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Published methods for radioiodination of rose bengal require reaction
times of 1 hr or more at temperatures from 50 to 120°C. Through the use
of an acidified ethanol solvent and potassium iodate oxidant, purified rose
bengal is radioiodinated at room temperature within 15 min with chemical
yields ranging between 93 and 97%. Radiochemical impurities are suffi-
ciently minimized to permit preparation in a single 10-ml serum vial, re-
quiring no additional purification steps. The method reported here is readily

adaptable to a cold-kit preparation.
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I-131 rose bengal has been a valuable diagnostic
agent for hepatobiliary studies (1,2), but its use has
declined over the past few years due to concern over
the absorbed radiation dose from I-131 and to the
inefficient detection of the 364-KeV I-131 photon
with the gamma camera. Rose bengal labeled with
I-123, however, does not have these drawbacks and
has been evaluated in a limited clinical study (3),
which concluded that the larger photon flux from
larger permissible amounts of the I-123 agent would
prove advantageous in the differentiation between
hepatocellular and extrahepatic obstructive jaundice.

The 13-hr half-life of 1-123 must of course be
considered a disadvantage, unless a means can be
devised to reduce substantially the period from end
of production to clinical administration. Matson (4)
has pointed out the need to develop a series of cold
kits to overcome the factor of time before widespread
use of I-123 can become economically practical. We
have addressed the general problem of radioiodina-
tion chemistries that, we hoped, would be adaptable
to kit procedures.

In a program designed to study the chemical
mechanisms involved in labeling biologically active
compounds with radionuclides, we discovered that
rose bengal (tetrachlorotetraiodofluorescein) can be
radioiodinated rapidly in an acidified ethanol solu-
tion at room temperature (20°C). Previously re-
ported methods of preparing radioiodinated rose ben-
gal involve temperatures from 50 to 120°C and re-
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action times of 1 hr or more (5-7). The new sim-
plified kit method of preparation described here,
coupled with the availability of high-concentration,
reductant-free Na!?3] available from LAMPF, BLIP,
and other accelerators (8) would facilitate the ap-
plication of the rose bengal hepatobiliary diagnostic
test.

METHODS

Due to the observed presence of impurities in the
commercially procured material, the rose bengal was
purified by precipitation from a 10-mg/ml solution
in ethanol by the addition of an equal volume of
1 M hydrochloric acid followed by centrifugation,
removal of the supernate, and a water wash. Ten
milligrams of the precipitated rose bengal was dis-
solved in 2 ml of water previously adjusted to pH 8
with sodium hydroxide, and 0.25 ml applied to a
1.5- X 35-cm column of molecular sieve*. Using the
pH 8 water as the eluant, the rose bengal was eluted
from the column in 25 ml of the second column vol-
ume. Samples taken at the beginning, middle and
end of the fraction were adjusted to pH 8 with phos-
phate buffer and analyzed by visible absorption spec-
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troscopy in the 480- to 600-nm range using a record-
ing spectrophotometer. All three samples had an
absorbance peak between 548-550 nm correspond-
ing to tetrachlorotetraiodofluorescein (9). An aliquot
of the supernate from the rose bengal precipitation
was air dried, dissolved in phosphate buffer, pH 8,
and analyzed by spectrophotometry. The absorbance
peak was 542 nm, probably corresponding to a com-
pound bearing fewer than four iodine and four chlo-
rine atoms (9).

Ten milligrams of purified rose bengal dissolved
in 2 ml nondenatured ethanol, along with 0.2 ml of
1.5-mg/ml potassium iodate and 0.06 ml 1 M hydro-
chloric acid, were placed in a 10-ml serum vial,
which was then stoppered and crimp-sealed. Using a
1-ml syringe and needle, 200 to 600 xCi of reductant-
free ['*I] sodium iodide was added in a maximum
volume of 0.3 ml. Samples of 0.2 ml were removed
from the vial at 30 sec, 5, 10, 15, 30, and 60 min
following the addition of the radioactivity and placed
in a micro centrifuge tube. The rose bengal was pre-
cipitated in each sample by the addition of 0.2 ml
1 M hydrochloric acid, centrifuged, and the super-
natant placed in a similar centrifuge tube. Each pre-
cipitate was resuspended in 0.2 ml water, centrifuged,
and the wash added to the first supernate. The rose
bengal precipitate was dissolved in 0.5 ml phosphate
buffer, pH 7.3. Each set of product and supernate
plus wash was assayed for radioactivity to determine
the chemical yield of product. To determine the total
labeling yield, reaction chromatograms were per-
formed on the 10- and 15-min samples before pre-
cipitation, using ascending paper-strip chromatogra-
phy in an aqueous solution of 3% ammonium hy-
droxide plus 25% ethanol. The R, values of rose
bengal, iodine and iodide were found to be 0.64,
0.96, and 0.96, respectively. Iodine is apparently
converted to iodide in this canromatographic solvent,
so iodine and iodide have tiiec same R, value. This
point was confirmed by preparing duplicate reaction
samples containing no rose bengal and performing
the chromatography both in 3% ammonium hydrox-
ide plus 25% ethanol and in 85% methanol. One
radioactive peak was found in the rose bengal solvent
at Ry 0.96 and two peaks were observed in the meth-
anol solvent with R, values corresponding to iodine
and iodide. R, values in 85% methanol were pre-
viously determined in this laboratory to be ~ 0 and
0.82 for iodine and iodide respectively. The reaction
procedures described above were performed in tripli-
cate at 20°C, 50°C, and 92°C to study the effect of
temperature. In addition, a triplicate set of experi-
ments was performed as described at 20°C using
nonprepurified rose bengal,

Biologic confirmation of the movement of the la-
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beled product through the hepatobiliary system was
obtained in a Rhesus monkey. The labeled product
was prepared in a Wheaton-Hopkins tagging vial to
facilitate aseptic preparation during the precipitation
and water-washing steps, in addition to showing that
the concurrent removal of ethanol and free radio-
iodide could be achieved in a single vial. The results
of the product thus prepared were compared with
results in a similar test on the same monkey using
I-131 rose bengalf. In each case, the monkey was
injected with a solution containing approximately
270 pCi of I-131-labeled product and less than 1 mg
rose bengal. The monkey was imaged at 20, 80, and
100 min postinjection with a rectilinear scanner
equipped with an I-131 collimator.

The labeling procedure up to this point was accom-
plished by using rose bengal in an ethanolic solution.
However, since it had been demonstrated earlier in
this laboratory that a true solution was not necessary
to achieve high labeling yields, a wafer tablet contain-
ing purified rose bengal and KIO; was formulated to
test the feasibility of a simplified and more rapid
method of preparation with the subsequent reduc-
tion of the amount of ethanol required. Using a stain-
less steel tablet mold 0.04 cm thick, 18-20 tablets
each weighing from 8.8 to 11.0 mg (9.4 mg, average)
were manufactured by spatulating 250 mg of purified
rose bengal powder with 0.25 ml of KIO; (75 mg/
ml). Upon reaching a smooth paste with the desired
consistency, the mass was molded.

A dried wafer was placed in a 10-ml rubber-
stoppered serum vial together with a Teflon-coated
magnetic stirring bar. Six hundred pl of acid-alcohol

FIG. 1. Proposed rose bengal kit preparation showing, from
left to right: (a) presterilized, stoppered, and crimped 10-ml serum
vial; (b) 10-ml syringe containing sterile isotonic phosphate buffer
solution; (c) sterilized Millipore filter; (d) 1-ml syringe containing
acid-alcohol solution; and (e¢) 10-ml serum vial containing rose
bengal-KiO: wafer and Teflon magnetic stirring bar.
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solution (1.0 M HCI and ethanol, 1:11 v/v) were
added through the septum and the mixture stirred
until a creamy suspension was produced; this was fol-
lowed by the addition of 200-600 nCi of reductant-
free 1%]—. On an atom-per-atom basis, 600 xCi of
carrier-free '*°I - used in this study contains approxi-
mately 7 times the number of iodine atoms that
would be contained in 10 mCi of carrier-free 1],
The mixture was allowed to stand for 15 min at room
temperature. A solution of 4.2 ml of sterile iso-
tonic phosphate buffer (0.15 M) plus 0.06 ml of
1 M NaOH was then added, giving a final product
at pH 7.5. The product can be aseptically prepared
with terminal sterilization by Millipore® filtration.
(Figure 1 shows the equipment needed for kit prepa-
ration.) Aliquots of the final products were chroma-
tographed, passed through the molecular sieve, and
examined by visible spectroscopy, as described ear-
lier.

RESULTS

The impurity found in the rose bengal starting ma-
terial was observed to reduce the overall labeling
yield of the rose bengal product. After 15 min of
reaction time at room temperature, the chemical
yield of the labeled rose bengal averaged only 80.5% ;
whereas, using the purified starting material, the rose
bengal yields following precipitation and washing,
averaged 91.1% after 15 min in both the 20°C and
the 50°C tests, and showed no further increase with
time. Figure 2 shows the product yields as a func-
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FIG. 2. Chemical yield of ['*I] rose bengal as a function of
time after precipitation and dissolution in buffer.
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tion of time. Curve A is the average yield of three
determinations at 20°C and three determinations at
50°C using prepurified rose bengal. Curve B shows
the average yield of three determinations at 20°C
using nonpurified rose bengal. The experimental data
are presented in Table 1. Results of the 92°C studies
are not shown for reasons explained below.

Reaction chromatograms, indicating the labeling
reaction yield before precipitation and wash, showed
less than 5% free iodine and iodide for all 20° and
50°C samples taken at 15 min after addition of the
radioactivity. Reaction chromatograms of the label-
ing performed at 92°C showed an additional colored
spot, R; 0.75, which contained 10% of the radio-
activity after 15 min and ~ 50% of the activity after
60 min. The chromatograms also demonstrated more
than 10% free iodide. Aliquots of products from the
boiling-water reaction (92°C) were separated by
molecular filtration and examined for absorbance
peaks as described earlier. Three fractions having
absorbance peaks at 532, 542, and 545 nm were sep-
arated, and none corresponded to the 548-550 nm
absorbance peak of tetrachlorotetraiodofluorescein.
Despite the fact that the peak activity on the chroma-
tographic strip occurred at an R, value corresponding
to that of rose bengal, we are convinced by the visible
spectroscopy data that rose bengal was no longer
present. Thus, since the labeled product at 92°C was
not rose bengal, the product yield as a function of
time could not be presented.

Molecular filtration of aliquots of the final prod-
ucts prepared at 20° and 50°C both indicated one
fraction with an absorbance peak at 550 nm.

Scans obtained from the primate study are shown
in Fig. 3: A and B are scans of the commercial I-131
rose bengal at 20 and 100 min postinjection, respec-
tively, and C and D are the scans of the rose bengal
I-131, prepared using the Wheaton-Hopkins tagging
vial, at the same postinjection periods. Scans ob-
tained from both products show a rapid accumulation
by the liver followed by a decrease in liver activity
and the appearance of the radioactivity in the small
intestine. The area of concentrated activity in C cor-
responds anatomically to accumulation in the gall-
bladder. In general, the two products behaved simi-
larly.

Losses in processing time and overall chemical
yield associated with rose bengal precipitation, wash-
ing, and re-suspension encountered in the Wheaton-
Hopkins vial method prompted a study of a proce-
dure employing a wafer tablet of purified rose bengal
and KIO;. Twelve separate experiments were per-
formed at room temperature for 15 min, and chro-
matograms of the final products showed only 3-7%
free 125]—, which is within the limit of 10% estab-
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TABLE 1. CHEMICAL YIELDS OF LABELED ROSE BENGAL AT 20 AND 50°C
Yield percentage at indicated reaction time (min)
0.5 5 10 15 30 60
Prepurified rose bengal, 20°C 333 82.6 87.5 90.9 87.5 90.6
54.2¢ 86.9 91.3 91.6 87.5 87.5
63.61 83.3 Nz N7 9.3 9.3
Average —_ 84.3 90.2 9.4 88.8 89.8
Prepurified rose bengal, 50°C 517 86.8 89.8 89.8 88.0 86.6
73.9* 21.3 1.3 91.6 2.3 90.8
91.3¢% 1.6 913 91.6 91.3 90.8
Average —_ 89.9 90.8 90.9 90.0 89.4
Nonprepurified rose bengal, 20°C 36.2 60.0 775 84.3 88.6 86.1
31.5 61.8 769 81.0 85.0 91.1
29.8 539 66.6 76.2 87.3 85.5
Average 325 58.5 73.6 80.5 86.9 87.5
* 1-min reaction time.
1 1.5-min reaction time.

lished by the United States Pharmacopia (10). Mo-
lecular filtration and absorbance studies showed the
products from all these experiments to be of one
fraction having absorbance peaks in the 548-550 nm
range, which has been shown to correspond to that
of pure rose bengal (9).

Although extended stability studies of the rose
bengal and KIO; tablets have not been performed,
our research has shown them to be chemically stable
for a period of at least 21 days. No degradation of
the I-125-]abeled rose bengal was observed in a 72-hr

FIG. 3. Liver scans of a Rhesus monkey: 20 min (A) and 100
min (B) after the injection of Squibb rose bengal 1-131; and 20
min (C) and 100 min (D) after injection of rose bengal I-131 pre-
pared at LASL in a Wheaton-Hopkins tagging vial.
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period, the most probable time period within which
one would expect an I-123-labeled product to be
used.

It is essential that the radioactive iodide solution
used in the procedure reported here be free of re-
ducing agents, otherwise the role of the KIO; will be
inhibited and diminished yields of labeled rose bengal
will result.

CONCLUSION

Rose bengal degradation products, possibly re-
sulting from some dehalogenation process, may be
present in commercially available material, and a
purification step (precipitation of rose bengal from
ethanol) is recommended to obtain maximum label-
ing yields. The impurities are more soluble in ethanol
and can be readily separated under the described
conditions.

The experimental evidence presented here demon-
strates that rose bengal is radioiodinated rapidly at
20°C (room temperature) in an acidified ethanol
solution. The reaction is complete in 15 min with
reaction yields of better than 95% and product yields
of better than 90%, following the removal of the
ethanol and redissolution of the product in phosphate
buffer (using the Wheat-Hopkins tagging-vial prepa-
ration). The molded tablet method, on the other
hand, eliminates the precipitation and water washing
steps by reducing the ethanol content to an accept-
able minimum. In addition, the chemical yield of
labeled rose bengal consistently ranges between 93
and 97%. There is no advantage in performing the
reaction at 50°C, and an apparent chemical break-
down of the rose bengal occurs when performed in
a boiling-water bath (92°C).
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With this new procedure, which is adaptable to a
cold-kit preparation, the labeling of the rose bengal
can be performed in the clinical unit by a trained
technologist, using reductant- and carrier-free, high-
concentration Na'**I, Thus greater economy can be
realized, since decay losses between end of bombard-
ment and clinical administration of the iodine-123
would be substantially reduced.

FOOTNOTE
* Bio-Gel P-2®.
1 Robengotope, E. R. Squibb, Princeton, N.J.

ACKNOWLEDGMENTS

The authors express their gratitude to Drs. Paul Lee and
David Williams and to Vivian Reynolds of the Los Alamos
Medical Center, Dept. of Radiology, for assistance in per-
forming the primate studies.

REFERENCES

1. SILVERBERG M, ROSENTHALL L, FREEMAN LM: Rose
bengal excretion studies as an aid in the differential diag-
nosis of neonatal jaundice. Semin Nucl Med 3: 69-80, 1973

BASIC SCIENCES
RADIOCHEMISTRY AND RADIOPHARMACEUTICALS

2. WINSTON MA, BLAaHD WH: ™I Rose bengal imaging
techniques in differential diagnosis of jaundiced patients.
Semin Nucl Med 2: 167-175, 1972

3. SERAFINI AN, SMoAk WM, Hupr HB, et al: Iodine-
123-rose bengal: An improved hepatobiliary imaging agent.
J Nucl Med 16: 629-632, 1975

4. MatsoN EJ: Applications of 1-123 in Nuclear Medi-
cine, Rockville, Md., HEW/FDA-BRH 76-8033, 1976, pp
109-111

5. Curisty B, KING G, SMOAK WM : Preparation of 1-123
labeled rose-bengal and its distribution in animals. J Nucl
Med 15: 484, 1974 (Abst)

6. RABIN P, GREGORY V: A new method of labelling rose
bengal with 1-131 or I-125. Int J Appl Radiat Isotopes 19:
361-367, 1968

7. SUNAR AA, MITTA AE: Preparation of iodine-131 la-
beled rose bengal. Radiochem Acta 12: 119, 1969

8. PARAs P, ed.: Applications of 1-123 in Nuclear Medi-
cine, Rockville, Md.,, HEW/FDA-BRH 76-8033, 1976

9. RABAN P, GREGORA V, BrousiL J: Control of rose
bengal quality with a view to its use for liver function tests.
Acta Univ Carol [Med) (Praha) 71: 516, 291-319, 1971

10. United States Pharmacopeia XI1X, Easton, Pa., Mack
Printing Company, 1975, p 467

Nov. 1-4, 1978

sideration for the Scientific Sessions.

Proceedings of the meeting.

technologists.

_

( SOUTHEASTERN CHAPTER
THE SOCIETY OF NUCLEAR MEDICINE
NINETEENTH ANNUAL MEETING

Birmingham Hyatt House

ANNOUNCEMENT AND CALL FOR ABSTRACTS

The Southeastern Chapter of the Society of Nuclear Medicine announces its Nineteenth Annual Meeting,
to be held November 1-4, 1978, at the Birmingham Hyatt House in Birmingham, Alabama.

The Scientific Program Committee, chaired by W. Newlon Tauxe, M.D., welcomes the submission of original
contributions in nuclear medicine from members and nonmembers of the Society of Nuclear Medicine for con-

The 1978 Continuing Education Lecture series will present Functional Studies in Nuclear Medicine. Accepted
abstracts and manuscripts of the Continuing Education program will be published in the annual issue of the

The program will be approved for credit toward the AMA Physicians’ Recognition Award under Continuing
Medical Education Category 1 through the Society of Nuclear Medicine and VOICE credits will be available to

Awards will be given for the best papers submitted by technologists.
Abstracts must be prepared in final form for direct photoreproduction on the official abstract form.
For abstract form and further information, contact:

ROBERT H. ROHRER
Administrative Director, SEC/SNM
Department of Physics

Emory University

Atlanta, Georgia 30322

~

Birmingham, Alabama

Volume 19, Number 5

529





