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Radioactive chromium has been found 
blood cells and plasma proteins ( 1 ) . The anionic 
form, NaJFO,, labels the red blood cells, while 
the cationic hexavalent chromic chloride is firmly 

by the plasma proteins and is not +en up by 
b e  red cells. The affinity of the erythrocytes for 
=dim chromate has been used to measure the ur- 
ctlating red cell mass in man (2, 3). 8 . 
T"'Radi&ctive chromic chloride is rapidly bound 
gkthe plasma proteins both in vivo and in dtro, 
and the binding appears to be relatively stable (1). 
The- utilization of radioactive chromic chloride in 
the determination of plasma volume was suggested 
by" the observation that 98 per cent or more of the 
chromic ,chloride is bound immediately by the 
plas&, proteins when injected intravenously into 
humans. Once the chromic chloride is bound to 
thez:plasma proteins,i it can leave the circulation 
anly at the slow rate at which the proteins leave5t. 
T on of this tracer substance in the circu- 
la I ,  i r intravenous administration was, there- 
fare, used to measure the plasma volume in man. 
s:qThe plasma volume determination using radio- 
active chromic chloride presents a simple, accurate, 
adz hpid technique, by which a stable, non-toxic 
h&ical solution can be injected directly, obviating 
the  necessity of tagging albumin or other proteins 
4% Vitro. Determinations can safely be performed 
?epeatedly and in rapid succession. Self-absorp- 
t i~ icOrrect ions are not necessary. Liquid phase 
m a  ray counting permits 'the measur 

lasma volumes of 
havel .A w r U . u  been , . detedned  by this method.. In some 
s.fi$be,subjects,.amcond determination has been 
~one&ys,toto.Weeks.lattr, $The method was further 
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I .  Preparation of chromic. chloride. ,, . +? 

The preparation of NaCrPO, from CPO, has been de- 
scribed previously (1) .* ' 

Na,Cr"O,, containing 25 to 30 mg. of chromium, is dis- 
solved in 50 ml. of water in a 200 ml. beaker. Glass beads 
are added. Six ml. of concentrated HCI are added. turn- 
ing the solution orange. When 6 ml. of 37 per cent for- 
maldehyde are added the solution becomes green. This 
green solution is evaporated to dryness on a hot plate at 
700" C. The solution must be shaken constantly while 
on the hot plate to prevent bumping. When evaporation 
is near completion, green u y s t a l s  8 form, which become 
light violet when complete dryness is reached. The beak& 
is rem&d from the hot plate as soon as the green crystals 
begin to turn violet and the crystals then resyne their 
green color. Thirty-five to 40 ml. of water are added to 
the beaker to dissolve the crystals. The resulting green 
solution is filtered through No. 3 Whatman filter paper 
into a 50 ml. volumetric flask. This filtration should be 
done even though the solution looks clear. The p H  of 
the solution is adjusted to 4.1 by the addition of 0.5 normal 
NaOH. If the pH is too high, Cr(OH), will precipitate 
out. This can be corrected by the addition of a very d l  
amount of H a .  The green solution in the volumetric 
Aask is brought up to volume with.water., It is stablcat 

ta&ble fr& Abbot; Labbrato&. 
8 The crystals so obtained are probably a mixture of the 

hexahydrated forms-af chromic chloride (CrCl,(&O).)- 
a'aQ,. (fi~(&O)s)~+*%o,~ (CF(HaQ)e)& 
Anhydrous ch$omic chloric& is purple and qllite insoluble. 
Fromrpilot experiments, it seeqs that notiPll,the hexahy- 
drates ,are! cqualJy /&cimt <in -dagging plasma protcku. 
A bluelsohrtion antaking ?a ,preponderance ,of (Cr- . 
(&O),)CI.,doesInot tng.a~. well-as a gna, aolutiaa 
W o r k h 4 n  pr-s 40 dttermine-quantitatively t h e a m  
tein binding capa&yiof:&c diffcrent:forms. ,&r prncticpt 
purposes, the crude colgr index seema 
green dutio~~'preparcd~By Ithe method 
invariably tagged#the,protekis d l ?  X J *  ? 

1 .  

- .  room temperature for several months. ,. * 2 
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TABLE I 

The counting efikncus for Cr" of swcral counters 
II. Dosage 

Electromagnetically enriched Crm, irradiated in the Oak 
Ridge pile for two months, yields CrU with a specific ac- 
tivity of about 0.6 microcurie per microgram chromium. 
The chromium obtainable through Abbott Laboratories 
also has a specific activity of 0.5 to 0.7 microcurie per 
microgram chromium. 

The radiation dosage is calculated by the formula of 
Marinelli, Quimby, and Hine (4). assuming that 10 per 
cent of the activity of Cr'l is due to gamma rays and that 
the half-life is 26.5 days (see Appendix A) .  The injec- 
tion of the usual dose of 100 microcuries Cr" into an indi- 
vidual weighing 70 Kg. represents a total radiation dose 
of 0.1 rep. Since the safety limits for human tracer stud- 
ies a r  0.3 rep. per week, repeated administration is 
permissible. 

The amount of chromium in the usual dose of 100 micro- 
curies varies from 0.1 to 1.0 mg. or 1 to 14 gamma per 
kilogram of body weight, depending on the specific ac- 
tivity of the material. This is well below the toxic level. 

III. Experinrental procedure 
A. Injecting and sampling procedure. 
Approximately 100 microcuries of chromic chloride (0.1 

to 1.0 mg. chromium) are suspended in 30 ml. of normal 
saline. This solution is autoclaved at  250" C. and 18 
pounds pressure for ten minutes and then allowed to stand 
in the autoclave for another ten minutes. More intense 
heat and more prolonged heating seem to decrease the 
protein binding ability of the chromic chloride. Twenty- 
five ml. of the solution are drawn into a calibrated syringe, 
and the remainder is saved for counting. 

A 10 ml. sample of blood is withdrawn from the sub- 
ject into a heparinized syringe as the control sample. 
Syringes are changed and the chromic chloride solution 
is injected through the same needle. After allowing five 
minutes for mixing within the circulation, four samples of 
venous blood are drawn from the opposite arm at five 
minute intervals for twenty minutes. The time intervals 
are accurately established with a stop watch. 

All samples are collected in heparinized syringes. T h e  
withdrawals are made from the opposite arm to that used 
for injection. Hemostasis is avoided as much as possible 
by releasing the tourniquet as soon as the needle is in the 
vein. Subjects need not be in the fasting state. 

B. Counting procedure. 
Radioactive chromium can be counted in the liquid or 

the dried state. For liquid sample counting two types of 
counters have been used in this laboratory: a wdl-type 
gamma ray counter (Texas Co., type H18-20 TR)4;  and 
a liquid sample scintillation counter (W. S. McDonald Co., 
Inc,  counter type 155, detector head type 152-H5). One 
microcurie of C P  records approximately 5900 counts per 
minute on the well-type counter and 65,170 counts per 
minute on the scintillation7caunter (Table I). 7 '  

.4 We.should like. to acknowledge our indebtedness to the 
Tuur Company for supplying this counter. ,:.,: , G : ~ ~  - 

--a'.: rr.7~3.. x->u& -m.,~-. >,\. - 1 .  ,v, 

McDonald scintilla- 

Texas Company 

Robinson flow 

End window 

End window 

tion counter 2.96 65,170 450 

well counter .3 5,900 390 

counter 23.6 519,450 . 20 

tracerlab tube .8 17,120 18 

amperex tube .5 11,770 10 

When radioactive chromium is to be counted in the 
dried state, an x-ray end window Geiger-Muller counter 
or a windowless flow type proportional counter can be 
used. The two end window tubes employed in this study 
were the North American Phillips, tube type 62017-Am- 
perex, giving 11,770 counts per microcurie Cr' per 
minute, and the Tracerlab. Inc., tube TCG 3, giving 17,- 
120 counts per microcurie CP' per minute. The window- 
less flow type proportional counter (modification of the 
counter described by C. V. Robinson [SI) records approxi- 
mately 519,450 counts per microcurie C P  per minute. 

The plasma samples obtained after the injection of the 
usual dose of 100 microcuries of Cr6* will register approxi- 
mately 150 to 200 counts per ml. in one minute on the end 
window Amperex tube. Our routine procedure is to 
count at least a total of 1300 counts, requiring in this case 
a counting time of 7 to 9 minutes per sample to keep the 
probable counting error within 2 per cent. Using the 
Tracerlab end window counter or the flow counter, the 
counting time is even shorter because of their higher effi- 
ciencies (see Appendix A). On both liquid sample 
counters, because of their higher backgrounds, a totd of 
10,000 counts is usually counted, requiring approximat&' 
five minutes counting time on the scintillation counter 
and fifteen minutes on the well counter. 

C. <reparation of samples. 

All blood samples are centrifuged in regular IS ml. coni- 
cal centrifuge tubes at  2700 rpm. at a radius of 14 un. for 
one hour, and the plasma is separated. If, dried samples 
are to be counted, one ml. portions of each p l a ~ n a  p a P l e  
are pipetted into aluminum planchets. The planche6,ae 
prepared in duplicate. . r  

The counts contained in the chromic chloride sohtion, 
which is injected into the subjet, are determined by dilut- 
ing an aliquot of the saline solution 1 : SO with distilled m- 
ter. Fivetenths ml. aliquots of this diluted solution are Pi- 
petted into duplicate planchets. Self-absorption c o t r s t i a  
can be eliminated by adding one mi. of the subject's.an@d 
plasma to the 0.5 ml. aliquot The plasma and the chromic 
chloride .solution are mixed rwitk2,a&and-.d~ 
planchets. 
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All samples are dried over-night in air, or for about 
four hours in an oven at 60" C. A t  higher temperatures, 
chro&um may be lost by sublimation. The samples are 
then stored in a desiccator until they are counted. 

For liquid sample counting in the well type gamma ray 
'counter, volumes of 6 to 7 ml. can be counted in ordinary 

lation counter 2 ml. samples are counted in s m a l l  r imless 
culture tubes. No absorption corrections are ne- in 
these counters. 

Plasma volume determinations with radioactive Iv. Calculations 
chromic chloride were performed on 26 normal In the plasma volume determination with r;odiozctiv e 

chromium, as with all other methods for plasma volume 'I1)* The mean plasma for 
now available, the dilution curve is not "flat," the 21 males was 2894 * 366 ml. by this method. 
polation to zero time is necessary (6). Mixing of the in- When calculated on the basis of body weight, the 
jected material with the blood is complete within five to m a n  plasma volume was 39.3 + 4.9 ml./Kg. by 
ten minutes after injection (7) .  BY obtaining four plasma the radioactive chromium technique, as samples a t  five minute intervals after the injection of 
chromic chloride and plotting the counts per ml. of plasma t'o the value of 43.08 2 5.9 ml./Kg. with Evans blue 
against time on semi-logarithmic paper, a straight line is dye obtained by Gibson and Evans (81, and the 
obtained and the theoretical counts per ml. of plasma at Holden value of 40.6 -C 4.4 ml./Kg. with radio- 
zero time can be extrapolated. With this value, the plasma active iodinated plasma obtained by StoraasE, 
volume is calculated by the formula : 

In the calculation of the final plasma volume, these re- 
tained counts are subtracted from the counts in the plasma 
after extrapolation to zero time to obtain the corrected 
counts (Appendix C). 

Second Plasma Volume 
Total counts in 2nd injection-2 per cent 
Corrected counts/ml. plasma a t  zero time 

= , thin-walled 15 ml. conical centrifuge tubes. In the scintil- 

RESULTS 

TABLE I11 Total counts injected - 2 per cent 
Plasma Volume = Counts/ml. plasma a t  zero time 

The total counts injected are calculated as the prodta of 
the number of counts per ml. of the diluted chrornL chlo- 
ride solution, the dilution factor, and the volume of chromic 

Circulating plasma volumes in twenty-one adult males 
and jive females 

P h m a  volume 

P.D. 70 166 1.76 2830 40.4 1610 

Whenever the plasma volume determination is re- W.T. 61 170 1.70 2960 48.5 1740 
peated, such as following hemorrhage or transfmion, a R. M. 80 189 2.05 3180 39.7 1550 
second dose of chromic chloride is administered. A sig- D-P.  68 178 1.83 3010 44.3 1640 

R.P. 71 174 1.84 2530 35.6 1375 nificant number of counts may still be present in the plasma B. B. 88 180 2.07 3030 34.4 1460 
at  the time of the second injection of chromic ddoride. M . R  77 174 1.90 2210 28.7 1165 

P.C. 62 178 1.76 2740 44.2 1555 
TABLE XI J. McK. 82 186 2.04 3330 40.6 1630 

LOSS of radioactive chromic chloride to the red C4pI 

77 187 2.00 2680 34.8 1340 k . k  79 178 1.95 3400 43.0 1740 

0.8 E. P. 60 169 1.67 2380 39.6 1420 
ls L.V. 57 168 1.65 1860 32.6 1130 
0.8 E.C. 54 160 1.55 2190 40.5 1410 
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TABLE IV I .‘P. 

Pkrsma volume akknnimth by radiwctivc chromic chloride before and after transfusion or hcnrwrhagc ’ ? r m t  

- 
Final P.V. 

Initial T d u s i o n  or 
Weight P.V. hemorrhage Calculated Measured DBerence Diff&T 

Patient sex K6. ml. d. ml. 4. d. (5%) 

R. C. M 65 2 144 - 239 1905 1930 -25 - 1  1 . *.” F. H. M 79 3414 - 240 3174 3260 -86 ~ -2.7‘ 
M. C. F 56 2116 +257 2373 2380 - 7  -0.3 

s. P. F 43 2356 +550 2906 2833 f 7 3  4-2.5 H. D. M 60 2159 +259 2418 242.5 - 7  -0.3 

W. J. W. M 77 2676 +SO7 3183 3200 - 17 -0.5 

Krieger, Friedell, and Holden (9). The values 
obtained by all three methods agree to better than 
one standard deviation. The correlation between 
the total plasma volume and the plasma volume 
related to body weight and surface area was calcu- 
lated. The correlation coefficient between the total 
plasma volume and the plasma volume per square 
meter of surface area was 0.86, between the plasma 
volume per kilogram of body weight and that per 
square meter of surface area was 0.84. Both 
represent definitely significant correlations. The 
total plasma volume was somewhat less significantly 
related to the plasma volume per kilogram of body 
weight, with a correlation coefficient of 0.54. 

In  the five women studied, the plasma volume 
was lower than in the males, with a mean plasma 
volume of 2092 2 212 ml. or 37.0 13.3 ml./Kg. 
The figures of Gibson and Evans for women are 
2284 ml. as the mean plasma volume or 41.5 ml./ 

The accuracy of the method was verified by a 
second plasma volume determination immediately 
after the transfusion or hemorrhage of a known 
volume of plasma. The volume of plasma trans- 
fused or removed varied between 250 and 500 ml. 
The results of the second plasma volume deter- 
minations agreed with the expected values within 
3 per cent (Table IV). 

Kg. (8). 

~ 

I *  

When the percentage error is calculated in terns 
of the actual volume of plasma lost or gained by 
the subject, the error is of necessity larger; aver- 
aging 11.3 per cent. This is inherent in the calm- 
lation and depends on the volume of plasma lost 
or gained and its proportion to the total plasma 
volume. -. 

When 100 microcuries of radioactive chromic 
chloride are injected intravenously, only a very 
small fraction is lost to the erythrocytes. The ra- 
dioactivity of the red cells was measured on all four 
blood samples drawn after the injection of chromic 
chloride in 15 subjects. The number of counts per 
ml. of washed red cells was measured and the 
counts in the total circulating red cell mass .were 
calculated. The average loss of counts to the 
erythrocytes was 1.9 2 0.9 per cent of the total 
counts injected (Table 11). To correct for this 
small loss, 2 per cent of the counts were routinely 
subtracted from the total injected counts. _,  A .  

The amount of chromic chloride bound by the 
plasma proteins was determined by means of a SUI- 

fonated cationic exchange resin, Dowm NO. 50; 
in the sodium cycle, with a 20 to 40 mesh and 8 
per cent cross linkage. The materials to be tested 
were runlat a speed of 1 to 2 ml: per minute 

6 National Aluminate Corporation, m a g o  38, I l h d .  
. ’  . 
.* ‘A 

I . ” & >  ,- ..I * 
TABLE V , ‘I  ! .a .! 

The binding of radiotutiue chromic chloride by plasma procCinr , . . .a& 
3 

P h n  tagged is  n’fro 4th radioad= . i  with $ic+ve 
chromlcchloride , chromicM** 

-8 tanprd *dm Radioactive 
chromic chloride 
mlution in d i n e  

. .  

Corrected counts before passing through resin 9276 10276 

Counts removed by resln 8901 . . 126 
Corrected counts after @ng through resin 375 10150 

Per cent counts removed by resin 95.6% 1.2% 
Per cent of radioactive chromium bound to‘ protein - 
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Hcnunrhuge: 452 ml. blood removed. Hct. 47.0. 
Final Pkrsmo Volume: 2:22 p.m., 10 mi. control sample of blood withdrawn from subject. 

Injected 28.8 ml. CrUClr solution in saline through same needle in right antecubital vein. 
Ten ml. samples of blood withdrawn from left antecubital vein at 2:28, 2:37, and 2:47 p.m. 

' ' -. 

I 

Injected s o h  
. diluted 150 

6 min. sample 

Geiger 
counts/ml. 

960 
996 

393 
379 

279 
273 

224 
223 

11 min. sample 

15 min. sample 

22 min. sample 189 
193 

122 Control sample prior 116 
to 2nd injection 

6 min. sampleafter 
2nd injection 

15 min. sample 

25 min. sample 

458 
448 

311 
317 

252 
248 

DILUTION CURVE OF RADIOACTIVE 
CHROMIC CHLORIDE IN THE CIRCULATION 

AFTER SECOND INJECTION 

.,. 
..w 

.. 
FIG. 2 

C&&tims: 28.8 ml. CrWlr  solution X 978 cour l/ml. X dilution of 50 
1,415,000 counts injected 

1,386,700 counts in p l a s m  

-2% 28,300 lost to RBC's 



MEASUREMENT OF PLASMA VOLUME BY RADIOCHROMIC CHLORIDE 999 

REFERENCES the products of human plasma fractionation. XL. 
Quantitative separation and, determination of the 
protein components in small amounts of normal 
human plasma. J. Clin. Invest., 1951, 30, 99. 

11. Wish, L., Furth, J., and Storey, R. H., Direct deter- 
minations of plasma, cell and organ-blood volumes 
in normal and hypervolemic mice. Proc. SOC. Ex- . 
per. Biol. & Med., 1950, 74, 644. 

12. Fine, J., and Seligman, A. M., Traumatic shock: IV. 
A study of the problem of the "lost plasma" in 
Hemorrhagic shock by the use of radioactive plasma 
protein. J. Clin. Invest., 1943, 22, 285. 

13. Aust, J. B., Chou, S. N., Marvin, 3. F.3 Brackney, E. 
L., and Moore, G. E., A rapid method for clinical 
total blood volume determination using radioac- 
tive iodinated human serum albumin. Proc. Soc. 
Exper. Biol. & Med., 1951, 77, 514. 

14. Crispell, K. R., Porter, B., and Nieset, R. T., Studies 
of plasma volume using human serum albumin 
tagged with radioactive iodinem. J. Clin. Invest., 
1950, 29, 513. 

15. Schultz, A. L., Hammarsten, J. F., Heller, B. I., and 
Ebert, R. V., A critical comparison of the T-1824 
dye and iodinated albumin methods for plasma vol- 
ume measurement. J. Clin. Invest., 1953, 32, 107. 

16. Freinkel, N., Schreiner, G. E., and Athens, J. W., Si- 
multaneous distribution of T-1824 and I= labelled 
human serum albumin in man. J. Clin. Invest., 
1953, 32, 138. 

1. Gray, S. J., and Sterling, K., The tagging of red cells 
and plasma proteins with r a d i i e  chromium. 
J. Clin. Invest., 1950, 29, 1604. 

. tion of the 2. Sterling, K., and Gray, S. J., Detmnma 
circulating red cell volume in man by radioactive 
chromium. J. Clin. Invest., 1950, 29, 1614. 

3. Gray, S. J., and Sterling, K-, Deterrnktion of cir- 
culating red cell volume by radiaaair e chromium. 
Science, 1950, 112, 179. 

4. Marinelli, L. D., Quimby, E. H., and Hine, G. J., 
Dosage determination with e isotopes. 
11. practical considerations and pro- 
tection Am. J. Roentgenol., 1548, 59, 260. ' 

5. Robinson, C. V., Windowless, flow trpe proportiom1 
counter for counting c'. science, 1950, 112, 198, 

6. Edelman, I. S., Olney, J. M., James, A H., Brooks, 
L., and M ~ ~ ~ ~ ,  F. D., ~d~ comporik Studies 
in the human being by the dilution principle. Sa- 
ence, 1952, 115, 447. 

7. Surtshin, A., and Rolf, D., Plasma dye concentration 
mmes following two suc~ss ive  bj+. J. 
Physiol., 1950, 161, 483. 

8. Gibson, J. G., 2nd, and Evans, W. A, Jr., Clinical 
studies of the blood volume. 11. Thc relation of 
plasma and total blood volume to reaotl~ pressure, 
blood velocity rate, physical mcasmancnt~, age 
and sur in ninety normal bmam. J- clin. Invest., 
1937, 16, 317. 

9. storaasli, J. P., f i e g e r ,  H., Fricddl, H L., and 17. Sunyar, A. W., Personal communication. 
Holden, W. R., The use of radkmche iodinated 18, Bradt, H., Gugelot, P. C., Huber, O., Medicus, H., 
plasma protein in the study of Mood volume. Preiswerk, P., and Schemer, P., Die radioaktive 
Surg., Gynec. & Obst., 1950, 91,458- Umwandlung des Cr". Helvetica physica acta, 

10. Lever, W. F., Gurd, F. R. N., Uroma, E, Brown, R. 
K., Barnes, B. A, % h i d ,  K, and sctmltz. E. L.. 19. Lyon. W. S.. Disintegration of Cr". Physical Review, 

- 

1945, 18, 259. 

Chemical, clinical, and stndies on - 1952, 87,1126. - 

, 


