
Growth hormone axis responses after cholecystectomy	

repeated measures over time was employed to evalu-
ate changes in all serum measurements (SPPS v. 21 
statistical package; SPSS Inc., Chicago, IL, USA). 
Where significant F ratios were found for main ef-
fects (p <0.05), the postoperative mean values were 
compared with the preoperative means (control) us-
ing Dunnett’s post hoc tests. Relationships between 
variables were examined using Pearson’s correlation 
coefficient (r). All data are presented as mean ± SE. 
Statistically significant changes were considered at 
p<0.05.

RESULTS

The coefficient r2 for standard curves of all the 
ELISA analyses was 0.994-1. Analysis of the in-
flammation-related factor IL-6 in the blood revealed 
that the laparoscopic cholecystectomy resulted in a 
significant three-fold increase of circulating IL-6 
levels on postoperative day 2 (48 hrs) compared to 
the preoperative (PRE) levels (17.9±4.6 vs. 5.2±1.9 
pg/ml; F ratio: 3.142, p=0.045, Table 1). Similarly, 
there was a significant five-fold increase in the serum 
levels of the acute phase protein CRP on postoperative 
day 2 compared to the preoperative levels (20.9±5.6 
vs. 3.87±0.28 mg/L; F ratio: 4.965, p=0.010, Table 
1). A significant two-fold increase was observed in 
the levels of GH on postoperative day 1 (24 hrs) 
before returning to the preoperative levels on day 
2 (PRE levels: 520.6±141.2 vs. 1100.9±216.1 vs. 

eration (during the patients’ preoperative medical 
examination) and after the laparoscopic removal of 
the gallbladder (cholecystectomy), at 24 and 48 hrs. 
The time points of blood sampling were chosen to 
cover the period of acute phase response following 
laparoscopic surgery. The patients were at rest for at 
least 30 min prior to collection of 10 mL of blood 
obtained from an antecubital vein. Blood samples were 
allowed to clot at room temperature for 30 min. Serum 
was collected following centrifugation at 2000 g at 4°C 
for 10 min, stored frozen in 0.2 mL aliquots at -80°C, 
and thawed once only at the time of analysis. CRP 
was measured by latex-enhanced nephelometry (Dade 
Behring Nephelometer II Analyzer System, BNII, 
Siemens, Erlangen, Germany). Serum concentrations 
of IGF-1, insulin-like growth factor binding protein 
(IGFBP)-3, GH, and the acute phase protein IL-6 
were determined by standard sandwich enzyme-linked 
immunosorbent assay (ELISA) using commercially 
available kits (IGF-1: Enzo Life Sciences, Michigan, 
USA; IGFBP-3 and GH: R&D Systems Inc., Minne-
apolis, USA; IL-6: Biolegend Inc., San Diego, USA) 
according to the manufacturer’s instructions. Briefly, 
96-well microtiter plates (Costar) were coated with 
a monoclonal antibody directed against the analyte. 
Samples and standards were applied and the bound 
analyte was detected with horseradish peroxidase 
conjugated to a secondary polyclonal antibody directed 
against the analyte. Visualization of the presence of 
the peroxidase label was achieved with a tetrameth-
ylbenzidine (TMB) substrate. Colour formation was 
measured with a microplate reader (Versamax, Mo-
lecular Devices, Sunnyvale, CA, USA) at 450 or 540 
nm, and calculations were performed using SoftMax 
Pro software (Molecular Devices, Sunnyvale, CA, 
USA). All samples were analyzed simultaneously, 
in duplicate and the results averaged. According to 
the manufacturers, the minimal detection limits of 
the assays were 34.2 pg mL–1, 50 pg mL–1, 2.1 pg 
mL–1, 1.6 pg mL–1 for IGF-1, IGFBP-3, GH and IL-6, 
respectively. The intra- and inter-assay coefficients 
of variation (CV) were as follows: 3.6%-8.9% and 
3.4%-10.9% for IGF-1, 2.3%-5.0% and 5.4%-8% for 
IGFBP-3, 2.4%-4.1% and 6.9%-9.4% for GH, and 
4.3%-11.3% and 4.5%-13% for IL-6.

Statistical analysis 
A one-way analysis of variance (ANOVA) with 

Table 1. Serum concentrations of the growth axis hormones GH, 
IGF-1, and IGFBP-3, and of the acute phase proteins IL-6 and CRP, 
preoperatively (PRE) and on days 1 and 2 post laparoscopic cho-
lecystectomy. P values refer to comparisons with the preoperative 
concentration (mean ± SE)

PRE Day 1 Day 2
GH
(pg/ml)

520.6 ± 141.2 1100.9 ± 216.1
(p=0.034)

505.6 ± 142.8
(p=0.997)

IGF-1
(ng/ml)

130.9 ± 12.3 110.6 ± 13.2
(p=0.045)

110.5 ± 11.1
(p=0.044)

IGFBP-3
(μg/ml)

1.95 ± 0.14 1.96 ± 0.13
(p=1.000)

1.96 ± 0.14
(p=0.997)

IL-6
(pg/ml)

5.2 ± 1.9 11.9 ±  3.0
(p=0.319)

17.9 ± 4.6
(p=0.031)

CRP
(mg/L)

3.87 ± 0.28 10.76 ± 2.56
(p=0.368)

20.9 ± 5.6
(p=0.005)


