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Introduction: Local postoperative complications are affecting the evolution of surgical patients, which is the main reason why early diagnosis 
is a priority concern. Our objective was to 
Objective: To study the opportunity of protein analysis of the proteins from the drain fluid, as evolution markers of the surgical patient.
Material and method: We have analyzed drain fluid collected after 24 h, 72 h and 5 days after surgery. We have used the following: deter-
mination of protein concentration by spectrophotometric analysis at 280 nm and protein separation by geometric electrofocusing (patent no. 
109585C1/30.03.1995)
Results: From the analyzed liquids, we obtained variable protein concentrations. In all cases, electrophoretic separation showed the presence 
of protein fractions similar to those of reference serum.
Conclusion: The analysis protocol allows precise quantitative determination of the proteins from the drain fluid. Geometric electrofocusing, 
approached for the first time for this specific type of analysis, has proved to be highly effective in terms of quality and affordable due to the 
low cost.
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Introduction
During the post-operative evolution of patients undergo-
ing surgery, a number of local complications affecting post-
operative morbidity and mortality may develop [1,2,3]. 
Early diagnosis in those cases and appropriate therapy for 
each particular case may influence the future evolution of 
patients. In this article, we propose a quick and economi-
cal method to detect local postoperative complications, 
which consists in the dynamic evaluation of proteins from 
drained fluids, using the geometrical electrofocusing [4,5]. 
We presume as work hypothesis that this method is able to 
predict early local postoperative complications even before 
their occurence.

Our objective is to study the opportunity of protein 
analysis from the drained fluids, as markers of postoperati-
ve evolution, using protein electrophoresis by geometrical 
electrofocusing. 

Material and method
The samples of drained fluids were collected at intervals of 
24 hours, 72 hours and 5 days after surgery, from patients 
who underwent all types of surgery requiring drainage. As 
reference electrophoretic sample we used a human serum 
obtained from the I.C. Cantacuzino Institute, Bucharest. 
The samples have been processed the same day as they were 
collected, completing the following protocol:

ff We examined the macroscopic appearance of the 

liquid and removed the samples which contained tra-
ces of blood.

ff A quantity of 0.5 ml of liquid was transferred into azi-
dated test tubes (with deposits of Na azide) and sealed.

ff We centrifuged the samples at 5000 rpm in a centri-
fuge with bucket dumps, drawing the supernatant af-
terwards.

ff We determined the proteinemia from the supernatant 
by ultraviolet spectrophotometry, at 210 nm, using 
quartz glass vats with a thickness of 10 mm, with refe-
rence to isotonic NaCl.

ff We introduced 200 ml from each sample in thermostat 
test tubes at 52°C and then a quantity of 400 ml of 
gelling agent preheated to 52°C was poured over each 
sample.

ff We stirred the contents of the test tubes and then we re-
positioned them in the thermostat bath for 20 minutes.

ff We aspirated quantities of 200 ml in each gelling tube.
ff Microscope slides measuring 76/24mm were put on a 
plane surface.

ff On each slide we poured 3 ml of agarose gel at boiling 
temperature.

ff After cooling at room temperature for 40 minutes, we 
sectioned the gel perpendicular in the longitudinal di-
rection, and then we distanced the two resulting blocks 
by sliding them, the microscope slides being thus pre-
pared for insertion tubes with jellified samples.

ff After 30 minutes from the time of aspiration in the test 
tubes, the cylinders containing the samples were remo-
ved and placed between the sections of the gel migration.
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ff After the insertion of the cylinder containing the jelli-
fied sample, the two agarose gel blocks were brought 
together until they made perfect contact.

ff The device was inserted into the migration chamber, 
which was connected to a DC power source; the con-
tact between the gels and buffer tanks was ensured by 
paper decks soaked in buffer solution. 

ff The separation lasted 50 minutes, using 15 V/slide.
ff After separation, the plates were fixed with 10% ATA 
for 30 minutes, flushed with running water, covered 
with filter paper and dried at room temperature over-
night.

ff The dried slides were flushed with water and colored.

We performed dosing of the protein concentration from 
the drained fluids through spectrophotometry at 280 nm. 
Light radiation with a wavelength of 280nm, from the ul-
traviolet range, is proportionally absorbed by tryptophan, 
tyrosine and phenyl-alanine, aminoacids which are present 
in the protein structure.

In order to assess the linearity and to calculate the 
slope coefficient, we established a calibration curve using 
bovine serum albumin (BSA). To obtain the extinctions 
of the experimental standard curve, we started with an 
initial stock albumin concentration of 100 mg/dl, in 
NaCI 9 g/l, buffered with barbiturate buffer with a pH of 
7.4, which is the level that ensures the maximum protein 
absorption.

The measurements were performed using a UV spec-
trophotometer, placed inside quartz glass vats, having a 
thickness of 10 mm. To draw the calibration curve, we 
made dilutions, beginning from an initial volume of 2 ml 
of NaCI, adding gradually 20 ml of standard albumin so-
lution, the mixture being added directly into the vats. The 
standard curve, obtained through the additional procedure 
presented above, has a linear portion between 37.5 mg/dl 
and 155 mg/dl, which can be used for measurements and 
which defines the sensitivity field in linear method. Calcu-
lation of the protein concentration can also be performed 
by computation, consisting of multiplying the extinction 
value at 280 nm by a certain slope coefficient. When we 
analyze serum or plasma, we can use an average slope coef-
ficient, since both serum and plasma are protein mixed in 
various proportions. The average value of the experimen-
tally determined slope coefficient is 10.5.

Concluding, the calculation of the results can be per-
formed either by interpolation on the calibration curve, or 
pursuant to the following equation:

Protein concentration (g/dl) = E / a × d × final vol. / 
serum vol. = E × 10.5, where a = serum slope coefficient, d 
= thickness of the vat and E = extinction.

Geometrical electrofocusing improved electrophoresis 
in plane gels and is based on protein concentrations in 
focusing areas, induced by electric fields of force which 
bypass the gels. The focusing areas are obtained by cross-
section of the gels and inserting cylinders with jellified 
samples into those sections.

The microscope slides, with dimensions of 76/24mm, 
have to be installed inside the classic electrophoresis devices, 
thus increasing the performance of the traditional procedu-
re, without the need of additional installations. An increase 
in the diameter of the cylinder containing the jellified sam-
ple, allows an increase of the sample volume used for separa-
tion, about 10 times compared to traditional methods, wi-
thout modifying the geometry of the separation system. The 
required condition of the process is to maintain the tangen-
tiality of the cylinder containing the sample to the section 
surfaces of the gel migration, no matter what the diameter 
of the cylinder or the height of the gel migration may be.

Results
Variable protein concentrations have being obtained from 
the analyzed fluids. In all cases, electrophoretic separation 
showed the presence of protein fractions similar to those of 
reference serum. Figures 1 and 2 present the images of elec-
trophoreses obtained from the analysis of drained fluids 
from a patient operated with the diagnosis of antral gastric 
neoplasm, who has undergone the following surgical pro-
cedure: subtotal gastrectomy with gastrojejunal anastomo-
sis, sub hepatic and Douglas drainage, with uncomplicated 
postoperative evolution. 

Discussion
Using electrophoretic analysis of the proteins from the 
drain fluid represents an absolute novelty, as the technique 
has never been applied before.

As the quantity of proteins eliminated through the drain 
is absolutely variable, there can be no question of reference 
liquid [4,6], comparation of the results can only be made in 
evolution, the reference serum being useful for identifying 
the electrophoretically separated fractions [7,8].

The quantity of liquid obtained from the drain tubes 
diminishes during postoperative evolution, making the de-

Fig. 1.  Electrophoretic image of a human reference serum from 
the I.C. Cantacuzino Institute, Bucharest, processed by geometric 
electrofocusing

Fig. 2.  Electrophoretic image of proteins in drain fluid taken at 
variable time intervals, from an operated patient
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termination of protein concentration by classical methods 
rather difficult [9,10].

Geometric electrofocusing is a process developed in 
1994 (Şchiopu A., Şchiopu A. Jr.), which can ensure the 
analysis of liquids with low protein levels, without the ne-
cessary prior concentrating of samples, allowing the incre-
ase of the volume of samples introduced for separation, 
approximately 10 times compared to traditional methods, 
without altering the geometry of the separation system, 
thus eliminating all technological disadvantages related to 
concentrating processes [6].

Conclusion
ff The sensitivity of the method permits the detection of 
a quantity of proteins of over 10 mg/dl.

ff Extending the method to different cases can provide 
important data regarding the local post-operatory evo-
lution, as well as the opportunity of substituting prote-
ins lost through the drain.

ff Geometrical electrofocusing, approached for the first 
time for this specific type of analysis, has proved to be 
highly effective in terms of quality and affordable due 
to the low cost.

ff Geometrical electrofocusing, used to detect proteins 
from drained liquids, could be useful for the evaluati-
on of local postoperative evolution, but requires tho-
roughgoing studies.

References
1.	 Prathibha Ranganathan, HC Harsha, Akhilesh Pandey. Molecular 

Alterations in Exocrine Neoplasms of the Pancreas. Archives of Pathology 
& Laboratory Medicine. 2009;133(3):405-412.

2.	 Taiji Takahashi, Michiro Otaka, Masaru Odashima, Kumiko Tamaki, et al. 
Correlation of Heat Shock Protein Expression to Gender Difference in 
Development of Stress-Induced Gastric Mucosal Injury in Rats. Journal of 
Clinical Biochemistry and Nutrition. 2010;47(1):64-73.

3.	 Hirofumi Matsui, Osamu Shimokawa, Tsuyoshi Kaneko, Yumiko Nagano, 
et al. The pathophysiology of non-steroidal anti-inflammatory drug 
(NSAID)-induced mucosal injuries in stomach and small intestine. Journal 
of Clinical Biochemistry and Nutrition. 2011;48(2):107-111.

4.	 Schiopu Alexandru. Separarea electroforetica a proteinelor prin 
electrofocusare geometrica. University Press, Targu Mures, 2002;28-53.

5.	 Jacek R. Wiśniewski. Mass Spectrometry–Based Proteomics: Principles, 
Perspectives, Challenges. Archives of Pathology & Laboratory Medicine, 
2008;132(10):1566-1569.

6.	 Popescu OV. Electroforeza proteinelor în geluri de poliacrilamida. 
Bucuresti, Ed. Tehnica,1990;17-18.

7.	 Yazisiz V, Ongut G, Terzioglu E, Karayalcin U, et al. Clinical importance 
of antineutrophil cytoplasmic antibody positivity during propylthiouracil 
treatment. Int J Clin Pract. 2010;64:19-24.

8.	 Jin Sun Jang, Shuyu Piao, Young-Nam Cha, Chaekyun Kim. Taurine 
Chloramine Activates Nrf2, Increases HO-1 Expression and Protects 
Cells from Death Caused by Hydrogen Peroxide. Journal of Clinical 
Biochemistry and Nutrition. 2009;45(1):37-43.

9.	 David F. Keren. Procedures for the Evaluation of Monoclonal 
Immunoglobulins. Archives of Pathology & Laboratory Medicine. 
1999;123(2):126-132.

10.	 Zhengming Gu, Jianmin Pan, Matthew J. Bankowski, Randall T. Hayden.
Quantitative Real-Time Polymerase Chain Reaction Detection of BK Virus 
Using Labeled Primers. Archives of Pathology & Laboratory Medicine. 
2010;134(3):444-448.


