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In the management of critically-ill patients,
measurements of body fluid compartments and
correction of volume aberrations can be essen-
tial. Measurement of these compartments
is based on the principle of tracer dilution.
Various groups *-* have described isotope dilu-
tion techniques for simultaneous measurement
of plasma volume, extracellular fluid volume,
and erythrocyte mass, using 3tiodine, 35sulfur,
and %ichromium, respectively. Moore* and
others 5 have measured total body water with
trittum. Plasma volume alone has been esti-
mated accurately with Evan’s blue dye.®

Our interest in measuring fluid compart-
ments resulted from our concern with the un-
necessarily high doses of radioactivity cur-
rently used: !3liodine, 10 microcuries; 33sulfur,
70-100 microcuries; tritium, 1.0 millicuries;
$ichromjum, 25 microcuries. Although this
represents a total body radiation dose of ap-
proximately 0.402 rems, the testicular and thy-
roid exposure from the radioactive sulfur and
iodine is 2.925 rems.” Because liquid scintilla-
tion spectrometry has provided accuracy and
increased sensitivity in the measurement of
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the weak beta emitters, we chose to evaluate
the measurement of fluid compartments at con-
siderably reduced activity levels.

METHODS

Experimental Procedure. Thirty-eight male
college athletes, 18-23 years of age, attending
the University of Pittsburgh, volunteered for
the study. After they and their parents were
informed of the nature, purpose, and potential
risks involved, the written consent of both was
obtained. The subjects maintained their usual
dietary habits on the day preceding the test
and avoided strenuous physical activity. On
the morning of the study, in the fasting state,
they remained supine for 30 minutes prior to
administration of the tracer. Evan’s blue dye,
25 mg, sodium sulfate-3%S, 10 microcuries, and
tritiated water, 0.5 millicurie, were injected in-
travenously. Postinjection blood samples were
obtained from the opposite arm at 15, 20, 25,
120, and 180 minutes.

Analytical Methods. Blood samples col-
lected 20 minutes postinjection were used for
determination of Evan’s blue dye concentra-
tion and microhematocrit. The plasma level of
Evan’s blue dye was measured spectrophoto-
metrically at 620 my. Blanks and standard
solutions were prepared using plasma collected
from a preinjection sample. An 0.5-ml aliquot
of plasma was dissolved in a 15-ml mixture of
dioxane—0.7 per cent PPO-0.007 per cent di-
methyl-POPOP. All samples were counted for
10,000 cpm or 100 minutes by liquid scintilla-
tion spectrometry using a double-labeling
technique. Separate channels were used for
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Calculation of Body Fluid Compartments

Evan’s blue dye injected, mg

Plasma volume (ml) =

Evan’s blue dye in plasma, mg/ml

Plasma volume, ml X 100

Blood volume (ml)

il

Trittum injected, dpm

(100 — per cent hematocrit X 0.91)

X PWC*

Total body water (ml)

Tritium in plasma, dpm/ml

$gulfur injected, dpm X PWC X GDt

Extracellular fluid (ml)

il

Intracellular water

#gylfur in plasma, dpm/ml

Total body water — extracellular water

* PWC = Plasma water concentration.
Tt GD = Gibbs—Donnan equilibrium constant.

counting *sulfur and tritium, and a third chan-
nel was used for external 22°radium standard
to correct for quenching.

Calculations. Sample calculations are shown
in table 1. The Gibbs—Donnan equilibrium
constant was calculated to be 0.91 and referred
to the total volume of sulfate distribution.®
Since the plasma disappearance curve of %sul-
fur reflects the loss of isotope into the urine
and intracellular space, the zero time extra-
polation was used in the calculations. Tritium
activity at three hours was used as the plasma
equilibration value. All data were corrected
to reflect plasma water content, which was
measured at 91 per cent.

ResuLTs

Optimal counting efficiency for tritium and
ssgulfur was obtained when the ratio of their
plasma counts was approximately 20:1. This
was accomplished by adjusting the ratio of
their activities in the dose to approximately
50:1. Table 2 compares our results with those
obtained by Moore and his associates.*

DiscussioNn

Our reasons for using college athletes to
validate our methods were twofold: (1) an in-
vestigator in the Department of Physical Edu-
cation was interested in making these measure-
ments on various athletic groups; and (2)
athletes constituted a healthy and relatively
homogeneous group.

Numerous investigators -1* have made
simultaneous measurements of plasma volume

in man using Evan’s blue dye and radio-
iodinated serum albumin (RISA). When the
plasma activity of RISA was corrected for
losses in glassware, the correlation between the
two methods was good,}? recognizing that dif-
ferent characteristics of the plasma volume
were measured.® ¥ The plasma volume-hema-
tocrit method has been shown to reflect total
blood volume measurements accurately when
large-vessel macrohematocrit is corrected for
trapped plasma. Since the amount of plasma
trapped by the microhematocrit technique is

TaBLe 2. Comparison of Measurements of
Human Body Fluid Compartments
Obtained by Various Investigators*

Moore, F. D., Present
et al. Authors
Plasma volume 4.5 5.3
(per cent of body
weight)
Blood volume 6.8 9.0
(per cent of body
weight)
Extracellular fluid space 23.9 22.8
(per cent of body
weight)
Total body water 58.9% 57.7
(per cent of body
weight)
Intracellular water 0.50 0.60

Total body water

* All numbers are mean values. Standard errors
did not exceed 3.2 per cent of mean,
t Age group 16-30 years.
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negligible,’* our data were not corrected. Ve-
nous hematocrit was corrected to whole-body
hematocrit by multiplying by 0.91.15

As seen in table 2, our results for men in
the 18-23-year age group compare favorably
with Moore’s data.t Variations of our values
for plasma and blood volume from Moore’s
are probably due to differences between the
populations under investigation.’® Qur sub-
jects were predominantly highly-trained col-
lege athletes, studied at the peak of their train-
ing season, whereas Moore’s were not.

Although the dose necessary for terato-
genicity has not been determined, 3°sulfate
concentrates heavily in the testes following re-
distribution from the extracellular fluid space.
Consequently, our dose of 10 microcuries per
subject represents a considerable reduction in
potential hazard. Since 3liodine tends to con-
centrate in the thyroid gland, need for it was
eliminated by using Evan’s blue dye, which
gave satisfactory results without producing a
cyanotic skin color. Although of lesser conse-
quence, the reduction of the tritium dose to
0.5 millicuries per subject is desirable.

SUMMARY

Body fluid compartment volumes were mea-
sured in young men during the month of
March, 1968, at the peak of their athletic sea-
son. Our results for the group compare favor-
ably with Moore’s data for men in the same
age group. An Evan’s blue-microhematocrit
method was used for measuring blood volume.
Total body water and extracellular fluid space
were measured with tritium and 3%sulfur using
a double-labeling liquid scintillation technique.
Reductions in 35sulfur and tritium doses were
achieved without sacrificing accuracy. Elimi-
nation of 3tiodine and 5!chromium and reduc-
tions in 3%sulfur and tritium doses lowered to-
tal body exposure to radiation by 72 per cent
without sacrificing accuracy or reproducibility.
Recent advances in liquid scintillation counting
have made such procedures feasible.

The authors express their appreciation to Dr.
C. C. Li for his assistance with the experimental
design and statistical analyses.
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