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Peritoneal absorption of intact red blood cells has been recognized for many 
years (5). I t  has been shown by differential agglutination (3) and hemolysis 
(18), and elliptocyte transfusions (10) in human beings, and by tagging with 
radioiron in dogs (9) that such red cells reach the blood stream intact and 
apparently in normal condition. The cells probably pass through the stomata 
in the peritoneum (1, 2), enter lymphatics, and pass through the thoracic 
lymph nodes without significant phagocytosis (9). 

Experimental ascites produced in dogs by constricting the inferior vena 
cava above the diaphragm has been a useful method of studying ascitic fluid 
production (11-14). I t  has been shown that ascitic fluid protein enters the 
blood plasma from the peritoneal cavity (14). The ascitic fluid produced by 
these dogs usually contains about 0.1 per cent red cells with no detectable free 
hemoglobin. I t  is of interest therefore, to determine whether red cells, as well 
as protein pass out from the peritoneal cavity of these dogs. Red cells with 
radioactive iron incorporated into the hemoglobin,--where it remains as long 
as the cell survives (6, 8) ,--make a convenient tool for this type of study. 
The experiments described below indicate that such tagged red cells rapidly 
cross peritoneal and endothelial barriers and enter the circulating blood in the 
experimental ascitic dog, though somewhat more slowly than in normal dogs. 

Experimental Methods 

The animals used were healthy mongrel dogs. Some months before these experiments an 
aluminum constricting band had been placed about the inferior vena cava above the diaphragm 
as described in detail elsewhere (12), and the subsequent production of ascites had been 
proved. 

The tagged red cells were prepared by injecting donor dogs intravenously with adequate 
amounts of radioiron in gelatin (7). After a suitable period for incorporation of the labeled 
iron into the donors' circulating red cells, blood (50 to 7.5 cc.) was withdrawn under aseptic 
conditions, using heparifi (liquaemin Roche) as an anticoagulant. This whole blood was 

* We are indebted to Eli Lilly and Company for aid in conducting this work. 
:~ Work supported in part by the Office of Naval Research and the United States Atomic 

Energy Commission under contracts with the University of Rochester, N6ori-126, Task VIII 
and W-7401-eng-49. 

599 



600 PERITONEAL ABSORPTION IN ASCITES 

promptly injected into the peritoneal cavity of the recipient animal with experimental as- 
cites. Before infusion both the donor and recipient were typed, 1 and only compatible blood 
was injected to guard against possible hemolysis (19). 

Two tests were performed on each of three recipient dogs. One of these tests was done when 
the animal was on a high protein-low salt diet, and therefore producing minimal ascites (13). 
The high protein-low salt diet was continued during the 3 days of the experiment to ensure 
minimal ascites formation. The other test was performed when the animal was in active 
ascites production. Four days before the injection of the tagged cells, 4 gin. of sodium chloride 
(1 gin. enteric-coated tablets) was given by mouth daily to the recipient dog, in addition to 
the high protein diet. This amount of sodium chloride was continued during the 3 days of the 
experiment to stimulate ascitic fluid formation (13). 

During the 3 day test period in each series of experiments, blood samples (20 cc.) were 
drawn at 6, 12, 24, 48, and 72 hours for determination of the radioactivity in the circulating 
blood. At the end of the 72 hours the peritoneal cavity was emptied as completely as possible 
of its fluid. The fluid was centrifuged and the amount of the administered radioactivity re- 
maining in the peritoneal cavity was determined on aliquots of the separated red cells. At no 
time was there detectable hemolysis in the recipients' plasma or ascitic fluid. 

The experiments were terminated at 72 hours because it was felt that after this interval 
significant amounts of radioiron might begin to appear in the recipients' red cells following 
destruction of aged or injured tagged donated cells with subsequent reincorporation of the 
released radioiron into newly synthesized hemoglobin (4, 17). 

Determinations of the radioactivity of the injected blood and of each of the samples were 
made by the method described by Yuile el al. (20). Blood volumes, using a modified "1"-1824 
dye method (20), were determined prior to or during the course of the experiments. On the 
basis of these determinations, the per cent of injected red cells which was absorbed into the 
circulation was estimated for each periodic blood sample. In animals which had previously 
received radioactive red ceils correction was made for baseline activity. Corrections were also 
made for the radioiron removed in sampling. The dogs were rested 4 to 6 weeks on a high 
protein-low salt diet between experiments. 

EXPERIMENTAL OBSERVATIONS 

The per t inent  da t a  of the three experiments are shown in Table A. Dog 
47-168 which had  had  the vena cava constricted 11 months  previously weighed 
11.1 kilos a t  the t ime of the tagged red cell injection in the control test  (Ex- 
per iment  l -A)  and 11.2 kilos a t  the end of the 72 hour period. The blood volume 
was 1016 cc. The  administered tagged red cells, in 50 cc. whole blood, con- 
ta ined 64,600 counts per  minute  and were given intraperi toneally.  The radio- 
act ivi ty ,  expressed as percentage of the amount  administered,  as i t  appeared  
in the circulation, was 0.0, 8.7, 24.0, 38.2, and 43.4 per cent a t  6, 12, 24, 48, 
and  72 hours, respectively. A paracentesis a t  72 hours yielded 480 cc. of ascitic 
fluid which contained 43.2 per  cent of the injected radioact ivi ty .  Thus 86.6 
per  cent of the original amount  is accounted for, leaving only 13.4 per cent in 
other, inaccessible sites. 

A second test  (Experiment  l -B)  with the animal  act ively forming ascitic 
fluid was performed after  a convenient interval.  A t  the t ime of the intraperi-  
toneal  injection of red cells, the animal  weighed 12.2 kilos and 72 hours later,  

i We are indebted to Dr. R. M. Christian for performing the serological tests. 
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12.6 kilos, indicating an increasing ascitic fluid accumulation. The blood 
volume was 1019 cc. The administered red cells, in 50 cc. whole blood, con- 
tained 53,400 counts per minute. The radioactivity present in the circulating 
blood was 0.7, 0.7, 3.9, 17.4, and 25.9 per cent after 6, 12, 24, 48, and 72 hours 
respectively. A paracentesis at 72 hours yielded 1670 cc. of ascitic fluid con- 
taining 47.0 per cent of the injected radioactivity. Thus 73.0 per cent of the 
administered amount is accounted for. 

Similar data are available for two other ascitic dogs. Dog 12-02 which had 
the vena cava constriction performed 2 months previously weighed 15.1 kilos 

TABLE A 
Passage of Red Cells Labded with Radioiron from the Peritoneal Cavity of Asciti, Dogs into 

Circulation 

Dog 

47-168 

12-02 

47-140 

F . , x p e r -  
i m e n t  

l-A* 
1-B~ 

2-A* 
2-B~ 

3-A* 
3-B~t 

W e i g h t  

0 hr. 72 hrs. 

kg. kg. 

II.I 11.2 
12.2 12.6 

15.1 15.0 
17.6 18.2 

8.9 9.0 
9.4 10.2 

Activity in circulating blood 
Per cent of injected dose 

48 hrs. 

38.2 
17.4 

62.4 
48.0 

52.2 
33.2 

6hrs .  12 hrs. !24hrs .  

i 

! 

0.0 8.7 !24.0 
0.7 0.7 3.9 

I 
1.5 1.0 !25.6 
2.0 10.5 ]26.4 

0.0 12.5 !35.8 
1.2 5.0 120.4 

I 

1 72 hrs. 

I 

143.4 
25.9 

I 
! 67.0 
[ 51.2 

] 56.4 
[ 38.8 

Ascific fluid 
Total re- 
covery of 

Vol- Activ- radio- 
u m e  r e -  active 
moved ity re- red cells ~aining 
at 72 72 h~s. 
hrs. 

Per tens P~r ce~$ 

480 43.2 86.6 
1670 47.0 73.0 

600 12.5 79.5 
1200 5.3 56.5 

260 8.9 65.3 
1800 35.2 74.0 

* A, high protein--low salt diet. Low ascitic fluid production. 
B, high protein diet with 4 gin. of sodium chloride daily. Active ascitic fluid production. 

at the start of the control experiment, and 15.0 kilos after 72 hours, indicating 
low ascitic fluid accumulation during the test (Experiment 2-A). After 6 hours, 
1.5 per cent of the injected radioactivity of 80,500 counts per minute was pres- 
ent in the circulating blood, progressing steadily to 67.0 per cent at 72 hours. 
The 72 hour paracentesis of 600 cc. of ascitic fluid yielded only 12.5 per cent of 
the radioactivity, thus accounting for 79.5 of the administered amount. Ex- 
periment 2-B shows the figures for the same dog in the face of steadily accu- 
mulating ascites. After 72 hours, 51.2 per cent of the injected activity of 
123,500 counts per minute was present in the circulating blood, and 5.3 
per cent remained in the 1200 cc. of ascitic fluid removed at that time. Thus 
56.5 per cent of the injected radioactivity is accounted for. 

In Experiments 3-A and 3-B (Table A) the results of experiments with dog 
47-140 are listed. The vena c~va of this animal had been constricted 3 months 
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FIo. 1. Appearance of tagged red cells and plasma proteins in the circulating blood fol- 
lowing intraperitoneal injection in dogs with experimental ascites. 

previously. While in the control or non-accumulating state, 56.4 per cent of 
injected activity of 87,000 counts per minute was absorbed into the circulation 
in 72 hours, with 8.9 per cent recovered by the final paracentesis which yielded 
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260 cc.; in the stage of active ascitic fluid formation, only 38.8 per cent of the 
injected activity of 80,900 counts per minute was absorbed in a similar 72 
hour period, and 35.2 per cent was recovered by the terminal paracentesis 
which removed 1800 cc. 

The radioactive red cells were present in the circulation in detectable 
amounts after only 6 hours in several instances. The level rose rapidly for 2 
days and then more slowly the 3rd day. 

The effect of active accumulation of ascitic fluid was constant in these ex- 
periments. The animals uniformly absorbed a smaller number of tagged red 
cells when ascitic fluid was being actively produced. 

Fig. 1 presents the data obtained in Experiments 1 and 2 in graphic form. 
A previously published (14) curve of appearance of protein, tagged with C a 
and absorbed into the circulation from the peritoneal cavity, adjusted for total 
plasma volume has been superimposed for comparison. 

DISCUSSION 

It is clear from the data that injected red cells are removed rapidly, but not 
completely, in 3 days from the peritoneal cavity of dogs with experimental 
ascites. The amount (26 to 67 per cent) appearing in the circulation in this 72 
hour period compares favorably with that of normal dogs (25 to 100 per cent) 
(9), though there is a tendency for lower values and slower uptake. However, 
the amount of red cells remaining in the peritoneal cavity (5 to 47 per cent) 
is much higher than in normal dogs, in which the cells have usually disap- 
peared completely from the peritoneal cavity by this time (16). It will be 
noted that dog 47-168, which had the constricting band about the vena cava 
for the longest period (11 months), showed the highest percentage retention. 

It is also of interest to note the rather uniform difference, in terms of per- 
centage, in amounts of radioactivity absorbed when the animals were in a state 
of low ascitic fluid production compared with the active ascitic fluid formation. 
Thus in three experiments 17.5, 15.8, and 17.6 per cent more was found in the 
blood stream after 72 hours when the animal was not actively producing ascitic 
fluid. 

Also of note is the over-all failure to recover 13 to 43 per cent of the in- 
jected radioactivity in either blood or ascitic fluid. Presumably this discrep- 
ancy is due in part to retention of red ceils in the lymphatics, lymph nodes, and 
general reticulo-endothelial system draining the peritoneum. 

The production of ascitic fluid apparently does not seriously interfere with 
the peritoneal stomata so convincingly demonstrated by Alien (1) and Allen 
and Vogt (2). However, it is obvious that the removal of red cells is somewhat 
slower in the ascitic dog, even when not actively producing ascitic fluid, than 
in the normal dog. This may be due in part to the greater dilution of the cells 
by the peritoneal fluid, particularly when the animal is producing large amounts 
of ascitic fluid. The effect of continued ascites on the peritoneum, as noted in 
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some of the experimental ascitic dogs already sacrificed (12, 13), is a thicken- 
ing and formation of many adhesions particularly in the area of the diaphragm 
where the absorption of particulate matter is most rapid. I t  may be that this 
long continued ascitic accumulation with its attendant chronic inflammatory 
manifestations may impair the normal absorptive mechanism sufficiently to 
account for the observed discrepancy between ascitic dogs and normal dogs. 

A comparison of the red cell absorption and protein absorption curves re- 
veals an early rapid rise in the amount of protein appearing in the circulation, 
which reaches a plateau in 12 to 24 hours, while the red cell curve rises more 
slowly at first and approaches a plateau after 48 hours. The difference in these 
curves for protein and red cell uptake from the peritoneum may well be re- 
lated to the rapid removal of the plasma protein from the circulation after 
parental administration (15), as well as subsequent replacement in the peri- 
toneal cavity by untagged protein (ascitic fluid circulation) (14). Thus, though 
the tagged protein is transferred more rapidly into the circulation, it does not 
build up as high a percentage concentration, because of diffusion into extra- 
vascular spaces and tissue ceils. The red ceils are removed more slowly from 
the peritoneum and except for obsolescence remain in the circulation. 

SUMMARY 

Intraperitoneal injection of red cells tagged with radioiron into dogs with 
experimental ascites demonstrated that such cells were rapidly transferred 
into the circulating blood. 

When the experimental animals were not actively producing ascitic fluid, 
43.4, 67.0, and 56.4 per cent respectively, of the administered radioactive 
red ceils passed to the blood in 72 hours. In the same three dogs during active 
ascitic fluid formation, 25.9, 51.2, and 38.8 per cent of the administered radio- 
activity was removed in a similar period. 

The amount of radioactivity in the blood stream, consequent on the passage 
of red cells from the peritoneal cavity into the circulation, becomes nearly 
constant in 48 hours, whereas for radioactive plasma proteins the plateau is 
attained in 24 hours (Fig. 1). 

In normal dogs (16), the passage of red ceils from the peritoneal cavity was 
complete in 72 hours, while in ascitic dogs, 5 to 47 per cent of the injected 
tagged red cells remained behind in the peritoneum after the same period. 
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