
Bromsulphalein can easily be labeled with
1237 The potential of this tracer, compared with

â€˜311-rosebengal and s9mTc.labeled colloids, is
discussed with reference to experiments on mice
and dogs.

To a large extent 9amTchas replaced 131!for imag
ing in nuclear medicine. This is well explained by
the physical compatibility between the Anger camera
and the isotope, even when physiological excellence
is lacking. Specifically for the liver, this may have
been a loss since not all the information physicians
may seek is to be found in the spatial distribution
of the reticular cells in the liver. A DomTc@labeled
parenchymatous cell tracer has not been developed
yet.

Of the tracers processed by the functioning paren
chymal cell, rose bengal labeled with 131! (131I@RB)
has been used most frequently. The kinetics are not
simple (1 ) , but there is ample evidence that paren
chymal cell tracers can provide information unavail
able from data obtained with labeled colloid. The
131I-RB does allow the differentiation between sur
gical and nonsurgical jaundice (2â€”4). In infants
especially, the patency determination of the biliary
pathways by nonaggressive means may be beneficial
(5) and has led to successful interventions in con
genital defects (6) . The specificity of the tracer for
the liver cell has helped in the diagnosis of functional
hepatomas (7).

Plasma retention curves for 131I-RB have been
used but are not disease-specific (8) . Sensitivity and
specificity differences with Bromsuiphalein (BSP)
have been found to be due to the measuring tech
niques or the dose injected (2,9).

Iodine-i 3i-labeled tracers fall short when high
resolution, high-quality images are expected with the
gamma camera. The reasons are the restriction put

on the dose of activity, the relatively low detection
efficiency, and the collimation difficulties. For years,
W. Myers (10) has pleaded the case of 1231, which
decays by electron capture with a 13-hr half-life and
has 159-keV photons with 85 % abundance. While
its physical characteristics compare favorably with

those of 99mTc, it possesses the labeling characteris
tics of all iodine isotopes. The labeling technique
must be rapid, however, because of the short half
life, and it must have a high yield because of the
current high cost of production of 1231 (about $45!
mCi) . Comparatively, the labeling of rose bengal is
more time consuming (1 1) than the convenient
method described by Suwanik and Tubis (12) for
BSP. In this work, we hope to demonstrate how
1231B5P potentially combines the advantages of
â€˜11..RBand 9omTc@colloid in liver function and mor

phology evaluation.

MATERIALS AND METHODS

Labeling. The Suwanik and Tubis method (12)
was used with only slight modifications. In short, to
a mixture of radioiodide, with no carrier added, of
the desired activity, 0. 1 cc of KI (2 mg/mI) and
0.1 cc of KIO3 (2 mg/mi), one adds 0.3 cc of 1 N
HC1 followed by 1 cc of BSP (BromsulphaleinÂ®,
Hyson, Westcott and Dunning, Inc.) (50 mg/mi).
Subsequently, the pH is brought to 3 with HC1, and
the mixture is shaken and allowed to stand at room
temperature for 30 mm. At the end of this time, the
pH is brought to 6â€”7with NaOH and the mixture
is collected in a syringe prefilled with 1 cc of AG1-X8
resin (100-200 mesh, chloride form, Bio-Rad Lab
oratories) . For this purpose the resin is pre-equili
brated with normal saline. As the resin sediments,
the superfluous saline is removed and 1 cc of the
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sedimented resin is aspirated in a 5-cc syringe. When
the mixture is aspirated into the syringe, not more
than 4 cc are filled, and enough air can be intro
duced to allow adequate mixing by shaking. A dis
posabie Millipore unit (SwinnexÂ®-13,0.22 @sn,Milli
pore Corporation) is then fitted to the syringe, the
resin is allowed to sediment at the filter end of the
syringe, and the contents are subsequently injected
through the filter into a multidose injection vial.
The resin, to which the free iodide is fixed, does not
pass through the filter. For the mouse experiments,
the label was 125! and for the dog experiments 1231.
In all cases, the specific activity was at least 40 ,@Ci/
mg BSP.

Testing. The labeled tracer, 125I-BSP,was injected
intravenously into male Swiss mice weighing between
27 and 34 @n.Blood samples were taken over an
interval of 15 mm. In one series, a mixture of 1251_
BSP and 1311-RB (RobengatopeÂ®, E. R. Squibb and
Sons) was injected for simultaneous analysis and
comparison of the kinetics of those tracers. The total
amount of BSP and its iodinated derivative, 1251-BSP,
injected was approximately 0.2 mg (7 mg/kg) . The
data were analyzed for comparison according to a
two-compartment model (Fig. 1 ) . The shelf stability
of the compound was documented by Suwanik and
Tubis (12). In vivo stability was tested by comparing
the thyroidal uptake (as fraction of the injected
dose) 1 hr after injection, to the thyroidal uptake
of Na131! in mice who were kept on an iodine-free
diet for 8 days. From those experiments it was esti
mated that not more than 1% of the injected activity
was free iodide during the course of the experiments.
Iodine-i 23-BSP was injected intravenously in Beagle
dogs (10 kg, either sex), and the distribution of the
tracer followed with an Anger camera. The activity
ranged from 0. 15 to 1.5 mCi and the total amount
of BSP and â€˜231-BSPfrom 4 to 40 mg (0.4 to 4
mg/kg) . In one case, the dog had been previously
injected with a 9omTc@S@colloid(TesuloidÂ®,E. R.
Squibb and Sons) and the two studies were com
pared. With the camera, the spectral separation was
possible only by using the upper half of 123!159-keV
photopeak. This reduced the counting rate from the
previously administered technetium tracer by a fac
tor of five.

In every case, a parallel-hole (low-energy) colli
mator was used until most of the activity was local
ized in the gallbladder. Subsequently, pictures of the
gallbladder were taken with the pinhole collimator.

The camera was interfaced with a computer, as
described by Budinger (13). Data were accumulated
in histogram mode with frames of 15 sec. Each study
required at least 1 hr for completion while a high

A, =S(C2â€”C1)â€”fFC,
= S(C1 â€” C2)A2

a12 = S/V1

a2, = S/V2

a13 = fF/V1

F10. 1. Two-compartmentalmodelforbromsulphaleinandrose
bengal. Analysis of rate of change A1 of quantity of tracer present
in compartment i is based on following assumptions: (a) Tracer is
restricted to Compartments I and II, between which there is cx
change, and third compartment, liver, which acts as sink. (b) In
each compartment there is instantaneous mixing. (c) Kinetics are first
order at all times. (d) System is defined by following constant
values:

V@is volumeof compartmenti
f is extraction efficiency by liver
F is blood flow to liver
S isaveragepermeabilitymultipliedbyareaof

interface between compartments I and II
Rate of change A1 is due to differences in concentration between
Compartment I and Compartment II (C, â€”C,) multiplied by S, and
rate of liver uptake, fFC1. Rate of change A, is exclusively due to
concentration differences (C1 â€” C,), multiplied by S. Fractional
turnover rates a@j are defined as shown and represent fraction of
tracer present in compartment i going to comportment j per unit of

time. If 0 is amount initially introduced in Compartment I, solutions
to the set of differential equations are A1(t) = t + I,e_12t)
and A,(t) = QIs(e2t e11t). In terms of fractional turnover
rates a@j, we have: I@+ I, 1; lis, + ls5i asi; 5: + ss a12
+ a@@ an; 5152= aIZaSl;Is(siâ€”52)= a,,.

counting rate was needed for the quality of the static
images with which the Tc-colloid images were corn
pared.

A square area circumscribed by the detector cir
cumference was mapped into a 64 x 64 matrix.
Polaroid pictures for the morphological evaluation
were generated directly from the camera's CRT dis
play while the data accumulated by the computer
were used for the generation of time functions from
rectangular regions of interest and for teletype dis
play in one of the following modes : (A) the original
data, collected in 15-sec frames divided into 4,096
matrix elements (64 X 64) , are recombined by

addition into frames of 1 mm (or longer, depending
on the counting rate) in any given experiment. Fur
thermore, this new frame is reduced to a 1,024
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â€˜@I.BSP

MouseNo. 1 2 3 4 7 11 12 13 14 15

MouseNo. 11 12 13 14 15

Group 1 BSP Group 2 BSP Group 2 RB

GORIS

l@
l@
T4min)
T,(min)
s4min')
s,(min')
V,(mI)
12
21
13
fFml/min

0.985 0.975 0.983 0.984 0.973 0.961
0.015 0.025 0.017 0.01 6 0.027 0.039
9.40 8.80 12.4 15.0 15.0 9.50
0.65 0.60 0.55 0.58 0.45 0.80
0.074 0.079 0.056 0.046 0.046 0.073
1.066 1.155 1.260 1.195 1.540 0.866
2.385 1.752 1.534 2.817 1.393 2.624
0.162 0.263 0.313 0.302 0.664 0.223
0.088 0.105 0.076 0.063 0.085 0.103
0.889 0.866 0.927 0.876 0.837 0.613
2.12 1.55 1.42 2.47 1.16 1.61
4.38 4.38 6.32 39.2 10.9 5.67

0.948
0.052
9.00
1.10
0.077
0.630
1.833
0.140
0.105
0.462
0.85
2.44

0.967
0.033

10.5
0J0
0.066
0.990
2.532
0.278
0.096
0.682
1J3
7.35

0.963
0.037

18.0
0.90
0.038

0370
3.026
0.287
0.065
0.457
1.38

13.4

0.942
0.058

11.2
1.10
0.062
0.900
2.887
0.346
0.110
0.506
1.46
9.07V,ml

In the mouse experiments, the observations are activity per volume as a function of time in the intravascular Compartment I.
The data could be fitted by the function Inie_hlt + ln,e_12t. The correspondence with solutions presented in Fig. 1 is found as
follows:

Q/(ln, + In,) = Vi; ln,/Q = I,; In,/Q l@;a@ lis, .4â€”l,si; a@ s:s2/a2:;
a,, Si + 52 â€” a,@ â€” a21; fF a,5V,; V@ a,,Vi/a,i.

T, and T, are the half-lives corresponding to s@and 52. From this computation procedure, it follows that the effect of error prop
agation will be very large for V,, and larger for fF and a,, than for a@ and a,,. This is reflected in the wide variation of the
parameters from different mice. The values are printed beyond their last significant digit to allow the reader to check the corn
putation without undue rounding errors.

RESULTS AND DISCUSSION
TABLE 2. â€˜@1I-RB,DONE SIMULTANEOUSLY

WITH BSP IN MICE NO. 11â€”15IN TABLE 1 Experiments in mice. The results for 1251-BSPare
summarized in Table 1 and for 1311-RB in Table 2.
Using the compartmental assumptions of Fig. I , one
can compute from 0, the injected dose, and from
In1, In2, the intercepts, and s1, 52, the slopes, the
following physiological values : a12 (min1 ) , the
fractional turnover rate from the intra- to the extra

I,

T,(min)
T,(min)
s,(min')
si(min')
V,(ml)
12
21
13

fFmI/min
V,ml

0.892
0.108

15.0
1.10
0.046
0.630
2.070
0.300
0.108
0.268
0.55
5j5

0.981
0.119

9.00
1.50
0.077
0.462
2.108
0.032
0.084
0.423
0.89
0.80

0.869
0.131

10.5
1.15
0.066
0.603
2.520

0.240

0.136
0.293
0.74
4.45

0.889
0.111

17.5
1.35
0.040
0.513
2.456
0.238

0.098
0.223
0.55
6.35

0797
0.203

10.2
1.60

0.068

0.433
2.499
0.152
0.141
0.209
0.52

2.68

The compuation is the same as in Table 1. The data were
collected after a simultaneous injection of â€˜@I.BSPand
â€œI-RBin Mice 11â€”15,and the results should be compared
with those of corresponding mice in Table 1.

l@ 0.978
I, 0.022
T, 10mm
T1 0.65mm
5' 0.069min1

5, 1.066min'

0.954
0.046
9.5 mm
0.9mm
0.073min1
0.77 min'

0.850
0.150

10.3 mm
1.3mm
0.067 min1
0.533 min1

matrix (32 X 32) by replacing four original matrix
elements ( in a two-by-two array ) with one contain
ing the average value. The reduced frame is printed
out, coded from 10 (for the maximum value within
the frame) to 0, in a linear fashion. (B) The reduc
tion to 32 X 32 frame was not performed, and a
region of the frame was printed out in a logarithmic
code where 10 = 100%, 5 = 10%, 0 = 1% of a
preset value, a type of display allowing for the evalu
ation of spatial distribution changes in time over a
larger range of values with two-digit symbols al
though with smaller sensitivity than in linear scales.

vi 2.0
12 0.228

21 0.090
13 0.817
fF 1.634

2.5
0.208
0.105
0.535
1.337

2.3
0.202
0.137
0.261

0.600
V2 5.1 4.8 3.4

The data are pooled after normalizing in regard to the
sum of the intercepts I, + I,. The value for V, is the aver
age of the values found for corresponding mice and tracers
in Tables 1 and 2. Group 1 iscomposed of Mice 1â€”7and
Group 2 of Mice 11â€”15,on which the simultaneous deter
minations for @I-BSPand @â€œl.RBwere performed. Since the
determinations were simultaneous for both tracers in
Group 2, the difference between fF for u@I@BSPand 1â€•I-RB
is due to a larger extraction efficiency for the former.
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TABLE 1. FITTING PARAMETERSAND DERIVED PHYSIOLOGICAL VALUES FROM
PLASMA DISAPPEARANCE CURVES IN MICE

TABLE 3. FITTING PARAMETERSAND
DERIVED PHYSIOLOGICAL VALUES FROM THE

POOLED PLASMA DISAPPEARANCE RATE DATA



TimeBSPRBBloodLiver Ratio BloodLiverRatio(mm)+
Tissue+ Tissue

4@1h@AB

â€˜23IIO@yJBROMSULPHALEIN FOR LIVER AND BILIARY SCANNING

0.0 1.0 0.0 0.0 1.0 0.0 0.0
0.5 0.777 0.223 0.287 0.883 0.1 17 0.132
1.0 0.620 0.380 0.612 0J90 0.210 0.265
2.0 0.433 0.567 1.309 0.655 0.345 0.526
5.0 0.247 0753 3.040 0.446 0.554 1.242

10.0 0.162 0.838 5.172 0.298 0.702 2.355

In the mouse experiments, the intravascular compartment was the only one sampled, but the derivations shown under Table 1
allowed us to derive all the parameters defined in the model in Fig. 1. In this way, to the extent that the assumptions are valid,
the kinetics of both tracers are completely defined. The activity in blood and tissue is the sum of the activity in Compartments I
and II and is equal to:

Q(li â€”ls)e'l@ + (I, + I2)e'2t)
The activity of liver is equal to:

ai,Qf@o(lieh1t + I,e_12t)dt.

Using the values found for Group 2 in Table 3 and the fact that I, a12/(sl â€” ss), while assuming that the injected amount is
unity, allowed us to compute the expected values for intra- and extrahepatic activity. The ratio hepatic/extrahepatic is an esti
mate of the target-to-background ratio assuming equal volume distributions.

FIG. 2. Liverimagingwithâ€˜Â°mTc-S-colloidandlml@iodo.Brom@
sulphalein. In A, â€˜@mTc-S-coIloidimage shows defect in center
of liver. Only speculation as to cause is possible. In B, â€œl-BSP
image is very similar to one in A. However, contrast was less pro
nounced due to nontarget background, and this is only partially
corrected by photographic manipulation. C is image obtained 120
mm after @â€˜I-BSPinjection. Obviously defect was due to large
central gallbladder. D is pinhole picture of same gallbladder. Note
lack of mixing in very large (atonic?) gallbladder.

vascular pool, a function of the global mean capil
lary permeability for the tracer; IF (mi/mm) the
clearance of the tracer to the liver, expressed as the
liver blood flow F multiplied by the extraction effi
ciency f; the intra- (V1) and extravascular (V,)
distribution volumes of the tracer. Since only V1 is
sampled, V2 is a virtual volume computed by using
equilibrium assumptions. V1 is not necessarily totally
intravascular, but mainly. Unless the data are of
exceptional quality, that is with a relative random
error smaller than 2% , the error made in the param
eter estimation with this type of analysis is notori
ously large (14,15) . Normalizing the data and pool
ing them before curve fitting did help, and the results
of this are shown in Table 3. The extraction efficiency
was higher for â€˜251-BSPbut so was the extravascuiar

C

..@ ,@@

D
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TABLE 4. DISTRIBUTION OF THE TOTAL DOSE BETWEENLIVER AND NONLIVER COMPARTMENTS
(BLOOD+TISSUES) AT EARLY TIMES



GORIS

son with 99mTc@colloid scans. From the mice experi
ments, therefore, a significant improvement over
1311..RB was expected beyond those due to the physi
cal characteristics of 1231

External detection in Beagle experiments. In Figs:
2A and B, liver imagesare shownwith 99mTc@S@
colloid and â€˜231-BSP,respectively, that were per
formed sequentially on the same dog. Initially, the
resolution was similar, as expected, even considering
the lower target-to-nontarget ratio for 1231-BSP at
that time ( 10 mm postinjection) . A relatively high
nonliver background was still present, as shown in
Fig. 3 (a printout of the reduced 32 X 32 matrix)
at 19 mm postinjection. At 120 mm most of the
activity was in the gallbladder (Fig. 2C), also shown
with a pinhole picture (Fig. 2D).

Time curves for heart, liver, and gallbladder are
shown in Fig. 4.

Disappointingly, the nonliver activity (heart) did
not reach values much lower than 50% of its initial
value. A part of this may be explained by the in
creasing interference of scattered rays originated
from higher energy radiation from an 130!contami
nant as increasing amounts of the tracer concen
trated in the field of the camera. Thirteen minutes
after injection, the departure of the gallbladder curve
from the characteristics of the liver curve reflects
gallbladder accumulation. This is also illustrated in
Fig. 5 showing the time-distribution relation of the
tracer in a logarithmic display. Since the dog gall
bladder, unlike that of man, is located in the center
of the liver, its activity interfered more with the
demonstration of the liver clearance that would be
expected in humans. An interesting view of the gall
bladder is shown in Fig. 6.

Inasmuch as â€˜23I-BSPdoes indeed behave in a
manner similar to 131I-RB, it will furnish the same
type of information otherwise not available from
colloidal scanning agents. Since the isotope can be
given in higher doses and is compatible with the
Anger camera, pictorial information approaching the
quality expected of 99mTcagents can be gained. The
restriction lies in the relatively high nontarget back
ground and the interference of the contaminant. On
the other hand, 123I-BSP is shown to provide images
of very high quality of the gallbladder.
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