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Abstract

Our objective in this experimental study is to research the effect of the intra-abdominal
pressure which rises following pneumoperitoneum and whether Theophylline has a possible
protective activity on this situation. In our study, 24 Wistar Albino rats were used. Rats were
divided into two groups. The first group was set for only pneumoperitoneum model. The
second group was given 15 mg/kg of Theophylline intraperitoneally before setting
pneumoperitoneum model. Then urea, creatinine, cystatin-C, tissue and serum total antioxidant
capacity, total oxidant capacity and oxidative stress index in two groups were measured and
compared with each other. Apoptosis and histopathological conditions in the renal tissues
were examined. The differences between the groups were analyzed with the Mann–Whitney
U test. Results were considered significant at p50.05. No statistically significant difference
was determined between tissue and serum averages in two groups in terms of TAS, TOS
and OSI values (p40.05). The mean value of urea were similar in pneumoperitoneum
and pneumoperitoneum + theophylline groups (p¼ 0.12). The mean cystatin-C value was
2.2 ± 0.3mg/mL in pneumoperitoneum, 1.74 ± 0.33 mg/mL in pneumoperitoneum + theophylline
(p¼ 0.002). According to our study, lower cystatin-C levels in the group, where Theophylline
was given, are suggestive of lower renal injury in this group. However, this opinion is
interrogated as there is no difference in terms of tissue and serum TAS, TOS, OSI and urea
values between the groups.
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Introduction

Today, laparoscopic operations are commonly used in the

group of all the ages for both diagnosis and treatment.

It arouses interest due to advantages, such as especially

removing necessity for a wide incision, postoperative hospi-

talization and healing period and prominently shortening the

duration to return back to daily activities.1 As a result of intra-

abdominal mechanic pressure caused by pneumoperitoneum,

there is increase in systemic vascular resistance, mean blood

pressure, cerebral blood flow and intracranial pressure while

decrease occurs in renal and portal blood flow and pulmonary

compliance.2,3 Following cortical hypoperfusion and renal

blood flow decreasing after increased intra-abdominal pres-

sure (IAP), transient renal injury may occur.4

Reperfusion is provided in the organs which remained

ischemic by terminating pneumoperitoneum by abdominal

desufflation. Free oxygen radicals (FOR) released by poly-

morphonuclear (PMNH) localizing on tissue during reperfu-

sion and ischemia lead to destruction in the reperfused tissue.

This case is called reperfusion tissue injury.5,6

Our objective in our experimental study is to research the

effect of IAP increasing after pneumoperitoneum on renal

functions and renal morphology and possible protective

activity of Theophylline on this condition.

Material and methods

The study was conducted after ethical committee permission

with 25 December 2012 date and 02 number by Süleyman

Demirel University Animal Experiments Local Ethical

Committee (SDU-HADYEK). In the experimental study,

totally 24 adult male 12- to 16-week Wistar Albino rats

weighing 250–350 g (average 319 g) were used. Animals were

housed in the standard laboratory environment with a

moisture of 55–60% at daylight for 12 h and dark for 12 h at

a fixed temperature. Along housing, experiment animals were

subjected to standard nutrition, housing and care conditions.

The rats were divided into two groups. Following midline

incision under general anesthesia, the rats in the group 1
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(12 rats) were entered by Veress needle; after pneumoper-

itoneum was generated by insufflating inside the abdomen

by CO2 at 14 mmHg fixed pressure for 1 h, desufflation was

waited for 30 min; after this duration was completed, abdo-

men was opened and both kidneys were excised and sent to

pathology and biochemistry laboratory for examination.

Blood specimens obtained were sent to biochemistry labora-

tory only. Then the rats were sacrificed by leaving bleeding at

the end of anesthesia.

The rats in the second group (12 rats) were administered

15 mg/kg of Theophylline through intraperitoneal way 1 h

before the procedure. Subsequent procedures were exactly the

same as group 1. In the experimental model, models

generated previously in literature were based on determining

the insufflation and desufflation time.7–9

In order to create anesthesia in all the surgical operations,

90 mg/kg of Ketamine HCl (Ketalar�, Parke-Davis, Morris

Plains, NJ) and 15 mg/kg of Xylazine HCl (Rompun�, Bayer,

Germany) were administered intraperitoneally by the help of

insulin injector. Following anesthesia, the abdominal region of

all the animals were shaved and cleaned by 10% povidone–

iodine. After �1 cm midline incision was performed and cuta-

neous and subcutaneous tissues were passed, Veress needle

was placed into the peritoneal cavity. The same procedure was

applied for the rats in all the groups (Figure 1). The other end of

needle was attached with CO2 insufflator (Storz, Germany).

Following desufflation duration, blood and tissue specimens

were taken by laparotomy incision (Figure 2).

Half of renal specimens received were stored for biochem-

ical examination and the other half for pathological examin-

ation. After 5–7 cc blood obtained was centrifuged and serum

was obtained, it was stored in deep freezer (Wise Cryo,

Germany) at �80 �C until biochemical measurement duration.

While one of two renal tissues received from each rat was

stored in deep freezer (Wise Cryo. Germany) at �80 �C for

biochemical measurement, the other kidney was divided into

two half as vertically symmetric and stored in 10% formal-

dehyde fluid with phosphate tampon for histopathological

examination.

Bloods obtained from the rats were centrifuged (NF 800,

Turkey) for 10 min at 3000 rpm and stored at �80 �C (Wise

Cryo., Germany) until they are tested after their serums were

separated. Renal tissues were weighed on assay balance

(Scaltec SPB33, Germany) and homogenized by mixing with

phosphate tampon at a rate of 1/10. Homogenization proced-

ure was completed in two steps: In the first step, it was

dispersed for �1 min with tissue mechanic disperser (Janke &

Kunkel Ultra-Turrax T25, Germany) and in the second step, it

was exposed to sonicator (UW-2070 Bandeun Electronic,

Germany) for 30 s. Homogenates obtained were centrifuged

for 10 min at +4 �C at 10,000 g (Rotanta 460, Germany).

Following backing up, their supernatants were stored at

�80 �C up until they are tested (Bosch, Germany).

After serums were made dissolved at room temperature

and vortexed (Labinco L-46, Breda, Netherlands), urea and

creatinine levels were measured in autoanalyzer device as

spectrophotometric by using commercial kit (Beckman

Coulter AU 5800, Kanagawa, Japan). Jaffe method was used

for measuring creatinine, kinetic UV test spectrophotometric

method for urea. Serum cystatin-C level was detected by

enzyme-linked immunosorbent assay (ELISA) by using

BioVender (Brno, Czech Republic) branded rat-specific

commercial kits, washing device (Biotek Instruments

ELX50, Winooski, VT) and reading device (Oganon

Teknika Microwell system Reader 530, Austria). The results

were given in mg/mL.

After homogenates obtained from tissues were made

dissolved at room temperature and vortexed (Labinco L-46,

The Netherlands), Total Antioxidant Status (TAS) and Total

Oxidant Status (TOS) levels were measured as spectrophoto-

metric by modified Erel method by using Reel Assay

Figure 1. Veress needle was placed into the peritoneal cavity.

Figure 2. Blood and tissue specimens were taken by laparotomy
incision.
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(Gaziantep, Turkey) branded commercial kit (Beckman

Coulter AU 5800). Protein levels of homogenates were

measured as spectrophotometric by using microprotein com-

mercial kit (Beckman Coulter, Beckman Coulter AU 5800).

The results of TAS and TOS values were given in

mmol Trolox Eq/g protein for TAS, in mmol H2O2 Eq/g

protein for TOS by dividing its own protein value of each

specimen. Oxidative stress index (OSI) was calculated

according to the following formula: OSI¼TOS/TAS� 100.

Kidneys received for histopathological examination were

fixed in 10% neutral formalin after either half was symmet-

rically separated in half in the middle on vertical axis.

Following dehydration and paraffin inclusion procedure,

tissues were embedded into paraffin blocks. Slices in

thickness of 4–5mm were obtained from paraffin blocks by

means of rotary microtome. The slices obtained were stained

with hematoxylin–eosin. Following staining procedure, all the

slices were examined under optical microscope (Nikon

Eclipse 400 research microscope, Tokyo, Japan) and eval-

uated and their photos were taken. The alterations found were

scored by a modified semi-quantitative scale defined by Paller

et al.10 [1—chronic inflammation (0, +, ++); 2—tubular

epithelial cell flattening (0, +, ++); 3—cytoplasmic vacuo-

lization (0, +, ++); 4—cell necrosis and ischemic alterations

(0, +, ++) and 5—tubuler lumen obstruction (0, +, ++)].

Apoptosis index was detected according to formula below

by counting apoptotic nuclei marked as positive by TUNEL

method in glomeruli, tubules and interstitial areas in 10 areas

selected randomly at 40� magnification under OLYMPUS

CX41 branded optical microscope (Tokyo, Japan); Apoptotic

index (APOI)¼Apoptotic nucleus number/Total cell num-

ber� 1005). According to this, it was evaluated as follows:

0¼ no staining, 1¼mild (1–10%), 2¼moderate (10–40%)

and 3¼ severe (440%).

Analyses were performed with PASW 18 (SPSS/IBM,

Chicago, IL) software. The Kolmogorov–Smirnov test and

P–P plot were used to verify the normality of the distribution

of continuous variables. Results are reported as the

mean ± SD or, in situations in which the distributions were

skewed, as the median (min–max) and categorical variables

are given as percentages. The differences between the groups

were analyzed with the Mann–Whitney U test for non-

parametric data, whereas chi-squared/Fisher’s exact test was

used for categorical variables. Results were considered

significant at p50.05.

Results

No characteristic difference was determined in terms of

inflammation in the histopathological examination of kidneys

in both groups (Table 1, Figures 3 and 4). The average

of apoptosis values between pneumoperitoneum and

pneumoperitoneum + theophylline group were found as

46 ± 6.1 and 42 ± 5, respectively (p¼ 0.056).

No statistically significant difference was detected between

tissue averages in terms of TAS, TOS and OSI values among

groups (p¼ 0.27, p¼ 0.54 and p¼ 0.18, respectively).

Similarly, no statistically significant difference was found

between serum TAS, TOS and OSI values (p¼ 0.20, p¼ 0.72

and p¼ 0.72, respectively) (Table 2).

The mean urea values in pneumoperitoneum and

pneumoperitoneum + theophylline groups were similar

(p¼ 0.12). Interestingly, the mean creatinine values were

determined higher in theophylline group (p¼ 0.001).

Table 1. Comparison of inflammation in the histopathological
examination of kidneys in both groups.

Chronic inflammation

Groups Absent—few Middle level Common Total

Pneumoperitoneum
First half

n 6 5 1 12
% 50 42 8 100

Second half
n 6 5 1 12
% 50 42 8 100

Pneumoperitoneum + theophylline
First half

n 6 6 0 12
% 50 50 0 100

Second half
n 7 5 0 12
% 58 42 100

Figure 3. Minimal inflammation findings in kidney tissue of the
pneumoperitoneum group (HE� 400).

Figure 4. Minimal inflammation findings in kidney tissue of the
pneumoperitoneum + theophylline group (HE �400).
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While the mean cystatin-C value in pneumoperitoneum group

was detected as 2.2 ± 0.3 mg/mL, it was 1.74 ± 0.33 mg/mL in

pneumoperitoneum + theophylline group (p¼ 0.002, Table 2).

Discussion

During pneumoperitoneum performed for laparoscopic sur-

gery, intra-abdominal pressure increases and undesired sys-

temic and local impacts occur as a result of resorption of CO2

used from peritoneal surfaces. Increase in intra-abdominal

pressure decreases systemic cardiac output by causing

pressure on Vena Cava Inferior and causes hypoperfusion in

organs by decrease in arterial pressure. Ultimately, pneumo-

peritoneum leads to a hypoxic environment at cell level.11

Laparoscopic surgeries were shown to cause ischemia–

reperfusion injury in organ and tissues depending upon

hypoperfusion and subsequent reperfusion period.12

Furthermore, it was shown that tissue perfusion of liver,

kidney and bowels decreases when the intra-abdominal

pressure is above normal vena portae pressure

(7–10 mmHg).13,14

In literature, numerous agents were used in order to

prevent renal ischemia–reperfusion injury. Melatonin,

L-carnitine, N-acetylcysteine, nitroglycerine, PGE1, amino-

guanidine and vitamin E were used experimentally and the

results were found significant.15–17 In order to prevent

ischemia–reperfusion injury, these agents of which impacts

were observed experimentally set light to researchers in terms

of finding alternative and more effective agents. In our study,

we applied 15 mg/kg of Theophylline through intraperitoneal

way. In literature, theophylline was used in experimental

models with respect to preventing pulmonary ischemia

reperfusion injury, improving of acute renal failure seen in

asphyxiating newborns, renal vasoconstriction and preventing

tardive dyskinesia.18–20 However, it is not used in any study

for preventing renal ischemia reperfusion injury arising from

pneumoperitoneum.

Following ischemia–reperfusion occurring, free oxygen

radicals develop in tissues and oxidative stress resulting in

when the balance of oxidant–antioxidant system impaired in

favor of oxidant system causes various injuries in tissues.

Researchers revealed that oxidative stress occurring is not

only an indicator21 but also activates several mechanism

causing functional and structural disorders in many organs,

including also kidney22,23 and liver,24 by causing injuries in

tissues as a result.25 Free oxygen radicals play the most

crucial role in disorders of renal functions after renal

ischemia. Furthermore, it was reported that, following

reperfusion, there is a rapid raise in free oxygen radicals

and, as a consequence of this, there is increase in lipid

peroxidation level.

When renal tissues received from the rats were evaluated

histopathologically with hematoxylin–eosin, no characteristic

difference was determined to occur between two groups in our

study although there is an alteration in terms of only chronic

inflammation from alteration specified in scale. When tissues

received by TUNEL method used for evaluating apoptosis are

looked at, the result does not show significant difference

although the apoptosis value in pneumoperitoneum + theo-

phylline group is lower than pneumoperitoneum group. In an

experimental study performed by Farias et al.,26 similarly,

they did not encounter significant alterations in the examin-

ation with hematoxylin eosin in renal tissues received from

the rats where pneumoperitoneum was applied. In another

study, moderate hydropic degeneration and congestion were

observed in both kidneys between the control group and the

group where pneumoperitoneum was performed in the

histopathological examination, but no significant difference

detected.27 In another study, however, in the histopathological

examination of kidneys received from the rats, pathologic data

varying from minimal alterations to moderate Acute tubular

necrosis (ATN) in kidneys were obtained proportionally to

increasing pressures.7 When these results were considered, it

could be thought that histopathological alterations occurring

in kidneys change depending upon the duration to form

pneumoperitoneum and the pressure of pneumoperitoneum

formed.

Antioxidants are in interaction in plasma. Due to these

impacts, more impact than the total impact formed by

components alone occurs. Measurement of total antioxidant

status can give more valuable information than measurement

of antioxidants single by single. Antioxidant activity reflects

the total activity of all the antioxidants found in plasma and

body fluids.28,29 Total oxidant level measurement method was

developed by Erel in order to measure oxidative stress caused

by free radicals such as hydroxyl, hydrogen peroxide, singlet

oxygen, lipid hydroperoxide and superoxide. Oxidative stress

index is calculated to detect whether oxidative stress is

balanced or not.30,31

No significant difference was able to be found between

two groups of which mean TAS levels were measured in

the kidney tissue taken. The mean TOS value measured in

the tissue was determined lower in pneumoperitoneum

group compared to pneumoperitoneum + theophylline

group. Even if the difference is insignificant, higher TOS

values in the treatment group suggest that antioxidant

activity of theophylline given is not adequate. This result

may depend on administration way or dose of theophylline.

When the mean OSI data in the renal tissue were

analyzed, the results in pneumoperitoneum + theophylline

group were detected lower than pneumoperitoneum

group as expected; however, no statistically significant

Table 2. Comparison of TASt, TOSt, OSIt, TASs, TOSs, OSIs, urea,
creatine and cystatine-c level between the groups.

Group 1 Group 2 p Value

TASt 0.22 ± 0.03 0.24 ± 0.01 0.27
TOSt 3.09 ± 0.55 3.21 ± 0.47 0.54
OSIt 1381.8 ± 266.8 1286 ± 213.5 0.18
TASs 1.44 ± 0.08 1.48 ± 0.07 0.20
TOSs 7.11 ± 0.91 7.3 ± 1.32 0.72
OSIs 493.84 ± 59.7 491.9 ± 85.9 0.72
Urea (mg/dl) 44.8 ± 5.6 47.8 ± 4.6 0.12
Creatine (mg/dl) 0.45 ± 0.03 0.5 ± 0.01 0.001*
Cystatine-c (mg/mL) 2.2 ± 0.3 1.74 ± 0.33 0.002*

TASt, Tissue Total Antioxidant Status; TOSt, Tissue Total Oxidant
Status; OSIt, Tissue Oxidative Stress Index; TASs, Serum Total
Antioxidant Status; TOSs, Serum Total Oxidant Status; OSIs, Serum
Oxidative Stress Index.

*Statistically significant.
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difference was able to be determined between the results

of these two groups.

No significant difference was found in TOS values in the

results of TAS, TOS and OSI parameters in serums obtained

from the rats. As expected in OSI and TAS values, the mean

TAS values were detected lower in pneumoperitoneum

group compared to pneumoperitoneum + theophylline group.

Similarly, although OSI values were found higher in pneumo-

peritoneum group in proportion to pneumoperitoneum +

theophylline group, no significant difference was observed

between these two parameters among groups.

The reason why we found insignificant results in our study

contrary to expectations may arise from inadequate gas

pressures, insufflation and desufflation durations in the

experimental model that we formed by the help of literature.

TAS, TOS and OSI parameters used for evaluating the

oxidative stress give general information about oxidative

injury. We are of the opinion that more significant results can

be obtained by studying with more specific parameters in

order to evaluate oxidative stress.

The most used parameter in clinical practice is serum

creatinine and urea values in order to show renal functions.

In our study, creatinine, urea and cystatin-C parameters

were examined to evaluate renal function parameters. In our

study, no difference was detected between groups in terms

of urea values. Interestingly, creatinine values in the group

where theophylline was administered were found signifi-

cantly higher. We have no reasonable explanation for this

situation.

Cystatin-C is more specific and sensitive indicator than

serum creatinine concentrations for glomerular filtration

rate.32 In a large number of clinical studies performed in

children, adults and elderly people, cystatin-C was detected to

show more diagnostic accuracy than serum creatinine for

determining renal function disorder.33

In an experimental study, where ischemia–reperfusion

model was formed, cystatin-C was reported to be more

sensitive than creatinine and BUN for detecting renal injury.34

In another study, cystatin-C levels were found higher in rats

where ischemia was formed experimentally compared to the

control group and the group receiving treatment.35 In our

study, cystatin-C values were determined to be significantly

lower in pneumoperitoneum + theophylline group. These our

results show similarity to the studies performed previously in

the literature.

Conclusion

According to our study, low cystatin-C levels in the group

receiving theophylline suggest that renal injury in this group

is lower. However, no difference between groups in terms of

tissue and serum TAS, TOS, OSI and urea values and high

creatinine values in theophylline group interrogate this

opinion. Further studies are needed to clarify the protective

effect of theophylline.
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