved as a quaternary 
cation with an acidic group ionizing at about pH 8, and was therefore the authentic 
original compound. The non-quatermuy products were eluted much later. The column 
technique was also used to compare suspected pyridostigmine from a sample mixture 
with the authentic compound and thus help to confirm its identity. The Sephadex 
G-IO chromatography therefore has much practical use for the separation of quater- 
nary compounds in analytical or semi-preparative amounts. It is a useful alternative 
to chromatography on ion-exchange resins. The technique described here could be 
improved by the use of a flow detector system, either a UV monitor or a dye complex 
extraction system as described by MCMARTIN et aL0. 
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