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Purpose: Pneumoperitoneum (Pp) at 12 to 15 mmHg in rats is associated with kidney 
damage. However, Pp at 8 mmHg is now known to best correlate to working pressures 
used in humans. Thus the aim of this work was to study the kidney of rats submitted 
to prolonged Pp at 8 mmHg.
Materials and Methods: Rats were divided into a Sham group (n = 14), submitted to 
anesthesia, and a Pp group (n = 14), submitted to Pp at 8 mmHg, followed by deflation. 
In both groups, 7 animals were immediately killed and their kidneys were used for oxi-
dative stress analyses. The remaining 7 rats in each group were evaluated after 6 weeks 
for the number of glomeruli and podocyte morphology.
Results: For all analyzed parameters Sham and Pp groups presented no statistical di-
fference.
Conclusion: When submitted to adequate Pp pressures (8 mmHg), no kidney damage 
occurs in rats.

INTRODUCTION

 During laparoscopic surgery in humans, 
pneumoperitoneum (Pp) has been associated with 
a transient decrease in renal function. This may be 
considered an important negative aspect of all lapa-
roscopic surgeries when patients are submitted to ab-
dominal insufflation and mainly during laparoscopic 
live donor nephrectomy when the quality of the graft 
collected is of upmost importance for the recipient. 
In spite of this, long-term clinical consequences have 
not been observed yet, mainly because renal function 
usually returns to normal levels after deflation (1).

 Several studies conducted in rats showed 
oxidative stress injury and other histopathological 
changes in renal tissue. These experiments used in-
tra-abdominal pressures routinely applied in human 
clinical settings (12 to 15 mmHg) (2-6). However, re-
cent evidences indicate that Pp above 8 mmHg in 
rats correspond to much higher pressures than those 
that are normally used in humans. Therefore, these 
experimental studies would not simulate laparosco-
pic working pressures in the clinical setting, and the 
reported renal damage might be simply a result of 
an abnormally high Pp pressure (7).
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 To address this issue, in the present study 
we induced in rats a prolonged 8 mmHg Pp and 
then investigated the short-term oxidative stress al-
terations and the long term morphological changes 
in the kidney applying stereological and electron 
microscopic methods.

MATERIALS AND METHODS

Animals
Twenty-eight Wistar male rats aged 4 to 6 

months and weighing 250 to 360 g were used in this 
study. The rats were kept in a room with controlled 
temperature (25 ± 1 ºC) and with an artificial dark-li-
ght cycle (lights on from 7:00 am to 7:00 pm). They 
were fed standard rat food and water ad libitum.

 All experiments were performed in accor-
dance with the Brazilian laws for scientific use of 
animals, and the project was approved by the local 
ethical committee.

Groups
The rats were randomly assigned into a 

Sham group (n = 14), which was submitted only to 
anesthesia for 210 minutes, and a Pp group (n = 14), 
which underwent, under anesthesia, 180 minutes of 
Pp at 8 mmHg followed by 30 minutes of deflation. 
Immediately after these procedures, 7 animals were 
killed in each group and their kidneys were used for 
oxidative stress analyses. The remaining 7 rats from 
each group were killed 6 weeks later and their kid-
neys were used for stereological and electron micros-
copy analyses. All analyses were blindly performed.

Pneumoperitoneum
The animals were anesthetized by intraperi-

toneal injection of ketamine (80 mg/kg body weight) 
and xylazine (10 mg/kg body weight) with sponta-
neous breathing during the experiment. In the Pp 
group, a 21-gauge needle was inserted into the ab-
dominal cavity and a Pp at 8 mmHg was established 
with CO2 by using an electronic insufflator. After 180 
minutes of Pp, the abdominal cavity was deflated, and 
the animals remained anesthetized for 30 minutes.

Stereological analyses
The volume of the right kidneys was esti-

mated by the Sherle´s method (8); then the kidneys 

were sectioned frontally, fixed in 10% formaldehyde 
and routinely processed for paraffin embedding. Se-
rial 5 µm sections of the entire kidney were obtai-
ned and stained with hematoxylin and eosin (HE). 
The cortical-medullar ratio was estimated by using 
the Cavalieri principle (9) and the absolute cortical 
volume (CV) was calculated by multiplying the cor-
tical-medullary ratio by the renal volume.

The left kidneys were sectioned in small 
fragments, fixed in 10% formaldehyde and rou-
tinely processed for obtaining 5 µm thickness HE 
stained slices. From each animal, different ran-
domly sections of the renal cortex were obtained, 
from which 26 histological fields were captured at a 
200x magnification and analyzed. A M42 test-sys-
tem was applied to obtain the glomerular volume 
density (Vv[glom]) by the point-counting technique 
(9). The volume weighted mean glomerular volume 
(VWGV) was estimated by using the point-sampled 
intercepts method (10,11) analyzing 50 glomeruli 
per animal.

The estimation of the total number of glo-
meruli per kidney was calculated by multiplying the 
CV by the Vv [glom] and dividing the result by the 
VWGV (12).

Electron microscopy analyses
Small fragments of the left kidneys from 

the Sham and Pp groups were used for investi-
gating podocyte effacement. Samples were pro-
cessed for scanning and transmission electron 
microscopy as previously described (13). Briefly, 
the tissue was minced and fixed in 2.5% gluta-
raldehyde overnight and post-fixed in 1% OsO4. 
For scanning electron microscopy, the fragments 
were dehydrated in ethanol, critical point-dried 
with CO2 and sputter-coated with gold-palladium 
and examined on a JEOL5800 scanning electron 
microscope. For transmission electron microscopy, 
the samples were gradually dehydrated in acetone 
and embedded in Epon. Ultra-thin sections were 
stained in 5% uranyl acetate and 1% lead citra-
te and then observed on a JEOL1210 transmission 
electron microscope.

 Podocyte effacement was assessed qua-
litatively by scanning and transmission electron 
microscopy, and quantitatively by transmission 
electron microscopy (14). The quantification was 
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carried out by measuring the length of foot pro-
cesses in contact with the basement membrane 
using the software ImageJ. At least 100 foot pro-
cesses per animal were used to calculate individu-
al mean.

Oxidative stress analyses
One fragment of the left kidney was wa-

shed with ice-cold 0.1 M phosphate buffer, pH 7.4 
and stored at -20 oC. Then it was homogenized in 
the same buffer at a concentration of 0.1 (g tissue/
mL), centrifuged at 10000g at 4 oC for 15 min. 
Supernatants were removed and stored at –20oC 
until analyses.

Malondialdehyde (MDA), which is formed 
by lipid peroxidation, was assayed by a colorime-
tric method using thiobarbituric acid (15). Protein 
oxidation was assessed by measuring the protein 
carbonyl content after reacting with dinitropheny-
lhydrazine (16).

Protein carbonyl (nMol/mg) and MDA 
(nMol/mg) contents were expressed in relation to 
tissue protein concentration, which was measured 
with the Lowry method (17).

Statistical analysis

Student’s-t-test was used for all mean 
comparisons. For all comparisons p < 0.05 was 
considered significant. Analyses were performed 
using GraphPad Prism software.

RESULTS

Stereological analyses
No statistically significant differences 

in morphometric values were found among the 
groups studied. The results of the analyses are pre-
sented in Table-1.

Electron microscopy analyses
No signs of podocyte effacement were seen 

in both groups. The foot processes were well pre-
served in both Sham and Pp groups, displaying 
the characteristic interdigitating pattern with its 
neighbouring cells, and leaving in between a nor-
mal sized slit diaphragm (Figure-1). This was con-
firmed by quantitative assessment of the length 
of the foot process in contact with the basement 

Table 1 - Stereological data of kidneys from rats of groups Sham (n = 7) and Pneumoperitoneum (Pp) (n = 7). The Pp group 
was submitted to 8 mmHg of Pp for 3 hours, while Sham group was submitted only to anesthesia for the same time.

Sham Pp P value

Kidney mass (g) 1.4 ± 0.31 1.3 ± 0.39 0.561

Kidney mass index (g/kg) 3.8 ± 0.75 3.8 ± 0.97 0.928

Kidney volume (cm3) 1.6 ± 0.22 1.6 ± 0.26 0.924

Kidney volume index (cm3/kg) 4.3 ± 0.41 4.4 ± 0.26 0.385

Cortical/medullar ratio (%) 60.9 ± 6.3 59.3 ± 2.0 0.537

Cortical Volume (cm3) 1.0 ± 0.16 0.9 ± 0.16 0.497

Vv[Glom] (%) 6.2 ± 0.9 6.2 ± 0.7 0.931

VWGV (104 µm3) 155.8 ± 18.8 154.6 ± 8.3 0.881

Glomeruli per kidney (103) 41.1 ± 10.1 37.9 ± 6.8 0.512

Length of foot process (nm) 327.1 ± 53 304.7 ± 40 0.475

Data expressed as mean ± SD; Vv[Glom], glomerular volume density; VWGV, volume weighted mean glomerular volume.
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membrane, which showed no statistical difference 
between the two groups (Table-1).

Oxidative stress analyses
The mean concentrations of MDA and 

Protein Carbonyl are shown in Figures 2 and 3 
respectively. No statistical difference was found 
between Sham and Pp groups.

DISCUSSION

Since the beginning of laparoscopy, phy-
siologic alterations induced by Pp have been a 
concern and as such have been widely studied. 
However, following the advent of laparoscopic 
live donor nephrectomy, studies have focused 
on renal function, especially with regard to graft 
quality and the preservation of adequate function 
in the remaining kidney in the live donor (1).

 The rat is the most used animal model for 
studies on Pp, and the most commonly working 
Pp pressures used in humans (12 - 15 mmHg) are 

usually applied to this experimental animal. It 
should be pointed out, however, that when these 
pressures were used (3-6), there were no data on 
whether they would induce in the rat the same 
physiological responses they do in humans. Inde-
ed, it has later been demonstrated (7) that Pp at 
pressures higher than 8 mmHg in rats does not 
simulate the usual working pressures employed 
in humans. Therefore, 8 mmHg was used in the 
present study based on this recent knowledge on 
the equivalence of Pp pressures between rats and 
humans. Also, it was demonstrated that intra-ab-
dominal pressures of 10 mmHg or higher cause 
severe acidosis in rats (18), suggesting that this 
species is more sensitive to Pp than humans. More 
information is still necessary to better correlate 
the intra-abdominal pressures between humans 
and animal models. The present knowledge sug-
gests that 8mmHg in the rat would correspond to 
a high working pressure in humans, but the im-
precise correlation of pneumoperitoneum between 
the species is a limitation of this work.

Figure 1 - Electron micrographs of glomeruli showing no difference in podocyte morphology between the sham (A and B) and 
pneumoperitoneum (C and D) groups. Scanning electron microscopy (A and C); Transmission electron microscopy (B and D).
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 Morphological changes of the rat renal tis-
sue submitted to Pp have been analyzed during the 
last years, and controversial results were obtained. 
Although Yilmaz et al. (4) showed renal histologi-
cal changes in rats submitted to Pp at 15 mmHg, 
other authors reported that 12 and 15 mm Hg Pp do 
not result in renal damage in rats (19,20). Also, in 
studies with a rat model of laparoscopic live donor 
nephrectomy both donor and recipient kidney spe-
cimens did not show any deleterious effects from 
abdominal insuflattion after two weeks (21) or one 
year (22). It should be pointed out that these stu-
dies employed simple histological observation or 
histopathological grading systems to evaluate the 
morphological changes, all of which are affected 
by subjective interpretations by the observer. This 
might explain the disparity between the results of 
different investigators. In contrast, the findings of 
the present study are based on objective unbiased 
stereological methods which yield reproducible nu-
merical results and allow more robust statistical 
comparisons (23).

 A recent study showed that there is a po-
sitive correlation between the number of apoptotic 
cells in renal cortex and medulla and the increase of 
the intraperitoneal pressure and Pp exposure time 
in the rat model (24). Even under 8mmHg pressu-
re, the kidney in an isolated chamber diminishes 
the urinary output and presents a higher number 
of apoptotic cells (25). The present study showed 

that any alteration, which may be caused by a Pp 
at 8 mmHg, did not affect the number of glomeruli 
per kidney in rats after long term evaluation, even 
in a prolonged Pp model. The apoptotic cells in the 
previous study (24) can be mostly tubular cells whi-
ch can heal or be replaced after injury, and by this 
way, the nephron as a whole can still be preserved.

 The present study investigated the morpho-
logical aspects of foot processes in the podocytes, 
which constitute an important component of the 
glomerular filtration barrier, restricting the trans-
port of proteins and solutes to the urine. Podocyte 
effacement is associated with loss of slit diaphragm, 
leading to proteinuria and loss of kidney function. 
Podocyte effacement is a common event observed 
in a number of glomerular diseases, including renal 
ischemia (26).

 Some authors proposed that the diminished 
renal blood flow during Pp and its return to normal 
flow after deflation leads to an ischemia and reper-
fusion injury (3,4,27,28). Hence, Pp would induce 
changes in podocyte morphology that were not seen 
in the present study. The glomerulus is considerably 
more sensitive to oxidative injuries than any other 
nephron segments (9). Nevertheless, no morpholo-
gical or numerical changes in this structure were 
found after 3 hours of Pp at 8 mmHg. Possibly, only 
under higher intra-abdominal pressures, which do 
not simulate routine working pressures employed 
in humans, these alterations could be seen.

Figure 2 - Malondialdehyde concentration in renal tissue of 
rats submitted to 8 mmHg pneumoperitoneum for 3 hours. 
The bars represent men and standard deviation. The means 
are not significantly different (t test, p= 0.871).

Figure 3 - Protein carbonyl concentration in renal tissue of 
rats submitted to 8 mmHg pneumoperitoneum for 3 hours. 
The bars represent men and standard deviation. The means 
are not significantly different (t test, p=0.893).

sham shamPp Pp
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An interesting study reported that renal 
blood flow did not decrease under 5 or 10mmHg in-
tra-abdominal pressures in rats, but decreased under 
15mmHg (29). This may explain previously findings 
with higher pressures used in this animal model.

 As an ischemia and reperfusion injury, the 
Pp have been related to increased oxygen reactive 
species in the kidney (6) and different methods to di-
minish the oxidative stress were described in animal 
models, including melatonin (3), erythropoietin (5) 
pre-conditioning (28) and verapamil (30). Although 
the aforementioned authors have showed lipid pe-
roxidation and protein oxidation in renal tissue, the 
intra-abdominal pressure used by these authors was 
always higher than 8 mmHg, which corresponds to 
more than 15 mmHg in humans (7). In the present 
study, a prolonged Pp at 8 mmHg did not induce 
oxidative stress in the renal tissue in rats.

In summary, this study demonstrated that 
even with a prolonged period, a Pp at 8 mmHg did 
not induce oxidative stress or morphological chan-
ges in the rat kidney. Since more complex surge-
ries have been performed by laparoscopy and pa-
tients are submitted to more than 3 hours of Pp, a 
deep knowledge on possible renal damage caused 
by prolonged Pp could be established to determine 
when protective methods should be used.

ABBREVIATIONS

Pp: Pneumoperitoneum
HE: Hematoxylin and eosin
CV: Cortical volume
Vv[glom]: Glomerular volume density
VWGV: Volume weighted mean glomerular volume
MDA: Malondialdehyde
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