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Summary 

The relative rates of fluid and protein absorption 
from the peritoneal cavity of anesthet ized cats were 
measured over 6 homs at an intraperitoneal pressure 
of 15 mm Hg and with intraperitoneal protein 
concentrations from 1- 8 g%. The fractional ab­
sorption rates o f fluid and protein did not change 
s.ignj[jcanlly over the 6 hours and were not signifi­
cantly different from each other within each one 
hour period. In addition both fractional absorpt ion 
rates were unaffected by the protein concentration 
of the fluid within the peritoneal cavity. Although 
the absolute rate of absorption is greatly increased 
by elevation of the intraperitoneal pressure, these 
data indicate that the process remains iso-<>ncotic 
as would be expected for lymphatic rather than 
transcapillnry absorption. 

In troduc rion 

When the intraperitoneal pressure is low in 
the absence of ascites, there is evidence that 
fluid is absorbed from the peritoneal cavity 
via the diaphragmatic lymph vessels (1, 2, 3 , 
4). However, recent work (5 , 6) has shown 
that the absorption rate is greatly increased 
when the intraperitoneal pressure is elevated 
and it is possible that the capillary circulation 
of the peritoneal membranes participates in 
the absorption process under these conditions. 
The presen t experiments have examined the 
relative importance of lymphatic and trans­
capillary absorption processes by monitoring 
the rates of fluid and protein removal when 
the pressure was artifically elevated within 
the peritoneal cavity of cats. 

Methods 

Eighteen cats ( l .9- 4.5 kg) were anesthe tized 
by intraperitoneal injection of sodium pen­
tobarbital (30 mg/kg) and supplementary 
doses (2 mg/kg) were administered intra­
venously as required . The trachea was can-

nulated and the bladder catheterized. Mean 
arterial pressure was recorded from the right 
femoral artery and abdominal venous pressure 
from a catheter in the inferior vena cava. 
Pressures were recorded relative to the right 
atrium (P23 transducers, Statham Instruments) 
and all recordings were displayed on a 
Beckman Type RM dynograph. 

As previously described (5), the rate of 
intraperitoneal fluid absorption was measured 
with a servo-controlled plethysmograph 
designed to record volume changes without 
compliance artefacts caused by variations of 
the hydrostatic pressure (7). A length of 
silastic tubing, connected to the plethysmo­
graph, was inserted into the peritoneal cavity 
and the abdominal wall was closed to form an 
air-tight seal. The abdomen was then enclosed 
with a plaster cast so that the peritoneal 
cavity functioned as a rigid plethysmographic 
chamber. In the present s tudy two addi tional 
silastic tubes were also present in the 
abdomen to allow continuous circulation of 
the intraperitoneal fluid through the flow cell 
of a gamma spectrometer (Intertechnique 
CG30). This allowed the protein reabsorption 
rate to be monitored using radioactive labelled 
albumin. 

At the start of each experiment the intra­
peritoneal pressure was raised to 15 mm Hg 
by filling the peritoneal cavity with a known 
volume of Ringer-Locke solution containing 
from 1.4- 8.0 g% bovine serum albumin 
(Grade V, Sigma Chemical Co.). The initial 
protein concentration was varied randomly in 
different experiments and the plethysmograph 
fluid which entered the peritoneal cavity to 
replace the absorbed fluid was always protein­
free resulting in a progressive decrease in in tra­
peritoneal protein concentration during the 
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ex!Jeriment. In 12 cats lhe absorption of 
protein from the peritoneal cavity was studied 
by adding electrolytically labe lled 1 2 5 !-bovine 
se:~:n albumin (8) to the in Ira peritoneal 
fluid so that the radioactive content 
averaged I 5000 CPM/ ml. In the other 
6 ammals, the movement of protein into the 
peritoneal cavity was studied by injecting an 
aliq•J'Jt of labelled protein in lravenously to 
give a plasma radioactive content of about 
60000 CPM/ml. In each experiment one hour 
was E.uowed for equilibration after opening 
the plethysmograph , and subsequen tly , the 
rate c:f'Juid removal and protein removal or 
entry were followed for 6 hours. Samples of 
the plasma and intraperitoneal fluid were 
obtaiP." _at hourly intervals and these were 
analysed for total protein content using the 
assay of Lowry et al (9). 

Calculations 

Fig. I shc,vs the rates of intraperitonea l 
fluid absorption and the radioact ivi ty changes 
observed :!ui·ing 6 hours of a typical 
experiment. Both parameters were recorded 
on a minute-to-minute basis but the data were 
averaged fc! one hour periods. Since the intra­
peritoneal fluid volume and radioactive 
content wr;··~ :mown , the rates of fluid and 
protein absorption were calculated according 
to their fractional rates of removal: 
Fractional . 
nu·d b absorpllon rate (ml/ min) 

I a SOrp· = 
tion rate intraperitonea l vo lume (ml) 

Fractional . . . 
pro tein ab- = radtoacttvtty re mova l rate (CP111/ min) 

sorption rate '·,!r~ peritoneal radioactivity (CPM ) 

When the radioactive protein was present in 
the pl.asma (6 ~··periments), the rate of 
protem entry to the peritoneal cavity was 

120 
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80 ABS. 
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40 
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Fig. I Cumu lative nuid a bsorption and 
change in intraperitoneal pro te in con· 
ccn tratio n as shown by the decline in 
radioactiv ity over 6 hours of a typica l 
experiment. 

calculated in Mg/ min on the basis of the 
plasma and intraperitoneal radioactive content 
and the plasma protein level as determined by 
the Lowry assay. 

Pooled data were analysed by random design 
one- way analysis of variance in conjunction 
wi th Duncan's test of mul tiple comparisons. 
Other statistical tests are mentioned where 
appropriate in the results. 

Results 

In the J 8 experiments mean arterial pressure 
was 128 ± 5 mm llg (mean ± S. E.) at the 
start and 110 ± 6 mm Hg at the end of the 
6 hour recording period. Mean intraperitoneal 
pressure was 15 ± 0.4 mm Hg and me:m 
inferior vena cava pressure was 16 ± 0.4 mm 
Hg. These pressures did not change significantly 
during the course of the experiments. The 
mean volume of intraperitoneal fluid was 
J 26 ± lO ml and the mean rate of its absorp­
tion was 0.27 ± 0.02 ml/ min . Mean plasma 
protein concentration was 8 .7 ± 0.45 g%. 

Jn the 12 experiments in which flu id and 
protein absorption from the peritoneal 
cavity were studied, the fractional fluid 
absorption rate averaged 2.09 x lO -3 ± 0.08 x 
I 0 -3

. As shown in Fig. 2, there were no 
significant differences of the rates which were 
calculated for each of the six I hour periods. 
Since the intraperitoneal protein concentra­
tion was variable at the pleU1ysmograph 
throughout the absorption period. it could 
also be shown that the rate of fluid absorption 
from the peritoneal cavity was unaffected by 
the protein concentration of the intra­
peritoneal fluid. 

In the same 12 cats, the fractional protein 
absorption rates were calculated for each of 
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Fig. 2 Fractional absorption rates for Ouid and 
pro te in fo r the six I hour recording periods. 

the six I hour periods. A.s wiU1 the fluid 
absorption data, the protein rates did not 
differ significantly from each other, indicating 
that the fract ional protein absorption 
remained constant throughout the experiment. 
Moreover, this rate averaged I .86 x 10 -J 

± 0.12 x 10 -J which was not significantly 
different from the mean fractional Ouid 
absorption. This equivalence of the fractional 
rates of Ouid and protein absorption was 
examined more closely by a paired compari­
son of the two rates calculated for twelve 
to thirty minute periods in each experiment 
(n = 144). This analysis al so showed :10 

significant difference of the protein and Ouid 
absorption rates (p > 0.05). 

In Fig. 3 the fractional absorption of protein 
is shown as a function of the intraperitoneal 

3 

protein concentration as calculated from the 
intraperitoneal Ouid radioactivity and 
con finned by direct analyses of total protein 
concentrations. There were no significant 
differences of protein absorption for intra­
peritoneal protein concentrations that ranged 
from I to 8 g%. This indicates that the 
fractional absorption of protein is independent 
o[ the concentration of protein in the intra­
peritoneal fluid . 

For each experiment the actual rates of 
protein absorption were also calcu lated in 
fJg/min on the basis of the known protein 
concentration of the intraperitoneal Ouid 
and the fractional absorption rate. A correla­
tion analysis of these data, based on 
30 minute recording periods, is shown in 
Fig. 4. The correlation coefficien t of 0.59 
(p < 0.00 I) indicates that there is a signifi­
ca nt relationship of the protein absorption 
and the intraperi toneal protein concentration. 
For the 6 experimen ts which examined the 
transfe r of protein in the opposite direction , 
there was no significant correlation of the rate 
of protein entry and the intraperitoneal 
protein concentration (r = 0.22, p > 0.05). 
More importantly, the rate of entry of protein 
was very low in relation to the rate of protein· 
absorption (Fig. 4). The mean rate of protein 
en try was 0.98 ± 0.08 mg/min which is 
equivalent to a total entry of only 350 mg 
protein throughout the 6 hour period of the 
experiments (range 100- 460 mg). 

Discussion 

The intention of this study was to examine 
the na ture of intraperi toneal fluid and protein 
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Fig. 3 F ractional absorpt ion rates for 
protein at different intraperi to neal pro­
tein co nccntrat ions. 
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absorption when the intraperitoneal pressure 
was increased to abnormal levels. Nevertheless, 
any CGI;c.Jusions must be considered wiU1 the 
realization that the experiments were 
condu '::ted with animals that were physi­
ologically normal. The pathological processes 
which give rise to ascites by the transudation 
of flu id and protein from the splanchnic 
and/or hepatic circulation were absent. Thus 
only t he absorption process was investigated. 
In tllis contex t it is important to note that 
ilie six experiments which studied protein 
transL :~om the blood to the peritoneal 
cavity were designed to discount the possibili ty 
of recirculation of tl1e radiolabelled protein 
which was administered intraperitoneally in 
ilie other 12 animals. The observed turnover 
rates ···.~ much lower than would be expected 
if ascites was actively being formed ( I 0). The 
use of this technique also assumes that 
purifh::..., iJdiolabelled bovine serum albumin 
enters and leaves the peritoneal cavity at 
rates s;!'ilar to the transfer of unlabelled 
albumin . The validity of this assumption is 
supported by the agreement of the protein 
concc;; , _t ions as determined by the radio­
active measuremenls and the Low1y assay. 

The re:.i.:ts of this study indicate that protein 
is absorbed from the peritoneal cavity in an 
equal f :~;ortion to the absorption of fluid . 
Throughout the experiments the frac tional 
rate of pro tein absorption was not signifi­
cantly L:.,fe rent from the fractiona l rate of 
fluid absorption . Furthermore, both rates 
were j-. ··:1endent of the concentration of 

protein in the peritoneal cavity which suggests 
iliat the removal process involves iymphatic 
absorption rather than transcapillary absorp­
tion. The observation of iso-oncotic removal is 
ilius consistent wiili the hypothesis of Courtice 
et al (3 , S) that absorption occurs via the 
lymph vessels of the diaphragm. 

The ascites that accumulates in advanced 
cases of cirrhosis has a low protein content. 
If cirrhotic patients reabsorb ascites in a 
manner similar to the absorption studied in 
ilie present experin1ental model , it is clear 
that the reabsorption process could not be 
responsible for dilution of the intraperitoneal 
protein . The source of ascites must be a 
fluid with a protein content corresponding to 
that of the intraperitoneal fluid . 
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