
648 SPLESTC KHC A N D  PLASMA TRANSIT 

D. L., PROC. SOC. EXP. Bror.. ASD Mm., 1958, ~ 9 8 .  
820. 
9. Seligman, M.. Rev. Frau.  d ' r f d r . ~  c'lia. (q B ~ O I  , 

1958, v3, 558. 
10. Robbins, LV. C., Holman, H. I<., IIcichcr, H.. 

Kunkel, H., PROC. Soc. ESP. 131o1,. .w) Mm., 195;. 
v96, 5 7 5 ;  Carlson, L. A., Mollerberg, H., J .  Lab. Clin. 

Mpd.,  1958, vjl, 53. 
11. Frious, G .  J. ,  Finch, S. C., Detre, K. D., J. 

lw)1itiizo1., 193'S, v80, 324; Holman, H R., Kunkel, 
H., Science, 1957, v126, 162. 

As, Godman, G. c.9 J .  Erp-  Me& 
19-57, v106, 607. 
Received September 9, 193'8. P.S.E.B.M., 1958, v99, 

12-  Rifkind, 

-_.__--- 

Red Cell and Plasma Transit Through Spleen: the Splenic Hematocrit." 
(2443 9) 

ANTHONY J. SLIWINSKI + AND IAWREKCE S. LILIENFIELD~ 
(Introduced by John C. Rose) 

C'ardiovaxritlar R ~ s ~ a r c h  Laboratory ,  aiiti D a p t ! .  of Medicine and  Phys io logy ,  Georgetown 
I - n k ~ r s i t ~  illtdical ('vittur, Washington, D. C.  

Considerable interest in the physiology of 
the spleen has been shown since Barcroft and 
co-workers ( 1-6) showed its importance as 
a reservoir for red blood cells. This function 
has been confirmed by Haam(7) and Rramer 
(8) .  Iiramer concluded on effect of hypo\ia 
on sjvsteniic hemoglobin content and splren 
weight, that the spleen consists almost en- 
tirely of packed red cells. Keeve(9) postu- 
lated from P3? blood volume determinations 
that the spleen concentrates red blood cells. 
Everell (1 0) calculated splenic heniatocrit in  
rats, after allowing 1 5  minutes for red cell 
mixing with injected labeled red cells. He 
cound the hematocrit to lie 46.9 in fenialc 
rats and 50.7 in the males. These values 
would raise a question when compared to 
Kramer's (8)  conclusion that the spleen con- 
sists almost entirely of packed red cells. How- 
ever, Barcroft ( l ) using CO. had previously 
demonstrated that 30 to 90 minutes elapses 
before the general circulation and general 
mass of hemoglobin in the spleen acquire the 
same CO content. This indicates that per- 
haps Everell did not allow sufficient time for 
red cell mixing to occur. The foIlowing es- 
periments were designed to determine the time 
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necessary for equilibrium to be reached be- 
tween general systemic circulation and splenic 
venous outflow. This enabled calculation of 
niean transit time of plasma and red blood 
cells and provided data from which the splenic 
hematocrit could be determined. 

J/r thods.  Eight healthy mongrel dogs 
weighing 9 to 1 2  kg were anesthetized with 
sodium pentobarbital, 2 5 mg/kg. A generous 
midline abdominal incision was made and the 
spleen exposed. One of the large splenic 
veins was dissected free,, care being taken that 
adequate collateral venous drainage was left 
intact. This vein was incised and a poly- 
ethylene catheter tied into the proximal seg- 
ment. The free end of the catheter contained 
a stopcock. Similar polyethylene catheters 
were inserted into the femoral artery and 
femoral vein. In  6 experiments, aortic pres- 
sure was monitored with a mercury manome- 
ter connected to the femoral arterial catheter. 
Twelve ml of a saline suspension of the dogs' 
red cells previously tagged with approximately 
500 microcuries of CrZ1 and washed free of 
i i n ~ y  estracorpuscular Crs1 activity was mixed 
with 125 microcuries of Ir"l tagged human 
seruni albumin. Tn one experiment, 
gamma globulin was used instead of 
stfruiii albumin. 'This mixture was then in- 
jected Over an 8 to 10 second period into the 
femoral vein. From the start of injection 
until 5 minutes later, femoral arterial blood 
and splenic venous blood was collected con- 
tinuously a t  30 second intervals into paraf- 
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TABLE I. Splciiic Red Cell and Albuniin Transit Times in 8 Dogs. 

Arterial B. P. 

Zero Equil. (mii1.j llct. Het. spl. / Hct. 
t.iine time Red cell Ylasuicz Red cell T, Pliisiiia T, Y'J'l',, 1.v.t spl. 1 1.v. 

(mg/Hg) Equil. tiiiie (mill.) Mt3ait t,r;itisit t i i i i ( >  Hct. 

87.5 32.5 
87.5 15.0 

140 118 26.0 3.8 
128 100 56.0 4.0 
108 96 62.5 15.0 
114 100 47.5 27.5 
140 6 1  85.0 31.0 
125 75 22.5 3.5 

Avg 59.3 16.5 

39.82 
34.03 

6.8 
11.16 
18.54 
9.41 

26.4 
6.52 

19.09 

5.29 
8.28 

.72 
1.01 
4.41 
2.43 
6.90 

.98 
3.75 

7.53 49.5 88 1.8 
4.1 3 1  65 2.1 
9.44 46 89 1.9 

11.04 42 89 2.1 
4.20 38 72 1.9 
3.87 37 70 1.9 
3.82 36 68 1.9 
6.65 38 80 2.1 
6.33 39.7 77.6 1.96 k.12: 

* Iml gamma globulin used iiistcad of IlS1 serum dbumin. 
t Hat. 1.v. was determined by eentrifugatioii of arterial blood. $ -I: stand. dcv. 

fined test tubes containing dried heparin so- 
lution. Intermittent samples were then col- 
lected every 5 minutes until 30 minutes had 
elapsed and thereafter every 10 minutes until 
2 hours had elapsed from the time of injec- 
tion. (Only experiments in which splenic 
venous catheter blood flow remained constant 
during the collection period were utilized in 
this study.) Following collection of the sam- 
ples, 0.5 ml aliquots of whole blood were 
pipetted into glass vials. These were centri- 
fuged and the red blood cells washed 3 times 
with normal saline, care being taken not to 
remove any of the red cells. The CraT1 activ- 
ity of these washed aliquots were counted in 
a well-type scintillation counter, and the ac- 
tivity expressed as Cr:' counts per ml whole 
blood. The remaining blood in the collection 
tubes was centrifuged and 0.3 ml aliquots of 
the supernatant plasma were counted in a 
similar manner, the activity being expressed 
as II3' counts per ml plasma. From the Cr51 
counts per ml in each sample and its time of 
collection (corrected for collecting system 
catheter delay and using the midpoint of the 
injection period as zero time), a red cell con- 
centration vs. time curve was constructed for 
arterial and splenic venous blood. From the 
plotted curve, equilibrium time and equilib- 
rium concentration were determined. From 
this data the red cell mean transit time was 
calculated employing a formula modified from 
the method of Bradley and co-workers( 11) 
for estimating splanchnic blood volume. 
Mean transit time was taken as equal to the 
difference between mean arterial and venous 
concentrations from zero time to equilibrium 

time divided by equilibrium concentration. 
Similarly, plasma albumin mean circulation 
time was determined from the arterial and 
venous I I3 '  counts. The hematocrit of the 
spleen was calculated directly from the ratio 
of mean transit times and large vessel hema- 
tocrit employing the formula previously de- 
rived by Lilienfield and co-workers ( 1 2,13 ) . 

Results. The time for red cell equilibrium 
to be reached between the splenic vein and 
femoral artery was longer in all experiments 
than the time for plasma equilibrium to occur. 
Average time for red cell equilibrium was 59.3 
minutes (22.5 to 87.5). Average time for 
plasma equilibrium was 16.5 minutes (3.5 to 
32.5). Red cell mean transit time as calcu- 
lated by the above formula was 19.1 minutes 
(6.8 to 39.8). Plasma albumin mean transit 
time was 3.8 minutes (0.7 to 8.3). 

Average hematocrit of the spleen was cal- 
culated as 77.6 (65 to 88). Ratio of splenic 
hematocrit to large vessel hematocrit aver- 
aged 1.96 t .12 (S.D.). 

Discussion. Sodium pentobarbital was 
chosen as the anesthetic agent because it 
causes relaxation of the spleen(l4). I t  was 
thought that it would prevent the reflex con- 
traction induced by the trauma associated 
with catheterizing the splenic vein and more 
closely simulate the physiological status of the 
spleen in the intact animal. For this same 
reason, care was taken to insure adequate 
splenic venous drainage when the splenic vein 
was catheterized. 

The method of determining splenic hemato- 
crit from transit time data requires that the 
blood flow remain constant. In  4 of the ex- 
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periments the arterial pressure fell from 12.5 
mni Hg to 105 iiim Hg. This fall was con- 
sidered insignificant so that a constant blood 
flow during this period could be assumed. 

However, in 2 experiments, the fall was 
from 130 mni Hg to 70 mm Hg a t  the time of 
red cell equilibrium. The results obtained 
from these esperiments did not significantly 
differ from the others. therefore. the data were 
considered valid. I t  appears that the splenic 
blood flow remains rather constant over a 
wide range of blood pressure variations in 8 
pen to barbi tal anesthetized dog. 

The wide range of times (22.5 to 87.8 niin- 
utes) required for red cell equilibrium to 
occur agrees well with Barcroft's( 1 )  deter- 
minations that 30 to 90 minutes are required 
for red cell equilibrium in the spleen. This 
\vould indicate that a longer time than the 
usual 20 minutes should be used when deter- 
mining blood volumes in dogs with Vr:' 
tagged red blood cells. Tt would probably be 
best to use the upper limit of 90 minutes to 
insure adequate time for red cell mixing. The 
low splenic hematocrit figures obtained by 
Everell(9) were most likely the result of not 
permitting sufficient time for equilibrium. 

It  is notable that in this study the splenic 
hematocrit was very nearly twice the large 
vessel heniatocrit (average 1.96 _+ .12 S.D.) 
over a range of arterial heniatocrits from 3 1  
to 49.5. This supports the contention that 
the dog spleen contains red cell concentrated 
blood. 

Summary. Five-hundred microcuries Cr.?' 
tagged red blood cells and 1 2 5  microcuries 
11:31 tagged seruni albumin was injected into 
8 sodium pentobarbital anesthetized dogs and 
blood samples collected siniul taneously from 
the femoral artery and splenic vein. Time for 
red cell equilibrium was 59.3 minutes (22.5 to 

87.5 minutes). Plasma equilibrium time was 
16.5 minutes (3.5 to 32.5 minutes); red cell 
mean transit time was 10.09 minutes (6.8 to 
39.82 minutes). Plasma mean transit time 
was 3.75 minutes (0.72 to 8.28 minutes). 
Average hematocrit of the spleen was 77.6 (65 
to 88) .  Ratio of splenic hematocrit to large 
vessel hematocrit was 1.96 t .12  S.D. over a 
range of arterial hematocrits from 31 to 49.5. 
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