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Measurement and analysis of long-term 22Na retention

using a whole-body counter

Eizo Yabumoto

Division of Clinical Research, National Institute of Radiological Sciences, Chiba

Research Code No.: 704
Key Words: *Na retention, Compartment analysis, Whole-body counter

Long-term sodium metabolism was studied in two adult patients with essential hypertension. Meas-
urements of 22Na retention were made by a whole-body counter with scanning geometry. The retention
curves under free sodium intake showed levelling off’ effect at the level of 0.1 per cent. On day 250
after intra-venous administration of **Na, the retention reached to the minimum measurable activity
(MMA) with counting accuracy of 3 per cent standard deviation, and on day 400, the retention reached
to the minimum detectable activity (MDA).

Mathematical analysis of retention data was performed using 2-compartment model or its equivalent
hydrodynamic model.

The 22Na concentration in rat organs on day 95 after administration was compared to that of *Na
24 hours after administration. The second compartment of the model was confirmed to be a slowly ex-
changing sodium pool in the bone. The sodium content in this pool was estimated to be 2-3 per cent of
total exchangeable sodium (including slowly exchanging fraction).

The principle of measurement of total exchangeable sodium (Na.) by the conventional method was
shown to be valid within 2 per cent error until the retention reached to 10 per cent level. The sub-
sequent Na, values showed rappid erroneous increase.

Theoretical curves which are important to estimate the metabolism of stable sodium were derived
from analyzed data of the present experiment with single administration of **Na.

Technical problems arisen at whole-body counting were also discussed.
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Fig. 1. NIRS whole-body counter with steel
shielding room.
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Fig. 2. Block diagram of the counting system.
256 PHA: 256-channel pulse height analyzer.
128 MS: 128-channel multi-scaler.

CRM: count-rate meter.
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Table 1. Relative efficiency of **Na and *Na in
scanning geometry measured by repeated
whole-body counting after intra-venous and oral
administration

LV.(*Na) Oral(*Na) ‘

Subject | 15min. | 2hr. | Subject | 15min. | 2hr.

S 1 100.00 | 99.86/ S.T. 100.00 | 83.11

| H.H. |100.00 [100.19] E.Y. | 100.00 | 91.95

(1) Energy band (MeV) *Na: sum of 0,41—0.59
and 1,13—1.41 *Na: 2,10—3.32.

(2) Urinary excretion was avoided during two
measurements.
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ents of **Na retention are shown by vertical
dashed lines.

Table 2.

AORE A e ERE W33s W15

2, BRI L5 2 R0 EBEGEA ETFoBmH
WreRRchRmSh, EIhicdThsd. A
RO X 5 fEMEN A &, ZD X 5 Tk
HETORMBHEOMEREE LAY, Bl
WeEbhThbbhi,

I—3 HZLATRFT (MMA) EJDBRHRR
(MDA)

SR 1 BRARIE o Bk Shp JlEksE
i, 0 WERROTN 2 BN D OTI W
M, HBHE, EFAR L BB Y ST R
7 b O F THEMZ I OTEE 5. FOifihv
772 5 Ak, BN, MERED 3 PR Tk
FhiEebinvE ERE, RNEOEEERH S\
Bk, HEERER L ZUACEThER bk
WAL HH. DX RRIERSEY G LES
HBFA A CRIE T & % R O UG & ik Jlle R
J (minimum measurable activity: MMA)*® 1
L, TEMERY e RN AT E 7 St o B gHiE M A e b
PR S (minimum detectable activity: MDA)
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Comparison of counter sensitivity, minimum detectable activity (MDA) and
minimum measurable activity (MMA) for different isotopes

! MMAW®
Energy band Sensitivity MDA (rap.Ci)
Isotope (MeV) (eps/pCi) (mpCi) 39, 1%
1] 0.30-0.43 954.6 051 6.6 27
858 0.42-0.62 540.6 0.24 3.1 13
11Ca, 1.15-1.45 22,98 0.38 5.3 25
HNa 2.10-3.33 400.3 0.18 9.2 53
0.41-0.59
2Na plus 690.4 0.30 3.6 13
1.13-1.41

In whole-body and body background measurements, 5 cm/min. scan speed was used.
A measuring time was about 40 minutes,
a) Activity of which net counts are equivalent of 3 standard deviation of background
measurement,
b) Activity that can be measured with a statistical counting accuracy of 3 per cent or
I per cent standard deviation.
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Fig. 6. Whole-body retention curve of an adult
patient with essential hypertension. See Ta-
ble 2 for MMA and MDA.
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Table 3. Calculated parameters of the model

Subject
M.S. H.H.
Observed values from curve fitting
A, 0.9980 0.9976
A, 0.0020 0.0024
oy 0.0921 0.0334
a, 0.0072 0.0065
Two-compartment model
Ao 0.0920 0.0832
Az 0.000156 0.000170
Az 0.00724 0.00650
C, 10.87 12.02
C, 0.235 0.315
Calculated sodium turnover
Na, (meq) 2650 2320
Excretion rate 243.7 193.0
(meq/day)
Transfer rate 0.416 0.394

between compartment
1-2 (meq/day)
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Fig. 9. Whole-body retention curve of rats after
intra-peritoneal administration of 20 pCi of
#Na. Each point represents mean of six ani-
mals with standard deviation. On day 94,
100 pCi of *Na was administered intra-peri-
toneally and the rats were sacrificed 24 hours
later.
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Fig. 10. Energy spectra of *Na and **Na.

The photopeak band of 2.75 MeV

was used for *Na measurements to avoid the contribution from #*Na,
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Table 4(a). Relative concentrations of radiosodium in rat tissues at 24 hours and 95 days
after single administration as expressed by tissue-plasma ratios® (Sece I'ig. 9)

“Na (24 hr.) 2Na (95 d.)
Bone (shaft of femur) 0.650 -+ 0.019» 37.3 4+ 3.4
Bone (end of femur) 0.641 4 0.026 48.3 4 3.0
Bone (skull) 0.718 4 0.028 49.5 + 3.6
Muscle 0.159 + 0.012 0.236 4 0.082
Skin 0.417 4+ 0.040 0.469 4+ 0.156
Brain 0.363 4+ 0.017 0.523 + 0.084
Liver 0.202 4 0.012 0.216 + 0.025

a) Counts in g wet tissue/counts in ml plasma.
b) Mean of 6 rats -4 standard error.

Table 4(b). Distribution of radiosodium in rat tissues

Per cent of whole body activity
#Na (24 hr.) #Na (95 d.)

Bone®? 17.90 4 1.15 91.99 + 11.81
Muscle?? 25.93 4 1.80 271 + 0.94
Plasma®’ 10.04 4 0.21 0.76 £ 0.12
Others 48.13 £+ 6.62 4.53 & 2.01

(1) Relative weight of tissues was estimated as: a) 8 per cent,
b) 45 per cent, and c) 3 per cent, of body weight.
(2) Radiosodium concentration in the bone was estimated by

the mean of three different regions.
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Table 5. Serial increase of calculated total exchangeable sodium (Na,) in case M.S.

Retention
Days per cent Relative Na,*

1 90.804 1.0000

10 39.918 1.0024
20 15.474 1.0085
30 6.4775 1.0215
40 2.6420 1.0531
50 1.1326 1.1258
80 0.1732 2.4778
100 0.1071 6.0508

150 0.0628 12.7125

*Estimated from the theoretical curves obtained by analy-
sis as Q(t)/q,(t). **Na concentration in plasma was
assumed to be constant during the course of study.
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Fig. 11. Theoretical curves derived from analy-
zed data of an experiment with single adm-
inistration.

(A) Accumulation of radicsodium in the
whole- body, if administered continuo-
usly.

(B) Elimination of saturated radiosodium
from the body.

(C) Average retention time of radiosodium
as a function of time after single adm-
inistration.
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