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Abstract

Background We investigated the potential beneficial effect

of the antioxidant 2-mercaptoethane-sulfonate (mesna)

against oxidative stress induced by pneumoperitoneum in

splanchnic organs.

Methods Wistar rats were subjected to either (a) CO2

pneumoperitoneum (15 mmHg for 60 min) (group P), (b)

pretreatment with mesna (400 mg/kg, p.o.) followed by

pneumoperitoneum with a 180 min interval (group MP),

(c) sham operation (group S), or (d) administration of

mesna only (group M). Forty-five minutes after desuffla-

tion (groups P and MP), 60 + 45 min after the induction of

anesthesia (group S), or 180 min after mesna administra-

tion (group M), tissue specimens were excised from liver,

kidneys, jejunum and stomach. Tissue oxidative state was

assessed on the basis of glutathione-to-glutathione disulfide

ratio, malondialdehyde concentration, and superoxide dis-

mutase activity.

Results Pneumoperitoneum deteriorated all the oxidative

stress markers in the organs studied. Mesna prevented the

occurrence of oxidative stress following pneumoperito-

neum in all the organs studied. In the absence of

pneumoperitoneum, the administration of mesna caused

mild enhancement of the oxidative state of liver, stomach,

and kidneys compared to sham controls.

Conclusions Prophylaxis with mesna prevents oxidative

stress induced by pneumoperitoneum in splanchnic organs.

Keywords Pneumoperitoneum � Oxidative stress �
Mesna � Splanchnic organs

Pneumoperitoneum facilitates the visualization of abdomi-

nal organs during laparoscopy or laparoscopic surgery.

Despite the numerous advantages offered by this technique,

there is growing evidence both from experimental and

clinical studies that the increase in intra-abdominal pressure

causes oxidative damage of splanchnic and even remote

organs. In animal studies, increases in oxidative stress

markers were observed in blood plasma, intestine, liver,

spleen, kidney, peritoneum, and even lung following CO2

pneumoperitoneum [1–4]. In the clinical setting, laparo-

scopically performed operations, such as cholecystectomy

[5] and hernia repair [6], induce oxidative stress in contrast

to open surgery.

Insufflation of gas results in increased intra-abdominal

pressure with subsequent alterations in systemic, splanch-

nic, and renal circulation. These changes include a decrease

in cardiac output and mean arterial pressure, transient

elevations of aortic pressure and carotid arterial blood flow,

and a reduction in blood flow in portal vein, superior

mesenteric artery, liver, spleen, pancreas, intestine and

kidneys [1, 7–10]. These changes are considered as a main

causative factor of ischemia–reperfusion (I/R) in the

splanchnic organs with subsequent oxidative damage.

Various strategies are under study for the prevention of

pneumoperitoneum-induced oxidative stress. Ischemic

preconditioning [11, 12], establishment of low intra-

abdominal pressure [13], insufflation with the inert gas
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helium [4], and pretreatment with erythropoietin [14] or the

antioxidant melatonin [15] have yielded promising results.

2-Mercaptoethane-sulfonate (mesna) is a thiol used in

chemotherapy regimens for the prevention of hemorrhagic

cystitis induced by the oxazaphosphorines cyclophoshamide

and ifosfamide [16–18]. Apart from its uroprotective action,

an antioxidative effect against I/R injury in kidneys [19], liver

[20], and intestine [21, 22] has also been shown. On these

grounds, we sought to investigate a potential beneficial effect

of mesna’s prophylactic administration against pneumoperi-

toneum-induced oxidative stress in splanchnic organs.

Materials and methods

Animals

Thirty-two Wistar rats, weighing 300–350 g, provided

from our laboratory’s rat colony, were used. They were

housed in macrolon cages, three rats per cage, at 20–22�C

room temperature, in a 12:12 hour dark cycle and provided

with a commercial pelleted diet (certified rat chow, #510/

EL.VI.Z, Xanthi, Greece) and tap water ad libitum. The

facilities were in accordance with Directive 86/609/EEC.

Experimental protocol

Animals were randomly assigned to four groups of eight

animals each as follows: group P, 60 min pneumoperito-

neum; group MP, mesna administration (400 mg/kg, p.o.)

followed by 60 min pneumoperitoneum with a 180 min

interval; group S, sham operation (anesthesia for 60 min

and a catheter inserted into the abdomen); group M, mesna

only administration (400 mg/kg, p.o.).

Forty-five minutes after desufflation (groups P, MP),

60 + 45 min after the induction of anesthesia (group S), or

180 min after mesna administration (group M), tissue

specimens were excised under general anesthesia from

liver, kidney, the mid-part of the jejunum, and stomach and

processed for oxidative state assessment on the basis of

glutathione-to-glutathione disulfide ratio (GSH/GSSG

ratio), malondialdehyde (MDA) concentration, and super-

oxide dismutase (SOD) activity. The study design is

schematically represented in Fig. 1.

Subsequently, all the animals were euthanized by

intracardiac injection of thiopental. The experimental pro-

tocol was approved by the Animal Care and Use committee

of the local Veterinary Service since it was in compliance

with Directive 86/609/EEC.

Pneumoperitoneum

The animals were anesthetized by intraperitoneal admin-

istration of ketamine (90 mg/kg) and placed at a supine

position. After proper preparation of the surgical field, a

18 G Abbocath catheter was inserted into the abdominal

cavity through the umbilicus and connected to an insuf-

flator tube. Then, CO2 was insufflated up to a 15 mmHg

pressure for 60 min, using an abdominal CO2 insufflator

(Olympus-Walz Electronik GmbH, D-7271 Rohrdorf,

Germany), followed by immediate desufflation.

Mesna administration

Mesna tablets (Uromitexan 600 mg/tab./ Baxter Oncology

GmbH, Westfalen, Germany) were powdered. The appro-

priate dose was preweighed and dissolved in 2 ml normal

saline. Appropriate concentrations of the drug were then

administered orally using an intragastric catheter.

GSH/GSSG ratio assessment

The concentrations (lL) of GSH and GSSG were mea-

sured in the jejunal epithelium using a commercially

available kit (GSH/GSSG Ratio Assay Kit, CALBIO-

CHEM, San Diego, CA) according to the manufacturer’s

instructions. The assay utilizes glutathione reductase and

allows quantitative assessment of GSSG by the use of the

thiol-scavenging reagent 1-methyl-2-vinylpyridinium tri-

fluoromethane sulfonate (M2VP, US Patent 5,543,298) that

rapidly scavenges GSH without interfering with the gluta-

thione reductase assay. Thus, jejunal segments, approximately

10 cm long, were excised and opened longitudinally to expose

the mucosal epithelium which was rinsed with ice-cold

normal saline (0.9% NaCl). The mucosal layer was then

harvested by gentle scraping of the epithelium with a

glass slide. Tissue specimens were also harvested from

liver, kidneys, and stomach. Homologous pieces of each tis-

sue (weighing approximately 10 mg) were collected in

pairs of preweighed Eppendorf tubes. One tube was empty

while the other contained the scavenger M2VP. The samples

Fig. 1 Study diagram. M: mesna administration; B: biopsy; P 60

min pneumoperitoneum; h 45 min between desufflation and biopsy;

O 60 min sham operation
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were homogenized therein before being snap frozen in liquid

nitrogen and stored at -75�C until later used for GSH/GSSG

ratio assessment. The tube which did not contain the scaven-

ger was meant for quantification of GSH concentration, while

the other was meant for quantification of GSSG concentration.

Consequently, the assay was performed measuring the rate of

optical density change of 5,5’-dithiobis-(2-nitrobenzoic acid)

(DTNB) used as a chromophore at 412 nm (DOD412/min).

For each pair of homologous samples, the levels of GSH and

GSSG were determined by reference to standard corre-

sponding concentrations of GSH (supplied by the

manufacturer) and were recalculated per mg of protein content

of the corresponding samples. Finally, the GSH/GSSG ratio

was calculated according to the formula: ratio = [(GSH)-

2(GSSG)]/(GSSG).

MDA concentration assessment

The concentration of MDA was measured by a colorimetric

method using a commercially available kit (Lipid Peroxi-

dation Assay Kit/Calbiochem, San Diego, CA, USA). The

jejunal segments, approximately 10 cm long, were excised

and opened longitudinally to expose the mucosal epithe-

lium which was rinsed with ice cold 0.9% NaCl containing

ethylenediaminetetraacetic acid (EDTA) and harvested by

gentle scraping of the epithelium with a glass slide. The

rest of the tissues (liver, kidney, stomach) were perfused

with 0.9% NaCl containing EDTA. Tissue samples were

snap frozen in liquid nitrogen and kept at -75�C until later

assayed for MDA concentration assessment. Each tissue

was washed, disrupted and then homogenized in 20 mM

phosphate buffered saline (PBS) using a rotor–stator

homogenizer. The homogenates were centrifuged at 3000 g

for 10 min at 4�C. The concentration of MDA was mea-

sured in the supernatant according to the manufacturer’s

instructions. MDA concentration was then divided by the

total protein and the results were expressed as lmol/g

protein. Total protein was measured using the Bradford

method [23] as modified by Bearden [24].

SOD activity assessment

The activity of SOD was measured by a colorimetric

method using a commercially available kit (Superoxide

Dismutase Assay Kit / Cayman Chemical Company,

Michigan, USA). The tissues were treated as described in

MDA concentration assessment, snap frozen in liquid

nitrogen, and kept at -75�C until later assayed for SOD

activity assessment. Each tissue was perfused with PBS

containing heparin and homogenized in 20 mM HEPES

buffer, pH 7.2, 1 mM ethyleneglycoltetraacetic acid

(EGTA), 210 mM mannitol, and 70 mM sucrose per gram

of tissue. The homogenates were centrifuged at 3000 g for

10 min at 4�C. SOD activity was measured in the super-

natant according to the manufacturer’s instructions. SOD

activity was then divided by the total protein and the results

were expressed as SOD units/mg protein. Total protein was

measured using the Bradford method [23] as modified by

Bearden [24].

Statistical analysis

The data were expressed as means ± standard deviation

and were subjected to one-way analysis of variance. The

Bonferroni test was used for multiple comparisons within

means. A probability of less than 5% (p \ 0.05) was

considered to be statistically significant.

Results

Figures 2–5 depict the measurements of the oxidative

stress markers for all the organs studied. Pneumoperito-

neum induced oxidative stress in all the organs studied.

This was suggested by a deterioration in all the oxidative

stress markers, a decrease in GSH/GSSG ratio, and an

increase in the MDA concentration and SOD activity in

group P compared to group S. On the basis of GSH/GSSG,

ratio, the most sensitive index, liver was the least affected

organ (36.1%, 39.8%, 43.0%, and 67.0% decrease for liver,

stomach, jejunum, and kidneys, respectively).

In the mesna pretreated plus pneumoperitoneum group

of animals, oxidative stress was prevented in all the organs

studied since all oxidative stress markers remained at sham

levels (p [ 0.05, group MP versus group S).

In the absence of pneumoperitoneum, mesna adminis-

tration led to mild enhancement of the oxidative state of

liver, kidneys, and stomach compared to sham controls.

This was shown by an increase in GSH/GSSG ratio in liver

(p = 0.02, group M versus group S) and stomach

(p = 0.016, group M versus group S) and a decrease in

MDA concentration in the kidneys (p \ 0.001, group M

versus group S). No change was observed in jejunum.

Discussion

Animal and clinical studies have demonstrated the induc-

tion of oxidative stress following pneumoperitoneum [1–

6]. In the present study we investigated the antioxidant

effect of mesna administration on the oxidative state of

liver, kidneys, jejunum, and stomach following pneumo-

peritoneum in the rat. According to our results, oral

pretreatment with mesna, 3 hours before the establishment

of CO2 pneumoperitoneum for 60 min at 15 mmHg, pre-

vented the occurrence of oxidative stress in these organs. In
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addition, when mesna was administered in the absence of

pneumoperitoneum, there was a mild enhancement of the

oxidative state of liver, stomach, and kidneys, but not of

intestine compared to sham controls.

Various markers of oxidative stress have been measured

in the blood and the tissues to evaluate this phenomenon in

relation to pneumoperitoneum. In our study we determined

the tissue GSH/GSSG ratio, the concentration of MDA, and

the activity of SOD. The main nonenzymatic intracellular

antioxidant GSH acts as a redox buffering system by

scavenging reactive oxygen species thereby helping to

maintain protein sulfhydryl groups in the reduced state and

the heme iron in the ferrous (Fe2+) state. Reactive oxygen

species, overproduced at oxidative stress, are potent oxi-

dizing and reducing agents that can directly damage

cellular membranes by lipid peroxidation [25]. Peroxida-

tion of endogenous lipids leads to conversion of reduced

glutathione to glutathione disulfide [26]. Therefore, the

determination of GSH/GSSG ratio is a convenient and

sensitive marker of oxidative stress. MDA is an end

product derived from the peroxidation of polyunsaturated

fatty acids and related esters. Thus, MDA concentration is

a true reporter of lipid peroxidation. Another line of

Fig. 2 Liver GSH/GSSG ratio, MDA concentration, and SOD

activity following sham operation (group S), mesna administration

(group M), pneumoperitoneum (group P) or mesna plus pneumoper-

itoneum (group MP). Error bars represent standard deviation. Raw

data (means) are included in each bar

Fig. 3 Kidney GSH/GSSG ratio, MDA concentration, and SOD

activity following sham operation (group S), mesna administration

(group M), pneumoperitoneum (group P) or mesna plus pneumoper-

itoneum (group MP). Error bars represent standard deviation. Raw

data (means) are included in each bar
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cellular defense against free radicals is a system of two

enzymes, SOD and catalase. SOD catalyzes the conversion

of superoxides to hydrogen peroxide (H2O2), which is

subsequently converted to water and oxygen by catalase or

glutathione peroxidase. Because SOD plays such a key role

in cellular defense against free radicals, it is also an

important indicator of the oxidative state [27].

It has been demonstrated that even a small increase in intra-

abdominal pressure (4 mmHg) by insufflation of CO2 results

in deterioration of systemic and splanchnic circulation

attributable mainly to mechanical compression of vessels and

hypercapnia [10]. During pneumoperitoneum, blood flow in

splanchnic organs as well as in the portal vein, the renal vein,

and the superior mesenteric artery is decreased, returning to

normal after desufflation [7, 9]. This pattern of changes in the

blood supply in splanchnic organs, constitutes a model of I/R

injury which is manifested by induction of oxidative stress.

It is well known that ischemia causes considerable tissue

damage which is exacerbated by reperfusion with oxy-

genated blood [28]. For this reason, in our study, the

60 min pneumoperitoneum was followed by a 45 min

resting period before tissue biopsies were taken for eval-

uation of the oxidative state, according to the rat model

described by Yilmaz et al. [11, 12].

Fig. 4 Jejunum GSH/GSSG ratio, MDA concentration, and SOD

activity following sham operation (group S), mesna administration

(group M), pneumoperitoneum (group P) or mesna plus pneumoper-

itoneum (group MP). Error bars represent standard deviation. Raw

data (means) are included in each bar

Fig. 5 Stomach GSH/GSSG ratio, MDA concentration, and SOD

activity following sham operation (group S), mesna administration

(group M), pneumoperitoneum (group P) or mesna plus pneumoper-

itoneum (group MP). Error bars represent standard deviation. Raw

data (means) are included in each bar
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In our study, an increase in intra-abdominal pressure at

15 mmHg led to substantial oxidative stress in kidneys,

jejunum, and stomach, while liver sustained less oxidative

stress. A deterioration in the oxidative state of these organs

has also been reported in previous studies [1, 11, 12, 14,

15]. Although one would expect the degree of oxidative

damage to be proportional to the reduction in blood flow,

this is not supported by previous studies; the deterioration

of blood flow during pneumoperitoneum was more prom-

inent in solid organs, such as liver, pancreas, spleen, and

kidneys compared to that in hollow viscus organs such as

intestine, while nonsignificant in stomach [10]. This dis-

crepancy suggests a potentially variable degree of

sensitivity to ischemic insult among different tissues.

Intestine is one of the most sensitive organs with respect to

I/R injury [29]. On the other hand, in the present study we

observed that the liver afforded a higher degree of toler-

ance to I/R, compared to the other organs tested, although it

has been reported that it is subjected to substantial blood

flow reduction during pneumoperitoneum [7, 10, 30]. The

oxidative state of stomach was severely compromised in

our 15 mmHg pneumoperitoneum model. Although Scha-

fer et al. [10] did not report any significant change in the

blood flow of the stomach during 4 or 10 mmHg CO2

pneumoperitoneum, there are no data available on the

effects of a 15 mmHg intra-abdominal pressure. Finally,

the kidneys, although retroperitoneally located, were also

severely affected, in agreement with reports of reduced

renal blood flow during pneumoperitoneum [9, 10].

Different strategies, including prophylactic administra-

tion of antioxidants, are under investigation for the

prevention of pneumoperitoneum-induced oxidative dam-

age of splanchnic organs. In a recent experimental study,

the administration of melatonin 5 min before the insuffla-

tion of the abdominal cavity with CO2 for 60 min at

15 mmHg and just before the desufflation prevented oxi-

dative damage in ileum, liver, and kidneys on the basis of

tissue MDA levels and the histopathological findings in the

ileal mucosa and submucosa [15]. In our study, pretreat-

ment with mesna prevented the occurrence of oxidative

stress in liver, kidneys, jejunum, and stomach as evidenced

by the maintenance of tissue oxidative stress markers at

sham-operated levels.

Mesna is used in current clinical practice as a uropro-

tectant for the prevention of hemorrhagic cystitis in

oxazaphosphorine chemotherapy protocols [16–18]. How-

ever, recent animal studies demonstrate its antioxidant

properties in the amelioration or even prevention of oxi-

dative damage induced by I/R injury in kidneys [19], liver

[20], and intestine [21, 22]. In our previous study, oral

pretreatment with mesna at 400 mg/kg, 3 hours before the

induction of 60 min ischemia in the rat jejunum, prevented

the induction of oxidative stress, keeping the intestinal

mucosa literally intact [22]. The oral route of administra-

tion proved to be more effective than the intravenous,

offering the advantage of delayed absorption and long

residence time [31] that should provide prolonged protec-

tion against the overproduction of reactive oxygen species

during the ischemic and the reperfusion period. Since this

administration schedule was effective in the protection of

the intestine, known for its sensitivity to I/R injury, we

decided to use it in the present study. Our results confirm

the protective antioxidant effect of mesna reported in

studies using an I/R model affecting liver, kidneys, and

intestine by transient occlusion of their blood supplying

artery and also broaden its application to the relevant

pneumoperitoneum-induced I/R model in these organs. In

addition, to our knowledge, this is the first report of anti-

oxidative protection of mesna on the stomach.

The administration of mesna in the absence of pneu-

moperitoneum, led to mild enhancement of the antioxidant

capacity of liver, stomach, and kidneys. However, no

change was observed in jejunal mucosa, in agreement with

our previous work [22]. The mechanism of mesna’s pro-

tective action against oxidative damage is still under

investigation. It has been shown in vitro that the drug has

the ability to scavenge reactive oxygen species by virtue of

its sulfhydryl group [32]. Recently, the protective effect of

mesna on the intestinal mucosa was related to inhibition of

the activation of nuclear factor-jB (NF-jB) [22]. The NF-

jB proteins are a family of transcription factors controlling

the expression of genes involved in many critical physio-

logical responses, including immune and acute-phase

inflammatory responses, cell adhesion, differentiation,

oxidative stress responses, and apoptosis [33]. A multitude

of signaling factors, including viruses, oxidants, inflam-

matory cytokines, and immune stimuli, can activate

transcription factor NF-jB. Reactive oxygen species and

especially H2O2, are considered as effective inducers of

NF-jB activation [34]. Among other antioxidant com-

pounds used as NF-jB inhibitors [35–37], mesna has been

shown to inhibit the activation of NF-jB following I/R

insult in rat intestine [22]. This effect was related to the

protective action of mesna against I/R-induced oxidative

injury.

In conclusion, prophylactic oral administration of the

antioxidant mesna prevented the occurrence of oxidative

stress in liver, kidneys, intestine, and stomach induced

by CO2 pneumoperitoneum in rat. The protective effect

of mesna was related to mild enhancement of the anti-

oxidant capacity of liver, stomach, and kidney. The

results of our experimental study provide evidence for

the potentially effective application of mesna pretreat-

ment in the clinical setting as a prophylactic strategy

against pneumoperitoneum-induced oxidative damage of

splanchnic organs.
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