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nhibitors to prevent CO2 pneumoperitoneum-enhanced
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Abstract
STUDY OBJECTIVE: To investigate the effects of hypoxia-inducible factor (HIF) inhibitors, flotation

agents, barriers, and a surfactant on pneumoperitoneum-enhanced adhesions in a laparoscopic mouse
model.

DESIGN: Prospective randomized trial (Canadian Task Force classification I).
SETTING: Department of Obstetrics and Gynecology, University Hospital Gasthuisberg, Catholic

University of Leuven.
SUBJECTS: One hundred fourteen female BALB/c mice.
INTERVENTIONS: Adhesions were induced during laparoscopy in BALB/c female mice. Pneumo-

peritoneum was maintained for 60 minutes with humidified CO2. In 3 experiments the effects of HIF
inhibitors such as 17-allylamino 17-demethoxygeldanamycin, radicicol, rapamycin, and wortmanin,
flotation agents such as Hyskon and carboxymethylcellulose, barriers such as Hyalobarrier gel and
SprayGel, and surfactant such as phospholipids were evaluated.

MEASUREMENTS AND MAIN RESULTS: Adhesions were scored after 7 days during laparotomy.
Adhesion formation decreased with the administration of wortmannin (p �.01), phospholipids
(p �.01), Hyalobarrier Gel (p �.01), and SprayGel (p �.01).

CONCLUSIONS: These experiments confirm the efficacy of barriers and phospholipids to separate or
lubricate damaged surfaces. They also confirm the role of mesothelial hypoxia in this model by the
efficacy of the HIF inhibitor wortmannin.
© 2007 AAGL. All rights reserved.
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One of the complications of abdominal surgery is intra-
bdominal adhesion formation. Adhesions can cause intes-
inal obstruction, chronic pain, and infertility. Although
ostoperative adhesion formation remains an important
linical problem, its prevention is still inadequate and over-
ll poorly understood.

Over recent years, CO2 pneumoperitoneum became
nown as a cofactor in postoperative adhesion formation.1

esothelial hypoxia was suggested as a mechanism, be-
ause adhesions increased with duration of CO2 pneumo-
eritoneum and with insufflation pressure, because similar
ffects were observed with helium pneumoperitoneum and
ecause the addition of 2% to 4% of oxygen to both CO2

nd helium pneumoperitoneum decreased adhesion forma-
ion.1 This hypothesis was supported by the absence of
neumoperitoneum-enhanced adhesions in mice deficient
or factors which are up-regulated during hypoxia, such as
lasminogen activator inhibitor 1 (PAI-1),2 vascular endo-
helial growth factor (VEGF), placental growth factor,3 and
ypoxia-inducible factor 1� and 2� (HIF-1� and HIF-2�).4

HIF is an �/� heterodimeric DNA-binding complex that
irects an extensive transcriptional response to hypoxia.
IF activity is induced during hypoxia through the stabili-

ation and activation of its subunit HIF-1� whereas during
ormoxia subunit HIF-1� is rapidly degraded by the ubiq-
itin-proteosome system.5 Inhibition of HIF activity can be
chieved by decreasing heat shock protein 90 (Hsp-90) or
y blocking the phosphatidylinositol 3-kinase (PI3K) path-
ay. The molecular chaperone Hsp-90 is important to main-

ain the appropriate folding and conformation and to regu-
ate the balance of synthesis and degradation of its clients
uch as HIF-1�.6 Therefore Hsp-90 inhibitors, such as radi-
icol, geldanamycin, and its derivated 7-allylaminogeldana-
ycin (17-AAG), decrease HIF-1� activity.6 In addition,

7-AAG and radicicol bind to the intrinsic ATPasa activity
n the N-terminal site of Hsp-90, resulting in degradation of
sp-90 client proteins by the ubiquitin proteosome path-
ay. Another approach to decrease HIF activity is the in-
ibition of the PI3K/Akt pathway with inhibitors such as
ortmannin and rapamycin7 because phosphorylation is in-
olved in the HIF-1�  subunit stabilization, as well as in the
egulation of HIF-1 transcriptional activity.8

Prevention of adhesion formation after laparoscopic sur-
ery has been poorly addressed. Several agents have been
ested, such as antibodies against VEGFR1,9 crystal-
oids,10,11 4% icodextrin,11 ferric hyaluronate gel,11–13 Se-
racoat,14 a cross-linked hyaluronan solution,15 and hyal-
ronate membrane,16 which were effective in different
nimal models. These observations, however, were gener-
lly reported with only 1 drug in different models, different
pecies, and with different scoring systems. A comprehen-
ive quantitative evaluation of efficacy in 1 model is still
acking.

These experiments are the second part of a series of
xperiments to evaluate most known substances in 1 model

o obtain quantitative and comprehensive information on F
dhesion prevention. In this article, the effects of HIF in-
ibitors, flotation agents, barriers, and a surfactant were
nvestigated.

aterials and methods

he laparoscopic mouse model for adhesion
ormation

Experimental setup, that is, animals, anesthesia, and ven-
ilation, laparoscopic surgery, induction, and scoring of
ntraperitoneal adhesions, has previously been described
n detail.1– 4,9,10,17–19,27 Briefly, in the pneumoperitoneum-
nhanced adhesions model, adhesions were induced during
aparoscopy by creating a mechanical lesion. Pneumoperi-
oneum was maintained for 60 minutes with pure and
umidified CO2 at 15 mm Hg insufflation pressure. Gas
nd body temperatures were kept strictly at 37°C with a
eated chamber (Figure 1).

nimals

One hundred fourteen 9- to 10-week-old female BALB/c
ice weighing 20 g were used. Animals were kept under

tandard laboratory conditions, and they were fed a standard
aboratory diet with free access to food and water at any
ime. The study was approved by the Institutional Review
nimal Care Committee.

nesthesia and ventilation

Mice were anesthetized with intraperitoneal 0.08 mg/g
entobarbital, intubated with a 20-gauge catheter, and me-
hanically ventilated (Mouse Ventilator MiniVent, Type
45; Hugo Sachs Elektronik-Harvard Apparatus GmbH,
igure 1 Laparoscopic mouse model.
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arch-Hugstetten, Germany) by use of humidified room air
ith a tidal volume of 250 �L at 160 strokes/min. Humid-

fied air for ventilation was used to prevent cooling, as
ccurs during ventilation with non-humidified air.17

aparoscopic surgery

A midline incision was performed caudal to the xiphoid
rocess, a 2-mm endoscope with a 3.3-mm external sheath
or insufflation (Karl Storz, Tuttlingen, Germany) was in-
roduced into the abdominal cavity, and the incision was
losed gas tight around the endoscope to avoid leakage.

Pneumoperitoneum was created with pure CO2 at 15 mm
g insufflation pressure using the Thermoflator Plus (Karl
torz) and a water valve to damper pressure changes. The
as was humidified (Storz Humidifier 204320 33; Karl
torz), and the whole setup was kept in a chamber at 37°C

o obtain CO2 at 37°C and with 100% relative humidity. We
sed, as described previously, a controlled flow of CO2

hrough the abdominal cavity of 23 mL/min with a 26-gauge
eedle, to ascertain a continuously 100% CO2 environment
y removing constantly any oxygen that might have dif-
used from the capillaries.

nduction of intraperitoneal adhesions

Pneumoperitoneum-enhanced adhesion formation was
nduced by maintaining the pneumoperitoneum for 10 or 60
inutes and by performing standardized 10-mm � 1.6-mm

esions in the antimesenteric border of both right and left
terine horns and pelvic sidewalls with bipolar coagulation
BICAP, bipolar hemostasis probe, BP-5200A, 5F, 200 cm;
MMED Benelux, Linkebeek, Belgium) at 20 W (Autocon
00; Karl Storz; standard coagulation mode).

coring of adhesions

Adhesions were qualitatively and quantitatively scored.
coring was done blindly (the investigator was not informed
f the group being evaluated) after 7 days during laparot-
my under microscopic vision. The qualitative scoring sys-
em assessed the following: extent (0: no adhesions; 1:
%–25%; 2: 26%–50%; 3: 51%–75%; 4: 76%–100% of the
njured surface involved, respectively), type (0: no adhe-
ions; 1: filmy; 2: dense; 3: capillaries present), tenacity (0:
o adhesions; 1: easily fall apart; 2: require traction; 3: require
harp dissection), and total (extent � type � tenacity).

The quantitative scoring system assessed the proportion
f the lesions covered by adhesions with the following
ormula: adhesion (%) � (sum of the length of the individ-
al attachments/length of the lesion) � 100. The results are
resented as the average of the adhesions formed at the four
ndividual sites (right and left visceral and parietal perito-
eum), which were individually scored. Because the initial
easurements are in millimeters (thus with an error of 0.5

m), the precision of the division will be around 1%. b
ccording to the law of error propagation (where �Z/Z �
X/X � �Y/Y) the accuracy yields some 4% CV or 1% for

he sum of 4 estimates. Therefore only 1 digit becomes
ignificant.20

roducts

IF inhibitors

The 17-allylamino 17-demethoxygeldanamycin (17-AAG)
as donated by Kosan Biosciences (Hayward, CA). Radicicol,
ortmannin, and rapamycin were bought from A.G. Scien-

ific, Inc., (San Diego, CA). The doses administered were
7-AAG 20 mg/kg, radicicol 25 mg/kg, wortmannin 0.31
g/kg, and rapamycin 3 mg/kg. Radicicol, rapamycin, 17-
AG, and wortmannin were dissolved in pure dimethylsul-
hoxide (DMSO) at final concentrations of 7.5 mg/mL, 0.9
g/mL, 6 mg/mL, and 5 mg/mL, respectively. Afterward,
ortmannin stock was diluted to 0.093 mg/mL in saline

olution. Stocks were kept at �20°C until they were used.
The doses used in this experiment were those proven

ffective or nontoxic in the in vivo models. Rapamycin at
he dose of 3 mg/kg showed an immunosuppressive effect in
ice and rats.21,22 Wortmannin at the dose of 0.31 mg/kg

MTD/2) showed an antitumor effect in mice.23 Different
TD doses of 17-AAG were found in the literature, that is,

0 mg/kg and 80 mg/kg, and they both showed an antitumor
ffect in mice.24,25 We tried 40 mg/kg, but it was toxic in
ur model; therefore the dose used was 20 mg/kg. Although
he MTD of radicicol did not show any antitumor effect in
ice,26 the dose of 25 mg/kg (MTD/4) was used because it
as nontoxic.

lotation agents

Carboxymethylcellulose 2% was prepared and sterilized
y the pharmacists of the Hospital Gasthuisberg. Hyskon
32% dextran 70) was donated by Gynotec (Malden, The
etherlands).

echanical barriers

Hyalobarrier Gel is a sterile, transparent, and highly
iscous gel obtained by condensation of hyaluronic acid
HA) through an auto-cross-linking process and is indi-
ated for laparoscopic and hysteroscopic or open surgical
rocedures. It was kindly provided by Fidia Advanced
iopolymers SRL (Abano Terme, Padova, Italy). SprayGel
dhesion Barrier System consists of 2 liquids which

ross-link to form a biocompatible absorbable hydrogel;
t can be used for laparoscopic and laparotomy proce-
ures. SprayGel (Confluent Surgical, Inc., Waltham,
A) was donated by Medical International AG (Kalten-
ach, Switzerland).
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urfactant

Phospholipids solution (9%), donated by Dr. Marc
ansen (Department of Surgery, University Clinic, RWTH
achen, Germany), was diluted to 3% in saline solution
efore use.

xperimental design

Because anesthesia and ventilation can influence body
emperature, the timing was strictly controlled. The time of
nesthesia injection was considered time 0 (T0). The animal
reparation and ventilation started after exactly 10 minutes
T10). The pneumoperitoneum started at 20 minutes (T20)
nd was maintained for 10 or 60 minutes, until T30 or T80,

espectively.
We used a sample size of 8 mice because, taking into

ccount the coefficient of variability of 30% for adhesion
ormation in our experiments in Balb/c mice27 and the
ower of the experiment of 70%, a decrease of 40% in
dhesions formation can be detected. A decrease of less than
0% in adhesion is not clinically relevant.

Experiment 1 was designed to evaluate the effect of
adicicol, rapamycin, 17-AAG, and wortmannin on adhe-
ion formation. Pneumoperitoneum-enhanced adhesions
ere induced, and 0.1 mL of the HIF pathway inhibitors

17-AAG, rapamycin, radicicol, and wortmannin) was in-
ected immediately before performing the lesions under
aparoscopic vision (17-AAG, rapamycin, radicicol and
ortmannin groups, respectively). Two control groups for
neumoperitoneum-enhanced adhesions were used, the first
ithout any treatment, the second with injection of 0.1 mL
f the vehicle used to dissolve the drugs (control 60 minutes
neumoperitoneum and control vehicle, respectively). An-
ther control group was performed maintaining the pneu-
operitoneum for 10 minutes (control 10 minutes pneumo-

eritoneum or basal adhesion), and no treatment was
dministered (7 groups, 8 mice per group, n � 56).

Experiment 2 was designed to evaluate the effect of
otation agents, Hyskon and carboxymethylcellulose 2%
CMC 2%) and a barrier Hyalobarrier gel, on adhesion
ormation. After performing the lesion, a volume of 0.5 mL
f Hyskon or CMC 2% were injected intraperitoneally
Hyskon and CMC 2% groups, respectively) and approxi-
ately 1 mL of Hyalobarrier gel was applied on the lesions

Hyalobarrier gel group) under laparoscopic vision. The
ontrol group received intraperitoneally saline solution 0.5
L. Injection of Hyskon in the abdominal cavity was asso-

iated with 20% of deaths. Because 2 of 8 mice died within
he 24 hours after the surgery, they were replaced (2 of 10
ice � 20% mortality rates) (4 groups, 8 mice per group,

0 mice for Hyskon group; n � 32 mice).
Experiment 3 was designed to evaluate the effect of a

echanical barrier (SprayGel) and a surfactant (phospho-
ipids) on adhesion formation. After performing the lesions,
 small incision was made, and the 5-mm SprayGel appli-

ator was introduced in the abdominal cavity. SprayGel was 1
pplied immediately following the instructions for use, and
 stitches were made to close the incision. After application
f the product, SprayGel-coated tissues were rinsed with 0.5
L of saline solution (SprayGel group). Phospholipids 3%

olution 0.5 mL was applied intraperitoneally after perform-
ng the lesion (Phospholipids group). The control group
eceived saline solution 0.5 mL (3 groups, 8 mice per group,
 � 24).

Each experiment was performed with block randomiza-
ion by day to avoid day-to-day variability. Therefore, 1
lock of mice comprising 1 animal of each group was
perated on the same day, and within a block the animals
ere operated in a random order.

tatistics

Statistical analyses were performed with the SAS System
SAS Institute, Cary, NC). Since adhesions scores were not
ormally distributed (Kurtosis test), medians and ranges are
hown and differences between groups were evaluated by
he nonparametric Wilcoxon rank-sum test. Because several
roducts were used to test the same hypothesis, a Bonferroni
orrection28 was used to exclude spurious significances, that
s, the alpha value for significance (� � 0.05) was divided
y the number of products tested.

The p values for all the comparisons were included in the
esults section. To make Table 1 and Figure 2 clearer, only

he significant values were included.

esults

The results of all 3 experiments are listed in Table 1 and
igure 2. In experiment 1, the effect of HIF inhibitors was
valuated. We confirmed as shown previously that adhesion
ormation was higher after 60 minutes than after 10 minutes
f pneumoperitoneum (proportion: p � .02, total: p � .08,
xtent: p � .01, type: p � .19, tenacity: p � .15, Wilcoxon
ank-sum test). The administration of the vehicle DMSO did
ot have any effect on adhesion formation (proportion: p �
93; total: p � .96; extent: p � 1.0; type: p � .64; tenacity:

� .85). Wortmannin reduced pneumoperitoneum-en-
anced adhesion formation in comparison with both con-
rols groups, that is, the untreated (proportion: p � .04;
otal: p � .08; extent: p � .04; type: p � .02; tenacity: p �
19) or vehicle-treated (proportion: p � .01; total: p � .03;
xtent: p � .01; type: p � .07; tenacity: p � .22) control
roups. After wortmannin treatment in the 60-minute pneu-
operitoneum group, adhesions were no longer different

rom basal adhesions, that is, 10 minutes of pneumoperito-
eum (proportion: p � .43, total: p � .75, extent: p � .41,
ype: p � .83, tenacity: p � .70). The 17-AAG, rapamycin,
nd radicicol did not reduce adhesions neither in compari-
on with the untreated-control group (proportion: p � .49;
otal: p � .89; extent: p � .72; type: p � .89; tenacity: p �

.0; proportion: p � .48; total: p � .54; extent: p � .48;
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ype: p � .53; tenacity: p � .41; proportion: p � .79; total:
� .83; extent: p � .79; type: p � .71; tenacity: p � .65;

espectively) nor with the vehicle treated-control group
proportion: p � .86; total: p � .96; extent: p � .93; type:
� .85; tenacity: p � .85; proportion: p � .36; total: p �

38; extent: p � .25; type: p � .55; tenacity: p � .21;
roportion: p � .46; total: p � .40; extent: p � .54; type:
� .70; tenacity: p � .42; respectively).
In experiment 2, the effect of Hyskon, CMC 2%, and

yalobarrier gel were evaluated on 60 minutes of pneumo-
eritoneum-enhanced adhesions. In comparison with the
ontrol group, adhesion formation decreased strongly with
yalobarrier gel (proportion: p �.01; total: p �.01; extent:
�.01; type: p �.01; tenacity: p �.01), but not signifi-

antly with Hyskon (proportion: p � .18; total: p � .23;
xtent: p � .17; type: p � .19; tenacity: p � .26) or CMC
% (proportion: p � .08; total: p � .07; extent: p � .09;
ype: p � .06; tenacity: p � .12). Hence, it is not surprising
hat adhesion formation scores were lower in the Hyalobar-
ier gel group than in the Hyskon (proportion: p �.01; total:
�.01; extent: p �.01; type: p �.01; tenacity: p �.01) or
MC 2% (proportion: p �.01; total: p �.01; extent: p �.01;

ype: p �.01; tenacity: p �.01) groups.
In experiment 3, the effect of a mechanical barrier

SprayGel) and a surfactant (phospholipids 3%) were ana-
yzed. Adhesion formation decreased with SprayGel (pro-
ortion: p �.01; total: p �.01; extent: p �.01; type: p �

08; tenacity: p �.04) and with phospholipids 3% (propor-
ion: p �.01; total: p � .12; extent: p �.02; type: p � .78;

Table 1 Prevention of pneumoperitoneum-enhanced adhesion

Experiment Group

1 Control 10 min PP: basal
Control 60 min PP: untreated
Control: 60 min PP: DMSO
17-AAG
Radicicol
Rapamycin
Wortmannin

2 Control (saline solution)
Hyskon
CMC
Hyalobarrier Gel

3 Control (saline solution)
SprayGel
Phospholipids

17-AAG � 7-allylaminogeldanamycin; CMC � carboxymethylcellulose
CO2 pneumoperitoneum was maintained for 60 minutes (humidified ga

by performing a bipolar lesion. Three experiments were performed e
wortmannin), surfactants (phospholipids 3%), flotation agents (Hyskon
after 7 days during laparotomy.

The qualitative scoring system (total) is represented (median, rang
groups were placed.

*p �.05 intraexperiment comparisons (each group compared to its
†p �.05 intraexperiment comparisons (each group compared to the
s in a laparoscopic mouse model

Concentration; volume of the dose
Qualitative
scoring (total)

— 1.5 (0–2.5)
— 2.3 (1.3–7.0)
0.1 mL 2.3 (1.8–3.0)
7.5 mg/mL; 0.1 mL 2.3 (1.0–5.5)
9 mg/mL; 0.1 mL 3.0 (0.0–6.0)
5 mg/mL; 0.1 mL 2.8 (0.0–6.3)

93 �g/mL; 0.1 mL 1.3 (0.0–3.0)†
0.5 mL 3.5 (3.3–5.3)
0.5 mL 3.3 (2.5–5.3)
2%; 0.5 mL 3.1 (1.8–3.8)

Around 1 mL 0.5 (0.0–2.0)*
0.5 mL 3.8 (3.0–4.8)

Quantity necessary to cover the lesions 2.8 (1.0–2.8)*
3%; 0.5 mL 3.0 (3.0–4.5)

; DMSO � dimethylsulphoxide; PP � CO2 pneumoperitoneum.
s, 15 mm Hg insufflation pressure). Adhesions were induced during laparoscopy
valuating the effects of HIF inhibitors (17-AAG, radicicol, rapamycin, and
and CMC), and barriers (Hyalobarrier gel and SprayGel). Adhesions were scored

e). To make the table clearer, only the significant comparisons to the control

own control group).
enacity: p � .65). SprayGel was more effective in reducing e
igure 2 Prevention of pneumoperitoneum-enhanced adhesions in
laparoscopic mouse model. CO2 pneumoperitoneum was main-

ained for 60 minutes (humidified gas, 15 mm Hg insufflation pres-
ure). Adhesions were induced during laparoscopy by performing a
ipolar lesion. Three experiments were performed evaluating the
ffects of HIF inhibitors (17-AAG, radicicol, rapamycin, and wort-
annin), surfactants (phospholipids 3%), flotation agents (Hyskon

nd CMC), and barriers (Hyalobarrier gel and SprayGel). Adhesions
ere scored after 7 days during laparotomy. The quantitative scoring

proportions of adhesions) is indicated (median and range). To make
he figure clearer, only the significant comparisons to the control
roups were placed. *p �.05 intraexperiment comparisons (each
roup compared with its own control group). †p�.05 intraexperiment
omparisons (each group compared to the vehicle control group for

xperiment 1).
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dhesions than phospholipids 3% (proportion: p �.01; total:
 �.01; extent: p �.01; type: p � .05; tenacity: p � .05).

iscussion

These experiments are part of a series of experiments
esigned to evaluate most known and new substances in 1
odel to obtain quantitative and comprehensive informa-

ion on adhesion prevention. These experiments aimed to
onfirm the role of HIF up-regulation as a mechanism of
neumoperitoneum-enhanced adhesion formation by block-
ng HIF through the inhibition of the Hsp-90 (17-AAG and
adicicol) or of the PI3K signaling pathway (wortmannin
nd rapamycin). Taking into account these 2 mechanisms
nvolved in HIF inhibition and also the Bonferroni correc-
ion, we can define 2 hypotheses. If the hypothesis was that
IF inhibitors decrease pneumoperitoneum-enhanced adhe-

ion formation, 4 products can be considered leading to an
of 0.0125. If, however, the hypothesis was that inhibition

f PI3K decreases adhesions through HIF, only 2 similar
roducts (wortmannin and rapamycin) can be considered
eading to an � of 0.025. Comparing with the vehicle-
reated control group, wortmannin reduced pneumoperito-
eum-enhanced adhesions either considering � of 0.0125 or
f 0.025. Surprising, the comparison of wortmannin with
he untreated control group was not significant considering
oth � values, although there were no differences between
oth control groups. This may be explained by the higher
E obtained in this control group.

If wortmannin decreases adhesion formation through
IF inhibition, it might be surprising that 17-AAG, rapa-
ycin, and radicicol did not. First, these were screening

xperiments, and it cannot be excluded that different doses
r way of administration could become effective. Specifi-
ally, radicicol is known to be very unstable,26 and 1 injec-
ion could be insufficient. Second, the variability of adhe-
ion formation in this experiment was surprisingly highly
ossible related to the use of DMSO as a solubilizing agent.
hird, because 14-AAG and radicicol act through inhibition
f Hsp-90 whereas wortmannin and rapamycin act through
nhibition of the PI3K pathway, the later pathway could be
ore effective for adhesion reduction. Finally, the PI3K

athway is not only effective in HIF inhibition but also has
ther effects. PI3K pathway is involved in cell survival and
roliferation and in many aspects of angiogenesis29 and
brinolysis, such as VEGF,30 uPA,31 and PAI-132 up-regu-

ations. Each one of these factors is involved in the adhesion
ormation.2,3 PI3K signaling is involved in the inflammatory
esponse because blocking its activity reduces neutrophil
nflux by diminishing their attachment and migration33 and
educes the adherence and spreading of the macrophages.34

he inhibition of PI3K/Akt contributes to Hsp synthesis in
ddition to attenuating HIF-1� translation.35 Specifically,
ortmannin inhibits the superoxide release by the polymor-

honuclear leukocytes (PMNs)36 and during myocardial m
schemia reperfusion injury, it can attenuate PMN infiltra-
ion into the myocardium and suppress superoxide release
y PMNs.37 Therefore a beneficial effect of wortmannin in
educing the toxic effect of reactive oxygen species pro-
uced during ischemia/reperfusion process can also be pos-
ulated.

In conclusion, the effect of wortmannin could be consid-
red as supporting the hypothesis that HIF is up-regulated
uring pneumoperitoneum-enhanced adhesions. The ab-
ence of effect of the other products does not refute the
ypothesis explained. Moreover, it cannot be excluded that
ortmannin might be effective through many other mech-

nisms. To answer this, a detailed experiment should be
one.

Flotation agents and barriers are the most well-known
ubstances to reduce adhesions. For the barriers, we can
onsider that 4 barriers (flotation agents are barriers) were
ested correcting the � value to 0.0125, or that 2 flotation
gents and 2 mechanical barriers were tested leading an � of
.025 for significance. In this experiment, Hyalobarrier gel
as the most effective in decreasing adhesion, even signif-

cant compared with the smaller �. Moreover, in the Hya-
obarrier gel–treated group, 50% (4 of 8 mice) of mice did
ot develop any adhesion. It should be emphasized that this
s exceptional and that the incidence of adhesion formation
n the other groups (control and noncontrol groups) was
00%. These results are consistent with previous observa-
ions in a laparoscopic model13 and in an open surgery
odel38,39 in rabbits and in rats.40 Hyalobarrier gel was also

roven to be effective in clinical trials, that is, in laparoscopic
yomectomy41,42 and in hysteroscopic surgery.43,44 The abil-

ty of the Hyalobarrier gel in preventing adhesion formation
ay be explained, in addition to being a barrier, by its inflam-
atory modulating activity, for example, by induction of in-

erleukin-1,45,46 interleukin-8,47 interleukin-12,48 and tumor
ecrosis factor alpha46 production. HA also improved
ound healing.49 On the other hand, HA can act as a

eactive oxygen species scavenger.50,51 It was recently dem-
nstrated that HA increases the proliferation rate of human
eritoneal mesothelial cells52 and increases the fibrinolytic
esponse.53

Although some decrease in adhesion formation was ob-
erved with CMC 2% in our laparoscopic model, the dif-
erences were not statistically significant. CMC 2% was
hown to reduce intraabdominal adhesions in rats54 –56 and
n rabbits,57 but the reports were not consistent. No effect of
MC was seen in rats58 and in rabbits.59 In conclusion,
MC probably has some effectiveness, but the effect is

mall when used as a single product.
We failed to demonstrate effectiveness of Hyskon in our

odel. Hyskon was shown to decrease adhesions in a rabbit
odel,60,61 whereas in other reports no effect on adhesion

ormation was observed. No effects were seen in rab-
its,59,62,63 in hamsters,64 and in rats.58 Injection of Hyskon
.5 mL in the mouse abdominal cavity (25 mL/kg) was,

oreover, associated with a mortality rate of 20%. This was
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lso observed in rats in which 20 mL/kg produced a mor-
ality rate of 75%.55

SprayGel was effective in our model, even also compar-
ng the � � 0.0125, which is consistent with previous
bservations during open surgery in rats, rabbits,65 and
igs66 and in the human being after a laparoscopic ovarian
urgery67 and laparoscopic and open myomectomy.68

Phospholipids were effective in adhesion prevention in
ur laparoscopic mouse model, as previously demonstrated
n a rabbit during open surgery.69,70 They were, however,
ot effective in an open mouse model.71 This is the first time
hat phospholipids were tried during laparoscopic surgery.
he composition of the phospholipids solution used in this
xperiment was phosphatidylcholine 70% by weight, phos-
hatidylethanolamine 15% by weight, neutral lipids 8% by
eight, sphingomyelin �3% by weight and lysophosphati-
ylcholin �3% by weight72; the large concentration of
hosphatidylcholine, the lipid more predominant of the
eritoneal cavity73 may be helping to prevent adhesions.
he ability of the phospholipids in preventing adhesion

ormation can be explained by its induction of lubricity,
ntiwear, and release or antistick properties.74

onclusion

In conclusion, wortmannin at a dose of 0.31 mg/kg
ody weight clearly prevents pneumoperitoneum-en-
anced adhesion. The mechanism involved probably is
he prevention of HIF up-regulation, but other mecha-
isms as inhibition of angiogenesis, inflammation, oxi-
ative stress, and fibrinolysis inhibition, cannot be ruled
ut. It is premature to exclude effectiveness of the other
IF inhibitors on pneumoperitoneum-enhanced adhe-

ion. Barriers such as Hyalobarrier gel and SprayGel
ere confirmed to be highly effective, and phospholipids
% were also shown to be effective. These results should
ot be viewed as stand-alone observations but could help
o develop an overall strategy to reduce adhesions by
ombining treatments aiming at the different pathophys-
ological mechanisms of adhesion formation.
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