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ABSTRACT

The procedures for preparing high purity 1231 at the BLIP
using the 1271(p,5n)123xe reaction on an Nal target are
described. The activity is supplied in a glass ampoule with
anhydrous 1231 deposited on the interior walls, sllowing maxinum
flexibility in subsequent fodinations. Preliminary experience
with a continuous flow target !s also described. The results of a
series of measurements of specific activity by neutron activation,
x-tay fluorescence, uv absorption, and wet chemistry generally
showed no detect;ble carrier, HPLC methods to analyze the
chemical form of radioiudine and to characterize various icdinated
radiopharmaceuticals have been developed. These nethods provide

higher sensitivity, speed and resolution than commonly used

techniques.



INTRODUCTION

This paper summarizes our research on the production of
high puriey 1231, resear;h on new and inproved quality control and
chenical characterization techniques, and studies to optimize
labeling conditions. The radiopharmaceutical community has long
recognized the usefulness of high purity 1231 in diagnostic
nuclear nedicine(l), fes advantages involve high chenical
reactivity and Favorable decay characteristics including no B8
enission, short half-life, and enissisn of a 159 KeV gamma ray
well suited to available Iimaging instruymentation. The
availability of 200 !leV protons at the 3rookhaven Lirac Isotope
Producer (BLIP)‘I), has for many years facilitated the production
of this neutron deficient nuclide using the 1271{p,5n)123xe~
1237 reaction{3). The 1231 is prepared In a unique anhydrous
form. ‘feasurements of yield and radiopurity are reported for a
batch mode ofloper;t;on. Because of antizipated higher yield we
have begun to investigate the constriuztion and operation of a
continuous-flow processing systam,

The specific activity and chemical form of the 1231 oftren
have a significant effect oun the success of many iodination
reactions, WYe describe a new method for the isolatfon and
characterization ¢i many commen {norganic as well as organic forms
of fodine using the highly sensitive HPLC techaiquel%), we also

report on the spplication of neutrcn activation, x-zay



fluorescence, uv absorption and wet chenical procedures to
determine the specific activity of 1231, Finally, results on the
effect of fodine fora on {odination procedures and the

optimization af labeling conditions for some routineiy used

radiopharmaceuticals are Included.

EXPERIMENTAL

Procedure for 1231 Production

The target is a disk of Nal 0.89 cm thick and 7.9 cm in
dianeter, weighing anproximately 125 3. 1It is nade by drving Nal
powder under vacuum and heat for 16 u and then pressing this
powder in a die at 70 tons pressurc., This disk is encapsulated in
a stainless steel disk with an outer diameter of 10.1 cm and D.64
cm wall with 0,025 cm inconel windows electron bean welded under
vacuun. The salt pellet is centered in the dish with a folded
stainless steel spring. An incorel fitting with a thin diaphragm
covering its base is welded over a hole in the rim of tha
capsuls., This allows connection to the gas processing eguinrment.
All finished targets are visually inspected and leak checked.

The ;rradiations are performed at the BLIP which utilizes the
excess beam capability of a linac that inJects 200 :leV protons
fato tha 30 GeV Alternating Gradient Synchrotron. The linac
provides BLIP with an integrated deam current of approxinmately
50uA of nrotons with 200 eV energy, which is h?gh enough to sllow
simultaneous {rradiation of multiple zargets in a thick stack

array. There ara seven indspendently moveadle, stainlass stecl



tarzet holders, each of which can hold 1 to 3 salt tarzets
(depending on thelr thickness) plus several thin foll targets.
The Nal target is typically positioned in the stack to receive
68.6 eV protons and is typically irradiated for 3 hours.

After irradiation, the target is remcved from BLIP and
transported in a shielded cask to a remote processing facility.
There it 1s attached to a stainless steel zas train shown in
Figure 1 by means of the gas fitting on the target rim. A
leak-tight fit is obtained by compressing an annular “C" seal made
of inconel between the target fitting and the receptacle on the
gas train. All valves are remotely operated pneunatic vailves.
The inconel diaphragn at the base of the fitting is then ruptured
with a remotely controlled hollow needle assembly and the capsule
i3 heated to 750° to melt the sodium {odide. Xenon diffusing out
of the molten salt {s swept out of the tarzet dy a helium stream
flowing at ~15 ml/min and i{s carried through a series of traps to
purify the xenon. First {s a steel U-tube at -78° to remove
condensables such as Hal vapor, I3, and water vapor. lext, the
gas passes through a trap containing silver filings maintained at
400° and then thrcugh a silver loaded silica gel trap at 100°,
both to ;enct with any traces of fodine contamination. Then,
xenons are condensed in a stainless steel spiral at -196%, This
trap is backed up with a silica gol trap at -196° to prevent
traces of radioxenons from following the helium into the
ventilation system. The target sweep continues for 30 min and

renoves in excess of 90% of the xenon in this time., Thirty

-



minutes has been chosen as a conmpronise between removing the last
traces of xenon from the target and decay loss. The activity of
both the xeron trap and the backup trap is monitored during xenon
collection by Geiger counters.

After collection, the 123Xe in the spiral trap is
cryogenically transferred to an evacuated glass ampoule(33. After
warn-up, the gas in this ampoule is equilibrated with up to 9
other ampoules and refrozen at -195%, The volume of the anpoules
then determines the amount of xenon in each and thus the eventual
1231 activity. These ampoules have been arbitrarily fixed at fwo
sizes toc yield for use at receipt 10 and 20 nCi of 1231, The
xenon is allowed to decay in the ampoules, typically for 5 h, and
then warmed to room temperature and punmped off, Finally, the
valve stem connecting the anpoule to the gas rack is flame sealed
and the 1231 activiiy is assayed in a dose calibrator with a
copper liner after any 1221 has decayed. The 1231 can be removed
from the ampoules by forcing a syringe needle through the saptum,
breaking the internal break seal, and injecting as little as 0.2
mi ;f a suitable solvent. Enhanced recovery is usually attained
with a second rinse.

Inv;s:izations have begun to construct a pricassing syvstem
wherein helium gas flowing over a molten sodium fodide target
continuously sweeps out 123Xe produced during bombardment. A

test target has been developed, shown in Figure 2. The target



consists of an inner stainless steel capsule and an outer aluminun
can. The inner vessel holds the sodium iodide target salt, and
contains two heating elements, a thermocouple and a line for
helium to flow across the salt surface. The outer can is
primarily a secondary containment vessel %o prevent irradiated
salt froa getting out 1f the inner vessel leaks.

The targzet is connected to the Chemistry Linac Irradiation
Facility (CLIF)(5} operating floor by a 30-foot huse and cadle
bﬁndle. There are two helium inlet hoses, one helium and
radiocactive xenon outlet hose, electrical lines for the heating
elenents and thermocouple and an outer containment huse. The
botton 6«12 inches of the helium lines are stainless steel,
changing to PVC for the rest of their length, Similarly, the
outer hose is 18 inches of stainless steel mesh connected to PVC,

During irradiation, helium fyom a tank flows past the tarzet
salt and sueeps out xenon radioactivity produced bdv 127I(p,xn)
reactions., The gas then flows through a silver-silica gel trap to
scrub possible iodine vapor, through a coil placed close to a
Ge(L1) detector coupled to a nultichannel analyzer {NCA), and into
three liquid nitrogen-cooled traps which renmove all the xenon.
Then the‘heliu- flows through a hold up volﬁmc filled with

activated charcoal and is finally vented. A radiation detector



monitors this volume. The secondary flow runs from a tank through

1
Y

the space between the inner and outer containment capsules. This
helium flcws through a liquid nitrogen-cooled silica gel trap and
then into & hold up volume not shown. Radioactivity sensed at

this silica gal trap would ilmply a leak of the inner targzet.

Ouality Control and Characterization of 1231

Radionuclidic Purity. Radiopurity is determined with an

intrinsic Ge detector calibrated against known solution sources
(154£u, 155£u, 12554) obtained from the National Bureau of
Standards. The counting sample is a 1-ml aliquot taken from a
dilution of an ampoule wash solutlion. ‘leasurcnents are performed
approximately 24 h after the end of bombardment and many days
later after complete decay of 1231,

Specific Activity. Several different methsds were

investigated to determine the 1237 specific activity. These were
neutron activation, wavelength dispersive x-ray fluorescence,

uv absorption at 225 mm, and a colorimetric method that makes use
of the catalytic effect of iodine on the reaction of ceric sulfate
with arsenfous acid.

For'nnutron activation, a gquartz ampoule {~1 mm I.D,, 6 nm
0.D., and ~4 cm in height) containing an aliquot of 1231 (produced
through the decay of 123xe directly in che ampoule) was allowed to
decay for several days. This anpoule together with a blank and
two standard ampouies each containing 1.9 ug of iodine (as Nal)

were then irradiated at the reflector location of the Brookhaven



High Flux 3ean Reactor (4FBR) with a neutron flux of 1.5 x 101%
s ~len=2 for a duration of 5.0 min. After 20 min of cooling,
gamma-ray spectra of the anpoules were taken at fixed geonetry
with a Ce detector (~50 cm3, FWHM ~1.8 at 1333 KeV) coupled to a
4096 channel MCA.

In another run, the activity of an ampoule {1 of 5) was
rinsed out in 0.6 ml acetone. To this solution, 1 ml of 0.1 ¥
NaOH was added and the acetone allowed to evaporate. The solution
was diluted to 25 ml with water and passed through ion exchange
paper (S3-2). The iodide content of this sample was measursd ia a
wavelength dispersive x-tay fluorescence spectronmeter by
comparison with a standard curve.

The {odide~-catalyzed reaction o: ceric fon with arsenious
acid(®) was also utilized for determining the carrier content of
1237 samples. A calibration curve was zenerated using appropriate
standards containing known amounts of iodide in the range of 0-10
ng/ml., The system obeyed Beer's law within this concentration
range and provided a linear plot of absordance vs. concentration
at 420 na.

Measurenent of absorbance at 225 am was another method that
was succ;ssfully used to determine the lodine content in 1231
samples from various runs. This method also allowed the
monitoring of HPLC~-fractionated sample:.' Since many species of
iodine do not absorb at 225 nm, the neasurenent yielded values
mainly for those fractions of 1231 which were present as {odide,
iodate, or periodate. In most runs, the fodide vontent accounted

for >957 of the activity in the samples. Due to the sensitivity



of the technique, and the fact that many impurities may absord at
225 nm, the reagents and blanks were prepared under extremely
careful conditions., The standard curve showed a linear
relatfionship between 0.0l and i0 ug iodide.

HPLC Methods for Radiochemical Purity Determination.

HPLC methods were devaloped in order to determine the
chemical nature of fodine in 1231 samples. Routinely used TLC and
paper chromatographic procedures‘7) uere also utilized to conmpare
the relative sensitivity, speed, and resolving capacity of the
HPLC method. Commercial 1311 and 1237 samples ware also subjected
to these analyses to serve as references for comparison studies.

A number of reverse-phase columns (C3, €, Cyg) and solvent
nixtures ware evaluated {or optimal separation efficiency. A
Yaters® Assoclates 1liguid chromatograph with a dual solwvent
programmer was used. An on-line absorbance detector set at 225 nm
was utilized to monitor the carrier iodine content of the various
separated fractions. A radiocactivity flow monitor {%Nal detector)
coupled to a ratenmeter was used for neasuring the radiocactivity of
fractions during elution. Additionally, fractioas were collected
in sample tubes and subsequently counted in a well-type gamma
counter for validation of the flow-detection resylts. The eluting
buffers (pH 7.0) contained 0.05 M phosphate, 0.002 M
tetrabutylammonium hydroxide, and varying concentrations {10-402%)
of methanol or acetonitrile. The flow rate was 1-2 ml per nin and
all studies were carried out at 22° using 4.6 x 250 om colunns.

The 1231 samples were also subjected to cycles of oxidation and



teduction using hypochlorite, hydrogen peroxide, chloramine T,
thiosulfate, metabisulfite, 1!25, and S0j. Separation of locdate
iodide, and periodate was studied using freshly prepared synthetlic
mixtures from high-purity teagent-grade chemicals., Elution
Eactors ((k' = elution volur 2-colunn volume]/colunn volume) were
established for 103", I®, 10,~, 1%, CH3I, and CHI; using
appropriately characterized standards. No deviations in k' values
were observed when various size samples {volume or concentration)
were used for HPLC injection.

Radioiodinations Using 1237,

BLIP-produced 1237 from various runs was used to prapare
three commonly used radiopharmaceuticals:
Heisopropyl-p-iodoamphetamine {IAHP), N,N,N'=trimethyl-N"=
[2-hydroxy=3=nethyl=5-iodobenzyl]-1,3~propane-dianine (HIPDM), and
deoxyuridine {IUDR). Commercial 1317 and 1257 sclutions were used
{n parallel axperiments for the sake of comparison and validation
of the data, IAMP was lodinated using the CuSCy catalyzed
exchange redction in refluxing glacial acetic acial8),

Essentially carrier-free IAMP was prapared by iodinating
bromo-amphetamine (BrAMP) folloved by HPLC separation of IAMP and
BraAnp 04<a €13 reverse-phase column using pH 7, 0.05 M phosphate
in 40% ~> 507 methanol. 3Both radiocactive derection and uv
detection at 265 nm were utilized. HIPDM was lodinated using the
kit method of Xung and coworkers(9). a satisfactory HPLC
purification was achieved using a Cyg reverse-phase column and a
solvent mixture containing 0.05 Y phosphate in 307 acetonitrile,

pH 5. IUDR was iodinated using an exchange reaction In 1 } H%03



under hzating. HPLC separation of the product was accomplished on
a C1g reverse-phase column using pH 5, 0.05 ¥ phosphate bduffer in
10X methanol. Concomitant TLC analyses were performed on
iodinated IAMP and HIPDH using the following eluting mixtures:
chloroform,glacial acetic acid, methanol {15:1:85 v/v) {IAMP); and
chlorofornm, ethanol, ammonia (8:2:0.1 v/v) (HIPDM).

28odistribution Studies,

Tissue distribuvtion studies in mice of radiociodinated IAMP
and HIPDM were carried out with both 1311 (comnercial) amd 1237
{BLIP-produced)~labeled materials. %ormal BNL mice {a=4 for each
experiment) were injected with 0.2 ml of the labelad compounds
containing approximately 2 upCi 1311 or 15 uCi 1231, and sacrificed
at 5, 60, and 120 nin afterqinjection. Tlssue samples (or whole
organs) were coliected, weighed, and counted in a well type zarna
countetr. The data were represented varlously as per cent [njected
dose per organ or per 3ram tissue, and excretion was calculated by
difference using the amount injacted and the total recovered
activity in all organs, tiscue sanples, and the carcass. All data

vere tested for statistical significance.



RESULTS AND DISCUSSION

After penetrating through several windows, water gaps, and
upstream targets, the proton energy incident on the Nal salt is
degraded to 68.6 MeV and dissipates a further 21.0 MeV in this
target. This energy rangs encompasses the peak of the
127I(p.5n)123Xe excitaction function(1°'133 and represents a
comprenise between maximizing 123Xe'production and niaimizing the
unvanted 125,121xe, Energy loss calculzations Have been performed
by logarithmic interpolation frum data of Janni(lkb, and
villiamson 55;51(15), with Bragg's additivity ruie assumed for
conpounds.

The thick target yield of 1231 has been calculated to be 4.3
mCi/uAh For conditions approximating our batch production, based
on the cross-sections of Syme Sﬁ.ﬁl‘lo" These conditions are: 3
h irzadiation, 2 h target transport and gas transfer time, and 5 h
1231 zrowth period. Although actual experimental paraneters
rarely match these conditions exactly, our measured yleld averages
3.3 nCi/uAh. Some of this loss 1s due to residusl xenon not
leaving the target, and the possibility that some xenon may not
trap in.the stainless steel collection coil due to the relatively
high vapor pressure of xenon at liquid nit:sogen tenpecature.
However, large amounts of xenon getting past this trap would be
detected at the cold silica gel trap. Some 1231 {n a wvolatile
form might be lost when xenon is pumped frem the glass anpoule.
However, pasaing this xenon through an lodine trap has not proved

this speculition. Although the proton energy is not optinun for



the 1271(p,6n)122%e reaction, useful guantities of 122xe (t:i-
20.1 h) are also produced in this short bombardrent and have been
utilized for generating 1221, a 2.6 m half-1life positron emitter,
At the end of the 1231 growth period there is typically still ~80
nCL of 122Xe available to generate 1221{(16),

The radiopurity is controlled in several ways. First, the
incident energy and targzet thickness are chosen btased on
excitation functions for 121,122 123 125x.. Second, the duration
of bonmbardment and the xenon decay period are appropriately
chosen. Lengthening these periods increases zhe production of
1231 byt also of the inpurity 1251, A final practical
consideration is that the irradiation, processing, analysis, and
shipping must all be accomplished on the same day, With 2 to 3 h
trradiations and 4 to 5 h growth periods, t“e average
contanination is 0.5% 1251 and 0.002% 121Te at calibration time
{noon day of receipt), which is typically 21 h after xenon-iodine
separation. There is no 1247,

The zlass anmpoule offers the user several advantages. The
iodine is adsorbed oun the walls under anhydrous conditions and can
be rinsed off with a wide variety of solvents conmpatible with
subsequent ifodination steps. Solvenés such as dilute XWalH,
methanol, NajPO,;, Na#C03, aad even water have been successfully
used, removing an average of 90X of the activity in <0.6 ml total
volume {two 0.3 ml washes). In our experience, acetone should de
avoided due to activity losses, possibly due to formation of a

volatile {odine such as iodoforn. Exchange labeling of



iodoanphetanine was also poor following an acetone rinse of the
acpoules.

Anoth;r advantage of this dispenser is that the ampoule
itself can be used as an enclosed reaction vessel, eliminating the
transfer step. These banefits to the user come at some cost to
the producer. The extra time involved in moving the xenon to the
ampoules adds to xenon decay loss and thus reduces 1231 vield.

ALl 12317 created before the xenon reaches these ampoules is lost.
Also, xenon moves sluggishly so it Is not possible to walt for
full equilibration between ampoules. Thus, control of the amount
of activity per ampoule is inexact. At one time, 0.5 itmosphcrc
of 455 was added during xenon decay to act as a reducing agent and
thus to increase the 123I-fodide recovery from the ampoules, HMNore
receat experience has shown that scrupulous cleaning of the
ampoules makes H7S unnecassary, thus avoiding possible iodiration
problems due to the remaining traces of this gas.

The theoretical specific activity of pure 1237 35 1.961
mCi/ag. Diluted by our measured level of 12571 contamination this
becomes 1,957 mCi/ng {or 0.51 ng/mCi). Various technigques with
different sengitivities have been investigated to measure the
iodine c;rrier nass at nanogram levels,

Neutron activation is a sensitive and selective method for
the determination of syb-microgram amounts of fodine. This is due
to a) very large thermal neutron capture cross-section of 1271,
6.2 barns; b) short half-1ife of product nuclide, 1281, €= 20.0
nin; and ¢) enmission of a rather energetic gamma ray, %42,9 HeV,

by 1281 uith enission probability of 17.5Z. Instrunental



neutreid activation alzo offers an advantage over other analwvtical
techniques in that the possibility of contaminations introduced by
impurities in the chenmical reagents and/or by chemical
asnipulztion are reduced to a minimun,

After neutron exposures, 00 ganmna-rays were ob:ierved at 442.9
keV in either an aliguot of the 1231 sample or the blank.
However, by comparison of the magnitude of the background in the
123y sanple spectrua with the counting rate of the 442.9 keV peak
in the spectrs of the standards, an upper limit of 30 ng of iodizne
was estinmated. By extrapolating this measurement to the whole
sanple, the specific activity is calculatad to be <8.75 ng/mCi at
the end of 1231 growth; essentially carvier free, Although this
sensitivity can be improved, due to thu tine and eaxpense of
neutron ectivatisa, other techniques were tried., Xeray
fluorescence on another sample showed nc iodine down to 100 ng
level, giving an upper limit of specific activity of 2.5 ng/mCi,
Measurenent of jodine mass following the uv absorpticn at 225 am
of the HPLC separated fractions is a convenient procedure with a
10 ng sample detection limit. Typically,l to &% of the total
activity was used for this detzrmination. In 12 irrad ations
there v;s no detectadble iodine, with a calzulated specific
activity range of 1.25-16 hglmti. In 3 other runs ar average of
127 ng vas meazured, vepresenting a dilution 3f radicactive atons
with stable atoms by factors raﬁking from l4-100, Finally, in one
run the iodine mass was measured by the iodine-catalyzed resduction
of cerie suifate by arsenious azid. A value of 606 ng was obtained

representiné a Jilution factor of approxicately 60. Although the



sensitivity of this technique is very high (~1 ng detection
1imit), the actual procedure is time~consuming and requires
extreme expsrimental care. Thus in approximately 50% of the runs
mensured there was no detectabls carrier iodine.

The batch mode is a relatively labor intensive procedure aud
involves substantial decay ilosses dus to the time required to
transport the target to the Hot Laboratory for processing, and the
transfer of 123Xe to the glass ampoules. Aithough we have loag
recognized that an on-line contiauous~-flow method could produce
nuch greater 1234 yield with less manpower. the previous physical
arrangement of BLIP made this technique impractical. However,
BLIF II has been designed to be more conmpatible with such an
endeavor., A continuous-flow targzet of equal effective thickness
to the datch target would produce a theoretical yield of 17.3
mCi/uAh compared o 4.3 mCifuAh at p%esent {based on the
excitation function of Syme et ai.). In addition, the
continuous-£flow tarzet could be reusable.

The exploratory phase of this project has been pe:zformed ac
the CLIF, which shares the BLIP beam line but offers much simpler
access. A test tacget has been developed, shoun in Figure 2.
Several‘prellainnry ruas with the continuous-flow Nal tlt}et have
been completed. We were primarily concerned with the behavior of
the target itself, not the collection system. The quantity of
1231 activity in the collection coil is a complicated function of
gas flow rate, trapping efficiency, bonbardment time, and decay
time, as well as 1237, yield from the target. Changes in target

behavicr are not immediately seen in the coliection coil due to



these other obscuring variables. Therefore we did not msuitor for
iodine radiocactivity in the trap but rather coucentrated on the
enission of xanon radiocactivity from the target. For this
putpose, the most useful radionuclide was found to be 1257y, (ty =
57 s), which gave a clean signature {112 keV gsmma ray) in the
flow coil. A study of the vield of 125Myq 43 a funstion of the
duration of firradfation iadicated a two-phase release mechanism at
tenperatures less than meltingz. There was an initfal rapid growth
of activity, corresponding to a half-time of about one mim,
followed by a much slower step. The slow increase of 125mye
activity continued even after thernal aquilibrcium was reachad.
This behavior could be a consequence of local melting of the Nal
in the beam strike area followed by a slow diffusion of xenon
through surrounding unmelted target crvatal, Careful control of
tarzet tenperature was acconplished with electric heaters, and the
beanm current wvas limited to 1-2 uA. Below the meliing point of
NaI, the increase in targst temperature due to beam heating alone
was 80 + 10° per uA of beam current. This interval was
essentially independent of Iinitial targzet temperature. The yield
of 125Mxe increased with final target temperature, showing a sharp
increas; at approximately 300°. The effect of helium flew rate on
yield was also investigated. A flow rate of 50 ml/min was found
nost convenient but this result pertains only to 125nxe yield and
not necessarily to optinum ccnditions for 1231 collection.

The newly developed HPLC methods for the determination of
chemical nature of iodine in 123t sanmples proved to be highly

sensitive, iapid. and reproducible. ¥Not only better resolution



was obtained compared to other voutine techniques but many new and
previously unresolved species could be separated as well. Using
uv detection at 225 nm, ths ilodine carriar conteat of various
fractionated samples could also be measurad douwn to 0,01 ug
lavels. Radiocactivity detection mode in addition to offering nuch
higher sensitivity also allowad the identification of non
uv-absorbing species of jodine. Commercial 1311 and 1251 samples
gave results that correlated vwell with TLC results and with thcl
known carrier content of these solutions.

Typical results of HPLC experinments are summarized in Table
1. Separation of fodate, fodide, and periodate in a freshly
orepared synthetic m xture {upon standing, the periodate oxidizes
fodide to produce icdate) is depicted iz Figure 3. *ethanol was
used in earlier studies but acetonitrile was later found to be
more effective. Even though either of the €y, (g, or €33 columns
could be used, Cg columns displayed the right polarity for good
and rapid separations. The eiution diagram in Fizure 3 was
obtained for a 30 ul injected sample containing 2 ug I, & ug
103", and 10 ug 10,~. A quantitative correlation was obtained
from ne;surencnts of absorbance after correcting for differences
in molar absorptivity at 225 om of(the various species. Figure 4
shows the elution profile of an actual 1237 sanple following

oxidation with 5% sodium hypochlotite under basic conditions. The



iodide fraction (initially >95%) decreased to 12.12 and 9.32%
iodate was formed. In addition, three unknown higher oxidation
state species x, y, and z (25.8, 15.9, and 31.1%, respectivaly)
were also produced. Whan this same sample vas oxidized with
hypochlorite at pH 2 {Fig 5), lodide was decreased to 2.27 and
67.7% fodate was pruduced. Specles y was absent while species x
and z accounted for 13.3% and 12.37%, respectively, of the total
eluted radiocactivity. 1In another experiment, It was produced (as
IC1) from a reaction of 123103~ with 0.1 N HCL for 5 min. The
elution factor for It was found to be 7.0 using 107 acetonitrile
and other buffer components as above, and the RP8 column {Table
1). When e 1231 sanples (containing 3957 I*) were subjected to
cycles of oxidation and reduction using H#703, chloranine T,
thiosulfate, metabisulfire. H3S, S0z, etc., formation of a number
of different species ::2s demonstrable. 1In 2ddition to the knowa
species (104, 105, ¥, I-, etc.), at least six other unknown
species in varying amounts for particular reactions were
documented.

The HPLC method thus allows a convenlent and rapid separation
of fodine in multiple chenical forms, with high resolution.
Measurement of the carrier iodine content using uy detection at
225 nm, however, requires consideradle care because of the

preponderance of many impurities absorbing at this wavelength as



well as the fact that commonly used reagents &ad solvents often
contain appreciadble amounts of iodine as a contaminant. All
solutions, blanks, and standards have thus to be prepared under
extremely careful conditions.

Figure 6 shows the elution diagram of an 1231 sample from
another manufacturer. This sanple contained 847 lodide and 127
iodate., 1In compn;ison, BLIP-produced 1237 (decay of 123%e
precursor in the ampoule, evacuation, rinsing out with dilute
NaOH, NaiHiCO3, water, phosphate buffer pH 7, or many other
solvents) consistently contained 5>95% I-. ZLoss than 5% of
unidentifiable species (in addition 2o 0-0.57 iodate) wera often
present, but these did not significantly affect subsequent
radfoiodination reactions.

Iodinatior of IAMP was found to be somewhat sensftive to
iodate contaninant fn radfoiodide solutions. In contrast,

- 1237.417PDM was obtained in high labeling yields {95-99%) even when
considerable amounts of iodate were preseat in 1227 solutions. It
appears that fodate is reduced to exchangeable iodide under the
conditions of this iocdination reaction (pH 2, 959, excess HIPDM
ligand) but not under the fodination conditions for IANP. The
effect of pH on the HIPDM labeling reaction was also followed by
HPLC: at pH 2, only one major product peak was seen whereas at pH
3.6, 2-5% of an additional product was formed. These results
correlated well with TLC analyses. Todination of IAMP was also
monitored by HPLC. It was possible to follow this reaction in
order to optimize fornmatiom of the‘desired'product under varlous

conditions., Purification of IAMP following radiolodination also



appears feasiblc using the HPLC technique. 1In the case of
1231ypR, HPLC provided good separations on a Cis reverse-phise
column using phosphate buffer, pH 5, in 10X methanol. The elution
factors were as follows: O (uracil); 0.40 {UDR); 1.30
(lodouracil); and 2.50 {IUDR). Unbound fodidy eluted much later
with considerable tailing.

Results from these studies thus demonstrate the effectiveness
of HPLC in allowing a fast and reliable separation not only of
various chemical forms of fodine but of a number of iodinated
radiopharnmaceuticals as well. The developed methods provide
excellent resolution and appear superior to the commonly used
paper, thin-layer, and other chromatographic techniquaa(7,17).

That the BLIP-produced 1237 {s entirely suitable for
radiolodinations and gives satisfactory radiopharmaceutical
products has repeatedly been demonstrated by a number of users of
this product. Typical results from our laboratory on the
blological distribution of 1231-labeled IAMP and HIPDM are
desctibed in Table 2. 1t is readily apprecilated that the tissue
distribution of these compounds in mice is, within statistical
error, almost identical to that from 1311.labeled analogs. Ue
have reéencly labeled a number of monoclonal aatibodies with
BLIP-produced 1231 and demonstrated their imnunoreactivity and
biodistribution to be similar to analogous L3l1-labeled products

{18,19),
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Legends for Fipures

Figure 1.

Figure 2.

Figure 3.

Flgure 4,

Figure S.

Schematic of gas train for separating 1231 from Nal
target naterial

Design of test target for continuous flow production of
1231

HPLC fractionation of a freshly prepared synthetic
mixture containing fodate, iodide, and perfodate.
Column: RP8 Lichrosorb 4.5 x 250 om. Eluting dbuffer:
0.05 M phosphate and 0.002 } tetrrabutylammonium
hydroxide in 207 methanol, pH 7. Temp. 229, flow rate
1 nl/min.

HFLC elution diagram of a BLIP-produced 1231 sample,
following oxidation with NaOCl in base. Colunn:
Lichrosorb RP8, 4.6 x 250 mm, Eluting solution: 0.05
M phosphate, 0.002 M tetrabutylammonium hydroxide, pH
7. At indicated point {9 min), the eluting solutiom
contained 10% nethanol in addition to the above
components., Note the formation of fodate, and speciles
x, v, and z of unknown composition, aill presumably at
the expense of I°. Temp. 229, flow rate 1 alfoin.
HPLC elution diagram of a BLIP-produced 1231 sample,
following oxidation with NaOCl at pH 2. Fractionation
conditions were the saie as in Figure 4. Yote the
{ntense iodate peak, disapgpearance of I~ and peak y,

and an increase in x.
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Legends for Figures (contd.)

Figure 6.

HPLC separation of a 1231 sanple from another
manufacturer. Zluting solution was 107 methanol
containing 0.05 M phosphate and 0.002 ¥
tetrabutylammonium hydroxide, pH 7. All other
conditions were the same as in Fizure 3. The
BLIP=-produced sample in comparison showed >957% lfodide

and <17 iodate.
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Table 1. Analysis of Various Radioiodine Species (k' values)3 by ;, Cg and Cy3
Reverse-Phase High Performance lLiquid Chromatography

1007 Aqueous 10% Acetonitrile 407 Acetonitrile
Species Cz Cs Cis C2 Ca Cig Ca Cz C18
104" 0.09 0 0 0 0 0 0 0 D
I= 1.55 4.86 3.29 0.73 1.21 D.43 0.09 0 0
10,° iz - Re 3.55 5.36  6.57 1.36 - 0
it - - - . 7.00 - , - - -
CHsl l.5&4 - 3.71 : 1.55 &.,ls 2.88 1.0 1.57 1.0
CHI3 R - R R R 3 .0 10,7 371

1 g elution volume (Ve) - column volume (Vo)
Vo
belution buffer was a 0.05 ¥ pH 7 phosphate solutfon containing the stated amount

of agqueous or organic phase and 0.002 ¥ tetrabutylammonium hydroxide.
CRetained .




Table 2. Tissue Distribution in Mice (%Dose/Orzan)of Radioilodinated
IANP and HIPDM, 60 Hinutes Post Injection (n = &)

Organ 1231.1aMp Llg.1amp 1237.41pDY L3lz.41ppN
3lood 2.02 + 0.48  3.01 + 0.46  1.29 + 0.12  0.80 + 0.07
Brain 3.64 + 0.30  4.26 + 0.50  4.47 + 0.28 .21 + 0.34
Lungs 2.86 + 0.31  3.66 + 0.64  3.01 + 0.95 3,87 + 0.7
Liver 17.50 + 1.02 13,92 + 2,41 16,57 + 2,12 13.42 + 0.77
Kidneys 3.94 £ 0.37  5.46 + 1.04  3.97 + 0.18  3.72 + 0,07
Spleen .21 + 0.14 0.84 + 0.23 1.41 + 0,12 1.38 + 0.1D

Cut and Feces

15.90 + 0.22

15.22 + 0.77

19.17 + 0.62

18.91 + 0.22
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