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TABLE I. Mean Values Obtained with Chi& of Various Agas. 

Thiocys- 
43% No. of Body Plasma vol, Blood vol, nate space, Hemato- 
days chicks wt, g %I B. wt % B. wt  % B.wt crit, % 

13 7 121 6.7 9.9 40.7 32.2 
20 6 190 6.3 9.1 39.9 31 
27 7 279 7.2 10.4 43.8 30.6 
35 12 41 1 6.4 9 46.2 30.4 
Mean f Stand. error of mean 6.56 f .15 9.55 2 .21 43.28 2 .78 30.47 2 .20 

the subsequent 10 minutes. 
Results. The mean values obtained from 

32 chicks which were examined in groups of 
different ages are shown in Table I. The 
values are essentially constant when expressed 
as percentage of body weight regardless of the 
age or weight of the‘ chick. In earlier studies 
with rats(2), most of the fluid volumes did 
not remain constant at different ages when 
expressed as percent of body weight. How- 
ever, only a relatively small range of age has 
been studied with chicks and these values 
probably will not hold for much older birds. If 
the present values are compared to those ob- 
tained with young rats( 2), the blood volume 

2. Wang, C. F., and Hegsted, D. M., Am. J. 
Physiol., 1949, v156, 218. 

is approximately the same but the plasma 
volume is larger because of the smaller red cell 
volume. The thiocyanate space is much 
larger than was found in rats and is similar 
lto that obtained by Fellers et a L ( 3 )  for very 
small babies. This might be expected since 
the smallest rats studied, 60-to-70 grams, are 
much older actually and relatively than the 
chicks used in this .work. Data on suckling 
rats which might be comparable have not been 
repoded. 

Summary. The blood and plasma volumes 
and thiocyanate space in normal chicks from 
13 to 35 days of age have been determined. 

~ 

3. Fellers, F. X., Barnett, H. L., McNamara, H., 
and Hare, K., Federation Proc., 1948, v7, 32. 
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Para-aminohippuric acid (PAH) has been 
found to penetrate the canine erythrocyte( 1 ) ,  
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but its entrance into the human erythrocyte 
has [been denied(2-4). This report demon- 
strates that PAH does “enter” the erythrocyte 
in m u .  

Recent studies in this laboratory of renal 
blood flow (RBF) in man included a com- 

2. Smith, H. W., Finkelstein, N., Aliminosa, L., 
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parison of the RBF determined by renal ex- 
traction (E)  of PAH from whole blood with 
the RBF determined by E from plasma and 
the hematocrit. The latter calculation was 
noted to be consistently higher than the for- 
mer in exyeriments in which the renal venous 
plasma was not separated from the cells im- 
mediately. In  consequence the ratio of PAH 
in the whole blood cell water to that in the 
whole blood plasma water was determined. 
The experiments cited below show conclu- 
sively that PAH is present in the cellular frac- 
tion of whole blood. KO evidence is presented 
for its actual location but its presence in the 
erythrocyte is assumed for simplicity of dis- 
cussion. The practical point is the observa- 
tion that PAH enters the cellular fraction! not 
the specific type of cell or cells involved. 
Since PAH is almost completely extracted 
from the plasma passing through normal hu- 
man kidneys(S), extraction will be falsely 
low and renal plasma flows (RPF) will be 
falsely hcigh if cell-plasma separation is de- 
layed sufficiently to allow PAH to diffuse 
from the cells into the plasma. The unlikeli- 
hood of YAH extraction from the erythrocyte 
during the passage of blood through the kid- 
ney has been discussed previously ( 1 ). 

..Vethods. (1) Technics. The analytical 
technics employed were the same as those 
previously described ( 1 ) except that in the 
present studies a Beckman DC Spectropho- 
tometer was used. Arterial samples were 
drawn from an .indwelling jneedle(6) and si- 
multaneous renal venous samples were ob- 
tained from an indwelling catheter (5). After 
the priming infusion of PA4H, a sustaining 
infusion was maintained for a t  least one hour 
before collection of the first blood and urine 
samples. This ‘was done in order to assure a 
steady state. Observations for several hours 
a t  arterial plasma levels of PXH circa 2 mg 

have been analyzed (Table I) .  In other 
experiments (Table 11) arterial plasma con- 
centration was elevated to 80-100 mg % for 
an hour or more before the first blood and 

5. Warren, J. V., Brannon, E. S., and MerrilI, A. J., 

6. Wood, E. H., Montgomery, G. E., Jr., and 
Science, 1944, v100, 108. 

Geraci. J. E., Fed.  Proc., 1948, v7, 137. 

urine samples were obtained. After these were 
taken the sustaining infusion was changed to 
one containing no PAH, and blood and urine 
samples were collected over the subsequent 
2-3 hours. ( 2 )  Calculations. Hematocrits 
were determined as described previously( 1) 
after cmtrifugation for one hour in Wintrobe 
tubes. The correction $actor of Chapin and 
Ross(7), 8.5%: was applied to the observed 
cell column to obtain true cell volume (Vc). 
The true plasma volume (Vp) per volume of 
whole blood = l O O - \ ’ C .  From the plasma 
and whole blood specific gravities(8), values 
for the hemoglobin concentration in whole 
blaod (Hbh) and the protein concentration in 
the plasma (Prot,) were obtained. The hemo- 
globin concentration in the cells (Hb,) was ob- 

tained from the formula Hb, = - x loo. 

The apparent specific volume of protein, 
both plasma protein and cellular hemoglobin, 
was assumed to be 0.74(9). Values for cell 
water ( C H ~ O )  and plasma water ( P H ~ o )  are 
not included in the tables but were calculated 
as 1 0 L ( H b ,  x 0.74) and 10(T-(Protp X 
0.74), respectively. The PAH content of the 
plasma fraction of 1 liter of whole blood was 
obtained ‘by multiplying the plasma concen- 

tration ‘by ---. This value subtracted from 
100 

P.4H concentration in whole blood was re- 
carded as the PAH content in the cell fraction 
of the whole blood. The cell fraction value 

divided by - was taken as the cell concen- 

tration in mg/l. The P-\H concentration in 

cells x - was taken as the PAH concen- 

PHZo 
tration in cell water (PAH, ). PAH 
was obtained by substituting p values for c 

Hbb 

vc 

v, 

V C  

1 00 

100 

CHsO 

&.o 
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R. M., J .  Biol. Chem., 1950, v183, 305. 
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values in this paragraph. ( 3 )  Other floints. 
Specific gravity and hematocrit determina- 
tions were done only on arterial blood and 
these values were assumed for the renal 
venous samples. No great error could arise 
from this practice in these experiments for 
urine flow was usually less than 0.3% of RBF. 
Tthe highest ratio obtained when the urine 
flow was 9 cc per minute and RBF was over 
1800 cc per minute. Validation of the ac- 
curacy of the plasma and whole blood anal- 
yses was proven by a technic to be described 
elsewhere( 10). The other essential point was 
the manner of handling the renal venous 
samples. They were quickly drawn (15-30 
seconds) into chilled, oiled syringes, trans- 
ferred rapidly to lusteroid tubes containing a 
dry film of heparin, inverted a few times, 
centrifuged in a refrigerated centrifuge at  
2800 rpm for 5 minutes and the plasma im- 
mediately removed from the cells. 

ResuZts and discussion. In  arterial blood at 
low PAH concentration, circa 3 mg per 100 
cc, the ratio P-4H,H20 : P-AH,H20 averaged 
about 0.06 in over 20 bloods from 4 patients; 
the ratio in simultaneously drawn renal venous 
samples was over 0.8. Representative exam- 
ples are given in Table I. The inherent error 
(up to 1%) in the analytical methods would 
not permit detection of lower ratios. 

Proof that P.%H does “enter” the human 
erythrocyte does not depend solely on the re- 
sults obtained from calculation of the ratio 
P.4HCH2, : P,4HpH2,. In Table I1 it  will 
be noted in both arterial and renal venous 
samples numbered 13 and 27 that the whole 
blood actually contained mare PAH than did 
the plasma. I n  this instance the values are 
well beyond experimental error, and similar 
results have been observed in other experi- 
ments. 

10. Phillips, R. A., in press. 

Once PAH has entered the erythrocyte it 
leaves i t  slowly, cf. arterial values in the lfast 
column of Table 11. ‘It is obvious from com- 
parison of the find column of Tables I and I1 
that in the experiment cited in Table 11, the 
diffusion gradient from cells to plasma in renal 
venous blood when the arterial plasma PAH 
has reached 2 mg % has been increased 10- 
20 fold over that prevailing in the steady 
state. Table I, and that the cell concentration 
of PAH in renal venous blood is 200 times 
that which will be present when diffusion 
equilibrium is attained. 

An example of the magnitude of error that 
will occur in plasma extraction values if renal 
venous plasma is not separated immediately 
is taken from the experimental data in Table 
11. If renal venous samples 13 and 27 were 
allowed to stand until diffusion of PAH from 
cells to plasma has proceeded to the point 
where the ratio in the simultaneously drawn 
arterial sample prevailed, then the observed 
P-4H plasma extractions would be 23 and 
24% respectively, or 28.5% of the observed 
values in this individual with mild rend 
damage. Likewise calculation of RPF would 
be nearly 4 times the true value. 

ConcZusions. (1) Contrary to previous re- 
ports in the literature para-aminohippuric 
acid (PAAH) has been found to “enter” the 
human erythrocyte a t  low and high plasma 
PAH concentrations. ( 2 )  I t  is pointed out 
that PAH plasma extraction will be falsely 
low and renal plasma flow estimation from the 
extraction values will be falsely high unless 
renal venous plasma is separated as soon as is 
possible ,after the blood leaves the kidneys. 
An alternate procedure is to determine the 
whole blood extraction and estimate the 
plasma extraction with the aid of the 
hematocri t. 
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