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SUMMARY 

El&on volumes of NaI and NaLs?SE appear to differ significantly when chro- 
matographed OR Sephadex G-15 or G-10. Using distilled water as the eluent, radio- 
iodide was eluted in the void volume of the column while Nal was found eiuted after 
NaCl. However, in most other eluent systems studied, radioiodide was retarded in 
comparison with Naf. This retardation :vas greatest with organic acid eluents and 
was more pronounced on Sephadex G-10 than on G-15. The difference in the elution 
volumes between Nal and N21zSE could be decreased by elution with 0.1 M NaOH 
or by addition of N21 or KI to the loading sample. Sephadex G-25 did not appear 
to discriminate between Nab and Na”‘E trader the conditions studied. 

IN-FRODUCX’lON 

Separation of halides has been described in the literature using paper chroma- 
tographyl, arrion-exchange chromatography’, column and thin-layer chromatography 
on microcrystalline cehulose’, on Sephadex G-10 and G-25’ and, more recently, on 
Sephadex G-15?. In comparison with other halides, iodide was found retarded OR 
Sephadex gels by several groups of workers’-6. The present study resulted from a search 
for a purification system for radioiodinated neurohypophyseai peptides. Since NaI 
and NalzST are used in o:-Lr iodination reaction’, and our experience has been thar na- 
tive neurohypophyseal hormones are not easily desaited by conventional Sephadex 
chromatographys, we included several inorganic salts in defining the elution param- 
eters of our Sephadex G-15 column. fn the course of this work it Escame apparent 
that the elution volume of radioiodide differed from that of Nai and KT, and that the 
eltrtion volume of Na’=jE was sensitive to (a) the composition of the eluent buffer and 
(b) the corzzentration of carrier iodide in the goading sample. 

MA’FERFLS AND METHODS 

Reaseerrts of analytical Fade were used. Sephadex gels were purchased from 
Pharmacia (Piscataway, NJ., ‘iT.S.A.). Radioactive iodide was obtained from New 
En&and Nuclear (Boston. amass., U.S.A. ; Cat. No. NEZ-033 for Fa’=I ard NEZ- 



0354 for NaX3’l) and from Amersham/Searfe (Don MiEls, C’aEada; Qt. No. EdS-30). 

N21z51 (New England Nr;clear) was used for aH the experiments, except those done 
for purposes of isotope compatison, as indkated ir: rhe text. 

The same 0Jas.s c~bromatographic cofumn (?harmacia; K If/30, 15 x Xl0 mm) 
was used for aI1 experiments reported here. Water was used for bed volume c&bra- 
tiong and appror.Sate temperature corrections were made. 

Fractions were colkcted by volume (1.2 ml). The fiow-rate ~~irzged from 38 
to 56 ml/h: within this range of fiow-:2te no signifmmt a'rterations in the elation pro- 

%es could be obseE?led. The loading sample was made up fresh in the eIuent br.&er 
to 2 volume of 0.4 m!. Unless other7vize indiczted, approx. 2 &i of radioactive iodide 

was used for chromatography. 
E!neiit buf?ers are !&ted in Tabie I. The gels were fined, and when re-pa&cd 

in each new bu%r, equilibrated with three column volumes of the eiuent bufTeer prior 
to use. After chromatography irz bufZers F and G (Table X), the gels were discarded. 

Radioactivie was monitored using 2 Model 4227 2utomatfc g2%mm2 counter 

(efikiency, 67% for Na?I) from NucIear Chicago (Des Plaines, EL, U.S.A.). The 
elution of non-radioactive salts ~2s moriitored by conductance measr;remerrts on a 
Model CDM-2e Radiometer (Copenhagen, DeEmark) conductivity meter. 

TABLE I 
ELUENT BUFFERS 

--__ 
lmer Composition 
code 

A 0.05 /Id Tris-HCI 
B 0.5 M NaCl in butter A 
C 7 M ureS in bufkr ;P 
D 0.2 M acetic acid 
E 0.1 M formic 2cid 
F 0.1 M NzOH 
G etixmcl, O-1”/; in Z-XX-water (60:40) 
H distilled water 
I 7 M wxz in buf?er H 
J 0. f 5 M sodium acetite 
K 0.2 M 2mmoniuin 2cet2te 

IS.0 
8.1 
8.3 
‘7.6 
1.9 

12.0 
2.0 
6.3 
8.5 
5.0 
5.0 

-__ 

16 
40.4 

1.3 
l.? 
5.1 

20.7 
2.5 
0.o;j5-0.009 
0.026 
3.3 

il.1 

In the icitial experiments ‘ihe ccnductance measllrements were checked q=lf- 
tatively by spotting of the fractions on Sitter paper aad exposing the p2per to iodine 
vapor I*_ H&on of MCI ~2s monitored both by conductance and pH measurements. 

EIution voIume correspondirrg to +&e maximum of an eaiuent peak ~2s used 
for V0 (void volrrme; ml) and Ve (ektioil volume; ni) measurements. In most ex- 
periments Blue Dextran 20C10 (Pharmzci2) dissoked in eluent buffer was rrsed for V, 
estimations. In the Sephadex G-IO series and in the Sepbadex G-l 5 series mtich were 
nm at low pH, cytochrome c OF myoglobin (Mann Res. Labs., Ne\v York, U.S.A.) 
was substituted for Bhe Dextran. 

c2lcu22tions of KSY weLre done 2s described in the iiteraturegl, using the foi- 

lowing relationship: 



where Z’, is the bed vdume of the gel (ml) obtained from the calibration of the column 

as described shove. 
fodination control experiments consisted in subjecting NzPh sofution to the 

routine steps of peptide iodination procedure with briffer bIar.k in pke of the hor- 
morze. The iodination procedures used were the method of Greenwoad ef al.‘“, and 
the method of Chard ei crl.‘j, both methods preceded by treatment of the radioiodide 
with sulfurous acid”, 2nd zh2IEinm chloride lodination7. 

The eiution volume of radioiodide in Tris-HC1 buffer (-4, Table I) was ap- 

proximately two times greater than that of NaCL Elution volumes of CaCI,, I-ICI 
and NafO, were the same as that of NaCl. fodides (Naf and Kf) were found retarded 
in comparison with NaCI, but not to the same cxtenr as MT”~I or NalzzI (Fi,o. I). 
Three different lot numbers of the gel tested w e e found to behave identically with r 

respect to these ions (Table fi). 

cl6 

39.0 

Fig. 1. glution of NaCi (I), N& (2) 2nd NaESi (3) from Sqhadex G-15 (Lot No. 265). Eluent, buEer 
A; temw-iztuii, 2”; fraction vohme, I .2 mi;tlowwte,42 mI/h;column, 727 X 15 rrrm(V, = 3S.8 ml). 

Changs in the composition of the eluent boger had relatively I&tie efEecE OR 
the elution of the non-radioactive salts tested. The eirrtion maximum of radioiodide 

on the contrary was found to depend on the eluent. In distiIIed water radioiodide was 
found eluted in the void volume of the column, while acetate-containing buffers tended 
to accemmate the retardation observed in ‘I&k-HCl (Table EI). The use of aqueous 
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GEL FLLTRATION OF Na=I 79 

etlianol as the eluent has been reported to eliminate certain types of adsorptions on 
Sephadex . Is En our experience, the use of buffer C (Table 1) increased the retardation 
of iadides: K,, of NaI was 2.34 and that of Na’zI was 12.86. Moreover, the recovev 
of radioiodide from such a column was or;ty 10-2G%. 

Two sets of coaditions were ‘found to change the elution volume of radio- 
iodide to that of Naf from Sephadex G-1 5: (I) elution with 0.1 A& N&H, arid (3) 

addition of carrier iodide to the loading sgfation. The latter procedure showed that 
the eMion volume of the radioiodide pe2k wits inversely proportional to the concen- 
tration of carrier iodide used (Table III; Fig. 2). Addition of KI to the foadiq sample 
had the same efEct as that of NaE, while the addition of NalO, had no effect. Addition 
of carrier NaI to the loading sampte of Na”‘P when distilled water was the eluent 
also resulted in the mi_gation of the radioactive peak from the VO region to V, of 
&I. This migration was found to be independent of the order of mixing of the two 
isotopes. 

CARRIER-DEPENDSNT ELU-FION OF RADLOAaLVE PEAK 

Conditions: Sephadex G-15 (lot No. 268); eluent bffer, A; V, = 35.8 ml: temperature. 2’“. 

0 
2 
2 
2 
2 
4 

$0 
2 

4l 
2 
2 
2 
2-100 

235-390 0.83 & 0.033’ 
390.0 0.513 
230.0 0.820 

34.0 0.867 
20.0 0.961 
10.0 0.962 
10.0 0.961 

5.0 ! .oos 
5.0 0.9% 
2.5 I.055 
15 1.102 
0.25 I.172 
0 i .2so 2 0.021 l 

* Standard error of rhe mean (n = 8). 

Sepbadex G-25 was found not to discriminate Trppreciably between the ions 
tested Gable N). However, the retardation of iodide& and radioiodide in particular, 
was even more pronounced on the Sephader: G- 20 than on Sephadex G- 15 (?+bie 6Vj. 

To determine whether our separation systems were applicable to actual iodi- 
nation reaction mixtures, several iodination control esperiments were performed, 
using Na’2sI purchased from both commercial sources 2s outiirred in the methods. 
We were mable to demonstrate any difFerence in the eluiion from Sephadex G-15 
and G-IO of the NaLrsI subjected to the iodination control experiments and that of 
h’al”‘I itself_ Similar@, elution of Na’“‘I ~2s fotmd to correspond to thhat of N2's5L 
(‘Fabfe II). 



so N. WZ_SQN, V. Y. GREEWZOUSE 

FRACTfON NUMBER 

Fig. Z. Carrier-dependent elution of Na 125r on Sephadex G-15 (Lot No. 268). Eluent, buffer A; _ 

temperature, 2’; faction volume, 1.2 m:; iiow-rate, 45 ml/h: column, 227 X 15 mm (V, = 38.8 ml). 
Loading samp!es, 3&i Na"'l i x mg Nal: (I), x = 230 mg; (2). x = 10 mg; (3). x = 2.5 mg; 
(4)$ x = 0.25 mg. 

TABLE IV 

Kay VALUES FOR GEL FILTRATION OF SALTS ON SEPHADEX G-10 AhTD G-25 

V, for Sephadex G-10 w.s _msaasurzc! with cytochrome c, in bui%er A and D; with myoglobin in bu!!er 
F. Temperature, Z5 (un!ess otherwise indiczxted). 

Column 

Sephrrdex G-10 A IO32 39.7 0.46 1.12. I-T5 1.37 0.55 
D 1031 39.4 0.52 I.14 3.96 118 - 

F 1031 39.4 0.44 1.0s 1.38 - - 

SeFhadex G-25 A 6453 
A’ 9833 
D 6153 

* At room temperature. 

39.9 0.70 O.S6 0.94 0.88 0.66 
39.9 0.77 0.94 0.97 - - 
39.9 0.75 I.01 I.@? 1x4 - 

DISCUSSLON 

It can be seen from out results 011 the elution voiurnes of N202nd Hfll, 2nd 

from the corresponding volumes for iodides that, according to the definition of Ezker 
and Por2th16, iodides did riot participate in the process of gel f&r2tion, but were 
subject to a secondary type of interaction. 



Secondary interactions of substances with the Sephadex se1 have been ascribed 
to adSOrption~‘6*~7*~~ and to ion-exchange efT‘ectPL7. Solvent systems designed to 
minimize some adsorption efkts have been repotted15*19. In our experience, one of 
these systemP enhanced the adsorption of NaI and of P&PI. The degree of cross- 
linking of Sephadex has been reported to influence retardation of iadide” and our 
studies confkm this obseLuztion. 

The elntion volume of chlorides from Sephadex G-10 in water was reported 
to increase proportionahy with the concentration of the loadin,e sample: at low sample 
concentrations the elution maximum approached the void volumeZoo. The concentra- 
tion of the radioactive sample in our experiments with water as the eluent was ( 2.5 
nM of iodide, and radioiodide eluted in the void volume. A small number of fixed 
anionic exchange ,sroups on the Sephadex backbone are not neutralized in water and 
may contribute to an ion-exclusion effecP.“. Some reports indicate that carrier-free 
radioiodide solutions may have a higher proportion of non-iodide contaminants’3-z6. 
It was reported that the unidentified radioactive materiaf can be minimized by re- 
ducing substances, Na@H, and iodide concentrations in excess of 1 PM (ref. 25). 

Our experiments do not exclude the possibility that the differences in the etu- 
tion between the two isotopes simply reflect the difference in the sensitivities of the 
detection techniques (conductivity, iodine vapor on one hand, and gamma radiation 
on the other)). In such a case the difference between the two eiution maxima may re- 
flect the upper and the lower range of iodide adsorption. 

Regardless of the underlyin,o causes for the differences in the elution of radio- 
iodide on one hand, and Nal and Kh on the other, the phenomenon can find practical 
application in purification of low-molecular-weight radioiodinated compounds from 
unreacted radioiodide. Our experiments demonstrate that the concentration of carrier 
will affect the ehrtion volume of radioiodide, and therefore the columns can be stan- 
dardized with that in mind. The iodination procedure itself may govern the choice 
of purification, since carrier iodide is added at the end of iodination reaction in high 
concentration by some workers”, in lower concentration by others’.“, and not at 
all by some’s_ Since it has been shown in this report that iodide retardation takes place 
in acid as well as in slightly basic eluent buffers, elution conditions can be chosen that 
are suitable to the preservation of the integrity of iodinated moIecu!es. 
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