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In an earlier publication describing iodinated beta
adrenoceptor blockers, one radiotracer, a practolol de
rivative, was shown to have a heart-to-blood ratio (H/B)
of 20:1 in rats (1 ). Ihis localization was later showed to
be species-specific, prompting further study of the
binding characteristics of this class of potential radio
pharmaceuticals (2). This paper reports the determi
nation of the level of receptor and nonreceptor binding
in vivo for a series of beta-adrenoceptor blockers that
have a range of affinity constants for the receptor in
heart and lung. From such a determination we hope to
delineate the physical and chemical characteristics
necessary to give high concentration in the heart and at
least 10:1 H/B ratios as a result of beta-adrenoceptor
binding.

METHODS

Preparation of compounds. 4-hydroxyphenethylam
ino-3-(4-acetamido) phenoxypropan-2-ol (IY R
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PRAC), 4-hydroxyphenethylamino-3-(2-allyl)phen
oxypropan-2-ol (IY R-A LP), and 4-hydroxyphen
ethylamino-3-[1 -oxotetrahydronaphthaloxy]-propan-2-
ol (IYR-BUN) were prepared as previously described
(1 ). The structures were determined by standard
chemical methods, including elemental analysis. The
chloramine-I method of iodination (3) was used to label
these compounds with carrier-free I-I 25 in the substrate
to an iodine ratio of > I000. This ratio favors monoio
dination. The carrier-free iodinated radiotracer was
isolated on high-pressure liquid chromatography
(HPLC) using acetonitrile:0.01 M ammonium formate
(@ 1:1)or ethanol:water(@ 1:1)assolvent.1-125
IYR-PRAC was separated as previously described (1).
In this case the 1-127 compound was prepared and shown
by elemental analysis to be the monoiodinated tyrosine
derivative. In addition, all radioiodinated products were
analyzed for radiochemical purity in at least two chro
matographic systems. The radiolabeled substrates were
assayed, diluted to a concentration of 333 @.iCi/mI,and
immediately frozen at â€”70Â°Cuntil used. The radio
chemical purity was reanalyzed at the time of injection
and found to be greater than 95%. H-3 dihydroalprenolol
(DHA), H-3 carazolol(CAR) andI-125-iodinatedhy
droxybenzylpindolol (1-125 HYP) were obtained com
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lung All concentrated in the heart and lung at levels in excess of 0.1% dose/g tls
sue. On the basisof displacementstudiesusingpropranolol,two of the six corn
poundsshowed beta-adrenoceptorbindingin the lung, and one, H-3 carazolol,
showedreceptorbIndingIn the heart. These resultsagree qualitativelywith a bi
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the heartbecauseof the low affinityconstantsandhighlevelsof nonreceptorbind
Ing associated with the present-dayclinical beta blockers. Beta-adrenoceptor
blockingagentswith affinity constantsin excessof iO@will be neededto give
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mercially.* The radiochemical purity was assayed before
use and found to be greater than 95%.

Binding assay.The procedurefor the determination
of the affinity constants by in vitro radioreceptor assay
has been described in detail previously (4).

Biological distribution studies. The in vivo distribu
tion of the radiolabeled beta-adrenoceptor blockers was
determined in male guinea pigs weighing 400-600 g at
the time of study. The thyroid was not blocked. Under
light halothane anesthesia, 0.1 ml ofthe radiopharma
ceutical (@ 5 to 10 MCi) was injected into an exposed
femoral vein. At selected times after injection, the ani
mals were killed and samples of. blood, ventricular
muscle, lung, and thyroid were taken. The tissue samples
and diluted standards of the radiopharmaceutical were
counted in a scintillation counter. The results are ex
pressed as the percentage of the injected dose per gram
wet tissue. Each group consisted of at least five ani
mals.

The rat experiments with two compounds, 1-125
TYR-PRAC and I- 125 TYR-ALP, were repeated in the
guinea pig to determine the effects of species differences
and specific activity. Since all iodinated derivatives were
separated from the noniodinated precursor by H PLC in
these experiments, they can approach the maximum
specific activity of 2200 Ci/millimol, whereas those re
ported in the earlier publication (1) were separated by
ILC procedures that did not guarantee maximum spe
cific activity.

Theoreticalcalculations.Thetheoreticalbound-to-free
ratios were calculated using a simple reversible bi
molecular equilibrium model (5). The form of the
equation is:

r2 + r(I + KL0 â€”KR0) â€”KR0 0,

which has a solution:

â€”(I+ KL0 â€”KR0) Â±@J(l+ KL0 â€”KR0)2 + 4 R0K
r 2

where r = [B]/[F] concentrationof bound/concen

tration of free radioligand, K affinity constant, L0
initial concentration of radioligand in body, R0 = total
concentration of receptor in target organ.

This equation has been derived for a single compart
ment, but the same r values are obtained for compart
ments of nonequivalent size in the case of the heart and
extracellular fluid, using I- I 25-labeled compounds. The
derivation of the equations for compartments of unequal
size (6) will be the subject of another report.

The equation for competitive inhibition in a single
compartment has been taken from Ekins (7), and is:

r2+r(l +KL0â€”KR0)â€”KR0+ hKh(r+ I)r@ (3)
(Kh/K)r + I

where h = concentration of nonradioactive inhibitor, Kh
= affinity constant for the nonradioactive inhibitor and

the receptor.

RESULTS AND DISCUSSION

Binding in guinea-pig heart and lung. On the basis of
calculations of the maximal bound-to-free ratio using
the quadratic equation describing the interaction be
tween a single radioligand and a single receptor (5), one
would expect heart-to-blood ratios of approximately two
or less for all beta-adrenoceptor blockers in this series
(Table I). However, all should produce a detectable level
of radioactivity in heart tissue. All radiotracers should
alsoshowa detectablelevelof radioactivityinthelung,
and I-125-HYP, DHA, and CAR should have lung
to-bloodratiosgreaterthan 1.

These theoretical results were obtained using affinity
(1) constants determined by an in vitro method using rat

ventricular and lung tissue and the noniodinated pre
cursor(8). The lastwasusedbecauseof itsreadyavail
ability and the recent report that iodination does not
affect the binding affinity significantly in a small series
of tyraminederivatives(9). Thisextrapolationfromrat
to guineapig is basedona smallseriesof compounds

TABLE1. MAXIMALTARGET-TO-BLOODRATIOSFOR SELECTEDBETAADRENOCEPTORBLOCKERS

TYR-PRAC0.05 X 1060.01 X 106<1<1TYR-BUN3
X 1062 X 106<1<1TYR-ALP5
x 1063.7 X 106<1<1HYP83
X 106169 X106<13.9DHA130
X 106

1600 X 10650

X 106
800 X 106<1 1.91.2 18.5CAR

. RVM = rat ventricular muscle.

t RLM = rat lung microsomal fraction.

@ TheoreticalB/F ratioscalculatedaccordingto Ref.5.
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Time % dose/g Â±s.d.' % dose/g Â±s.d.
(IT) BlOOd Heart Lung Thyroid H/B L/B

TABLE3. DISTRIBUTIONOF H-3PIP AS AFUNCTION OFDOSEDose

ofPLP20mm120
mm1.1

1ug/kg1.5 mg/kgt7.5mg/kgt1.1 ag/kg'1.5 mg/kgt 7.5 mg/kgt
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1/4 0.09 Â±0.02
2 0.04Â±0.01

1/4 0.10 Â±0.07
2 0.02 Â±0.00

1/4 0.11Â±0.02
2 0.04 Â±0.00

1/4 0.50Â±0.21
2 0.14Â±0.05

1/4 0.05 Â±0.01
2 0.05Â±0.01

1/4 0.05 Â±0.01
2 0.04Â±0.01

1/4 0.29 Â±0.02
2 0.12Â±0.01

0.25 Â±0.14
0.08 Â±0.01
0.19 Â±0.10
0.06 Â±0.01
0.35 Â±0.14
0.16 Â±0.03
0.39 Â±0.09
0.15 Â±0.05
0.21 Â±0.06
0.08 Â±0.01
0.31 Â±0.10
0.21 Â±0.05
0.14 Â±0.01
0.06 Â±0.01

1-125TYR-PRAC 0.22 Â±0.10
0.08 Â±0.02
0.49 Â±0.35
0.47 Â±0.17
1.70 Â±1.00
1.47 Â±0.32
1.85 Â±0.28
0.79 Â±0.23
4.60 Â±1.92
1.34 Â±0.36
3.09 Â±1.25
2.62 Â±0.43
0.22 Â±0.02
0.10 Â±0.01

0.07 Â±0.04
0.09 Â±0.05

0.11 Â±0.05
0.10 Â±0.06
0.11 Â±0.02
0.35 Â±0.15

0.45 Â±0.14
0.74 Â±0.13

2.65
2.22
2.04
3.19
3.07
3.65
0.83
1.05
3.74
1.43
5.71
5.08
0.47
0.48

2.43

1.73
4.74

24.5
12.8
33.2
3.95
5.83

74.8
23.8
57.1
63.5

0.73
0.80

1-125TYR-BUN

1-125TYR-ALP

1-125HYP

H-3 DHA

H-3 CAR

Iodide

. Each group contained at least five animals.

covering three orders of magnitude in affinity; it showed
similar affinity constants in the two species (4).

The quantity of receptor was estimated from literature
sources to be 2.4 nM in the rat heart (9) and ten times
that in the rat lung (/2). Barnett et al. have determined
that rat heart contains >80% beta- 1 receptors, whereas
the rat lung contains 25 and 75% of beta- 1 and beta-2,
respectively (12). Fluorescent studies using a beta
blocker derivative indicate that the receptor sites may
not be evenly distributed in the rat heart (13). The as
sumption of a homogeneous distribution of receptor gives
lower theoretical B/F ratios.

As predicted by the model (Table 2), at 0.25 and 2 hr
after injection none of the radiolabeled derivatives
showed H/B ratios equal to or greater than 10. On the
other hand, the L/B ratios were greater than I0 for I- I25
IYR-ALP, H-3 DHA, and H-3 CAR (Table 2). The
values obtained for 1-125 IYR-PRAC differ substan
tially from those obtained in rats (1). Apparently a
high-affinity or high-capacity nonadrenoceptor site

bound the I- I 25 TYR-PRAC in the rat heart and gave
the reported ratio (H/B) of 20. The values for 1-125
IYR-ALP are similar to those obtained in the rat. A
bound-to-free ratio (i.e., heart-to-blood) of 10 was ar
bitrarily chosen as one that will allow detection of focal
abnormalities by external imaging. With the advent of
single-photon computerized tomography, external de
tection may be achieved with lower ratios.

All three tyramino derivatives had relatively low af
finity constants. In general, it has been reported that a
tyramino derivative decreases the KA value for beta
adrenoceptorblockers,relativetotheparentisopropyl
amino derivative in rat ventricular muscle (8).

We note that 1-125 HYP would give a theoretical
H/B ratio of 125 using the equilibrium constant (5 X
lOb M@), determined for 1-125 HYP using turkey
erythrocytesas the sourceof betaadrenoceptor(10).
However, differences in the accessory site of the beta
adrenoceptor result in different KA values when various
sources of beta adrenoceptors are used (4). Harms has

Heart % dose/g 0.02 0.29 0.59 0.01 0.09 0.24
/.Lg/g 0.006 1.18 2.36 0.003 0.35 0.95

Lung % dose/g 0.14 3.2 3.1 0.02 0.43 2.1
,tLg/g 0.039 13.0 12.4 0.006 1.71 8.4

. Taken from Ref. 1.

t Taken from Ref. 17. Weight of rats was assumed to be 250 g.
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Competitive
antagonist

HYP'Quantity

(ftLg)

60%

dose/g Â±s.d.% dose/g Â±s.d.
Thyroid

0.17 Â±0.09H/B 0.98H/L0.35@Blood0.16 Â±0.03Heart 0.16 Â±0.05Lung 0.48 Â±0.22t
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TABLE4. EFFECTOF COMPETITIVEANTAGONISTON ThE DISTRIBUTiONOF 1-125HYP AT 2 HR
IN GUINEA PIGS

Controlt
HYP
Control
PLP
Control

PLP
Control
PLP
Control
PLP
Control

0.13Â±0.01

0.13 Â±0.05
0.16 Â±0.03
0.09 Â±0.08
0.09 Â±0.07
0.18Â±0.06

0.13 Â±0.10
0.18 Â±0.06
0.19 Â±0.02
0.13Â±0.04

0.21Â±0.09

0.84Â±0.24

0.57 Â±0.16t
1.20 Â±0.29
0.26Â±0.20@

0.42Â±0.27
0.66 Â±0.18t
0.89 Â±0.72
0.62 Â±0.20t
1.23Â±0.09

0.42Â±0.17t
1.12Â±0.45

0.28Â±0.03

0.38 Â±0.22
0.56 Â±0.25
0.12 Â±0.08
0.21 Â±0.22
0.27Â±0.11

0.27 Â±0.19
0.25Â±0.17

0.48Â±0.18

0.13 Â±0.10
0.14Â±0.04

1.22
0.77
0.88
0.88
0.78
0.91
0.96
1.05
0.97
1.10
1.18

0.17
0.23
0.13
0.34
0.20
0.27
0.16
0.28
0.15
0.31
0.19

350

550

50

250

100

0.11 Â±0.01
0.17 Â±0.04
0.18 Â±0.04
0.10 Â±0.08
0.11 Â±0.08
0.20Â±0.08

0.13 Â±0.08
0.17 Â±0.06
0.20Â±0.05

0.12Â±0.04

0.18 Â±0.08

4 CompetitIve antagonist was injected 1â€”30 mm before injection of 1-125 HYP.

t Control experiments were carried out on same day. Each group contained at least five animals.

t Displacement experiment value is significantly different from control value (usingthe two-way Friedman's analysis)at the
level of P = 0.001. The H/L value Is also significantly different. No significant difference was detected for the % dose/g in the
heart, blood, thyroid and the H/B ratio.

shown that the guinea-pig heart (GPH) and the human
heart have similar affinities for a small number of
beta-adrenoceptor blocking agents (1 1). We and others
have reported similar binding affinities in rat and
guinea-pig hearts for various beta blockers (4). It
therefore appears that the rat ventricle is the appropriate
model and, as a result, the significantly lower KA for this
muscle (Table 1) must be applied in light of the intended
use of these radiotracers.

Competitiveinhibition of binding. Calculation of the
concentrationofinhibitor.Invivodisplacementexper
iments using known receptor binders is one method of
proving that a specific receptor interaction is the cause
of the organ uptake (14â€”16). Propranolol (PLP) is a
potent beta-adrenoceptor blocker. Studies using S @Ci
of H-3 PLP at S Ci/millimol (I), or pharmacologic
amounts of PLP, gives similar distribution in rats al
though the absolute amounts are larger for the latter case
(17). The concentration in both the heart and the lung
increasesasthe injecteddoseincreases(Table 3).

In the present series, 50 to 500 @gof PLP was prein
jected to block the beta-adrenoceptor binding of the
radioiodinated derivative (Table 4). From the data in
Table 3 we calculate that the concentration of PLP
shouldbegreaterthan0.11uMin theheartand0.6 @uM
in the lung. Since the simple bimolecular equilibrium
model is based on free PLP, these numbers may not give
an accurate picture ofthe situation. Schneck et al. (17)
indicate that the PLP is distributed in various cellular
fractions and is bound to high-capacity, low-affinity
nonadrenoceptor sites. This alters the binding to receptor
asdiscussedin detailpreviously(14).

Calculations using the cubic equation for competitive
inhibition described by Ekins et al. (7) show that greater
than 95% of the radioiodinated beta blocker I-I 25 HYP
shouldbedisplacedat thelevelsof PLP employedif the
PLP is neither metabolized nor bound by other proteins
(Table 5). Ifthe free concentration of PLP in the ECF
is only 10@0 M, the B/F ratio in the lung is not reduced

from an original value of 4. 1. As the free concentration
risesto l08 and106, theB/F ratiodecreasesto3.2and
0.07, respectively. Likewise the B/F ratio would be re
duced in the heart to a similar extent for I-I 25 HYP, but
starting with a maximum B/F ratio of 0.20. Similar
calculationscanbeperformedforotherradioligands.

In vivo inhibition studies. Our data (Table 4) for the
beta adrenoceptor blocker I- 125 HYP show that PLP
displaces HYP from the lung but not from the heart.
This is similar to the results obtained by Strauss et al.
(18). Several additional experiments were carried out

in an attempt to assure that a large concentration of
unbound PLP would be present, since the relative time
of injection of inhibitor and the radiolabel may be im
portant if the inhibitor is degraded rapidly. We injected
PLP immediately before injection of 1-125 HYP and
immediately before sacrifice of the animal at 2 hr after
injection of 1-125 HYP. No significant decrease in
concentration in the heart was observed under various
conditions. To substantiate further that we are mea
suring receptor binding of 1-125 HYP in the lung, we
used the inactive D form of PLP as an inhibitor. D-PLP
did not reduce the binding of I- I 25 HYP in the lung to
the same extent as the DL mixture used under the same
conditionsin the experimentsdescribedin Table 4.
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B/F ratio
Compound Organ Kt R0t @lI 1O6MPLP 108 MPLP 10'Â°MPLP None

Competitive
Radlotracer antagonistQuantity

% dose/g Â±s.d. %@ Â±s.d.
(zg) Blood Heart Lung Thyroid H/B H/L
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TABLE 5. CALCULATIONOF IN VIVO DISPLACEMENTOF RADIOLABELEDTRACERS FROM ThE
BETA ADRENOCEPTOR AS A FUNCTION OF PLP DOSE

2.4X iOâ€”@M
24 X109M
2.4X ioâ€”@M

24 X109M
2.4X iO@M

24 X109M

40 X 10â€”12M
40 X 10â€”12M
2.8X ioâ€”@M
2.8X ioâ€”@M
2.8X iO@ M
2.8X iOâ€”@M

I HYP Heart
Lung
Heart
Lung
Heart
Lung

8.3 X iO@
1.7 X 108
1.3 X 108
5.0 X iO@
1.6 X iO@
0.8 X iO@

0.002

0.073
0.003

0.021
0.040
0.335

0.110
3.200
0.146
0.885
0.915

13.265

0.197
3.980

0.227
1.120
1.298

17.041

0.20

4.11
0.24
1.13

1.30
17.08

DHA

CAR

. Calculated according to Eq. 3 (7).

t K affinity constant for Interaction of radlotracer with beta adrenoceptor; K@for heart 9 X i0@ A,r1; K,, for lung 5.6 X iO@

A'-1.
t R0 total concentration of beta adrenoceptor.
AL0 originalconcentrationofradlotracer.

Neither H-3 DHA, 1-125 IYR-PRAC, 1-125 IYR
ALP, nor 1-125 IYR-BUN showed decreased uptake
in the heart or lung in the presence of PLP. However,
H-3 CAR showeddecreaseduptakein bothheartand
lung in the presence of PLP (Table 6). It is therefore
specifically bound to some extent in both the heart and
lung and indicates the affinity constant needed to achieve
high H/B ratios.

It appearsthat the amountof PLP usedand the rela
tive times of injection and sacrifice are not crucial. The
experiments in this and other laboratories indicate that
I- I25HYPisaborderlineexampleofa materialthatcan
be specifically bound to beta adrenoceptors. Apparently
the larger concentration of receptor in the lung allows
some receptor binding to occur, whereas the receptor
concentration in the heartâ€”decreased by a factor of
10â€”isnot sufficient to cause specific binding. This could
also be caused by differences in the concentration of
nonreceptor proteins that effectively bind the radiotra
cer. H-3 DHAâ€”which has an affinity constant for rat

ventricle and lung like that of HYPâ€”shows no adreno
ceptor binding in the heart or lung. Likewise the low
affinity radiotracers I- 125 TYR-PRAC and I- 12S
IYR-ALP show no beta-adrenergic receptor binding.
On the other hand, H-3 CAR shows beta-adrenoceptor
binding in both the heart and the lung, and represents
the first example in vivo of detectable beta-adrenoceptor
binding in the heart. Only in this latter case are the
heart-to-blood ratios indicative of receptor binding.

Metabolismofiodinated betablockers,In 1965Stock
and Westermann reported that a I -(3-methyl-phe
noxy)-3-isopropylaminopropanol was metabolized
rapidly in rats (19). The enzymatic degradation of this
compound by microsomal enzymes of the liver was
studied indirectly by injecting a known microsomal en
zyme inhibitor, diethylaminoethyldiphenylpropylacetate
(SKF 52SA), before the injection of the beta blocker.
The concentration of the beta blocker was significantly
higher in organs of SKF-525A-treated rats, compared
with the untreated animals. The concentration doubled

TABLE6. EFFECTOF COMPETITIVEANTAGONISTON THE DISTRIBUTiONOF RADIOLABELEDBETA
ADRENOCEPTORBLOCKERSAT 2 HR IN GUINEAPIGS

1-125TYR-PRAC

Control

1-125TYR-BUN
Control
1-125TYR-ALP

Control
H-3 DHA

Control
H-3 CAR
Control

250 0.02Â±0.01
â€” 0.03 Â± 0.00

100 0.04Â±0.01
â€” 0.04Â±0.01

100 0.04Â±0.01
â€” 0.05 Â± 0.02

250 0.08Â±0.01
â€” 0.04 Â± 0.00

100 0.07Â±0.01
â€” 0.04Â±0.01

0.10 Â±0.02
0.09 Â±0.01
0.08 Â±0.02
0.06 Â±0.02

0.30 Â±0.06
0.22 Â±0.07
0.13 Â±0.03
0.12Â±0.01

0.07 Â±0.01
0.21 Â±0.05

0.07 Â±0.02
0.09 Â±0.03
0.56 Â±0.17
0.47 Â±0.11

1.92 Â±0.25
1.92 Â±0.44
2.28Â±0.50

1.71 Â±0.16
0.41 Â±0.12

2.62 Â±0.43

PLP

PLP

PIP

0.06 Â±0.03
0.06 Â±0.04

0.10 :1:0.04
0.14Â±0.01

5.49

3.57
2.01

1.47

6.96

4.48
1.60
1.97
1.03
5.01

1.62
1.04
0.15
0.13

0.16

0.12

0.06
0.07
0.18
0.08

PIP

PIP

. Each group contained at least five animals. Control experiments were carried out on same day.

440 THE JOURNAL OF NUCLEAR MEDICINE



%dose/gÂ±s.d. %doseÂ±s.d.
Blood Heart Lung Thyroid H/B H/L
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I HYP
+ SKF-525A
I TYR-PRAC
+ SKF+ 525A

0.12Â±0.02
0.13 Â±0.05
0.02Â±0.00
0.01 Â±0.00

0.12Â±0.03
0.12 Â±0.05
0.06Â±0.01
0.07 Â±0.03

0.91 Â±0.34
0.77 Â±0.27
0.05 Â±0.01
0.06 Â±0.02

0.24Â±0.08
0.20Â±0.10
0.02Â±0.02
0.04Â±0.02

0.96
0.96
3.66
4.37

0.14
0.16
1.11
1.07

. @!OUP5of six guinea pigs were Injected subcutaneously with 50 mg/kg SKF-525A 30 mm before l.v. injection of iodinated

derivative.

in the'heart and increased 900% in the liver. Similar
studies using I- l 25 HYP and I- I 25 IYR-PRAC did not
show increased concentrations in the heart (Table 7),
showing that metabolism was not a major deterrent to
high H/B ratios.

The percent dose in the thyroid is given in Table 2.
Although this does not necessarily reflect deiodination,
because the uptake in the thyroid seems to be related to
the lipophilicity of the beta blocker (1,18), it does give
a maximum value of deiodination. At the level of 20%
deiodination, the iodide in the blood would add ap
proximately 0.02% dose/g to the value obtained for the
iodinated beta-adrenoceptor blocker alone. This would
decrease the H/B ratio significantly. However, it would
not affect the tests for specific binding (Tables 4 and
6).

CONCLUSION

None of the iodinated derivatives in this study has the
proper combination of high affinity constant and low
protein binding to give H/B ratios greater than 10. From
the competitive displacement studies it is obvious that
the concentration of iodinated derivatives in the heart
is not a reflection of the receptor concentration, and these
radiotracers could not be used to monitor changes in
concentration as a function of disease. In the lung it
appears that part of the I- 125 HYP is bound to receptor,
so in this case the change in receptor concentration as a
function of disease could be monitored.

H-3 CAR isboundto betaadrenoceptorin both heart
and lung, although the heart-to-blood ratio is still low.
These data suggest that KA values of greater than I09
will be required to detect specific binding in the heart.

Because no present-day clinical or experimental
beta-adrenoceptor blocking agent has an affinity con
stant greater than that obtained with H-3 CAR, ra
dioiodinated beta-adrenoceptor blocking agents seem
to be unsuitablefor externalimaging,dueto the high
level of nonadrenoceptor binding and the relatively low
affinity constants. This is in contrast to the muscarinic
blocking agents, which have higher affinities in combi

nation with higher receptor concentration, and conse
quently give higher H/B ratios (20).

FOOTNOTE

* New England Nuclear, Boston, MA.
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