
stipation, female infertility and even small bowel 
obstruction [2−4].

Regardless of surgical practice, the initiation of 
adhesiogenesis results from local injury of perito-
neal membranes, requiring subsequent regenera-
tion. Local damage to mesothelial cells decreases 

Peritoneal adhesions can affect as many as 
93−100% of patients treated surgically [1]. Most of 
them appear in the first few days after operation 
and their progression can cause severe postopera-
tive complications. Adhesions are responsible for 
chronic abdominal and pelvic pain, chronic con-
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Abstract
Background. Normal saline gained wide popularity in abdominal surgery as a basic compound used in intraop-
erative drainage of the peritoneal cavity. However, recent studies have revealed that saline solution is not quite 
biocompatible with the intraperitoneal enviroment and may promote peritoneal adhesions.
Objectives. The aim of the study was to evaluate the function and viability of human mesothelial cells cultured  
in vitro in 0.9% NaCl solution from intraperitoneal lavage carried out during laparoscopic cholecytectomies.
Material and Methods. The study included 40 consecutive patients suffering from gallstones who underwent lapa-
roscopic cholecystectomy. Fluid was collected after intraperitoneal lavage during the surgical procedures. The sam-
ples obtained were used as a medium for in vitro incubation of primary human mesothelial cells. After 24 h the 
synthesis of interleukin 6 (IL-6), plasminogen activator inhibitor (PAI) and tissue plasminogen activator (tPA), as 
well as the index of cell proliferation were assessed in all the experimental groups.
Results. All the mesothelium cell cultures treated with fluid samples obtained ex vivo were characterized by ele-
vated levels of IL-6. The highest concentrations of PAI-1 were found in groups of cells exposed to fluid with bile; 
similarly, tPA synthesis was extremely elevated in groups treaded with fluid containing bile and small amounts 
of hemolyzed blood. In contrast, cell proliferation was exceedingly high in 2 groups of cells placed in a standard 
culture medium and in 0.9% NaCl solution.
Conclusions. Normal saline introduced into the abdominal cavity modifies the biological and physicochemical 
conditions of the intraperitoneal environment. The  impact of 0.9% NaCl on mesothelial cells is manifested in 
destabilized tissue regeneration, which supposedly initiates adhesion formation (Adv Clin Exp Med 2016, 25, 6, 
1193–1198).
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fibrinolytic activity and promotes free radical gen-
eration  [5]. These in turn induce suppression of 
mesothelial cells, which is manifested in reduced 
ability to proliferate, and consequently in destruc-
tion via the apoptosis pathway. It should be noted 
that in addition to the mesothelium, surrounding 
tissues are also damaged, which further impairs 
the healing process and increases the risk of peri-
toneal adhesions [6, 7].

A solution of 0.9% NaCl, called normal saline, 
is one of the most common crystalloids used in 
medical practice [8]. It has also gained wide pop-
ularity in abdominal surgery as a basic compound 
used in intraoperative drainage of the peritoneal 
cavity to remove cells, tissue debris, blood, clots 
and other pollutants generated during an opera-
tion [9, 10]. However, recent studies have revealed 
that saline solution is not quite biocompatible with 
human cells and may have a destructive effect on 
them. In terms of its chemical properties, the com-
position of normal saline differs from human body 
fluids. Its osmolality (308 mOsm/L) is slightly high-
er than that of human body fluids, and the con-
centrations of both sodium and chloride in normal 
saline are in equal molar ratio, respectively [Na+] 
154 mmoL/L and [Cl–] 154 mmoL/L  [11]. More-
over 0.9% NaCl solution is devoid of any buffers, 
so the pH remains acidic with an average value of 
5.5−6. It is suspected that normal saline may cause 
a variety of adverse reactions, e.g. depression of fi-
brinolytic activity, oxygen free radical generation 
and proinflammatory cytokine synthesis  [12, 13].  
The results of previous research published by the 
present authors and others suggested that use of 
0.9% NaCl solution in an intraabdominal lavage 
may lead to the formation of peritoneal adhe-
sions [12, 13].

The aim of the present study was to evaluate 
the function and viability of human mesothelial 
cells cultured in vitro in 0.9% NaCl solution ob-
tained during routine intraperitoneal lavage dur-
ing laparoscopic cholecytectomies.

Material and Methods
Fluid samples were obtained from 40 consecu-

tive patients (34 women and 6 men), who had been 
suffering from gallstones and underwent laparo-
scopic cholecystectomies. Each fluid sample was 
collected after intraperitoneal lavage performed 
during the surgical procedure. The  cholecystecto-
mies were elective in 31 cases, whereas nine patients 
underwent emergency surgery due to acute chole-
cystitis or exacerbation of chronic cholecystitis.

During a  single procedure about 675  mL 
(± 541 mL) of normal saline was instilled intraper-

itoneally, and after its removal an average volume 
of 211  mL (±  190  mL) still remained within the 
abdominal cavity, representing 33.8% (± 18.2%) of 
the amount initially introduced. After two rounds 
of centrifugation (150 g, 10 min/10oC), the collect-
ed liquids were frozen in aliquots at −20oC and 
stored for further analysis.

The samples were divided by macroscopic eval-
uation into four groups: 1) clear to transcluscent 
(n1 = 18); 2) a low degree of hemolysis (n2 = 9); 3) 
a high degree of hemolysis (n3 = 9); and 4) samples 
with bilirubin (n4 = 4). The samples were then used 
as a medium for incubating primary human meso-
thelial cells prepared according to the authors’ own 
protocol described in a previous publication [14]. 

The  synthesis of interleukin-6 (IL-6), plas-
minogen activator inhibitor (PAI) and tissue plas-
minogen activator (tPA) was assessed after expos-
ing the mesothelial cells to the following solutions: 
a culture medium, the same culture medium mixed 
1 : 1 (v/v) with 0.9% NaCl, and the culture medi-
um mixed 1  : 1 (v/v) with fluid samples collected 
after abdominal lavage (the pH of all the samples 
was adjusted to 7.4). Next, a 24 h incubation was 
started in a 5% CO2 atmosphere at a temperature 
of 37oC. At the end of the incubation the super-
natant was obtained from the wells and stored at 
−80oC until cytokine measurement. The cells were 
lysed with 0.1N NaOH, and the total protein con-
centration in the lysate was measured using the 
Bradford method. The concentration of cytokines 
in the supernatants was measured with commer-
cially available ELISA  kits (Bender Medsystems 
GmbH, Vienna, Austria and R&D Systems, Mem-
phis, USA). The release of the analyzed cytokines 
was expressed per amount of cell protein.

For the growth experiment mesothelial cells 
were seeded into 48-well clusters at a  density of  
5 × 104/well in standard culture medium After 12 h 
the culture medium was removed from the wells 
and replaced either with standard culture medium 
or with culture medium mixed 1 : 1 (v/v) with 0.9% 
NaCl, or with culture medium mixed 1  :  1 (v/v) 
with tested fluid samples (the pH of all the sam-
ples was adjusted to 7.4). Additionally, 3H-methyl-
thymidine was added to each well to obtain a final 
concentration of 1µCi/mL.

After 24 h of incubation the supernatant was 
removed and the cells were harvested from the 
wells with trypsin-EDTA solution (0.05% trypsin, 
0.02% EDTA) and then precipitated twice with 
20% trichloroacetic acid (TCA). The cells’ precip-
itate was washed twice with TCA  and afterwards 
lysed in 0.1 NaOH. The radioactivity of the lysate 
was measured in a  β-scintillation counter (LKB 
Wallac, Perkin Elmer Life Sciences, Turku, Fin-
land). Incorporation of radiolabelled 3H-methyl-
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thymidine into the DNA of the growing cells was 
used as an index of proliferation. The results were 
expressed as counts per minute (CPM).

All the results are presented as mean  ±  SD. 
Graphpad Prism 5.0 software (GraphPad Software 
Inc., San Diego, USA) was used for the statistical 
analysis. Data from multiple comparisons were 
verified using the one-way analysis of variance 
(ANOVA), complemented by Tukey’s test. The re-
lationship between clinical features and laboratory 
results was analyzed using the unpaired Student’s 
t-test and Fisher’s exact test. A p value of 0.05 was 
considered statistically significant.

Results
All mesothelium cultures treated with fluid 

samples obtained ex vivo were characterized by el-
evated secretion of interleukin-6. However, only in 
the group grown in the fluid with a  high degree 
of hemolysis was the release of IL-6 significantly 
higher than in the two control groups (medium, 
NaCl) and in the group exposed to clear liquid. 
Mesothelium placed in pure 0.9% NaCl solution 

demonstrated the lowest IL-6 synthesis compared 
with the fluid samples collected ex vivo and the 
standard culture medium (Table 1).

Moreover, the highest concentration of PAI-1 
was found in the groups of cells exposed to the flu-
id with bile; similarly, tPA synthesis was extreme-
ly elevated in the groups treated with samples con-
taining bile and having a high degree of hemolysis. 
Mesothelium incubated in pure 0.9% NaCl and 
clear lavage fluid demonstrated the lowest synthe-
sis of tPA among all the cell groups tested. How-
ever, these differences were not statistically signif-
icant (Table 1).

In contrast, cell proliferation was highly stim-
ulated in the two groups of cells growing in the 
standard culture medium and in 0.9% NaCl alone. 
Mesothelium showed symptoms of decreased cell 
proliferation when exposed to any of the fluid 
samples obtained from abdominal lavage, except 
for the clear fluid. The lowest growth was record-
ed in the cultures in the liquid containing bile, and 
only slightly higher growth was observed in the 
two groups with hemolysis (Table 2).

Finally, a relationship was discovered between 
clinical features and laboratory results. Samples 

Table 1. Synthesis of Interleukin 6 (IL-6), PAI-1 and tPA in mesothelial cells exposed to culture medium (medium), culture 
medium mixed with 0.9% NaCl (NaCl), clear lavage fluid (Clear), lavage fluid with a low degree of hemolysis (hem+), lavage 
fluid with a high degree of hemolysis (hem+++), and lavage fluid with bilirubin (Bile)

Medium 0.9% NaCl Bile Clear hem+ hem+++

IL-6 pg/mL
(SD)

434.1 
(55.6)

401
(56.9)

477.5
(176.9)

644.4
(186.9)

597.4
(235.6)

931.2
(862.5)

p p < 0.01 vs. medium
p < 0.001 vs. NaCl

p < 0.05 vs. NaCl p < 0.001 vs. medium
p < 0.001 vs. NaCl

PAI1 ng/mL 
(SD) 

6.5
(1.2)

5.8
(0.5)

7.7
(0.8)

5.2
(1.1)

5.3
(1.8)

5.6
(1.1)

p p < 0.01 
vs. NaCl

p < 0.05 vs. medium
p < 0.001 vs. bile

p < 0.05 vs. medium
p < 0.001 vs. bile

p < 0.001 vs. bile

tPA pg/mL 
(SD)

163.5 
(36.9)

145
(49.3)

182.9
(123.6)

151.5
(59.5)

180.7
(80.2)

273.8
(117.1)

p p < 0.05 vs. NaCl
p < 0.001 vs. clear

Table 2. Proliferation of mesothelial cells (CPM) exposed to culture medium (medium), culture medium mixed with 0.9% 
NaCl (NaCl), clear lavage fluid (Clear), lavage fluid with a low degree of hemolysis (hem+), lavage fluid with a high degree  
of hemolysis (hem+++), and lavage fluid with bilirubin (Bile)

Medium 0.9% NaCl Bile Clear hem+ hem+++

CPM pg/mL
(SD)

13900
(6504.2)

14858.3
(5719.6)

2090.4
(3764.9)

9970.5
(4774.8)

4107.5
(4377.3)

5888.5
(4946.6)

p p < 0.001 vs. medium
p < 0.001 vs. NaCl

p < 0.001 vs. medium
p < 0.001 vs. NaCl

p < 0.01 vs. medium
p < 0.01 vs. NaCl
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obtained from patients with elevated blood leuko-
cytes and fluids form patients who had undergone 
emergency surgery tended to be more suppressive 
to mesothelial cells cultured in vitro (Fig.  1,  2). 
Furthermore, clear samples with small amount of 
debris were obtained mainly from patients quali-
fied for elective surgery. Samples with blood or bile 
were generally collected during procedures per-
formed due to severe clinical symptoms (Fig. 3).

Discussion
The  0.9% NaCl solution called normal sa-

line is one of the most common substances used 
in clinical routine. Among the many advantag-
es of this crystalloid, one attribute remains indis-
putable: normal saline is still considered a biocom-
patible and biofriendly solution. However, recent 
reports,  particularly studies published in the last 
decade,  have shown the devastating effects of sa-
line on human cells destroying the myth of its ab-
solute biocompatibility. It has been found that the 
composition of 0.9% NaCl significantly differs 
from body fluids and has a direct impact on elec-
trochemical gradients, including ligand-receptor 
interactions [15, 16].

Every mesothelial tissue injury decreases cell 
viability and disturbs the biochemical balance of 
the peritoneal membrane. Intraabdominal damage 
due to reductions in peritoneal fibrinolytic activ-
ity are among the main triggers of adhesion for-
mation [6, 17]. As a consequence of peritoneal le-
sions the production of tPA, the main fibrinolytic 
stimulator, decreases rapidly and the release of 
PAI-1 is simultaneously stimulated [5, 18]. Recent 
reports have confirmed that the relationship be-
tween tPA and PAI-1 activities plays an important 
role in adhesiogenesis [12, 19]. In the present study 
lavage fluid containing bile intensified PAI-1 syn-
thesis. Bile, mainly consisted of bilirubin and bile 
acids, may cause multiple negative changes within 
the intraperitoneal environment manifested in fi-
brinolytic disability and proinflammatory cytokine 
secretion initiating leukocyte activation. Through 
its chemical properties bile can also act as a hyper-
tonic agent, promoting the mesothelial stress re-
sponse and oxygen free radical synthesis [20].

Reductions in PAI-1 activity observed in the 
other experimental groups in the present study re-
sulted from various circumstances. One was the de-
creased viability of mesothelial cells as effect of CO2 
insufflation during the laparoscopic cholecystecto-
my procedures. Elevated intra-abdominal pressure 
restrains blood perfusion and initiates intraperito-
neal acidosis [21, 22]. However, an excess of carbon 
dioxide is potentially harmful to human cells. Some 
studies suggest that the intraabdominal presence of 
CO2 reduces cell metabolism and consequently de-
creases the inflammatory response [21−23]. Locally 
diffused CO2 suppresses adhesiogenesis and proba-
bly helps to protect the mesothelium. In the present 
study the level of PAI-1 was lowered in all cell cul-
tures exposed to fluids collected in vivo except for 
the samples containing bile. This result may con-
firm the protective effect of CO2 [23].

The high concentrations of tPA and relatively 
low levels of PAI-1 observed in the samples with 

Fig. 1. The intensity of mesothelial proliferation 
(CPM) depended on whether the fluid samples were 
collected from patients with normal white blood cell 
counts (WBC ≤ 10000/uL) or elevated white blood cells 
(WBC > 10000/uL)

Fig. 2. The intensity of mesothelial proliferation 
(CPM) depended on whether the fluid samples were 
collected from patients who had undergone emergency 
surgery or elective surgical treatment

Fig. 3. The number of clear fluid samples (clear fluid) 
and samples with blood or bile (other fluid) obtained 
during elective or emergency procedures
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hemolyzed blood suggest that dissolved blood cel-
lular components, presumably macrophages, have 
a  profibrinolytic impact  [24, 25]. The  mesotheli-
um incubated in lavage fluids with hemolysis was 
characterized by an extremely elevated tPA/PAI-
1 ratio compared to the other groups, suggesting 
that limited intraperitoneal bleeding with leuko-
cyte infiltration initiates proinflamatory cytokine 
activity, leading to more efficient peritoneal regen-
eration [18, 26]. It can be posited that samples with 
hemolyzed blood contain more heme and iron 
ions, potentiating free radical generation and oxi-
dative stress response [27]. On the other hand, the 
mesothelium cells incubated in 0.9% NaCl alone 
and in clear lavage fluid displayed the lowest lev-
el of tPA  and PAI-1. As mentioned earlier, nor-
mal saline, the main component of these samples, 
demonstrates hyperosmotic properties. The slight-
ly higher osmolality of the samples lowered the vi-
ability of the mesothelial cells incubated in them, 
resulting in decreases in tPA and PAI-1 synthesis.

Recent reports have revealed that tissue re-
generation following peritoneal damage is under 
certain conditions responsible for adhesion for-
mation [7, 19]. The present study has shown that 
except for one group of cells cultured in clear la-
vage fluid, exposure to samples collected ex vivo 
reduced the rate of mesothelial proliferation. In all 
likelihood the presence of proinflammatory com-
pounds, including bile acids, morphotic elements 
(especially leukocytes) and high concentrations of 
tissue enzymes or cytokines, destabilizes cell repli-
cation [26, 28]. Simultaneously, there were no sig-
nificant differences between the proliferation lev-
els in a standard culture medium and in 0.9% NaCl 

solution. It can be concluded that mesothelial cells, 
despite the hyperosmotic impact of 0.9% NaCl so-
lution, are able to adapt and function even in un-
favorable conditions [29, 30].

The  findings of the present study also dem-
onstrate a relationship between clinical symptoms 
and the laboratory tests performed in vitro. Flu-
id samples obtained from patients with clinical 
signs of acute cholecystitis and blood leukocytosis 
presented a tendency to depress cell proliferation. 
Presumably, elevated inflammatory factors circu-
lating in the blood intensify the local peritoneal re-
sponse following tissue damage during the surgi-
cal procedure.

In  the present study the impact of pure 
0.9% NaCl on mesothelial cells was characterized 
by a relatively low tPA/PAI-1 ratio, a slight reduc-
tion in IL-6 activity and a  significant increase in 
cell proliferation. The authors suspect that as a re-
sult of inadequate fibrinolytic activity, normal sa-
line solution promotes proliferation of mesothelial 
tissue, which in turn initiates adhesion formation. 
On the other hand, the presence of peritoneal 
bleeding and local inflammation related to surgical 
trauma contribute to increases in IL-6 activity and 
the tPA/PAI-1 ratio. The  data obtained showed 
that despite operative damage to the peritoneum, 
mesothelial cells are able to maintain proper fibri-
nolysis, with sufficient ability to proliferate and re-
generate.

The  study showed that normal saline intro-
duced into the abdominal cavity modifies the bi-
ological and physicochemical conditions of intra-
peritoneal environment and therefore it should 
not be used for peritoneal lavage.

References
 [1] Arung W, Meurisse M, Detry O: Pathophysiology and prevention of postoperative peritoneal adhesions. World 

J Gastroenterol 2011, 17, 4545−4553.
 [2] Broek RP, Issa Y, van Santbrink EJ, Bouvy ND, Kruitwagen RF, Jeekel J, Bakkum EA, Rovers MM, van Goor H: 

Burden of adhesions in abdominal and pelvic surgery: Systematic review and meta-analysis. BMJ 2013, 347, 5588.
 [3] Ellozy SH, Harris MT, Bauer JJ, Gorfine SR, Kreel I: Early postoperative small-bowel obstruction: A prospective 

evaluation in 242 consecutive abdominal operations. Dis Colon Rectum 2002, 45, 1214−1217.
 [4] ten Broek RP, Kok-Krant N, Bakkum EA, Bleichrodt RP, van Goor H: Different surgical techniques to reduce 

post-operative adhesion formation: A systematic review and meta-analysis. Hum Reprod Update 2013, 19, 12−25.
 [5] Holmdahl L: The role of fibrinolysis in adhesion formation. Eur J Surg Suppl 1997, 577, 24−31.
 [6] Suzuki T, Kono T, Bochimoto H, Hira Y, Watanabe T, Furukawa H: An injured tissue affects the opposite intact 

peritoneum during postoperative adhesion formation. Sci Rep 2015, 5, 7668.
 [7] diZerega GS: Biochemical events in peritoneal tissue repair. Eur J Surg 1997, 577, 10−16.
 [8] Grocott M, Hamilton M: Resuscitation fluids. Vox Sang 2002, 1, 1−8.
 [9] Roberts LM, Sanfilippo JS, Raab S: Effects of laparoscopic lavage on adhesion formation and peritoneum in an 

animal model of pelvic inflammatory disease. J Am Assoc Gynecol Laparosc 2002, 9, 503−507.
[10] van Westreenen M1, van den Tol PM, Pronk A, Marquet RL, Jeekel J, Leguit P: Perioperative lavage promotes 

intraperitoneal adhesion in the rat. Eur Surg Res 1999, 31, 196−201.
[11] Veech RL: The  toxic impact of parenteral solutions on the metabolism of cells: A  hypothesis for physiological 

parenteral therapy. Am J Clin Nutr 1986, 44, 519−551.
[12] Połubińska A, Winckiewicz M, Staniszewski R, Breborowicz A, Oreopoulos DG: Time to reconsider saline as 

the ideal rinsing solution during abdominal surgery. Am J Surg 2006, 192, 281−285.



J. Cwaliński, A. Bręborowicz, A. Połubińska1198

[13] Kappas AM, Fatouros M, Papadimitriou K, Katsouyannopoulos V, Cassioumis D: Effect of intraperitoneal 
saline irrigation at different temperatures on adhesion formation. Br J Surg 1988, 75, 854−856.

[14] Bręborowicz A, Rodela H, Oreopoulos DG: Toxicity of osmotic solutes on human mesothelial cells in vitro. 
Kidney Int 1992, 41, 1280−1285.

[15] Połubinska A, Breborowicz A, Staniszewski R, Oreopoulos DG: Normal saline induces oxidative stress in peri-
toneal mesothelial cells. J Pediatr Surg 2008, 43, 1821−1826.

[16] Bręborowicz A, Oreopoulos DG: Is normal saline harmful to the peritoneum? Perit Dial Int 2005, Suppl 4, 67−70.
[17] Brokelman W, Holmdahl L, Falk P, Klinkenbijl J, Reijnen M: The peritoneal fibrinolytic response to conven-

tional and laparoscopic colonic surgery. J Laparoendosc Adv Surg Tech A 2009, 19, 489−493.
[18] Holmdahl L, Eriksson E, al-Jabreen M, Risberg B: Fibrinolysis in human peritoneum during surgery. Surgery 

1996, 119, 701−705.
[19] Hellebrekers BW, Kooistra T: Pathogenesis of postoperative adhesion formation. Br J Surg 2011, 98, 1503−1516.
[20] Ljubuncic P, Fuhrman B, Oiknine J, Aviram M, Bomzon A: Effect of deoxycholic acid and ursodeoxycholic acid 

on lipid peroxidation in cultured macrophages. Gut 1996, 39, 475−478.
[21] Brokelman WJ, Lensvelt M, Borel Rinkes IH, Klinkenbijl JH, Reijnen MM: Peritoneal changes due to laparo-

scopic surgery. Surg Endosc 2011, 1, 1−9.
[22] Bergström M, Falk P, Holmdahl L: CO2 promotes plasminogen activator inhibitor type l expression in human 

mesothelial cells. Surg Endosc 2003, 11, 1818−1822. Epub 2003 Jun 17.
[23] Ziprin P, Ridgway PF, Peck DH, Darzi AW: Laparoscopic-type environment enhances mesothelial cell fibri-

nolytic activity in vitro via a  down-regulation of plasminogen activator inhibitor-l activity. Surgery 2003, 134, 
758−765.

[24] Saksela O, Hovi T, Vaveri Z: Urokinase-type plasminogen activator and its inhibitor are secreted by cultured 
human monocytes-macrophages. Am J Pathol 1994, 144, 1269–1280.

[25] Plow EF: Leukocyte elastase release during blood coagulation. A potential mechanism for activation of the alterna-
tive fibrinolytic pathway. J Clin Invest 1982, 3, 564−572.

[26] Hermanowicz A, Debek W, Oksiuta M, Matuszczak E, Dzienis-Koronkiewicz E, Chyczewski L: Peritoneal cell 
response during adhesion formation. J Invest Surg 2010, 23, 267−272.

[27] Graça-Souza AV, Arruda MA, de Freitas MS, Barja-Fidalgo C, Oliveira PL: Neutrophil activation by heme: 
Implications for inflammatory processes. Blood 2002, 11, 4160−4165.

[28] Fabiano G, Pezzolla A, Maiorino R, Ferrarese F: Peritoneal adhesions: Pathophysiology. G  Chir 2008, 29, 
115−125.

[29] Breborowicz A, Witowski J, Wieczorowska K, Martis L, Serkes KD, Oreopoulos DG: Toxicity of free radicals to 
mesothelial cells and peritoneal membrane. Nephron 1993, 65, 62−66.

[30] Książek K, Piątek K, Witowski J: Impaired response to oxidative stress in senescent cells may lead to accumula-
tion of DNA damage in mesothelial cells from aged donors. Biochem Biophys Res Commun 2008, 373, 335−339.

Address for correspondence:
Jarosław Cwaliński
Department of Pathophysiology
Poznan University of Medical Sciences
ul. Rokietnicka 8
60-806 Poznań
Poland
E-mail: jaroslaw.cwalinski@gmail.com

Conflict of interest: None declared

Received: 8.04.2015
Revised: 30.04.2015
Accepted: 8.06.2015


