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Normal saline may promote formation of
peritoneal adhesions
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Abstract: Background: Normal saline is commonly used for rinsing the abdominal cavity and many surgeons claim
that it is not harmful to peritoneum. We found in patients treated with laparoscopic surgery, that mean 25% of
the instilled fluid is not drained and dwells in the abdominal cavity. Therefore we evaluated changes of the saline
biocompatibility during its dwell in the rats abdominal cavity. Methods: In 10 anesthetized rats normal saline were
instilled into the abdominal cavity and samples of the dwelling solution were collected every 30 minutes, for 4
hours. Inflammatory parameters and effect of the collected samples on in vitro cultured rats mesothelial cells were
studied. Results: Low pH of the saline was normalized, but number of cells and % of macrophages and eosinophils,
as well as elastase activity and MCP-1 and TGF-B concentration increased, proportionally to the dwell time. Fluid
samples tested ex-vivo suppressed proliferation of the mesothelial cells and induced biphasic (stimulation/inhibi-
tion) effect on synthesis of MCP-1 in these cells. Similar pattern of release was observed for TF, whereas synthesis
of t-PA in the mesothelial cells was strongly suppressed. Conclusions: Mesothelial cells exposed in vivo to normal sa-
line dwelling in the abdominal cavity acquire properties which may accelerate formation of the peritoneal adhesions.
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Introduction

One of the potential complication of the surgi-
cal procedures is formation of the peritoneal
adhesions. Therefore during surgery all precau-
tions are taken to reduce damage to the tis-
sues and to wash-out residual blood, clots and
tissue debris. There is no standard solution
used for that purpose and often 0.9% NaCl
solution, called normal saline is used for that
purpose. We found in our previous in vitro stud-
ies, that normal saline induces oxidative stress
in the mesothelial cells with subsequent
release of tissue factor [1]. Buffered solutions
such as Earles or Hanks solutions are more bio-
compatible for mesothelial cells than normal
saline [2].

The main criticism of the in vitro experiments
on the mesothelial cells is that contrary to in
vivo conditions exposure of the cells to the test-
ed fluid is long and its composition is steady.
Critics of the in vitro experiments claim that
during rinsing of the abdominal cavity fluid

stays in the peritoneal cavity only for a short
period of time and afterwards is removed and
additionally, instantly after infusion its composi-
tion is changing. However due to anatomy of the
abdominal cavity it is not probable that all fluid
instilled into the peritoneal cavity can be
drained out and one can assume that some
fluid is left between the intestinal loops, spe-
cially it can drain down by gravity to the lowest
areas of the abdomen. Changes of the fluid
composition during its dwell in the abdominal
cavity not necessarily make it more biocompat-
ible. Normal saline solution has nonphysiologi-
cal concentrations and ratio of sodium and
chloride, its osmolality is slightly higher than
osmoality of the body fluids and its pH is strong-
ly acidic. Despite the fact that cytotoxic effect of
0.9% NaCl solution was described already in
the very beginning of the 20th century [3], it is
still considered as the physiological solution.
However even in conditions of the peritoneal
dialysis, when the infused dialysis fluids dwell in
the peritoneal cavity for at least 4 hours, use of
0.9% NaCl as the dialysis fluid does not prevent
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Figure 1. Changes in pH, total protein concentration, cell count and elastase activity in 0.9% NaCl solution dwelling

in the peritoneal cavity of rats during 240 minutes.

peritoneal injury and it is even stronger than in
presence of hypertonic fluids [4, 5].

The goal of the present study was description
how composition of the 0.9% NaCl solution is
changing during its dwell within the abdominal
cavity and how these changes affect biocom-
patibility of that fluid.

Material and methods

The experimental protocol was approved by the
Animal Ethics Committee of the author’s insti-
tution. Study was performed on 10 male rats
with a mean body weight 388 + 22 g. Anesthesia
was induced with ether and maintained with
neuroleptoanalgesia fentany 10,004 mg/100
gr. and droperidol 0.2 mg/100 gr. After shaving
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the abdomen, which afterwards was covered
with sterile adhesive 3M Tegaderm™ Medical-
Surgical Division, (St. Paul, USA), abdominal
cavity was opended with 2 cm midline incision.
Then 30 mL of the sterile 0.9% NaCl solution,
preheated to 37°C was instilled into the perito-
neal cavity. The opening of the abdominal cavi-
ty was temporarily closed with sterile clamp.
Every 30 minutes the abdomen was reopened
and 2 ml of the fluid sample were collected for
further analysis.

Studied fluid parameters

Cell count and differential count were evaluat-
ed in fluid samples. Also pH of the fluid was
measured. Protein concentration in the fluid
was measured with Lowry method [6] and elas-
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Figure 2. Changes in percentage of macrophages, neutrophils, lymphocytes and eosinophils in 0.9% NaCl dwelling
in the rats peritoneal cavity up to 240 minutes, compared to empty peritoneal cavity (Time O minutes).

tase activity with a colorimetric method using
substrate N-t-BOC-L-alanine-p-nitrophenyl es-
ther (Sigma Chemical Co) [7]. Additionally con-
centrations of MCP-1, VEGF and TGF-B were
measured in the fluid samples with commer-
cially available ELISA kits from Biosource
Europe S.A. (Nivelles, Belgium).

In vitro testing of the fluid samples

Fluid samples obtained 30’, 60’, 120’ and 240’
after intraperitoneal infusion of the 0.9% NaCl
solution were tested in vitro on primary cultures
of the rat’s peritoneal mesothelium. Cultures of
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the mesothelial cells were obtained from rats in
which, under ether anesthesia, abdominal cav-
ity was treated during 30 minutes with trypsin
0.05%-EDTA 0.02% solution. Detached cells,
floating in the trypsin solution were spun,
washed twice in culture medium M199 supple-
mented with 10% fetal calf serum- FCS (GIBCO,
Invitrogen Life Technologies, Paisley UK).
Afterwards the cells were cultured at 37°C in
5% CO, atmosphere, in 25 cm? culture flasks
(Nunc A/S, Denmark) until their monolayer was
established. Then mesothelial cells were har-
vested with trypsin 0.05%-EDTA 0.02% solu-
tion, washed with medium M199 + 10% FCS
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and reseeded into 48-wells culture clusters
(Nunc A/S, Denmark). Effect of the fluids sam-
ples on the in vitro growth of the cells and on
synthesis of MCP-1, t-PA and Tissue Factor (TF)
by mesothelial cells treated with the fluids sam-
ples were studied. Concentration of t-PA was
measured with ELISA kit from Oxford Biomedical
Research (Rochester Hill, MI, USA). Con-
centration of TF was measured with ELISA kit
from American Diagnostic Inc. (Stamford, CT,
USA).

For growth experiment cells were seeded into
48-wells cluster at density 2.5 x 10*/well and
after 18 hours culture medium was removed
from the wells and replaced with culture medi-
um or culture medium mixed 1:1 (v/v) with 0.9%
NaCl or 0.9% NaCl samples collected after their
abdominal dwell ( pH of all samples was adjust-
ed to 7.4). Additionally 3H-methyl-thymidine was
added to each well to get its final concentration
1 p Ci/mL. After 24 hours incubation cell were
harvested from the wells with trypsin 0.05%-
EDTA 0.02% solution, precipitated with 20% tri-
chloroacetic acid (TCA). The cells precipitate
was washed twice with TCA and afterwards
lysed in 0.1 NaOH. Radioactivity of the cells
lysate was measured in a B-scintillation coun-
ter. Incorporation of the radiolabelled 3H-methyl-
thymidine into DNA of the growing cells was
used as an index of their proliferation.

Synthesis of MCP-1, t-PA and TF in mesothelial
cells was studied in the cells monolayer, which

8831

TGP [pgni]

35+
30+
25
20 -
15 4

‘22,:5 Ill

p<0.05

Figure 3. Concentration of monocyte themoattrac-
tant protein-1 (MCP-1), transforming growth factor
B (TGF-B) and vascular endothelial growth factor
(VEGF) in the 0.9% NaCl solution dwelling in the rats
peritoneal cavity up to 240 minutes.

were exposed to culture medium or to culture
medium mixed 1:1 (v/v) with 0.9% NaCl or with
the studied 0.9% NaCl samples collected after
their abdominal dwell ( pH of all samples was
adjusted to 7.4). After 24 hours incubation
supernatant was collected from the wells and
stored at -80°C, for measurement of MCP-1,
t-PA or TF. Cells were lysed with 0.1N NaOH and
total protein concentration in the cells lysate
was measured with Lowry method. Release of
MCP-1, t-PA or TF from the cells was expressed
per amount of cell protein.

Results are presented as mean * SD. Analysis
of the results was performed with Friedman
test or with Kruskal-Wallis test with post hoc
analysis with Dunn’s test. A p value 0.05 was
considered statistically significant.

Results

Composition of the intraperitoneally instilled
0.9% NaCl solution was gradually changing dur-
ing its dwell in the abdominal cavity, although
these changes were not very rapid. Value of the
fluid’s pH was still acidic until the 2nd hour of
its dwell in the abdominal cavity (Figure 1). At
the same time fluids protein concentration,
elastase activity and cell counts were gradually
increasing (Figure 1). Concentrations of sodium
and chloride were gradually decreasing reach-
ing after 4 hours mean concentration of 142.1
+ 5.0 mmol/Land 120.9 + 6.2 mmol/L, respec-
tively. Concentration of potassium reached
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Figure 4. Proliferation of in vitro cultured rat mesothelial cells (A) and synthesis of MCP-1 in these cells (B) when
exposed to standard culture medium, medium mixed with 0.9% NaCl (1:1, v/v) or with samples of 0.9% NaCl solu-
tion obtained after their dwell in the rats abdominal cavity up to 240 minutes.

after 4 hours mean value of 4.1 + 0.4 mmol/L.
There was not only increase in cell count but
also differential count was changed: as com-
pared to the empty abdominal cavity amount of
macrophages and eosinophils was increased,
whereas percentage of neutrophils and lym-
phocytes was reduced (Figure 2). Concentration
of MCP-1 and TGF-B in the dwelling fluid was
gradually increasing over the time, but there
was no significant change in VEGF level (Figure
3).

Fluid samples obtained after various time of
dwell in the peritoneal cavity were tested on the
rats mesothelial cells maintained in in vitro cul-
ture. They suppressed proliferation of the
mesothelial cells and that effect was propor-
tional to the dwell time (Figure 4A). Synthesis of
MCP-1 was initially stimulated by collected fluid
samples, with the maximal effect observed
with samples obtained after 60 minutes dwell,
but that effect was decreasing when samples
obtained after longer dwell were tested (Figure
4B). Collected fluid samples stimulated release
of TF from the mesothelial cells and that effect
was the strongest with unused 0.9% NaCl fluid,
but was still increased (+ 38%, P<0.05 vs.
medium) with saline samples collected from
the abdominal rats cavity after 120 minutes
dwell (Figure 5A). Exposure of the mesothelial
cells to 0.9% NaCl strongly suppressed release
of t-PA (-58%, P<0.001, vs medium) and that
effect was even stronger with the fluids sam-
ples collected after intraabdominal dwell of
saline up to 240 minutes (Figure 5B).

Discussion

Normal saline is routinely used for washing the
abdominal cavity. Despite its unphysiological
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composition potential side effect of its use are
neglected because it is often assumed that
instilled solution is removed from the peritone-
al cavity within minutes since its infusion.
However total drainage of the instilled fluid is
not always possible and one can assume that
some volume of that solution dwells longer in
the abdominal cavity. We estimated, based on
observations done in 45 patients undergoing
laparoscopic surgery, that mean 25% of the
infused solution is not drained from the abdom-
inal cavity and probably undergoes gradual
absorption. Results of our study show, that
composition of the 0.9% NaCl fluid is changing
during its dwell in the abdominal cavity, howev-
er these changes are not rapid and its pH is
acidic even 2 hours since its infusion.
Additionally activity of elastase increased in the
dwelling fluid, what reflects intraperitoneal
inflammatory reaction. Solution dwelling within
the peritoneal cavity is enriched with cells
migrating from the blood stream. Observed
increased in percentage of eosinophils is sug-
gesting peritoneal allergic reaction, observed
also in some patients at the beginning of treat-
ment with peritoneal dialysis [8]. In previous
studies in animals it was shown that saline
lavage of the abdominal cavity induces eosino-
philia in animals [9]. Hellman et al. found that
recruited eosinophils in peritoneal dialysis fluid
demonstrate altered phenotype, showing signs
of activation [10]. Edelstam et al. suggested
that increased number of eosinophils in the
peritoneal cavity is a potential factor to forma-
tion of the peritoneal adhesions [11].

In the 0.9% NaCl fluid dwelling in the peritoneal
cavity during 4 hours significant increase of
MCP-1 and TGF-B was observed (Figure 3). In
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Figure 5. Release of TF (A) and t-PA (B) from the mesothelial cells in in vitro culture exposed to standard culture
medium, medium mixed with 0.9% NaCl (1:1 v/v) or with samples of 0.9% NaCl solution obtained after their dwell
in the rats abdominal cavity up to 240 minutes.

women with endometriosis there was a signifi- enhanced release by these cells of TF (Figure
cant correlation between peritoneal MCP-1 5A). Bottled KD et al. described that inflamma-
level and adhesions scores [12]. Treatment of tion stimulates increased release of TF from
mice with anti-MCP-1 antibody reduced forma- the mesothelium what may predispose to for-
tion of adhesions and surgery within the mation of adhesions [17]. Our results showing
abdominal cavity [13]. Also TGF- is considered strongly suppressed release of t-PA from the
as a factor promoting formation of the perito- mesothelial cells exposed not only to the
neal adhesions [14] and its effect may be due unused 0.9% NaCl solution, but even stronger
reduction of the mesothelial cells fibrinolytic effect in presence of fluid samples collected
activity [15]. We can conclude that peritoneal after 240 minutes of the intraabdominal dwell
lavage with normal saline does not prevent (Figure 5B) suggest that impaired fibrinolytic
appearance within the abdominal of cytokines activity may further predispose in such condi-
promoting formation of the peritoneal tions to formation of adhesions. Such effect
adhesions. was probably due increasing TGF[3 concentra-
tion in the fluid samples (Figure 3), which sup-
Results from the ex-vivo experiments prove presses expression of t-PA in the mesothelial
that despite gradual normalization of the nor- cells [18].
mal saline pH and electrolytes concentration
that solution is not becoming more biocompat- One can assume therefore that functional prop-
ible towards the mesothelial cells. Proliferation erties of the mesothelial cells become sup-
of the mesothelial cells was inhibited by the pressed due to their exposure to normal saline
fluid samples collected from the abdominal solution dwelling in the abdominal cavity, what
cavity, and that effect was proportional to the may promote formation of the peritoneal
length of the dwell time (Figure 4). Also synthe- adhesions.

sis of MCP-1 was only initially stimulated, when
compared with the unused 0.9% NaCl solution,
but that effect was seen only with fluid samples
which dwelled in the abdominal cavity no longer
than 60 minutes (Figure 4). Lack of significant
stimulation of MCP-1 synthesis in mesothelial
cells seems to contradict observed increased
with time concentration of that chemokine in
the dwelling saline solution (Figure 3). However
MCP-1 may be produced in these rats by perito-
neal macrophages stimulated with elastase
[16]. Similar to transient increase of MCP-1
release from the mesothelial cells was None.

In conclusion, we demonstrated that 0.9% NaCl
solution, despite changes in its composition
during dwelling in the abdominal cavity, is
becoming less biocompatible towards the
mesothelial cells. Therefore we think that nor-
mal saline solution should not be used for peri-
toneal lavage, because induced by that fluid
dysfunction of the mesothelial cells may accel-
erate formation of the peritoneal adhesions.
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