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Xntr oducti on 

Present m e t h h s  for measuring the volums o f  the extra- 

cellular f l u i d  have -11 recognized limitations. There is no 

known substance that i s  distributed uniformly throughout the 

1 

extracelluler fluid, including such subdi~i8ions as the gastro- 

inteseinal juices and the oerebrospkzal fluid, and uhich alno-naintaina 

a.n exolusfvely extracellular positian. Further, it is nuu 

realited that tRhsn h n g  the dilution nmthods Hanged t h e  

interval8 must be a l l d  before equilibritnn a8.u be sbeumd to 

be colllplete3 and inoresred t i n e  neoeasarily magnifies euah UP 

avoidable error8 as those caused by the mei3iboliam of ths agent 

or by its loss through the S k i n o  In s p i t e  af these limitations, 

the volumes of distribution o f  oertain of  these agenb provide 

useful paranetem to study variations of the volume of e*a- 

oellular fluid and to indicate changing distributions, between 

e x t r e  and intracellular composhenta, of subetmoes etudied 

simultaneously. 

Of the naturally oocurring 8ubSt~t3eti in %he body, the 



I 

diatributian of tb ohloride ion most nearly approxixatee that 

of the extraoellular f lu id ,  and hen- the ohloride space is 

an lqortant referenoe for ewluatbg measurelll~~~t~ of this 

a o a m n t .  Tbe maeurement of the  dilutian of radioactive 

ohlaride in the body is a sbple  and aocurate prooadureI and 

t o  tbs p ~ s l o a l  properties of two of the isotopes of 

oUorWe (Cls6 and ClS8), either of them o m  be aabined In 

double traoar experiments w i t h  any of' the isotopes now in 

0 1 ~ o a . l  we. These double traoer experimante provide 

dependable and aoaurate camparisons of the di6trlbuti~ns of 

t b  tm isotope8 used. In this study, direct omprisons were 

d e  betmen the tadioadive chloride spaoe and the volumee 

of distribution of bromide, sodiun and m r o m  in an effort to 

inwease our understanding of t h e  relative eigniricenoe of 

these msaaurements as pareunekrs of the extrwellular fluid. 

Separate determinations of the di lu t ion  volunss of these a-te 

barn been made previously. The radioactive chloride dilution 
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Methods 

-1 

A previous report from this laboratory ( 9 )  has dosaribed 

the method6 wed in this study to prepare, in jeo t  and aount 

CIs8, Bra2 ead Ba24j to aount &e individual aativltier when 

i a  used in oombination w i t h  either NaZ4 or Bra; and t o  

make oorreotions for the Doman equilibriun and for the volwne 

dieplaoement of the plasma proteins. The prooedurea are briefly * &5 

reviewed here. W n  the volumee of distribution of tmd of 

C158 *re t o  be determined simultaneously, a dry s a l t  ndxture 

wae prepared whi& oontained 6 &Kg body weight of amuonium 

ahloride and 0.3 m&m/Kg body weight of  sodium chlorideo The 

salts were irradiated in the Brookhaven reactor (flux 5 x l@ 

neutrons/cla2/rreo) for  10 &Utes in mite oups. 

degree temperature and tha intense radiation o f  the interlor 

of ths reaotm provided aterilitation. 

The 175 

The contenter were dss- 

solved in sterile d i s t i l l e d  water, and the preparation was then 

ready for injection without further processing. An aliquot m a  

taken to serve as the maeure of the injected act iv i t ies .  Blood 

013169 
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Se~XpleeS were drawn at  one and at lam and one half hours. The 

8epWate volumes o f  distributions were calculated f r o m  two  ' 

oounting series 88 desoribed, When Br82 and Cis* =re' used 

together,  the Br82 was prepared and standardized separately. 

In. expez5msntS an n o m 1  subjeots the acoepted toleranee 

radiation dose rate of SO0 millirsp/wek ehould not be exoeeded. 

A total dose of 300 mil l i rep  w i l l  be deliwred in an experbrmt 

h rhioh the isotopes or oombinatlane of iaotopes are used h 

In the calaulations for the abwe d u e s  the definitian of 

I. . " ~  -- 

the rep 88 the absorptian of 93 ergfi/gram of tissue was used. 

In this study 5 ml.  portions of plagna mire oomted in a multiple 

anode gamma sensitive counter*, and C130 counts were obtained 

before three hours had elapsed *om the time of injection, . 

%Donated by the Texaa O i l  Co. (El& 
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I d  
- 7  mthout exoeeding 300 nl l l lrep  per week, suf f ident ly  high 

counting rates were obtained s o  that t he  maximum standard 

error of any countlng period was less than 2 per cent. 

The sucrose apac06 were determined using the method 

desoribed by Deane (6). No priming injection waa given. The 

infusion pump m u  started 16 miauter after the solutian of 

~ a a ,  ~1'8: and stable 'brami& been v m b d  in. BS a11 .thb 
-.*. 

agents wre determined from the aaxw blood samples, the aucr060 

1m8 analyted In samples obtained 15 ndnutes earlier, In relathn 

to the start of the 

Separate volumes of 

infusion, than is indioated in Table I. 

.. 
distribution were oalculated for eaoh 

sucro~e -8 bdrolyzad and t h e  resulthg 

levuloee meaeured em in Sbhreiner*a nrathod for inulin (10). 

Stable bromide detercmLaation8 =re made wing the method of 

Brodie and Friedman (11). 

meaeured by flame photometry, Berum chloride concentrations by 

the mthod of Van  S l y h  and Hiller (12), and serum proteins by 

the oopper sulphate teohnique (13). 

Tho serm sodium concentrations were 

For t he  purpose of the 

013-191 
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D a m a n  equilibrium corrections, .the plasm volume was aasuned 

t o  be 4 per cent of #e ideal weight. ~ l l  volume of distribul  

t ion  calculatiom were uorrected for the amount of the agent 

exoreted fn the  urine. 
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The r e n u l t a  of t h e  simultanems deterninztions of the 

volunes of dis t r ibu t ion  o f  C13*, Na24, sucroEe m d  stable bromide 

are tabulaked in Table I. The values frm t h e  f i r s t  pa t ie r t  

are plotted Fn figure 1. 

Table I that equilibrium of  sucrose and of Clahas not been 

It is apparent f rom exanrinatian of 

oonclusively established. Unfortunately, data that muld b e  

2 used to  extend these CUFWIB are not readily obtainable. A c t i v l -  

t i e e  of C138 that will g i w  the patient lees than 0.3 rep par. 

experiment cannot be followed for appreoiably longer periods of 

t h e  with preeently available counting qipment.  Wth  the Deana 

' 

eucmee nethod, accuracy of the volume of distribution measumment 

becomes progreasiwly more d i f f i o u l t  t o  obtain when, after three 

to f i m  hours, the amount of suoroae appearing in the urine 

exceeds half of the amount infused ( 6 ) .  

not adaptable t o  prolonged experiments. 

the f o l l w i n g  summary, the e hour and 

everaged to give the "3 hour" 8ucrose apace. 

Hence the mthod is 

For t h e  purposes o f  

hour values were 

013193 



.-. 

- 9 -  -7 I 

These dilut ion ~aBureIxBnt8 (Table I )  were performed ap 

5 chronioally ill, naa-edematous patients. Only patient 

was bed-ridden. Converting these volunes t o  per cent body 

weight yields the following values: 

C138 at 26 hour6 - 22 t o  29% (ma 2606%) 

Stable bromide st 21 houo.8 - 25 t o  33% (man 29.1%) 

11434 at 21 hour8 - 28 to 3% (man SI.%) 

Sucrose at  S hours - 17 to 2% (mean 20,s) 

Although these were hospital patients, the results are 

in Moord with the data of other workers who used normal sub- 

jectr (2, 3, 4, 5, 6). Further, the "S bur" ~uorose spaoeo of 

t h l a  study wried  between 61 and 79 per o e n t  (man 70.5 per oent) 

o f  the 21 hour bromide spa00 and betmen 59 and 73 per oent (msan 

64.3 per oent) of the 21 hour aodium spaoe. These valuer are 

in agreemeat with those of Deane (7, 8 ) .  

In Table If a r e  presented the reeults of  ten double 

traoer experiments u s i n g  and Bra2. Patient was eds- 

tous, patient had advanced hydfoaephaly, and patient 

013194 
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w w  bedridden. The other six were ambulatory. The m82 , 

spaces in this series are larger than t h e  spaoes by aS 

average of  only 2.4 per cent. This clorre correlation nea pre- 

diated by enrlier workers following the obeeroation that t h e  

distribution of bromide is oloaelg proportional to that o f  

ahloride in animals (14, 15). 

of etable bromide (Table I )  are larger than those Os ClS8 by 

!J!he values of the diotributiau - 3 .  

. -  - -  2- 

z _- an average of 7 per aent. 

During the oour8e of theee ~peri iusnts ,  eamples o f  

urine, packed red cells (centrifuged at 2,000 g for fiftetm 

dnutes), pleuml fluid, gastrahtestinal ju ioea and oerebro- 

spinal (ventricular) fluid were counted for both C13* and Bg2 

in the lame mmmr w were the plalsma samplee. The result8 are 

presented in Table 111. Derpite ths olose simibrity in the 

overall dilution values of these two isotopes, there are  striking 
t 

differenoes in the propartione of the s e m  oanoentrations that 

appear in these sesaplea. The didxibution of IAe two ion8 

relatfm to each other i s  described in the e ix th  oolum (Table 111). 
A 

0131% 



These figurea were obtained by dividing the osmple:aerua ratio 

of the 3ra oonoentratians by this scum ratio for the C138 om- 

oentrations, me ratios were dsternined &om emuplee taken at 

the gum tfpe after injection. 

Xn a d d i t i d  ~swursarent8 (not tabulated in Table IIX), 

. ral iw raaqler ware studied 28 hourr after tbs fnjeation of 

013196 
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Discuss ion 

The  BrS2 and C138 ccmcontrations i n  the various fluid 

saroples l i s t ed  in Table 111 ore included here as an evaluation 

of the use of bromide as an indicator of #e chloride space. 

Although bromide and chloride a r o  distributed i n  most t issues 

in  proportion to their serum oawrentrations (14, 15), thsy are 

. not handled “indifferently‘ by oertain of t b  mmbranse equipped &c”- 

with a o t i w  transport systems. The lddney and the choroid 

plexus apparently show a preference for  transporting the 

ohloride ion from the  blood streem while the salivary and 

. ,?: : 

gastr ic  glands exorete the bromide ion in relatively higher 

concentrations . 
Previous observations camparing the oonoentrations 

of bromide and chloride in the  blood s e m  with those found 

in urine (16, 17) red ce l l s  (14, 17, 18, 19), transudates (4, 

14) and saliva (17) are  in accord with the resu l t s  of t h i e  

report. The  re la t ive ly  high concentrations of bromide in the 

gastric juice observed in this study, hovmver, wore not fomd 
/‘ 

013197 
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by Mason (17) who studied pat ients  with high l e w l e  of serum 

In this respect it is i n t e r e s t h g  t o  note that  the bromide. 

data of Dawnport, using both stable bronide (20) and stable 

iodide (21) predict higher concentration r a t i o s  (gastr ic  juicer 

serum) when the serwn concentrations a r e  lower. In the experi- 

ments of this study, the amnmt of oarr ier  for the radioactive 

bromide wa8 less than 0.1 mgm $. 

iodine, wing %racern anounts, indicate remarkably high 

ObrervatiaDla with radioaotivb 

gastr io  juioetblood r a t io s  (22). Finally, although there im 

agreement that there is proportionately lea8 bromide in 'the 

spinal f l u i d  than there is chloride, there is not agreement a8 

* 
t o  the degree of this dissimilarity in the dis t r ibut ion of these 

I .  

ime. (23, 24). 

With referen-oe t o  the differences betomen the mhma 

of dis t r ibut ion of chloride and of sodium, it ie noted that 

Rarrison, Darrow and Yannet (25) described 6ie;nifioant amounts 

of " ~ c e s 8 ~  of sodium over ohloride in  animal whole-body 

-" studiea and oonsidered most of this sodium to be located fn 
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t b  bone. This observation ha6 been ~ ~ ~ ~ p o r t e d  by worlmrs 

using radioactive sodium (26, 27), and the incremnt of t h e  

sodiun space between 1 and 24 hours is assumed to be for the 

most part a maaure of the distribution of sodium i n  bone. The 

distribution of sodium and ahloride in the other tissues hb8 

been studied by Manery and Hastings and by Am eraon et al with 

oheniaal methods (28, 29) and w i t h  isotope teahniques by MmWy 

(SO, 31). 

In attezqting to evaluate the differenoe betmen the 

Cls8 space and t h e  6uaro8e spaoe, and t o  olarify ths relatione 

of eaoh t o  ths extraoellular fluid, it i a  neoesseuy t o  ooneidsr 

first, tb distribution of these materials under ideal conditiane 

that would allow equilibriun t o  becom complete, and aeaond, 

the limitations of our presently available methods 8s regards 

desoribing this skate. Chloride is h a w n  t o  enter certain 

ce l l s ,  particularly the oe l l s  of the blood, renal tubules, 

gaatric mucosa, sldn and lungs (28, 29); and hence the spa- 

that it measures is larger than the  extraoelhlsr fluid volumb~ 

013129 



EStaot data, however, are  not available t o  oalculate that 

portion of *e total body chloride that i s  inside the ce l la .  

Although direct studies of the tissue distribution of sucr06e 

haw not bean reported, it i s  knoun that sucrose does not enter 

red oells (32), and beoause it c811 be quantitatively recovered 

from the urine (6, S Z ) ,  it i s  believed to maintain 823 extra- 

cellular position. Sucroee does not enter the cerebrospinal 

f lu id  (33) or the gastrointestinal juices, and heme the space 

does not include these subdivision6 of the extraoellular fluid 

that are included in the spaces measured by the electrolytes, 

Turning to the limitations of the methods, as mentimed 

previously t h e  time during which the apaoes of  C13* and sucrom 

08x1 be determined i s  limited. Frcm dilution data uaing Clss 

(2)  and bramide (4, and Table I )  it appears that by 2.5 hours 

the volume of distribution of the injected ohlorl.de probably 

expanded to at  least 95 per cent o f  i t s  ma-1 value. Deane 

ha8 reported that  naaximal w l w s  of 8ucrose are  reached in less 

than three hours ( 6 ) .  Evidence, however, that complete squilibrium 
.., 

- .;- 3 
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may not be attained by three hours ha6 been presented by Cot love  

(34) dio has Cemmtrated increasing m o u n t s  of  sucrose in rat 

muscle as constant infusions were maintained for  2, 6 and 15 

hours. T h o  sucroge space masurenants in Table I1 show small 

increases betwen e q d  3=3/4 hours. These considerations of 

the incompleteness o f  our hornledge of the distribution of 

sucrose and of chloride and of the 1Mtat ims of t h e  available 

dilution methods discourage qmnt i ta t ive  statements re la t ing  

the extracellular f l u i d  to tlm voluno of  dis t r ibut ion of e i ther  
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sunmary 

Th9 volumes of distribu",on of CIs8, NaZ4, stable 

bromide, and suarose were deternined oinul taneously in five 

patients. The volums of distribution of C138 and Br8' were 

determined s h u l t m e o u a l y  in ten patients. 

Using awrage values obtabud two  and one blf hours 

after inJoctian and setting the vol& of distribution of 

chloride a t  unity, the relative valuer obtained with the other 

agents were 1.07 for  odium, 1.07 for stable bromide, 1-02 

for radioactive bromide, and 0.77 for marose. 
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