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Bromide dilution in adults: optimal equilibration time 
after oral administration 

WOUTER D. VAN MARKEN LICHTENBELT, ARNOLD KESTER, 
ERICA M. BAARENDS, AND KLAAS R. WESTERTERP 
Department of Human Biology, University of Limburg, 6200 MD Maastricht, The Netherlands 

Marken Lichtenbelt, Wouter D. van, Arnold Kester, 
Erica M. Baarends, and Klaas R. Westerterp. Bromide 
dilution in adults: optimal equilibration time after oral 
administration. J. AppZ. PhysioZ. 81(Z): 653-656, 1996.- 
Extracellular water is often estimated by bromide dilution. 
The time interval between oral administration of the dose 
and blood sampling varies considerably among studies. Be- 
cause at least two processes are involved during equilibration 
(distribution of the dose and bromide leaving the body), we 
performed a bromide-dilution experiment and analyzed the 
decay data by fitting a biexponential curve. The experiment 
was carried out in 11 healthy adults (8 women and 3 men, age 
21-39 yr). Bromide ingestion (60 mg Br/l estimated total body 
water) was followed by blood sampling at 2,3,4,6,10,25, and 
105 (or 170) h. The bromide concentration in serum ultrafil- 
trate was determined with high-performance liquid chroma- 
tography. The bromide concentration in serum after dose 
intake showed a significant decrease over time. One-exponent 
functions significantly fitted the data. The two-exponent 
functions fitted the data significantly better (F-test, P < 
0.0001). A model combining the data from all subjects fitted 
just as well. Equilibration time can be defined as the time at 
which the first exponential function, which represents distri- 
bution of the dose, has decreased to 5% of its starting value. 
According to this model, the equilibration time of orally 
administered bromide should be 8.5-11.7 h. This can be 
achieved by an overnight equilibration. 

extracellular water; high-performance liquid chromatogra- 
phy; multiple-pool model; corrected bromide space 

BROMIDE DILUTION (NaBr; 28Br) is a widely used method 
to estimate the extracellular water (ECW) compart- 
ment (plasma water, interstitial water including lymph, 
and connective tissue water including bone and carti- 
lage). Determination of ECW is important in clinical 
practice. Changes in ECW volume have been reported 
in many diseases [malnutrition (13) and heart disease] 
and during dialysis. Moreover, combined with the mea- 
surement of total body water (TBW), the intercellular 
water can be determined, which, in turn, can be used as 
a measurement for the body cell mass. Finally, the 
method of bromide dilution is regularly used in valida- 
tion studies of other techniques for body composition 
assessment, such as bioelectrical impedance. 

The tracer can be given intravenously (15) or orally. 
In many clinical studies, the oral route is preferred. 
The time of the blood sampling after oral administra- 
tion of the dose varies considerably. Sometimes a 2-h 
equilibration time is used (1); more often, 4-6 h is used 
(8, 9, 10, 12), whereas other studies use 10 h (5) and 
some even use 18 h (6). 

Validation studies on equilibration times in humans 
are scarce, and the results are conflicting. According to 

these studies, an equilibration time of bromide ranges 
from 6 (11) to 24 h (3). Other studies show that there is 
no significant difference among 2,3, and 4 h of equilibra- 
tion (15) or the bromide concentration ([Br]) remains 
constant (within 2.5%) from 2 to 7 h after the adminis- 
tration of bromide (4). 

Most studies investigate differences in bromide space 
at fixed time intervals after dose administration within 
individuals for a given protocol. These experiments, 
however, cannot provide information about the equili- 
bration process. We therefore performed a bromide- 
dilution experiment by obtaining multiple samples 
over time after oral administration of NaBr and ana- 
lyzed the decay data by fitting a biexponential curve. 

METHODS 

Subjects. Eight adult women, age 21-26 yr, and three adult 
men, age 27-39 yr, volunteered to participate in the study, 
which was approved by the Medical Ethical Committee of the 
University of Limburg, Maastricht, The Netherlands. They 
were in good health and were not selected by any criteria 
relating to their body composition. 

Experimental design. After an overnight fast, a background 
blood sample was taken at 0830, followed by the intake of 
NaBr. A weighed amount of NaBr (60 mg Br/l estimated TBW; 
Pharmacopea European Genfarma, Maarssen, The Nether- 
lands) was diluted with tap water to 0.05 liter for intake. 
Bromide ingestion was followed by blood sampling at 2, 3, 4, 
6, 10,25, and 105 h in four subjects (experiment series 1) and 
at 2, 3, 4, 6, 10, 25, and 170 h in seven subjects (experiment 
series 2). Food intake was not allowed until 6 h after dose 
administration. 

Laboratory analyses. [Br] in serum ultrafiltrate was deter- 
mined with high-performance liquid chromatography accord- 
ing to the anion-exchange chromatographic method described 
by Miller et al. (10). We used a flow rate of 1.0 ml./min. The 
pressure was 45 bar, and the amount injected was 115 ml. The 
retention times for chlorine and bromine were 10.0 and 11.3 
min, respectively, and the peaks were clearly separated. The 
[Br] was determined by the area under the curve as cali- 
brated with bromine standards. The between-run coefficient 
of variation was 0.97% (n = 10). 

Corrected bromide space (CBS) was calculated according to 
the formula (2, 10) 

Br dose (mmol) 
CBS (liters) = 

[&I - [&-,I hmol/l> 
x 0.90 x 0.95 

where [Brb] is the background [Br] in serum ultrafiltrate, 
[BrJ is the final [Br] in serum ultrafiltrate, 0.90 is the 
correction factor for the distribution of bromide in the nonex- 
tracellular sites, and 0.95 is the correction factor for the 
Donnan equilibrium. When bromide is determined in serum, 
an additional correction factor is applied for the concentration 
of water in serum. Because we measured the [Br] in serum 
ultrafiltrate, in which the water concentration approaches 
lOO%, this correction was not needed in our calculations (10). 
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Table 1. Subject characteristics and corrected bromide space at intervals after an oral dose of NaBr 

Subject 
No. Sex 

Age, 
Yr 

Height, 
cm 

Weight, 
kg 2h 3h 

Corrected Bromide Space, liters 

4h 6h 10 h 25 h 105 h 170 h 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Mean 

F 
F 
M 
M 
F 
F 
F 
M 
F 
F 
F 

23 170 51 
23 173 61 
34 180 66 
39 184 70 
26 164 62 
21 172 52 
21 170 80 
26 200 82 
25 170 54 
22 168 56 
22 169 55 
25.6 174.5 62.6 

14.0 
13.2 
15.6 
16.0 
12.5 
12.5 
14.7 
19.6 
12.1 
11.9 
11.9 

13.5 
13.4 

16.2 
12.9 
12.9 
14.7 
19.5 
12.4 
13.0 
12.5 

14.4 
14.2 
16.1 
16.7 
13.2 
13.1 
15.0 
19.4 

13.4 
12.8 

14.7 15.4 15.7 20.9 
15.0 15.1 15.5 18.7 
16.3 16.8 17.5 21.2 
17.3 17.6 17.9 23.4 
14.6 14.1 14.7 22.8 
13.6 14.1 15.2 21.3 
14.3 15.6 17.4 26.3 
20.9 21.0 23.4 33.8 
13.5 13.6 14.2 20.0 
13.8 14.6 15.2 19.8 
13.1 13.7 13.9 19.7 

F, female; M, male. 

Data anaZyses. The ECW in the body is distributed among 
several anatomic compartments. After oral administration, 
there is a finite delay from the time when the bromide is 
administered until it is completely distributed over each of 
these compartments. In the meantime, bromide is excreted in 
the urine as well. We tested whether the bipool models fitted 
the data better than the single pool using an F-test. In a 
single pool, the tracer enrichment (E) at any time (t) for one 
subject can be described as follows 

E, = E,emtlb 

where E0 is the enrichment at t = 0 and b is a time constant. 
In a bicompartment pool the tracer E at t is 

A model was developed to include the data of all subjects if 
identical shapes of the curves of decay and subject-dependent 
start enrichments were assumed. Therefore, in the model, bl, 
b2, and Ez/Ei = r were equal for each subject (n), resulting in 
the following formula 

E 
2 
m 98 

80 

0 50 100 150 200 

Time (h) 

Fig. 1. Example of time course for equilibration of bromide after oral 
administration. Calculated Z-exponent regression line of subject 8 is 
plotted: y = 134 e-x/426 + 29.6 e-d6.16; R = 0.999; P < 0.001. 

or 

The parameters El, . . . . En, bl, b2, and r were estimated 
simultaneously. All curve fitting was performed with nonlin- 
ear least squares regression (14). 

RESULTS 

[Br] in serum after dose intake showed a decrease 
from 2 to 170 h. This decrease resulted in an increase in 
the calculated CBS over time (Table 1). The mean 
decrease of [Br] in serum was relatively large from 2 to 
-10 h and leveled off after 10 h (Fig. 1). The one- 
exponent functions significantly fitted the data for each 
subject. The two-exponent functions fitted the data 
significantly better (F 22,31 = 7.732; P < 0.0001; Table 2). 

The decay of the bromide enrichment using the data 
from all subjects and the model (see METHODS) showed 
comparable results (Table 2). The one-exponent func- 
tion significantly fitted the data (R = 0.935). The 
two-exponent function fitted the data significantly bet- 

Table 2. R values offit of data on bromide enrichment 
in serum at different time intervals after bromide 
intake by mono- and biexponential functions 

R Values of Function 

Subject No. 1 Exponent 2 Exponent 

1 0.927 0.968 
2 0.810 0.983 
3 0.962 0.998 
4 0.954 0.991 
5 0.919 0.981 
6 0.920 0.999 
7 0.949 0.983 
8 0.938 0.990 
9 0.917 0.994 

10 0.792 0.995 
11 0.919 0.997 

l-11 (model) 0.935 0.982 

Downloaded from journals.physiology.org/journal/jappl at Universiteit Maastricht (137.120.148.177) on June 29, 2021.



OPTIMAL EQUILIBRATION TIME BROMIDE DILUTION 655 

ter (F2 (j() = , 76.20; P < 0.0001) 

[Br+] = E,(()237e-t/2.85 + e-t/392e9) 

where t is time in hours (R = 0.982) (Fig. 2). 
The 95% confidence limits for the first exponential 

parameter were 1.81-3.89. In this model, one signifi- 
cant outlier was excluded (subject 7 at 4 h: Bonferroni 
corrected outlier test, F1 60 = 14.72; P < 0.05). The first 
exponent describes the’rate of distribution, and the 
second describes the rate of loss of the bromide from the 
body. The equilibration time can be defined as the time 
at which the first exponential function has decreased to 
5% of its starting value. According to this model, the 
equilibration time of orally administered bromide should 
be 8.5 h, taking the upper 95% confidence limit at 
11.7 h. From the second exponent, the average theoreti- 
cal initial enrichment can be calculated by back- 
extrapolation. On average, this amounts to 126.3 mg/l. 
By using the biexponential formula, the enrichment 
relative to the back-extrapolated enrichment can be 
plotted against sampling time (Fig. 3). These calcula- 
tions reveal that the deviation from theoretical initial 
enrichments were 4.9% at 4 h, 2.1% at 6 h, -0.2% at 8 
h, and -1.5% at 10 h. 

DISCUSSION 

We studied the decay of bromide dilution after an oral 
dose of NaBr. Contrary to previous validation studies, 
this study showed that there was a significant, and 
physiologically important, reduction in the [Br] even 
4 h after dose administration, which could mainly be 
attributed to the process of the distribution of bromide 
in the body. Simple statistics used in previous studies 
can give the wrong impression that there is no signifi- 
cant difference between [Br] values at different sam- 
pling times. To show this, we also performed an analy- 
sis of variance test. The results from Scheffe’s F-test 
show that the [Br] between 2 and 3,2 and 4,3 and 4,4 
and 6, 6 and 10, and finally 10 and 25 h were not 
statistically significantly different. From our data, it is 
evident that this does not mean that individual plasma 
[Br] values do not drop significantly. 

Biexponential curve fitting could explain, on average, 
>98% of the observed variation in [Br] over time and 
fitted significantly better than a single-exponent fit. 
From the curve-fitting data, it could be derived that in 
8.5-11.7 h the first exponent, representing the rate of 
distribution, was down to 5% of its starting value, and 
thus the distribution phase was complete. Clearly, 
some bromide was lost in the urine by that time. 
However, calculations showed that the [Br] values at 
sampling times between 8.5 and 11.7 h were close 
(within 2.5%) to the back-extrapolated initial values. 
The results of this study imply that sampling at 6 h or 
less after bromide administration means that the bro- 
mide is not yet completely mixed with the body water 
compartment. This may first of all underestimate the 
CBS. More importantly, because of the steepness of the 
first part of the slope (Fig. 2), even within one study 

E E 
!? 80 !? 80- . 

M M 
. . 

60 60 I I I 

0 50 100 150 200 

Time (h) 

0 50 100 
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Fig. 2. Average time course for equilibration of bromide after oral 
administration. Calculated 2-exponent regression line using data 
from 11 subjects and biexponential model is plotted: bromide concen- 
tration = 126.3(0.237 e-t/2*85 + e-t/3g2-g) (R = 0.982; P < 0.001) where t 
is time in hours and 126.3 is average value of the initial enrichment. 
Plotted data have been adjusted to same initial enrichment. 

Fig. 2. Average time course for equilibration of bromide after oral 
administration. Calculated 2-exponent regression line using data 
from 11 subjects and biexponential model is plotted: bromide concen- 
tration = 126.3(0.237 e-t/2*85 + e-t/3g2-g) (R = 0.982; P < 0.001) where t 
is time in hours and 126.3 is average value of the initial enrichment. 
Plotted data have been adjusted to same initial enrichment. 

small differences in sampling time or the behavior 
(activity) of the subjects may result in large differences 
in the resulting CBS. Finally, we show, with deuterium 
dilution, that body size may affect the time of equilibra- 
tion (7). The larger the body, the larger the error in 
TBW estimation, when (too) short equilibration times 
are used. It is likely that such errors also occur in ECW 
determination using bromide equilibration times of 6 h 
or shorter. The decision on which sampling time to 

small differences in sampling time or the behavior 
(activity) of the subjects may result in large differences 
in the resulting CBS. Finally, we show, with deuterium 
dilution, that body size may affect the time of equilibra- 
tion (7). The larger the body, the larger the error in 
TBW estimation, when (too) short equilibration times 
are used. It is likely that such errors also occur in ECW 
determination using bromide equilibration times of 6 h 
or shorter. The decision on which sampling time to 
choose will, apart from the above-mentioned argu- 
ments, in many cases depend on the accuracy of the 
other measurements taken (e.g., TBW by dilution). 

The results from this study thus show that for 
comparison among and within studies, the optimal 
equilibration time is between 8.5 and 11.7 h. This is 
much longer than what many studies have used so far. 
In most studies, including those in a clinical setting, an 
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comparison among and within studies, the optimal 
equilibration time is between 8.5 and 11.7 h. This is 
much longer than what many studies have used so far. 
In most studies, including those in a clinical setting, an 
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Fig. 3. Deviation in plasma bromide enrichment relative to extrapo- 
lated initial enrichment in relation to sampling time. 
Fig. 3. Deviation in plasma bromide enrichment relative to extrapo- 
lated initial enrichment in relation to sampling time. 
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8.5- to 11.7-h equilibration time can be readily attained 7. 
by using an overnight equilibration protocol. 

We thank Mikael Fogelholm for assistance during the experi- 
ments. 
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