
The technique of in vivo neutron activation allows
labeling of atoms simultaneously regardless of the ana
tomical compartment in which they reside. It thus ov
ercomes the difficulties that may occur in the study of
metabolism of art element by the use of injected ra
diotracers because of different turnover rates in different
compartments. In a previous publication (1 ) a method
for measuring the turnover of sodium in the hand by
neutron activation was described, together with pre
liminary results in patients suffering from diseases af
feeling the bone. Of the major body elements, only so
dium (as Na-24) has a long enough half-life (1 5 hr), and
gives enough activity, to permit metabolic processes to
be followed for more than a few hours. It was shown in
the earlier paper that the clearance of sodium could be
fitted either by the sum of two exponential components
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or by a single power function. On the basis of the two
exponential model, no significant differences in clearance
rate constants, or in the relative sizes of the compart
ments, were observed between healthy subjects and pa
tients with metabolic bone disease. However, a signifi
cant difference between these two grOups was observed
in the exponent of time in the power function. The latter
model thus provided a more useful as well as a simpler
description of the turnover of sodium.

This work has been extended to include more patients
suffering from Paget's disease, osteoporosis, and hy
perparathyroidism, and also some with acromegaly and
Cushing's disease. All the patients were undergoing
routine measurements of total and partial body calcium
by neutron activation in order to assess the effect of
therapy on bone mass. We used this opportunity to
monitor the hands for loss of sodium, which is activated
at the same time. Analysis of the clearance by means of
the two-exponential model was continued in order to
observe possible differences in the new groups of patients.
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Turnoverof sodiumin the humanhand was studiedby neutronactivation.Pa
tientssufferingfrom variousmetabolicabnormalitiesaffectingthe skeleton,who
were undergoingroutineneutronactivationfor the measurementof calcium,were
investigatedalongwith a groupof healthy volunteers. Neutronactivationlabels
the sodiumatomssimultaneouslyafldwfthequalprobabilftyregardlessof the turn
over time of individualbodycompartments.The lossof sodiumcan be descrIbed
eitherby a sumoftwo exponentialsorby a singlepowerfunctiofl. Distinctionsbe
tween patIents and normal subjects were not apparent from thÃ¶exponential model

but were broughtoutby the powerfunction.The exponentof time in the latter is a
measure of clearance rate. The mean values of this parameter in (a) a group of pa
tientssufferingfromacromegaly;(b) a groupincludingPaget'sdisease,osteoporo
sis, Cushing'sdisease, and hyperparathyroidism;and (c) a group of healthy
subjects, were found to be signfticantly different from each other.
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In this report we also examine the sensitivity of the pa
rameters in the power function to the particular counting
regimen.

to the small activity induced i@the rest of the body and
to recirculation.

DESCRIPTION OF PATIENTS

METHOD

The methods of irradiation and counting have been
described in detail previously ( I ). Briefly, the subject's
left hand is exposed in a wax block to a fast-neutron
beam (mean energy 7.5 MeV) from a cyclotron. The
dose received by the hand is I .5 rad and that received by
the whole body due to stray radiation is less than 0.02
rad. During irradiation the right hand is shielded in a
wax cylinder with cadmium lining. Counting of the in
duced activities is carried out by placing both hands
between two pairs of vertically opposed NaI(Tl) detec
tors. The purpose ofcounting the shielded right hand is
to determine simultaneously the background due both

The patients were suffering frÃ§mthe following con
ditions: Paget's disease. Patients 1 and 2 (F) and 3 and
4 (M). These four patients had localized diseasenot
affecting the hands, although Patient 2 had pagetic in
volvement of the left distal radius. All were being treated
with synthetic human calcitonin. The duration of
treatment in Patient I was 25 mo before measurement
No. 1 and 84 mo before measurement No. 2; before the
single measurements in Patients 2, 3, and 4, treatment
had lasted 59, 12, and 22 mo, respectively.

Osteoporosis. Patients 5 to 7 (F), and 8 (M). Patient
S was treated with calcium and phosphate supplements
during the year before activation analysis. Patient 6 had

Paget's
1' 87 Â±6 25 Â±7 0.78 0.7 Â±0.1 0.02 * 0.02
4 100 Â±2 50 Â±2 0.67 1.2 Â±0.1 0.02 Â±0.01

Osteoporosis
5 99 Â±18 41 Â±16 Ã”.7i 1.0 Â±0.4 0.03 4 0.06
6 98 Â±21 28 Â±20 0.78 1.1 Â±0.5 0.00 Â±0.05
7â€• 100 Â±14 36 Â±13 0.74 1.4 Â±Q.4 0.01 Â±0.03
8 117 Â±49 27 Â±27 0.81 0.2 Â±0.1 0.00 Â±0.05

Ilyperparathyroidism
10 lii Â±13 75 Â±13 0.60 0.9 Â±0.2 0.03 Â±0.02
ii 119Â± 15 42Â± 14 0.74 1.2Â±0.3 Q.03Â±0.05
12 90 Â±14 46 Â±12 0.66 2.1 Â±0.7 9.08 Â±0.08

Acromegaly
13 126 Â±17 38 Â±14 0.77 1.6 Â±0.5 0.02 Â±0.06
14 85Â±34 108Â±27 0.44 4.3Â±3.6 0.30Â± 0.17
15 110 Â±16 25 Â±15 0.81 1.4 Â±0.4 0.01 Â±0.09
17 168Â±47 17Â±50 0.91 1.2Â±0.5 0.00Â±0.37
19 177Â±13 40Â±11 0.82 1.8Â±0.3 0.01Â±0.03

Normals
20' 58 Â±9 31 Â±8 0.65 0.8 Â±0.3 0.01 Â±0.02
2Oâ€• 85 Â±25 59 Â±26 0.59 1.9 Â±1.5 0.05 Â±0.09
21 87 Â±16 56 Â±14 0.61 0.9 Â±0.3 0.01 Â±0.02
22 101 Â±9 40 Â±7 . 0.72 1.2 Â±0.2 0.00 Â±0.08
23 71 Â±16 63 Â±18 0.53 0.8 Â±0.4 0.02 Â±0.02

. Where the activation procedure was carried out twice, the run concerned is indicated by attaching â€ õr â€œto the subject's

number.
t Errors given are approximate 95 % confidence limits, see ref. 2.
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sure the relative sizes of the two compartments. The data
from three runs (Patients 2, 7', and I6) did not permit
the iterative computer program to produce convergent
solutions. The mean of A1/(A1 + A2) for all subjects
(0.70) was the same as that for the smaller group pre
sented in the earlier paper (1 ), although the range in the
present case was slightly wider. By Student's t-test, the
means ofA1/(A1 + A2) for patients (0,73) and normal
subjects (0.62) did not differ significantly at the 5% level;
neither did those for A2/(A1 + A2). There was also no
difference between mean Xi for the patients (I .4 hr',
or Tip 30 mm) and that for the normals (1.1 hr', t1,i2
= 38 mm). The same was true for A2, which had a mean

value ofO,040 hr' (t112 17 hr) for patients and 0.019
hr' (t112 = 36 hr) for normals. Individually, considering
the confidence limits, most values of A2 were indistin
guishable from zero.

Power-function model. The parameters of Eq. 2, ob
tamed by lease-squares analysis, are slightly different
when the Na-24 counting rates for the first three 20-mm
periods are used raw (Method A) and when each is
subdivided into 5-mm sections (Method B). By method
AthevalueofxforI9patientsis0.40(range0.27-0.59),
whereas by Method B it is 0.36 (range 0.22-0.45). The
two lines fitting the data are shown in Fig. I , a log-log
plot of Na-24 count rate against time for the patient
showing the largest difference in x. It is observed that the
points for the 5-mm counting periods suggest a flattening
off at times earlier than about 0.05 hr. This is expected
theoretically since Eq. 2 is meaningless at t 0. How
ever, it provides an adequate description of sodium
clearance over the period of interest. Five subjects were
measured periodically for the first I0 hr only, whereas

o--.o counting periods divided into 5mm
sections in first hour

xâ€”x all counting periods = 20mm

received only calcium supplements for 2 yr. and Patient
8 for 4 yr, before measurement. Patient 7 was un
treated.

Cushing's disease. Patient 9 (F). This patient had been
treated by pituitary implant of Au-198 rods 3 yr pre
viously; she was in clinical and biochemical remission,
and not on replacement therapy.

Primary hyperparathyroidism. Patients 10 to 12 (F).
Patient 10 had presented with acromegaly and was in full
clinical and biochemical remission following pituitary
implantation of Y-90 rods. Nevertheless hypercalcemia
persisted. Patient I 1 had mild and untreated disease, and
Patient I 2, also with mild disease, had been treated with
phosphate supplements for 18 mo.

Acromegaly. Patients 13-18 (6 F), and 19 (M). All
patients in this group had been suffering from the disease
for 6 yr or more before measurement, and all had been
treated by pituitary implant or external radiation. Pa
tient I 7 had been on thyroxine and prednisone for 4 yr
before measurement. The others were not on replace
ment therapy. Growth-hormone levels were based on the
means of the 60-, 90-, and I 20-mm levels during an oral
glucose-tolerance test. In order of ascending patient
number, the levels were 212, 36, 130, 20, 54, 79, and I00
mIU/l. The upper limit ofnormal is 10 mIU/I.

COUNTING PROCEDURES AND DATA ANALYSIS

Counting was continued for up to 2 days after irra
diation, beyond which time it was not possible to detect
the Na-24 activity. Each count lasted 20 mm, the first
being started about 3 mm after irradiation. In some cases
the data for each 5-mm section of the first three 20-mm
periods were stored separately in an attempt to delineate
more clearly the faster component of clearance.

Data were analyzed by use of the following two
mathematical models:

C(t) = A1exp(â€”X1t) + A2exp(â€”X2t)

C(t) = Br@

Where C(t) is the decay-corrected Na-24 count rate, t
the time between the middle of the irradiation and
counting periods, and A1, A2, X@,A2,B, and x are positive
constants. The parameters in Eq. 1 were obtained by
weighted least-squares analysis using the computer
routine GAUSHAUS (2). The inverse variances of each
point were used as weighting factors. The parameters in
Eq. 2 were obtained by simple linear least-squares
analysis after log transformation.

RESULTS

Two-exponential model. The values of the parameters
in Eq. 1 obtained from subjects for whom counts were
madethrough more than 20 hr. are shownin Table I.
Also included are values ofA1/(A1 + A2), which mea

1000

U

hr

.â€˜b.i 1.0 10 100
Time (t) from mid-irradiation to mid-count.

FIG. 1. Comparisonbetweenclearanceratesof sodium,calculated
by least-squares analysis, in Patient 16 when the first three 20-mm
counts are plotted (log-log) in 5-mm sections and as continuous
20-mm periods.
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Patient'sB/radMean B/radxMeanxnumber'
SexAge Â±se.Â± s.c.m.Â± s.e.Â± s.e.m.
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for the rest of the series it was continued up to 48 hr. The
values of x for the latter group were recalculated using
only the data accumulated in the first 10 hr after irra
diation. The mean value of x in 21 patients for the first
10 hr (20-mm counting periods) was 0.38 (range
0.24-0.60), and for 48 hr 0.37 (range 0.26-0.59). In
general, the differences are small because the accuracy
of later points is lower, so they are given lessweight in
the mathematical analysis.

In order to make a valid comparison between all
subjects, only data obtained within the I0 hr after irra
diation were used, with counting periods of 20 mm. Table
2 gives individual values of B per rad and x, together with

the means for each group. B is proportional to the mass
of sodium in the hand, and there is no significant dif
ference between the means of B per rad for any group.
However, there are considerable differences in the mean
values of x. For the Paget's, osteoporosis, Cushing's , and
hyperparathyroid groups these means are similar, the
combined mean being 0.37. A t-test reveals that the
mean x for this combined group is significantly different
from those of the normal subjects (P< 0.01) and the
acromegalics (P< 0.001). The difference between the
acromegalic and normal groups is similarly significant
(P<0.001). Figure2presentsthesefindingsgraphically.
Acomparisonbetweenthelog-logplotsforanacrome

Paget's

2

3
4

Osteoporosis
5

6
7,
7,,

8

Cushing's
9

0.41 Â±0.03
0.43 Â±0.04
0.30 Â±0.06
0.41 Â±0.02
0.33 Â±0.02

0.40 Â±0.04
0.42 Â±0.04
0.34 Â±0.03
0.40 Â±0.02
0.24 Â±0.05

30 Â±2

33 Â±5

0.37Â±0.03

0.36Â±0.04

F 33 31Â±3 31Â±3 0.39 Â±0.04 0.39 Â±0.04

Hyperparathyroidism
10
11

12

F 62 49Â±3
F 65 31Â±3
F 48 23Â±1

F 30 28Â±2
F 64 31Â±4
F 49 22Â±1
F 60 28Â±3
F 33 29Â±4
F 48 49Â±4
M 49 34Â±2

M 26 33Â±1
27 31Â±3

M 32 45Â±4
M 51 34Â±2
F 45 39Â±3
F 49 31Â±1

0.34 Â±0.03 0.40 Â±0.03
0.46 Â±0.04
0.40 Â±0.01

0.47Â±0.03
0.48 Â±0.06
0.48 Â±0.01
0.52Â±0.05
0.60Â±0.07

0.49 Â±0.04
0.45 Â±0.03

0.30 Â±0.02
0.28 Â±0.04
0.27Â±0.04
0.33Â±0.03
0.25 Â±0.03
0.27 Â±0.01

34 Â±8

32 Â±3

36 Â±3

Acromegaly
13

14
15
16
17
18
19

Normals
20'
20â€•
21
22
23
24

. See footnote to Table 1.

0.50 Â±0.02

0.28 Â±0.01
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TABLE2. PARAMETERSOF POWERFUNCTION

F 58 25Â±2
64 25Â±2

F 62 29Â±4
M 71 32Â±1
M 64 35Â±2

F 64 30Â±3
F 74 26Â±2
F 54 25Â±2

56 27Â±1
M 72 49Â±5
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FIG.3. Comparisonbetweenslopes for healthy indiv@ual(No. 24)
andpatientsufferingfromacromegaly(No. 15).

A2in Eq.1.Thevaluesof x (Table2)werealsofoundto
be relatively insensitive to the weighting factors used. For
instance, the mean change was less than 2% when the
inverse variances were replaced by equal weighting for
each point over the 10-hr period. However, the reason
able fit to the powerfunction mayalsobefortuitous and
not necessarily due to more fundamental physiological
processes. The small numbers of patients in some groups
currently prevents differences in x (if they exist) from
being observed, and the accuracy of the method is
probably not high enough for definite detection of ab
normality in an individual. However, the clearly faster
rate ofsodium turnover exhibited by patients suffering
from acromegaly suggests that x may be a sensitive
function of this particular disease. Examination of the
ages of both normals and patients does not reveal any
clear dependence of x on age, and it can also be seen that
many of the patients who had been receiving treatment
for a considerable period still had clearance rates well
above the normal values. This was particularly evident
in the acromegalic group, where raised clearance rates
were apparent in all cases, despite the previous therapy
aimed at curbing the pituitary hyperfunction. A further
point to consider is that only the loss of sodium is being
observed in this procedure. Since a considerable fraction
of sodium is contained in bone, it is suggested that the
parameter x might provide evidence of the rate of bone
resorption.
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FIG.2 Diagramshowingvaluesofx(Eq.2),theindexofsodium
clearance,ineachgroupof subjects.

galic patient (No. I 5) and a normal subject (No. 24) is
shown in Fig. 3 to demonstrate the difference in slope.
Of the Na-24 in the hand at t = 0.1 hr, 90% has been lost
in the acromegalic at 10 hr, and 70% in the normal.

DISCUSSION

The results of our preliminary report (1 ) showed that
there was a significant difference in the average value
of the parameter x in Eq. 2â€”an index of the rate of so
dium clearanceâ€”between a group of normal subjects
and a group suffering from various bone diseases. There
were no clear distinctions on the basis of the two-expo
nential model. These findings are re-emphasized by the
results presented here. The inadequacies of the data arise
from the relatively low count rates and the difficulty of
counting at very frequent intervals. The attempt to ob
tam four parameters of clearance from the two-expo
nential model does not reveal significant differences
between patients and healthy subjects, although the two
compartments may have some physiological significance.
For instance, it is likely that the smaller compartment
represents the relatively fixed proportion in bone. On the
other hand, analysis by means of the power-function
model yields clearly different results. Without making
comment about the relative goodness of fit of Eqs. I and
2, there are clear differences between certain groups in
the single parameter of clearance, x, in Eq. 2. These
distinctions are not apparent in the parameters Xi and
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NUCLEAR MEDICINE - 1980

April 13-16, 1980 Roosevelt Hotel New York, New York

The Department of Nuclear Medicine of the Albert Einstein College of Medicine is sponsoring â€œNuclearMedicine
1980: Interrelationships With Computed Tomography and Ultrasoundâ€•on April 13-16, at the Roosevelt Hotel in New
York, New York.

Continuing medical education couse meets the criteria for 25 hours in Category I credit.

Fees are $250 (except for residents, fellows, technologists, $150). Course Directors: M. Donald Blaufox, M.D., Ph.D.
and Leonard M. Freeman, M.D. of the Albert Einstein College of Medicine.

Topics to be discussed are: Strengths and Weaknesses of Nuclear Medicine, Computed Tomography, and Ultra
sound; Efficacy Studies in Nuclear Medicine, Computed Tomography, and Ultrasound; Nuclear Instrumentation and
Radiopharmaceutical Updates; Current Problems in Abdominal Imaging; Radiocardiography; Echocardiography,
Myocardial Imaging: New Radioactive Gases for Ventilation Lung Studies; Renal Function Studies; Current Status of
Thyroid Function Studies: Radioimmunoassay: Problems and Practices; and Role of Nuclear Medicine in Brain Di
seases After 8 Years of Computed Tomography.

The faculty includes members of the Albert Einstein College of Medicine and Guest Faculty (S. James Adelstein,
M.D.:HaroldL.Atkins,M.D.:ZacharyGrossman,M.D.:PaulB.Hoffer,M.D.;JeromeG.Jacobstein,M.D.;EliasKazan,
M.D.: Leon S. Malmud, M.D.: Orlando L. Manfredi, M.D.; Joseph Whalen, M.D.). Nobel Laureate Roslyn S. Yalow will
present a special commentary.

For further information contact:
Mitchell H. Stromer, M.B.A.

Administrator, Nuclear Medicine - 1980
Albert Einstein College of Medicine

1300 Morris Park Avenue
Bronx, NY 10461

Tel: (212) 379-3165

NUCLEAR MEDICINE GRAND ROUNDS
NEW YORK CITY

2nd Monday of each month 6:00 P.M. - 8:30 P.M. Cornell Medical College

Nuclear Medicine Grand Rounds will be held again this year on the second Monday of each month from 6:00 P.M. to
8:30P.M.attheCornellUniversityMedicalCollege.Eachsessionhasbeenapprovedfor2hoursof CategoryIcredit
for physicians and VUE credit for technologists.

The purpose of this meeting is to provide a forum for in-depth discussions of clinical problems in Nuclear Medicine.
During the first hour. a lecture will be given by an outstanding expert on an important and current clinical topic. The
second. hour will be open for the presentation and discussion of interesting cases by members of the audience.

For further information contact:

Jerome G. Jacobstein
Cornell University Medical College
1300 York Avenue
New York. NY 10021
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