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Abstract

Monoiodobromosulfophthalein-13t I (MIBSP-131 1), one of the useful radioph-
armaceuticals for liver function studies, has been prepared by a simple iso-
tope exchange between the MIBSP and the molecular jodine-13t I in phosphate
buffer, pH 5.3.

The pooled cold MIBSP was prepared by a normal iodination of BSP using
iodine monochloride, and separated from the iodination mixture by applying a
Sephadex LH-20 chromatography.

At 100°C, the exchange rate was so fast that the reaction could be termin-
ated in 5 min to show upto 95% yield. The final product could be obtained
simply by further heating for about 5 min in a boiling water bath in the
presence of a small amount of hydrogen peroxide, and subsequent pH adjust-

ment and membrane filtration.
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In terms of radiopharmaceuticals the BSP

1. Introduction was firstly labelled with ! by an ordinary
iodination method in 1961.? In applying the

Bromosulfophthalein (BSP) has long been reported method of '3!I labelling, however, it

used as a diagnosis reagent for the hepatic fu- was found that the labelling yield was so sh-
nction as it sharply absorbs 577 mu light when arply dependent upon the reaction conditions
4t is contained in the serum in small amount? that the reproducibility was quite poor. The
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usual labelling yield was thus below 20%.
Further, the purification process of the
repeated precipitation was complicated and
the product was still composed of BSP, mo-
noiodo-BSP (MIBSP), and diiodo-BSP (DIB-
SP) etc. Thus, the method was unsuitable
for the routine preparation of the gamma
emitting radiopharmaceuticals. Since no
alternative method of radioiodine labelling
for the compound has been known, the auth-
ors applied an iodine isotope exchange me-
thod for the MIBSP. Utilizing the MIBSP
and *%,[ an efficient preparation method of

the MIBSP-'*I has been developed.
2. Experimental

2-1. Preparation of BSP-!*!I by Direct
Radioiodination

BSP-'] was prepared from BSP and
Na3[ according to the method reported by
Manuel Tubis et al?. Briefly, to the 1 ml of
0.03 M HCI at 80°C. 0.025ml(0.5 mmole) of
IC1, 5 mCi of Na®I(KAERI) purified by a
distillation method®, 1ml of 0.26 M BSP
(Sigma), and 0.6 ml of 0.1 N NaOH were
added in sequence. After maintaining the
mixture at 65°C for 2 hrs, it was evaporated
to dry. The residue was dissolved into 2ml
of 0.5 N NaOH, poured into 60 ml of cold

acetone, and agitated. The resulting precip-
itate was separated by a centrifugation. Such
washing process was repeated three times,
and the precipitate was dried in a vacuum
desiccator. The labelling yield was determ-
ined by radioactivity counting of the dried
precipitate using an ionization chamber
(Table 1).

2-2. Todination of BSP

BSP was jodinated according to the me-
thod of Manuel Tubis et al?. However, in
present work, the authors used pure non-
radioactive IC1 instead of radioactive one.
Also the molar ratio of the IC1 was dimin-
ished to about one half of the BSP to get
rid of the formation of the diiodo compound.
The iodination yield was determined from
the weight ratio of the BSP which was sep-
arated by a Sephadex LH-20 chromatography
(Table 2).

2-3. Separation of MIBSP

A Sephadex LH-20 column chromatography
was applied®. Small amount of the reaction
mixture (composed of BSP, MIBSP, and DI~
BSP) was applied on a column (45X 250 mm)
packed 250 g of Sephadex LH-20(Pharmacia,
Sweden). The mixture was eluted with 50%
methanol at the rate of 0.2 ml/min. Three:

Table 1. Preparation of BSP-I by direct radioiodination

Run No. 1C1 Nawil BSP Conditions Lebelling
(mmole) (mCi) (ml) (mmole) temp. (°c)  time (hrs) yvield (%)
1 0.5 8 1 0.25 65 2 60
2 0.8 5 1 0.30 65 2 12
3 0.5 5 1 0.30 65 2 15
4 0.5 5 1 0.30 80 2
5 1.0 3 1 0.25 65 2
6 —» 3 0.5 0.25 65 2

* 2 mg chloramine-T was used
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separated blue bands were separately colle~
cted, dried and weighed. The component of
the each ; fraction was identified by TLC,
UV-, and NMR-spectroscopy (Fig. 1 & Fig. 4)

2-4. Isotope Exchange Reaction

Todine isotope exchange reaction between
MIBSP and®'l, was conducted in 0.5 M
phosphate buffer, pH 5.3. The reaction
conditions were just similar to those for the
preparation of Rose Bengal-*'1%,

p. buffer, 100°C

MIBSP—1#7]4- 11, —MIBSP-%1

+127Iz ................................. (1)
Table 2. Todination of BSP using iodinemono
chloride
Run  ICI  BSP Conditions ,4;124i0n
No. (mmole) (mmole) temp. time  yield(%)
cO (hrs)
1 0.5 0.25 ' 65 2 82
2 0.5 0.25 65 3 86
3 0.5 0.20 65 2 77

Thirty mg of MIBSP was dissolved to the
phosphate buffer. To this solution about 5
mCi of Na®I, pH 8-9, containing reducing
agent (KAERI) and 0.1 ml of 30% H.O, were
added. The whole content was tightly closed
and heated in a boiling water bath for 5 min
or more. The variations of the exchange rates
with pH,
were measured (Fig.

salt content, and reducing agent
2 & Fig. 3). In the
measurement of the rates, a radio-paper chr-
-omatography technique using n-BuOH: H,0:
HAc 1. 48:1:0.37 (v/v) ® was applied (Fig. 4).

2-5. Purification of the Exchange Product

To get the pure MIBSP-'3I, the reaction
mixture was heated further for 5 min in the
presence of further 100 ul of 30% H,0, with-
By this
treatment, the labelling yield exceeded 95

out closure of the reaction tube.

3

%. The TLC data showed the radiochemical
purity more than 95%.

3. Results and Discussion

The average labelling yield obtained by
the direct rodioiodination was about 20%
(Table 1). The labelling yield of about 60%
was once obtained but the reaction conditions
were so sensitive that such yield could no
more be obtained.

However, the average yield of the non-
radioactive iodination was high enough to
show 809 (Table 2). Since the reaction con-
ditions were same as those for the direct ra-
dioiodination, the cause of the low and the
non-reproducible yield in the direct radioio-
dination would be attributable to the prese-
nce of some impurities such as sodium
thiosulfate, sodium chloride, and trace am-
ount of the target material etc. in the sod-
ium radioiodide solution.

In the separation of the MIBSP, the BSP
was eluted first, then the MIBSP, and fin-
ally the DIBSP. Considering the separation
pattern correlating with the molecular wei-
ghts and structures, the chromatography
implied not the mechanism of the usual
Sephadex filtration but predominantly those
of the partition and the adsorption. Gene-
rally, the sepation efficiency was high eno-
ugh even though it took more than 20 hrs
to complete the separation: The maximum
absorption wave lengths for the BSP, the
MIBSP, and the DIBSP were 577, 689, and
600 mu, respectively, which were coincided
well with those in the literature®. The
NMR spectra indicated that the iodine sub-
stitution occured at the ortho position (s)
of the phenol ring in the BSP (Fig. 1).
For the DIBSP, a single peak at 7.8 ppm
was originated from the total of four hydr-
ogen atoms at the non adjacent positions(2/,
6’, 2",and 6). For the MIBSP, a relatively
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Fig. 2. The exchange rates in the phosphate buffer, pH 5.3

stnong peak at 7.9 ppm was originated from
the two hydrogens of the non adjacent pos-
itions (6’ and 6”). The peak of the 27 hyd-
rogen was splitted into two by the adjacent
3" hydrogen and the other C-H peak orig-
inating from 37 hydrogen was also splitted
into two by the 2”7 hydrogen. Likewise, the
BSP showed a decoupled peak originating
from 6/, 67 hydrogens, and two splitted

peaks originating from the 2/, 2”7 hydrogens

and 3/,3” hydrogens. In the TLC uring the
SiO, gel plate (Kodak 6061) and the solvent
system of n-RuOH:H,0:HAc 1.48:1:0.37(v/
v), each compound showed distinct Rf val-
ues (Fig. 4). Thus each component of the
eluate was identified.

For conducting the isotope exchange, the
MIBSP was, at first, obtained by the non-
radioactive iodination of the BSP, then
separated clearly from the reaction mixture
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Fig. 3. Dependence of the exchange labelling yield upon the pH and NaCl content

? T T L T ] T T t 1 T T [
6 -
n-BuOH/HOH/H Ac  1.48/1/037 wv) ‘l
S Whatmon No.l Paper | .
i 7oL
3k ' -
r 13- mese-31 | 7
« 'T 7]
SRR S— | [ i ]
1 | T I T 1 T
= .
= 3 _n-BuOH/HOH/HAc 1.48/1/0.37 {v/v) N
8 Silica gel & plate (Kodok 6081 [ MIBSP- 131t
2+ - .
30
olgspP-'*' l
| L i
. BSPL\
0 T 1 " T T 1 L H .——r—x:’_j' L
0 1 2 3 4 5 6 7 8 9 0o u 12 13 1

DEVELOPED LENGTH (cm)

Fig. 4. Paper-and thin layer-chromatograms

by the chromatography, and pooled in bulk. the better yield, and the presence of the
In the isotope exchange, the pH 5.3 was reducing agent degenerated the yield (Fig. 2
the optimum, the less NaCl content showed & Fig. 3).
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The exchange yield was, however, not
much influenced by the presence of the red-
ucing agent, and the reaction condions could
be maintained steady to reveal the good re-
producibility. The reaction proceeded smoo-
Thus, it
was quite suitable for the routine preparat-
ion of the pure MIBSP-%! I. Previously,
one of the authors reported that the 5-bro-

thly without any side reactions.

mouracil-*?Br could be prepared by the
bromine isotope exchange between 6-brom-
ouracil and #Br, in aqueous solution®, and
the p-aminosalicylic acid (PAS)-3!I was also
isotope exchange ™.
The Br or I atoms in aromatic ring could be

prepared by iodine
easily exchanged under a definite condition
with radioactive isotopes especially when the
reaction site was activated by some substi-
tuents.

In case of the direct radioiodination of BSP
known method®, the
and

according to the
purification method was complicated,
even though the purified product was free
from the unlabelled radioiodine the product
was still composed of the BSP, the MIBSP
and the DIBSP.

It has been known that the blood clearence
rate of the MIBSP is faster than that of the
DIBSP ¢, and thus the monoiodo compound
in the

is superior to the diiodo compound

radiopharmaceuticals point of view. In this
respect, the isotope exchange method is
decisively more suitable than the direct rad-
ioiodination method.

4. Conclusion

As the iodine isotope exchange between the
MIBSP and the 3, is quite fast, it can be
applied for the routine preparation of the
MIBSP-#1]. The exchange vyield is about
95% in 5 min at 100°C. The MIBSP-3!1 of
more than 95% radiochemlical purity can be
obtained by further 5 minutes reaction in
the presence of a small amount of 30% H,0,
The specific radioactivity of the product is
more than 160 uCi/ug.
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