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Correlations Between the Cerebrospinal Fluid Surface
Tension Value and 1. Concentration of Total Proteins
2. Number of Cell Elements

A. Kratochvíl and E. Hrnčíř
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Charles University, Prague, Czech Republic

Abstract. The contribution gives a survey about the problematics of surface ten-
sion in biomedical sciences. The paper presents results of a study devoted to the
cerebrospinal fluid. The distribution of the surface tension values of this liquid
in healthy individuals is presented (n = 33), and further, statistically significant
correlations between the cerebrospinal fluid surface tension value and 1. concen-
tration of total proteins expressed by Spearman’s coefficient ρs = (−0.995) and 2.
number of cell elements expressed through Spearman’s coefficient ρs = (−0.965) in
cerebrospinal fluid are described.
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Introduction

In biomedicine, the term “surface tension” is used above all in connection with
surface tension of the lung surfactant and evaluation of the lung maturity, and
exploring the role of the lung surfactant in such pathological states as adult res-
piratory distress syndrome, respiratory distress syndrome, bronchopulmonary dys-
plasia, syndrome of meconium aspiration, bronchial asthma, and bacterial and virus
pneumonia (Wiswell et al. 1994; Friedrich et al. 1996; Gunther et al. 1996). For
example, the following connection has been proved: Diverse characteristics of sur-
factants obtained from lungs of different degree of maturity that relate to the
surface tension of samples in different surface age, explain the high resistance of
immature lungs to the first inspiration (Friedrich et al. 1996).

In addition to pneumology, there are studies evaluating the surface tension of
urine where a statistically significant correlation between decrease of the surface
tension of this liquid and the value of a 24 hour proteinuria has been proved (Diskin
et al. 2000).
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From our point of view the works of Brydon et al. (1995) are very contributive.
They studied surface tension of the cerebrospinal fluid samples in patients with a
cerebrospinal fluid infection, hemorrhage, congenital and tumour hydrocephalus,
and CNS malformations also with use of the shunt valve opening facility (Brydon
et al. 1995).

The objectives of this study, using the drop weight method for determination
of surface tension, were to map the surface tension values of the cerebrospinal fluid
(CSF) in both groups of samples that showed abnormal values in parameters we
have followed and some other samples without these abnormalities. Further we
wanted to use the possibility of correlation of this physical quality with measured
parameters most often chosen in practise. We hypothesised, that the surface ten-
sion of the cerebrospinal fluid might correlate with other parameters owing to the
physical-chemical character of proteins and their total content in the cerebrospinal
fluid. Furthermore, dependence between the cerebrospinal fluid surface tension and
the presence of cell elements was predicted, owing to the amphiphility of phospho-
lipids of cell membranes and their ability to decrease surface tension.

In addition to our determination of surface tension we also refer further to nu-
merous works of Siniachenko et al. (1998a) who are engaged above all in changes in
the surface tension of body liquids from the standpoint of its correlation directly to
the development of single pathological states. Their contributions show the changes
and further development of surface tension of biological liquids at a different sur-
face age during the progress of such pathological states as nervous system tumours,
malignant tumours of reproductive organs, rheumatoid arthritis, kidney diseases,
etc. (Kazakov et al. 1998; Siniachenko et al. 1998a,b).

Existing results of studies concerning experimental influence of changes in the
surface tension refer, above all, to examinations of the course of air embolism in
context with the research of the decompression sickness (Jensen et al. 1993; Hrnčíř
1996).

Materials and Methods

In our study the drop weight method was chosen to measure the surface tension of
the cerebrospinal fluid. This method, also called stalagmometry, is a course enabling
so called “relative measuring” of the surface tension. At the drop weight method
the mass of drops of both the examined and the standard liquid are measured. As
the standard liquid we used redistilled water with surface tension σ = 72.45 mN/m
at 22◦C (22◦C was the temperature of the samples and the surroundings during
measurements). Drops were torn off from the capillary under static conditions.
The value of the sample surface tension of the cerebrospinal fluid was determined
based on the dependence between its value and the weight of the drop – to tear
off the drop from the capillary, the weight of the drop had to overcome the force
of the surface tension at the narrows (Kellö and Tkáč 1977). The total number
of drops weighted within the framework of one measurement had to correspond
with the capacity and readability of used balances. We used balances with capacity
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of 10 g and readability of 0.002 g for our measurements (Ohaus corp. 1998). The
accuracy of measurements obtained, given by a weighting mistake (0.002 g) and by
other influences (air stream, vibration or evaporation), was fully comparable to the
measuring accuracy of other methods used for determination of the surface tension
value (Cole-Parmer 1999). The convenience for the specific use of this method was
verified by comparison of measurement results of several liquids of known surface
tension (redistilled water, glycerol, ethanol, mercury, toluene, etc.) with respective
surface tensions.

To reach our objectives, we examined 111 samples of cerebrospinal fluid (44
men and 67 women aged 22 to 79 years). The average age was 49.5 years for the men
and 53.9 years for the women. The cerebrospinal fluid was native and it was taken
by a usual procedure for diagnostic purposes. Along with execution of the above
mentioned measurements we also performed the following: concentration of total
proteins and glucose in the fluid; number of erythrocytes, monocytes and poly-
morphonuclear leukocytes in the cerebrospinal fluid; determination of haemoglobin
derivatives. The following values were treated as normal: Total proteins up to
0.5 g/l, glucose 2.4–4.0 mmol/l, cytology 1–15 cells, and absence of haemoglobin
derivatives.

Further, the relations among the values of surface tension of the CSF, total
concentration of proteins in the fluid and the amount of the cell elements con-
tained were examined. For this purpose, only the samples with abnormality in the
parameter under study were used. The data were statistically processed through
the method of Spearman’s coefficient of serial correlation and the coefficient of de-
termination. The level of statistical significance α < 0.001 was used (Kubánková
and Hendl 1986). Spearman’s coefficient of serial correlation was chosen as a non-
parametric variation of correlation coefficients at the assumption of non-linear de-
pendence.

Results

The parameters described above enabled us to determine a group of 33 patients
with normal examination results (9 men and 24 women). The other samples showed
abnormal values in one or more of the following parameters: increase in the number
of total proteins in 57 cases, low level of glucose in 3 cases, high level of glucose in
6 cases and cell element increase in 52 cases.

Arithmetical average of the CSF surface tensions obtained at 22◦C by means of
data processing of all observed samples (n = 111) was χ = 61.55 mN/m; standard
deviation s = 5.13 mN/m, and thus dispersion s2 = 26.32 µN2/m2 and variation
coefficient V = 8.34% (not shown).

Arithmetical average of the cerebrospinal fluid surface tensions of samples
with no laboratory abnormalities detected (n = 33) was χ = 63.36 mN/m at 22◦C;
standard deviation s = 1.86 mN/m, dispersion s2= 3.44 µN2/m2 and variation
coefficient V = 2.93%.
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Figure 1. Distribution of surface tension of the cerebrospinal fluid at 22◦C in “healthy”
population (samples taken from patients with no laboratory abnormality in the studied
parameters detected, n = 33).
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Figure 2. Dependence of surface tension (yi) of the cerebrospinal fluid (CSF) on the
concentration of total proteins (xi) at 22◦C. Regress line yi = a · (xi) + b; a = −0.01507
mN·l·mg−1 ·m−1; b = 69.44 mN·m−1.
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Figure 3. Dependence of surface tension of the cerebrospinal fluid (yi) on the number
of cell elements (xi) at 22◦C (n = 18). Regress line yi = a · (xi) + b; a = −0.00122
mN·mm3 ·m−1; b = 60.7 mN·m−1.

Further, we followed the dependence of surface tension of the cerebrospinal
fluid upon concentration of total proteins (Fig. 2) and upon the content of cell
elements in the CSF (Fig. 3). For this purpose, only the samples with abnormality
in correlated parameters have been selected. This condition was fulfilled for total
proteins in 23 samples and for cell elements in 18 samples. In correlation of surface
tension of the cerebrospinal fluid with concentration of total proteins in the CSF
(Fig. 2), we used also the samples with concentration of proteins below 0.5 g/l for
a better approach.

In Figs. 2 and 3, an evident (negative) dependence is seen between surface ten-
sion of the cerebrospinal fluid and both the concentration of total proteins (Fig. 2)
and content of cell elements in fluid (Fig. 3) expressed through Spearman’s coeffi-
cient ρs= (−0.995) and ρs= (−0.965), respectively. These values exceed the critical
value for the given coefficient on the level of significance α = 0.001. The determi-
nation coefficient was 99% for protein concentration and 93% for content of cell
elements (Kubánková and Hendl 1986).

Both relationships studied show inverse character of dependence.

Discussion

Our discovery of the correlation between the cerebrospinal fluid surface tension
and the total protein concentration in a sample examined is in agreement with the
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nature of proteins as the main surfactant in the cerebrospinal fluid. The indicated
exponential character of the course (Fig. 2, visible comparing short lines with the
regression line) can be caused by smaller changes of liquid surface at the higher
protein concentrations. The dependence of the cerebrospinal fluid surface tension
upon the contents of proteins described by Brydon et al. (1995) is in agreement
with our results. In their contribution the authors do not mention whether the
correlated samples of the cerebrospinal fluid show also other abnormalities besides
the increased contents of proteins – with regards to characteristics of the basic
group (for example an increased number of cell elements, abnormal concentration
of glucose).

The correlation between the CSF surface tension and the occurrence of cell
elements in the examined sample is, in accordance with our opinion, more likely
conditioned by positive adsorption of relevant components of cell membranes in
the surface layer of the sample than by participation of other factors (for example
changes of the composition of the cytokine level) because the elevation in the
cell component concentration was caused above all by the heightened erythrocyte
number caused by the artificial bleeding.

The drop weight method is, in our opinion, suitable for determination of the
surface tension of the cerebrospinal fluid considering quickness and accuracy of the
determination when processing a smaller number of samples.
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