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Introduction
Surface tension is a phenomenon that we see in our 
everyday life. Many biological performances and natural 
processes involve an understanding of wetting and 
interfacial tension where most biochemical reactions 
occur not in solution but at the surface and interface. 
Human biological fluids such as serum, urine, gastric 
juice, amniotic fluid, digestive, urinary and reproductive 
tracts, endocrine glands, middle ear, cerebrospinal and 
alveolar lining fluid contain numerous surfactants, 
proteins, and lipids. These low and high-molecular weight 
surfactants are the common materials in various tissues 
of the body which control surface tension of human 
interfaces. The physicochemical processes that take place 
in these interfaces are of fundamental importance for 

various tissues and the vital function of body organs.1-4

Pathological features of diseases vary in the nature and 
the magnitude. Despite this diversity, the common feature 
of various disorders underlies the physicochemical and 
biochemical factors such as surface tension. Changes 
in the surface tension behavior of human biological 
fluid are characteristic for some diseases. Studying 
these interfaces and the changes that occur will provide 
valuable information relating to various diseases and help 
to monitor the treatment efficacy. In medicine, surface 
tension measurement is above all used in connection with 
various pathological states of lung surfactants such as adult 
respiratory distress syndrome, bronchial asthma, and 
pneumonia. In addition to pneumology, there are other 
studies evaluating the surface tension of plasma, urine and 
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Abstract
Introduction: Pathological features of disease appear to be 
quite different. Despite this diversity, the common feature of 
various disorders underlies physicochemical and biochemical 
factors such as surface tension. Human biological fluids 
comprise various proteins and phospholipids which are capable 
of adsorption at fluid interfaces and play a vital role in the 
physiological function of human organs. Surface tension of body 
fluids correlates directly to the development of pathological 
states.
Methods: In this review, the variety of human diseases mediated 
by the surface tension changes of biological phenomena and 
the failure of biological fluids to remain in their native state are 
discussed. 
Results: Dynamic surface tension measurements of human biological fluids depend on various 
parameters such as sex, age and changes during pregnancy or certain disease. It is expected 
that studies of surface tension behavior of human biological fluids will provide additional 
information and might become useful in medical practice. Theoretical background on surface 
tension measurement and surface tension values of reference fluids obtained from healthy and 
sick patients are depicted. 
Conclusion: It is well accepted that no single biomarker will be effective in clinical diagnosis. 
The surface tension measurement combined with routine lab tests may be a novel non-invasive 
method which can not only facilitate the discovery of diagnostic models for various diseases 
and its severity, but also be a useful tool for monitoring treatment efficacy. We therefore expect 
that studies of surface tension behavior of human biological fluids will provide additional useful 
information in medical practice.
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other biological fluids, however beside this work there has 
been very little work in relating rheology and these forces 
to pathological disease states.5,6

The impact of surface tension on pharmaceutical 
formulation and technology has been studied by our 
group.7-13 Surface tensiometry of biological fluids with 
an impact on medicine is still in its infancy. A reason 
for this discrepancy could be that the surface rheology 
is not introduced to medicine and theoretical studies 
and characteristics of biological fluids are not well 
established.3,6 This article will review the significant 
discoveries and milestone to the current state of our 
knowledge in the area of biological surfaces and provide 
a context for the discussion of surface tension as a tool 
in medical diagnostics, which combined with routine lab 
tests may be used as an indicator for differential diagnosis. 

Theoretical background on surface tension and its 
measurement in biological samples
The molecules of a fluid experience attractive forces 
exerted on it by all its neighboring molecules. In the bulk 
phase, molecules are attracted equally in all directions 
leading to a net force of zero; however molecules at or 
near the surface experience attractive force which tends to 
pull them to the interior of the fluid. Surface tension, γ is 
energy of the surface at any air/fluid interface defined as 
force per unit length or energy per unit area. The surface 
free energy of a fluid is measured by its surface tension 
and the surface free energy of a solid can be revealed by 
contact angle measurements.14

Surface tension is dependent on many variables such 
as temperature, measurement time, materials of the 
apparatus and the viscosity of the fluid. When a new 
surface is being formed, surface active chemicals diffuse 
to the surface and align. During this process, the surface 
tension is changing rapidly and continuously. Dynamic 
surface tension measurements allow us to track these 
changes. When the process reaches equilibrium, static 
surface tension is obtained by measuring the maximum 
force at a fluid/gas interface on a sample. 
Surface tension, as an intricate property of a fluid, 
is associated markedly with many variables such as 
temperature, composition of the solution, presence of 
impurities in the fluid, measurement time, materials of the 
apparatus, and viscosity of the liquid.15,16

Human biological fluids contain numerous low-and high-
molecular weight surfactants, proteins and lipids that 
adsorb at fluid interface. The composition of these fluids 
varies with age, sex, health condition and therapeutic 
treatment. The processes which take place at these 
interfaces could reflect the age and sex of a person. The 
low content of enzyme, lipoprotein and carbohydrate 
components in female serum is responsible for the high 
equilibrium surface tension of biological fluids when 
compared to that of the male. A person’s age reflects the 
dynamic surface tension of his biologic fluids. As the 
age increases, the surface tension of serum increases 
while the surface tension of urine decreases. That is, 

due to the compositional changes in biological fluids 
during pregnancy, surface tension of serum decreases.2,6 
In biological fluids interfacial forces are involved 
in maintenance of cell morphology and cell-to-cell 
cohesion.16,17

Surface tension in human pathophysiology
Cell sorting behavior and morphology
Biological tissues are viscoelastic materials and the cells 
in a tissue behave very much like molecules in a fluid. 
This property enables them to change their position and 
move against each other. The morphology and shape of 
the organism are driven by the events that occur at the 
cellular level. The shape of a cell is the result of a balance 
of intracellular and extrinsic forces exerted on it. This 
behaviour is defined through surface tension which 
tends to minimize the exposed area of the cell aggregate 
and maximize the cohesive forces. The intracellular 
forces on the membrane are a result of the cytoskeleton 
reorganization. Energy at the cellular level is usually 
measured through physical properties such as cell 
adhesion, viscosity, and cortical tension.9,18 Cell adhesion 
can be expressed in the following manner:

∆F adh =  γcs – γcl – γsl    (1)

Where ∆F adh is the free energy of adhesion, γcs, γcl and 
γsl are the cell-substrate interfacial tensions, cell-fluid 
interfacial tension and substrate-fluid interfacial tension, 
respectively. 
Intracellular adhesion and repulsion between various 
cell types cause mobility within cells. Cellular forces are 
essential for the process of cell coupling, cell morphology 
and tissue rearrangement.19-21 The resulting balance 
of intracellular and extracellular forces defines the 
geometrical shape of the cell and lead to rounding of 
the tissue which helps to minimize its surface tension 
and to maximize the intracellular adhesion. Fig. 1 is the 
schematic representation of interaction between cortical 
tension and cellular adhesion during the formation of 
cell–cell contact. Adhesion contact on neighbouring 
cells ensures stable organization of tissues. Three kinds 
of forces, cortical tension, cellular adhesion and cellular 

Fig. 1. Schematic image of the interaction between cortical 
tension and cellular adhesion during the formation of cell–cell 
contacts. Directions of the forces are depicted with arrows, the 
red line represents cortical cytoskeleton, black lines are plasma 
membrane and the purple rods depict adhesion sites, adapted 
from reference 24.
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Fig. 2. Configuration of two different cell populations with varying 
adhesion forces, the dark sphere represents cells with high self-
adhesion whereas the white sphere represents cells with lower 
self-adhesion. (A) no cross-adhesion, (B) relatively weak cross-
adhesion, (C) intermediate cross-adhesion and (D preferential 
cross-adhesion between the cells and (E) differential adhesion 
and morphological changes during somatogenesis. Figures were 
adapted to reference 17. 

viscoelastic properties are mechanically coupled to each 
other. Interaction between these mechanical properties 
governs cell shape and cell arrangement in tissues. 
These forces regulate cellular behaviours such as tissue 
development, embryogenesis, protein expression, cell 
proliferation and differentiation and will help to study the 
cell behaviour in normal and pathological conditions and 
invasiveness of malignant tumors.18-22

Research has revealed that forces generated by surface 
tension play a leading role in the position rearrangement 
of cells and act in minimizing the exposed area of the 
aggregate. Cell-cell adhesion is maintained through 
specific adhesion molecules such as cadherins which 
are expressed on the cell surface. Due to the different 
adhesion molecules on various cell types, intensity of 
adhesion among cells happen to markedly varry.23,24 
This phenomenon is responsible for the cell migration 
and is explained by differential adhesion hypothesis. 
This hypothesis explains adhesion-driven morphogenic 
processes in the early embryonic development. 
Expression of different cadherins changes the cell surface 
contact and controls the cell shape. Regulation of these 
adhesion molecules in different cell groups determines 
cell shape and helps to gain information about cellular 
aggregates in order to decide on the next migration step. 
As shown in Fig. 2, it can be deduced that when cells 
with different adhesive forces are put together, the less 
adhesive cells migrate gradually and surround the more 
adhesive cells.17,25,26 Taken all, cell adhesion studies will 
help to understand how organisms are built and how 
controlling these forces can help to prevent cancer and 
other human diseases. Both cell-cell cohesion and cell-
matrix interactions are responsible for cell configuration 
and malignant invasion.27,28
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Tissue grafting
Surface-modified biomaterials are synthetic materials 
exhibiting specific physiological behavior. They are 
currently being employed to create cardiovascular, 
ophthalmic (contact lens) and dental orthopedic 
materials. Cell adhesion plays a crucial role in medicinal 
implants. Some factors that influence the cell behavior 
in contact with foreign material include surface charge, 
hydrophobicity and surface energy. Extracellular matrix 
proteins such as fibronectin, collagen and laminin 
provide an attachment framework for the cell adhesion 
in vitro. When such materials are exposed to biological 
environments, protein adsorption and cell adhesion take 
place and interfacial properties of the material and cells 
determine the degree of biocompatibility of the device.29-31 

Oncology
Tumor morphology and metastasis
Tumors can arise from cells of all types of tissues. 
Neoplasms are associated with compositional changes 
of blood, hormones and immune imbalance. The 
compositional changes that occur during tumor 
development depend on the localization, size and 
histological structure of the tumor, treatment pattern, 
duration of the disease and patient’s sex and age.32

Tumor cell biology and cell thermodynamic function 
could represent substantial information on cell fate, 
apoptosis and proliferation. Bending energy, the amount 
of energy needed to transform a cell to its lowest energy 
state; i.e., circle, is inversely correlated with surface 
tension.33 Changes in cell shape and bending energy can 
trigger modification in gene expression and enzymatic 
function and result in cancerous cell proliferation, tissue 
invasion and metastasis spreading.33 In malignant tumors 
there is a decreased number of spot desmosomes which 
correspond to a decrease in cell-cell-adhesion resulting in 
lack of adhesiveness of the cancerous cells. Surface tension 
of tumor cell can be measured from its surface map. The 
surface of a tumor can be described by Gaussian curvature 
with corresponds to excess growth and deficiency of 
growth in cells. Regions of the tumor with positive 
Gaussian curvature denote excess cellular growth which 
is an early indication of the tumour invasion. In regions 
with low surface tension values, the internal pressure force 
could overcome it, which could lead to the detachment 
of carcinoma and possible metastasis and the onset of 
invasion. In carcinomas, there is a minimum critical value 
for the surface tension, below this point invasion and/
or metastasis of the tumor occurs.17,32 This correlation is 
shown as:
γ≥ αH*, no invasion/metastasis
γ< αH*, invasion/metastasis
Where γ is surface tension, H is the mean curvature of the 
solid tumor, and α is dependent on the number of spot 
desomoses. Tumor classification to benign or malignant 
types, grading and staging of tumors can be studied using 
surface tension measurements. A mathematical model 
for the growth of a solid tumor was introduced using 
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nonlinear elasticity theory. This model describes the 
basic relationship between stress and cell shape. These 
correlations also help to determine if tumor invasion or 
metastasis has taken place. The theoretical suggestion 
may be useful at cellular level in medical profession and 
can help make objective decisions on the treatment plan.32

Morphologies of benign and malignant tumor can be used 
in diagnosis of tumor stages. The interface of malignant 
tumor is blurred and irregular where as the surface 
of benign tumor is smooth and clear. During tumor 
transition, interfacial tension between neoplastic and 
normal cells decrease and cause the two cell populations 
to mix.34

Tensiometric parameters of biological fluids in patients with 
various malignancies
There is a direct correlation between the extent of tumor 
process and the concentration of γ-globulin, immune 
complexes, C-reactive protein, ferritin, haptoglobin and 
α-antitrypsin in blood of patients suffering from cancer 
of various organs.3,35-37 The concentration of albumin, 
pre-albumin and α2NS-glycoprotein inversely correlate 
with the extent of tumor invasion. These factors change 
the dynamic surface tension parameter and will help 
to evaluate cancerous phenotype, cell metastasis and 
therapeutic efficacy. A decrease in blood glucose level 
is observed in patients with extended tumors, where 
interfacial tensiometric parameters correlate negatively 
with the blood glycemic level.3

For a cell to be able to detach from a primary tumour 
and migrate to a distant location, cancerous cells often 
undergo some morpho-physiological changes such as 
pH dysregulation, diminished intercellular adhesion and 
enhanced motility. These changes enable subsequent 
metastasis through local invasion and spreading to 
other tissues which may induce chemoresistance and 
immunoresistance in cancerous cells.38 Changes in 
dynamic surface tension parameter in serum obtained 
from patients with various tumor locations indicate that 
each type of tumor has its own specific feature which 
may be considered as informative data from a practical 
point of view. Most changes in the blood composition 
were observed for carcinoma of stomach, lung and liver. 
A decrease in equilibrium surface tension of serum for 
patients with stomach or lung carcinoma may indicate 
involvement of the liver and metastatic spreading of 
the tissue into this organ. However for mammary gland 
tumors, no changes were observed in the average surface 
tension values of serum.3,38

In a study E-cadherin was down-regulated in the cancer 

cells with liver metastasis. This indicates that reduced 
expression of E-cadherin is closely related to liver 
metastasis. Interfacial tension serves as a marker of 
pathological stage of a tumor disease and changes that 
occur during carcinogenesis have potential application 
in diagnosis of certain tumors and monitoring of their 
treatment plan.3,38-40

Tumor of the female reproductive organs
For tumors of the female reproductive organs such as 
malignant neoplasm of corpus uteri and cervix, dynamic 
surface tension of the serum is less than normal value. 
These changes correlate to the increased concentration 
of γ-globulin, circulating immune complexes and  
β2-microglobulin. Malignant cervical tissues contain low 
triglyceride as compared to the normal tissues. Proteins 
are down regulated in cervical cancer tissues whereas the 
total lipid and cholesterol content of the cervical tumor 
tissue is higher than that of a normal tissue. This alteration 
in lipid composition and cell fluidity could make cells less 
susceptible to antitumor treatment.41,42

The total phospholipid content of the cancerous cervical 
tissue appears to be 2.5 folds higher than that of the 
relevant normal tissue; however significant reduction is 
seen after radiotherapy. Following successful radiotherapy, 
the amount of serum proteins and concentration of 
prostaglandins E2 and F2α decrease and surface pressure 
parameter of cervical tissue normalize. It is interesting to 
note that these variations in serum are accompanied by 
a decrease in the dynamic surface tension of urine.23,41,42 
In the course of radiotherapy, interfacial tension 
measurements may also serve as a predictor of radio-
resistance in cervical cancer. Influence of various stages 
of radiation therapy on the surface tension of cervical 
tissue is shown in Table 1. After the first dose of radiation, 
tissues with a minimum surface tension greater that 50 
mN/m are considered partially radio-responsive. Tissues 
with a minimum surface tension less than 47 mN/m 
are considered completely radio-responsive. Radiation-
induced changes in the surface tension values are due 
to the changes in cholesterol and phospholipid contents. 
After radiation therapy, tensiometric parameters of 
the radio-responsive tissue shift towards that of the 
normal cervical tissue as shown in Table 1. This makes 
tensiometric measurements a simple and effective tool to 
study radio-responsiveness in clinical therapy.43

Brain tumor
Brain tumors are the most fatal types of cancers because 
of their aggressive and invasive characters. In the course 
of brain tumor, due to the high expression level of 

Table 1. The effect of radiotherapy on the surface tension of cancerous cervical tissue

Cervical cancer
Minimum surface tension mN/m

a) Pre-radiation
b) Post-radiation

Maximum surface tension mN/m
a) Pre-radiation
b) Post-radiation

Radio-responsive a) 26.6±3.6
b) 41.1 ±2.8

a) ~45
b) ~31

Partially radio-responsive a) 24.9 ±1.2
b) 25.1 ± 3.1

a) ~47
b) ~47

*data adapted to reference 43.
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metalloproteinases (MMP), cells are more migratory and 
less adhesive. Cells with high MMPs expression exhibit 
faster migratory pattern whereas brain cells with slower 
invasion usually have denser matrix. MMP activity seems 
to be more dominant in glioblastomas. Further, higher 
level of N-cadherin was observed with increasing tumor 
grade in astrocytic tumors. Surface tension of serum 
depends on the type and location of brain tumor and 
inversely correlates with the duration of the disease. For 
example, serum of patients with cerebellum, ventricle 
IV and posterior cranial fossa contain lower amounts of 
γ-globulin and β2-microglobulin but higher concentrations 
of amino acids.3,28

Respiratory diseases
Pulmonary surfactant and breathing cycle
Airway is the main port of entry for pathogens and 
allergens. For this reason both upper airways (trachea 
and brohchi) and lower airways (alveoli) present an 
epithelium lining cell that secret mucus and pulmonary 
surfactant, respectively. Respiratory mucus represents 
a complex mixture of water, protein and glycoproteins, 
lipids and salts, which provides viscoelastic properties 
as a physical barrier for the entry of pathogens and 
allergens during breathing cycles. Pulmonary surfactant 
(PS) has been delineated as a surface-active material 
that coats the alveolar space of human lung to reduce 
the surface tension and prevent collapse of the alveoli 
during breathing; it also plays a significant part in the 
lung’s defense against bacterial or chemical invasion. PS 
is composed of lipids (~90 weight percentage (wt%)) 
and surfactant associated proteins (~10 wt%). The most 
abundant lipid with surface tension lowering properties 
is dipalmitoylphosphatidylcholine (DPPC), ~60-70% 
wt%. DPPC is necessary to achieve surface tension of near 
zero mN/m during the film compression and expiration. 
Surfactant specific proteins (SP) include SP-A, SP-B, SP-C 
and SP-D. SP-A and SP-D are hydrophilic proteins with 
no surface properties. SP-B and SP-C have low molecular 
weight, hydrophobic molecules which lower surface 
tension and prevent the alveolar collapse at the end of 
expiration. Air pollutants can significantly interfere with 
the ability of lung surfactants to decrease the surface 
tension during breathing cycles.44,45

Lung surfactants possess a key role in normal pulmonary 
function. Dynamic surface tension of lung surfactants 
allows the alveoli to remain inflated. An effective lung 
surfactant must have three properties, as follows: i) 
The rate of its surface adsorption should generate 
surface tension of 25 mNm-1 to match that of the air-
fluid interface in the lung, during the first breaths and 
inspiration throughout life. ii) It should be able to prevent 
alveolar collapse during surface compression/expansion 
cycle. Surfactant should reduce surface tension to nearly 
0 mNm-1 to avoid alveoli collapse. iii) During surface 
expansion, surfactants should reduce surface tension 
and decrease the pressure difference needed to maintain 
ventilatory cycles throughout life (Fig. 3). Alteration in 

Fig. 3. Schematic illustration of surface tension properties at the 
alveolous, (A) without surfactants, solid arrows represent strong 
attractive forces and high interfacial tension leading to alveolar 
collapse, (B) with surfactant coating, broken arrows represent 
reduced tension leading to lung stability, (C) cross-section of 
alveolous, surface tension-induce fluid pressure and (D) the 
external pressure causes the initially axisymmetric alveolous 
wall, (E) to buckle non-axisymmetrically to a low surface area and 
energy state, (F) figures were adapted to  references 46,47.

the surfactant system during pulmonary diseases can 
be detected with the surface tension analysis. Stress and 
damage can cause leakage of the blood proteins (such as 
albumin and fibrinogen) into the lung and interfere with 
its ability to lower the surface tension and cause difficulty 
in breathing.46-50

Respiratory distress syndrome and hyaline membrane 
disease
Hyaline membrane disease (HMD), more commonly 
known as the neonatal respiratory distress syndrome 
(RDS), is one of the most common causes of morbidity 
and mortality in pre-term babies. The disease is caused by 
lung immaturity and surfactant deficiency in the alveolar 
space. RDS is more frequent in male infants and infants 
of diabetic mothers. RSD rate decreases with advances 
in gestational age. Functional residual capacity in babies 
with RDS is insufficient and leads to collapse and re-
expansion of the lung causing reduction in ventilation and 
lung failure. The supernatants from the airway samples of 
infants with RDS had a mean minimal surface tension 
of 35.0 ± 1.4 dynes/cm. These infants have little or no 
phospholipid in their surfactant content which causes a 
high surface tension value. In contrast, the mean minimal 
surface tension of infants without RDS was 6.3 ± 1.1 
dynes/cm. Luckily this disease can be treated by applying 
naturally modified or synthetic surfactants to replace 
surfactant content of the lung and lower the surface 
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tension properties of the lung and help for an easier 
breathing cycle.51,52 

Chronic bronchitis 
Chronic bronchitis is caused by the excess mucus 
production or hypertrophy of the mucous gland which 
causes thickening of the bronchial mucosa. An increase in 
the mucus secretion dilutes the surfactant and increases 
the surface tension of surfactant lining of the lung airways 
and causes narrowing and obstruction of the airway. 
Drugs are used to ameliorate the mucus production and 
restore the normal condition of the bronchial mucosa and 
the pulmonary airways.53

Cystic fibrosis
Cystic fibrosis (CF) is a genetic disease caused by mutation 
of the transmembrane conductance regulator protein. 
Little is known about the exact mechanisms by which the 
pathology arises and progresses. In these patients decrease 
in phosphatidylcholine fraction and an increase in 
phosphatidylinositol fraction causes abnormally viscous 
bronchial secretion. This deficiency in the essential fatty 
acids attributes to higher minimum surface tension 
compared to patients with chronic bronchitis. Minimum 
surface tension in the bronchial lipid fraction samples 
from CF (27.6 ± 5.9 mN/m) was significantly higher than 
that of the healthy control samples (22.6 ±1.0 mN/m).54,55 

Obstructive sleep apnea
Obstructive sleep apnea is caused by the negative pressure 
in upper airway and the imbalance of forces to maintain 
an open airway. Surface tension forces between mucosal 
surfaces play an important role in the pathogenesis of 
the disease. The obstruction of upper airway elicit the 
activation of autonomic nervous system, hypoxemia, and 
arousal from sleep. Further, continuous positive airway 
pressure may be an important form of treatment to help 
eradicate episodes of airway collapse during sleep. Topical 
application of synthetic surfactant to the upper airway 
at night may reduce the severity of the disease, decrease 
surface tension and facilitate opening of the upper airways. 
For example, phosphocholinamine, derived from lecithin, 
has some chemical similarity to human surfactants. It has 
long duration of action and when administered to the 
nose before sleep it can significantly reduce the overnight 
snoring.56,57

Atelectatic human lung
Atelectasis refers to the collapse of part or the entire 
lung which may be due to alveolar collapse or fluid 
consolidation. Development of the atelectasis is associated 
with impairment of oxygenation, increased pulmonary 
vascular resistance and lung injury. Table 2 demonstrates 
that the surface activity of the non-atelectatic portion 
of the lung is similar to that of the control lung and 
markedly higher than that of the atelectatic section of 
the same patient. It has been shown that the minimum 
surface tension attained on compression of surface film 

Table 2. Maximum and minimum surface tension on expansion 
and compression of surface film in atelectatic human lung

Human 
volunteers

Surface tension (dyne/cm)
Atelectatic portion Non-atelectatic portion

Maximum Minimum Maximum Minimum

38.5 22.0 38.2 4.2

43.1 18.1 43.2 5.4

41.8 14.2 33.6 5.4

39.7 22.7 41.0 7.9

43.1 13.6 41.9 7.9

39.7 21.5 32.9 4.5

44.2 13.6 51.0 4.5

44.2 18.1 39.7 9.1

47.6 23.8 37.4 6.8

*Data adapted to reference 58.

in atelectatic lung did not reach the low surface tension 
attained by the controls.58

Asthma and allergy
Asthma is defined as the obstruction of pulmonary airway 
caused by the contraction of smooth muscle together with 
the edema and hypersecretion. There are indications 
that the surfactant deficiency and interfacial forces can 
play a role in asthma, however exact mechanisms have 
not been elucidated. One of the major mechanisms of 
asthma is eosinophilic inflammation. These inflammatory 
cells secrete various cytotoxic proteins which are potent 
surfactant inhibitors. One study indicates that eosinophil 
cationic protein (an inflammatory mediator) concentration 
correlates well with the surfactant dysfunction. This can 
significantly increase surface tension (γmin> 20 mN/m) 
which in turn could lead to airway obstruction.59-61

Renal and genitourinary diseases
Urine constituents comprise of over 150 chemicals 
including; electrolytes, nitrogenous compounds, vitamins, 
hormones, organic acids, and miscellaneous organic 
compounds. None of these normal constituents have 
any considerable effect(s) on the urine surface tension. 
Urea, uric acid, creatinine, and acetone do not alter the 
surface tension. The urinary constituent that influences 
the surface tension includes bile salt and sodium chloride. 
Urine exhibits inverse relationship between the surface 
tension and the bile salt concentration. In other words 
surface tension of urine decreases with age and certain 
conditions such as acidity and jaundice.6 The surface 
tension characteristics of urine depend on the person’s 
sex, age and diet (Table 3). These differences may be due 
to various levels of eicosanoids, palmitic and hyaluronic 
acids, urea, creatinine and uric acid contents. It is found 
that increased levels of calcium in the urine can potentially 
increase bacterial adhesion to uroepithelial cells.6,62-64

Urinary stone disease
Urinary stone disease is a chronic disorder in humans 
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and the most common types of kidney stones are those 
of calcium oxalate. Stone formation involves different 
phases; nucleation is the first stage of stone formation 
which is influenced by supersaturation. This causes 
crystallization of the urinary stone, where molecules 
start forming clusters. After nucleation, the crystal 
growth is the next step where the total free energy of the 
cluster is increased by surface energy. This causes crystal 
aggregation and attachment to the renal epithelial cells. 
Non-adherent surface of tubules, bladder and the urethra 
provide a natural defense mechanism against crystal 
retention. When the physical mechanisms that actively 
inhibit crystal retention and adhesion are compromised, 
urolithiasis and stone disease may occur.65

Proteinuria 
Changes in the lipid and protein content of urine are 
symptoms for kidney diseases.6 The traces of protein-like 
substances in urine samples are rarely detected by routine 
laboratory tests and tensiometric methods are more 
sensitive for such measurements.66 It is demonstrated 
that surface tension of urine increases in proteinuria. 
Interfacial tension measurements can help to predict 
nephropathy and to estimate the effects of therapy, which 
can also serve as a surrogate parameter to complement 
biochemical, spectroscopic and other quantitative and 
qualitative analyses.2,67

Dialysis
Continuous ambulatory peritoneal dialysis (CAPD) 
is a method used for the treatment of patients with 
chronic renal failure. There are various complications 
such as peritonitis, infection and loss of ultrafiltration 
which can lead to failure and hospitalization of patients. 
Surface active materials such as phospholipids (mainly 
phosphatidylcholine and palmitic acid) have been detected 
in CAPD dialysis effluent of patients via chromatographic 
methods. It has been found that phospholipid 
concentration correlates with the time the patient has been 
on CAPD modality. The decrease in phospholipid content 

Table 3.  Dynamic surface tension characteristics in urine of healthy 
volunteersa

Sex Age
Surface tension parametersb

γ1 (mNm
-1

) γ2 (mNm
-1

) γ3 (mNm
-1

)

Males

>20 72-73 69-63 61-63

20-35 70-72 68-70 59-62

36-50 70-72 68-70 57-60

≤50 70-73 67-71 56-61

Females

>20 72-73 69-71 65-68

20-35 70-72 68-70 64-66

36-50 70-72 68-70 61-65

≤50 70-73 67-71 60-65
a Data adapted to reference 6.
b γ1 surface tension for t=0.01 s; γ2 surface tension for t=1 s; γ3 surface 
tension  t→∞.

with time on dialysis and a subsequent decrease in surface 
activity cause loss of ultrafiltration. Infection is another 
complication of CAPD that causes the failure of therapy. 
Infection could be prevented by lubricating the peritoneal 
surface using surface active materials. A relationship 
is found between the dialysis time and length and the 
number of infection episodes. Data indicates that long-
standing and infected patients have lower phospholipid 
content in their peritoneal dialysis effluent.68 

Glomerulonephritis
Misbalance of protein, lipid, carbohydrate and 
electrolyte exchange are typical in glomerulonephritis 
and Pyelonephritis. There are various types of 
glomerulonephritis which can be verified with surface 
tension measurements. In general the pathogenesis of 
all types of glomerulonephritis are similar, however the 
parameters of protein composition within specific groups 
are rather different. Morphological changes that occur 
in kidney tissue influence the tubular reabsorption and 
the glomerular filtration. These changes can easily be 
characterized with tensiometric measurements. There 
is an increase in γ1 and γ2 of patients suffering from 
acute glomerulonephritis (AGN) and hemorrhagic 
vasculitis (Genoch glomerulonephritis (GGN)). In Lupus 
glomerulonephritis all these characteristics are increased, 
whereas in chronic glomerulonephritis (CGN) λ increases. 
From Table 4 it is clear that the increase in urine γ1 is 
characteristic for all groups of patients where as γ1 and γ2 
increase for GGN only. A decrease in the surface tension of 
urine was observed in patients with GGN. AGN and CGN 
are characterized by very low concentrations of serum 
proteins, albumin, C-reactive protein, fibrinogen and other 
proteins as compared to Lupus glomerulonephritis (LGN) 
and glomerulonephritis accompanying hemorrhagic 
vasculitis (GHV). Treatment of glomerulonephritis 
includes application of glucocorticoids, ultrafiltration and 
hemodialysis and kidney transplantation. Glucocorticoids 
have different effects on the dynamic surface tension 
characteristics of various types of glomerulonephritis. In 
patients with chronic disease all surface tension parameters 
are increased. In patients with Genoch, γ2 and γ3 is 
increased and in patients with acute and lupus no changes 
in the initial dynamic interfacial characteristics were 
observed. Ultrafiltration influences the interfacial tension 
of plasma without affecting its viscosity, osmolarity and 

Table 4. Surface tension of blood and urine for patients with various 
forms of glomerulonephritisa

Types of 
glomerolonephritis

Serum Urine
γ1 γ2 γ3 λ γ1 γ2 γ3 λ

Acute + + +

Chronic + + - - -

Lupus + + + + +

Genoch + + + + +
a Data adapted to reference 6.
+ Statistically significant increase of parameters compared to normal.
 - Statistically significant decrease of parameters compared to normal. 
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electrolyte concentration.6 After kidney transplantation 
or hemodialysis surface active materials removal, blood 
constituents change and significant increase has been 
observed in surface tension values. Thus interfacial 
tension can be used as a promising tool to estimate the 
efficiency of treatment and diagnose transplant rejection.6 

Pyelonephritis 
Primary and secondary pyelonephritis are types of kidney 
diseases with sex-related tensiometric parameters. In 
female patients, the values of λ decreases significantly 
irrespective of the type of pyelonephritis, while in cases 
of primary pyelonephritis in male λ values are higher. In 
secondary pyelonephritis the electrolyte misbalance and 
hyperglycemia will decrease serum γ1 and γ2. 

6 
Tensiometric studies of biological fluids can help to 
differentiate the glomerulonephritis and the amyloidosis 
without implementation of invasive methods such as 
kidney biopsy. Multiple-myeloma causes a decrease in 
blood γ2 and γ3, whereas the values of γ1 in urine are 
inversely related to the total proteinuria. After treatment 
with plasmapheresis, the surface tension normalizes and 
reaches values corresponding to that of healthy humans.6 

Eye, ear, nose and throat diseases
Human tear film and dry eye syndrome
In the normal healthy eye, the lipid layer has a thickness 
of less than 0.1 micron. The pilosebaceous meibomian 
glands located in the upper and lower eyelids produce 
most of the outermost lipid layer. This lipid layer is the 
most superficial layer of the tear film and contains both 
polar and non polar lipids mainly waxy and cholesterol 
esters. An important effect of the tear mucus glycoprotein 
is its ability to lower the surface tension of the tear and 
permit wetting of an otherwise non-wettable surface of 
the corneal. This allows easier distribution of the tear 
fluid. Alteration of the polarity and molecular weight of 
tear film may result in disease such as blepharitic.69,70 

The low surface tension of human tear, 43.6±2.7 mN/m-1, 
is due to the presence of certain tear lipids of meibomian 
origin or lipid binding proteins such as lipocalins which are 
able to reduce the surface tension of tear film. The surface 
tension is deemed to be a direct measure of the wettability 
of tear film. In the presence of the superficial lipid layer, 
surface tension significantly decreases to enhance the 
spreading of the tear fluid over the cornea. Excessive loss 
or maldistribution of the tear film, ineffective lid blinking 
or insufficient tear supply increase the surface tension 
value and cause dry eye syndrome.69,70 
Tear film breakup time is defined as the time needed for 
a tear film to break up following a blink, this normally 
takes 15-20 seconds. A break up time of less than 10 
seconds is an indicator of the abnormal tear film. This 
may be due to contamination of the mucin layer which 
decreases the surface tension of the tear film.65 Tear 
dysfunction may occur when tear mucins are deficient in 
number [avitaminosis A, conjunctival destruction], excess 
in number [due to simulation of foreign object; allergy 

and giant papillary conjunctivitis] or biochemically 
altered [keratoconjunctivitis]. Nearly all artificially tear 
preparations contain one or more chemical surfactants 
that can enhance the wettability of cornea. Adhesion and 
biocompatibility of the contact lens with the tear film 
requires an intimate understanding of the lens surface 
chemistry and the wetting agents including those that are 
normally found in the eye.71

Eustachian tube and otitis media
Surfactant of the Eustachian tube is a weak surface 
tension lowering agent which facilitates the discharge of 
the effusion in the ear. Eustachian tube surfactants are 
quiet similar to the lung surfactants. However there are 
some differences in the ratio of the phospholipids and 
Eustachian tube lavage has 2:1 ratio, phosphatidylcholine 
to sphingomyelin content, versus a 67:1 ratio in pulmonary 
lavage. Surface tension in the healthy Eustachian tube 
is 58 mN/m. This is because surface tension lowering 
surfactant lipids are present in the Eustachian tube at 
low concentration.4 These surface active agents lower 
the opening pressure and facilitate the fluid effusion 
in the middle ear of healthy individuals and prevent 
the accumulation of fluid and inflammation within the 
middle ear and prevent the otitis media.72 
Caries and teeth decay
Saliva is composed of 99% water and 1% organic and 
inorganic compounds. The surface tension of saliva has 
been studied and results show that there is no significant 
differences between the surface tension of samples taken 
from various locations of the mouth, however there are 
age and sex-related differences in some tensiometric 
characteristics of the saliva. The equilibrium surface 
tension is the highest (48.0±2.3 mN/m) at age 5-9 and 
decreases with age and reaches 42.3±3.5 mN/m at age 40-
55. However, at ages above 55 years this value increases 
again to 45.7±2.9 mN/m. Sex related difference in the 
tensiometric parameter is thought to be due to the 
biochemical composition of saliva and its high protein 
content in women. The most significant difference in the 
tensiometric parameter of saliva sample is seen among 
children with and without caries and tooth decay. Thus 
tensiometric measurements can be used as new diagnostic 
criteria in dentistry for the estimation of tooth enamel 
decay. Table 5 depicts surface tension parameters of oral 
fluid in caries-free and caries-active group children of 
age 4-6 years at time range between 0.001-100 seconds. 
It can be seen that equilibrium surface tension, γ∞, is 
significantly different in two groups.73,74

Interfacial tension is also an important factor in adhesion 
and formation of dental plaque on the tooth surface. The 
only preventive regimen proven successful is the use of 
anti-tartar ingredient in toothpaste or dentifrices.75 Dental 
fissures are good sites for microbial plaque. Fluoride 
application has proven to be effective against dental caries. 
Viscosity and surface tension influence the penetration 
of fluoride gels into fissures. By optimizing these values, 
penetration and therefore treatment of dental caries can be 
achieved.76 Gargle mouthwashes and toothpastes contain 
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surfactants such as sodium dodecyl sulfate to loosen the 
surface deposits and to emulsify the debris.77

Neurology diseases
Cerebrospinal fluid
The chemical composition of cerebrospinal fluid (CSF)
is regulated via peripheral blood circulation, and thus its 
content is similar to that of the blood serum. CSF consists 
of 90% water, 10% solid residues and traces of inorganic 
and organic compounds mainly surfactants. The protein 
content of CSF is 200-400 times lower than serum. CSF 
helps maintain an osmotic pressure and protects the brain 
from the physical injuries. Any pathological processes 
in the central nervous system are accompanied by some 
changes in CSF in terms of the composition and surfactant 
properties (Table 6).3,78 CSF surface tension of patients 
with CSF infection, hemorrhage, congenital and tumor 
hydrocephalus, and CNS malformations has been studied. 
It is found that the surface tension of CSF is dependent on 
its protein concentration.5,79

Neurosyphilis
Neurosyphilis (NS) is caused by a syphilitic infection and 
involves the nervous system at multiple sites followed 
by changes in the CSF. The disease is asymptomatic and 
does not exhibit any clear clinical indications which may 
complicate its diagnosis using traditional serological 
studies of the blood and the CSF. Patients not treated for 
the persistent CSF abnormalities are at risk of developing 
clinically apparent disease; therefore development of a 
diagnostic method is of high interest. Dynamic surface 
tension studies of CSF can help to diagnose neurosyphilis 
and other pathologies as well as concomitant disease of 

Table 5. Tensiometric parameters of oral saliva in caries-free and cries 
active children of age 4-6 yearsa

Tensiometric 
parameters (mNm-1)

Examined group

Carries-free             Caries-active

γ0.001 72.6±0.3b 73.9±0.2

γ1 69.9±0.4 70.1±0.6

γ100 61.9±0.5c 62.5±0.4

γ∞ 46.0±0.7b 43.1±1.0
a Data taken from  reference 74.  
b P≤0.01.
c P≤0.05.

syphilitic patients. Elasticity parameter of more than 40 
mN/m indicates the absence of other nervous system 
pathologies for the syphilitic patient. However, elasticity 
values of less than 32 mN/m correspond to the presence 
of other neurological disease such as encephalopathy 
accompanied by syphilis.78

In the cases of malignancies, trauma and infection, there 
is a decrease in the γ2 and γ3. Form Table 6, it can be seen 
that infection causes a decrease in the surface tension 
parameters and an increase in the plasma viscosity. The 
equilibrium surface tension is inversely dependent on the 
total concentration of protein in the CSF of patient with 
spondylogenic disease.3

Gastrointestinal diseases
Human digestion system
Gastric mucosal cells secrete unsaturated 
phosphatidylcholines to protect the mucosa against acid-
back diffusion. Surface tensions of gastrointestinal fluid of 
stomach, duodenum and jejunum are 35-45, 32.3 and 28 
mN. m-1, respectively.80,81 
Gastrointestinal microflora consists of a complex of micro 
organism species that live in the digestive tract and help 
maintain ecological balance in the body. Microflora of 
healthy individuals is different from that of the diseased 
and changes through the consumption of antibiotics and 
probiotics. Microflora of the gastrointestinal tract provides 
adhesive characteristics which are considered useful as a 
tool to prevent pathogenic adhesion of bacteria.82

Gastric mucus glycoproteins form an adherent gel of 
100-200 μm thick between the tissue and the bulk lumen 
tissue. Furthermore, the mucus cells secrete a hydrophobic 
surfactant-like phospholipid monolayer that adsorbs 
directly onto the mucus gel layer. Contact angle studies of 
this layer directly correlate with the barrier property of the 
gastrointestinal tissue (shown in Fig. 4). This membrane is 
able to stretch and cover the gastrointestinal tract during 
digestion. These hydrophobic forces increase the surface 
tension at the aqueous-lipid interface and help to pull 
the lipid molecules together, hence the membrane can 
stretch during digestion and prevent deformation. This 
weak barrier is disrupted when the luminal pH is lower 
than 2. Amphiphilic molecules such as non steroidal anti 
inflammatory drugs (NSAIDs) interact and thereby change 
membrane surface tension. This influences the bending 

Table 6. Surface tension of serum and cerebrospinal fluid during various types of nervous system diseasea

Disease of the nervous system
Surface tension Serum Urine

γ1 γ2 γ3 λ γ1 γ2 γ3 λ

Infection - - + + +

Vascular + + + +

Spondylogenic - + + + +

Neoplasm - - +

Trauma - - + + +
a Data adapted from  reference 3.
+ Statistically significant increase of parameters compared to normal.
- Statistically significant decrease of parameters compared to normal.
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rigidity of the membrane, changes its hydrophobicity 
fluidity and decreases the mucosal barrier property of the 
membrane.83 
Biles in the stomach have been found to be responsible for 
the gastritis and gastric ulcer. Gastric biopsy and surface 
tension measurements from patients have shown that 
surface tension lowering agents are presumed to be from 
bile.84 The fundamental stages in understanding digestion 
involve knowledge of acid pH, body temperature, salt and 
bile acid concentrations, and the interfacial β-lactoglobulin 
protein network. These factors will influence the action 
of digestive enzymes and phospholipids and ultimately 
change the digestion process. The study of human 
digestion system involves an understanding of the 
interfacial mechanism and the activity of lipase and 
lipid adsorption. Interfacial tension studies can be used 
to monitor enzymatic action of lipase and hence control 
digestion of food. Atomic force microscopy may be used 
to study the effect of bile salts on the interfacial forces of 
the intestinal system.85,86

Inflammatory bowel syndrome
The gastrointestinal tract contains <200 ml of gas. 
Nitrogen, carbon dioxide, methane and hydrogen gases 
are formed from the colonic bacterial fermentation of 
the ingested food. Gas-related symptoms depend partly 
on interfacial tension of the tract and how fast the 
gastrointestinal system moves. Various studies have been 
undertaken to investigate the pathogenesis of bloating. 
Symptoms include flatulence, bloating, gas production 
and abnormal muscle activity of abdomen.87 Evaluation of 

Fig. 4.  Schematic figure of interfaces between the gastric 
mucus gel layer and the gastric juice measured by contact angle 
measurements. (A) contact angle reading between 60-80°, (B) 
contact angle reading of <40° after exposure to NSAID and 
reduction of hydrophobicity. Figures were adapted to reference 
83.

such patients should be based on the underlying condition 
and treatment should be based upon the pathophysiologic 
findings. Agents which reduce the surface tension are 
often used for the gas symptoms. Other therapies include 
dietary modification, gut transit alteration and enzymatic 
preparation.87 

Hematologic diseases
Erythrocyte shape and malaria parasitic invasion
The normal human red blood cell (RBC or erythrocyte) 
with a diameter of 8 μm is shaped like a flattened 
biconcave disc often referred to as discocyte. The outer 
leaflet is composed of phospholipids and cholesterol 
such as phosphatidylcholine, sphingomyelin, and 
glycophospholipids, whereas phosphatidylserine and 
phosphatidylethanolamine are located in the inner leaflet. 
Due to elastic properties and charge difference between 
the two leaflets, the resting shape of the red blood 
cells is formed. Environmental factors such as pH and 
chemical agents like amphiphiles can increase the area 
difference between the two leaflets and deform its shape 
by causing curvature on its lipid bilayer. The resting shape 
is in equilibrium with other shapes such as echinocytes 
(crenated shapes) and stomatocytes (cup-like shapes). 
An increase in the pH of the medium or addition of 
amphiphiles can lead to an increase in the surface pressure. 
The repulsion between the two surface charges and the 
tension difference between the inner and outer membrane 
surface leads to cell-shape transformation in the sequence 
of stomatocyte → discocyte → echinocyte (Fig. 5).88,89 

Atherosclerosis and coronary artery disease
Surfactant system is probably the most genetically 
consistent system amongst all vertebrate species. The 
differences in interfacial tension of plasma and serum 
amongst various species including human, canine, 
porcine and equine are relatively small.2,90 Albumin with 
a concentration of 35-50 g/L is the main active compound 
of serum. Surface tension is sensitive to pH values as 
well as presence of inorganic and organic electrolytes, 
carbohydrates and other surfactants. Dynamic surface 
tension measurements of serum can be used as an 
indicator of some pathologic disturbances.3

There are sex related differences in the surface tension of 
human serum (Table 7). High values of equilibrium surface 
tension in female are due to the low physiological content 
of albumin, fatty acids and phospholipids, carbohydrate 
compound, lipoproteins, fibronectin and enzymes.3,6 Due 
to the metabolism of proteins and lipids and alterations 
in the surfactant concentration of biological fluids, the 
surface tension of serum increases with the age.3,6

Endothelial surface is covered by surface acting substances 
that reduce surface tension. Change in endothelial 
surface tension and hydrophobicity will influence bubble 
formation, activate platelet and coagulation cascade and 
increase the risk of atherosclerosis, hypertension and 
coronary artery disease.91 Nitric oxide is essential to 
preserve the capsular integrity and prevent the synthesis 
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of adhesion molecules. It can also change the surfactant 
composition at the endothelial surface, decrease 
hydrophobicity and increase bubble detachment and 
dissolution to help prevent the coronary artery disease.91

Musculoskeletal and connective tissue disease
Synovial fluid and joint disease
Synovial fluid is a dialysate of plasma that contains 
lubricin, hyaluronic acid and surface-active phospholipids. 
It lubricates the articular surface to help provide 
mechanical function of the joint and supports pressures 
up to 200 atm.92,93 Synovial fluid decreases the friction 
forces and prevents the cartilage-cartilage adhesion. 
Surface-active phospholipids impart the thin outermost 
lining of the articular surface and help to reduce friction. 
In pathological states, the superficial layer disappears 
and leads to deterioration and aggregation of the joint 
function.82,83 Analysis of synovial fluid may be a diagnostic 
screening tool for the joint disease including osteoarthritis 
as well as septic arthritis and inflammatory arthropathies. 
Osteoarthritis is a degenerative disease associated with 
change in the phospholipid content of the synovial fluid. 
Injection of exogenous surface-active phospholipid 
effectively reduces the joint stiffness in osteoarthritis. 92,93

Rheumatic disease
Connective tissue contains various types of collagens, 
proteoglycans and glycoproteins. During the development 
of rheumatoid arthritis proteolysis and formation of 

Fig. 5. Scheme of erythrocyte shapes: increase in ionic strength 
of the medium causes transformation of the red blood cells in the 
sequence stomatocyte → discocyte → echinocyte. Figures were 
adapted to reference 88.

Table 7. Tensiograms of serum obtained from healthy people of different agea

Sex Age
Surface tension parametersb

γ1 (mNm
-1

) γ2 (mNm
-1

) γ3 (mNm
-1

)

Males

>20 64-68 64-68 56-59

20-35 68-72 65-69 57-60

36-50 68-72 66-69 57-63

≤50 68-74 66-71 57-66

Females

>20 66-70 65-69 58-61

20-35 68-74 66-70 59-62

36-50 70-74 67-70 59-65

≤50 70-76 67-72 59-68
a Data taken from  reference 6.
b γ1 surface tension for t=0.01 s;   γ2 surface tension for t=1 s;  γ3 surface tension  t→∞.

biologically-active substances causes degradation of the 
connective tissue. Rheological properties of the blood 
change during the course of disease and augmentation 
of immunoglobulin and circulating immune complexes 
increase blood viscosity. These changes alter the surface 
tension of blood and urine (Table 8). Synovial fluid of 
patients with rheumatoid disease contains large amounts 
of immunoglobulin complexes, fibrinogen and fibrin, 
therefore synovial fluid has lower surface tension value 
than serum. Glucocorticoids are the first line therapy in 
the management of rheumatic disease. They normalize 
the dynamic tensiographic parameters and increase the 
surface tension values of serum.3

Infectious diseases
The initial step in bacterial infection is its adhesion 
to host enteric, oral or respiratory organs. Bacterial 
adhesion to host organs leads to colonization of the 
bacteria, receptor-specific bacterial interaction, cellular 
invasion and subsequent development of the disease 
state.84 Bacterial adhesion can be expressed through 
ligand-receptor interactions. Adherent state is a key 
step in bacterial survival and pathogenesis, therefore an 
important approach is to interfere with the ability of the 
bacteria to adhere to host cells and thus help prevention 
of disease. Measurement of interfacial forces will help 
in the prophylaxis and treatment of various infections 
such as, enteric disease, urinary tract infection as well as 
endocardiatis.94

Infection of the human cervix
Human cervical mucus contains mucin and soluble 
proteins. Mucin is secreted from the epithelium cells of the 
cervix and plays an important role in the physicochemical 
properties of cervical mucus including viscosity and surface 
tension. Mucin acts as a lubricant to keep pathogens out. 
A relationship has been found between the surface tension 
of the mucous and the permeation rate of microbicides. 
Cervical compounds can be used in the treatment of 
dry vagina or as microbicidal agents against Sexually 
Transmitted Disease (STD) pathogens. The degree of 
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irritation of these compounds depends upon their surface 
tension. Compounds with low surface tension have lower 
binding of the membrane to the mucosa proteins and thus 
will cause less cervical irritation.95

Tuberculosis
Tuberculosis (TB) infection is usually initiated by the 
entry of the mycobacterium TB to the respiratory system. 
Mycolic acid and cord factor are the most abundant 
surface lipids of mycobacterial cell with moderate surface 
active effect. Presence of such surface active lipids at the 
alveolar interface will cause reorientation of the surfactant 
molecules, poor surface activity of the DPPC and 
symptoms similar to adult respiratory distress syndrome. 
In such cases minimum surface tension is not reached, the 
alveoli will collapse and the patient will require increased 
breathing efforts to re-expand and stabilize the atelectatic 
alveoli. 
TB contains multiple lipids that can inhibit the function 
of endogenous surfactants in respiration. Inhibitions of 
mycolic acid synthesis by antitubercular drug, isoniazid, 
will destroy the mycobacterial cell wall, and improve the 
breathing process.96

Gastrointestinal tract 
Infection
The internal lining of the gastrointestinal tract blocks the 
passage of toxic substances to the systemic circulation. 
Any substance that compromises the integrity of the GI 
epithelium could be involved in the induction of disease. 
Mucus is a viscoelastic gel coating of gastrointestinal track 
which provides the hydrophobic property of the stomach 
and prevents adherence and invasion of bacteria. Contact 
angle measurement of the lining of the gastrointestinal 
track demonstrates that hydrophobicity is highest in the 
antrum of the stomach and decreases through rectum 
and ileal mucosa. Microbial attachment and adherence 
to human biological surfaces can determine the rate and 
extent of infection. The rate of bacterial attachment is 

greater in hydrophobic surfaces. Pathogen adhesion and 
specific stereochemical interactions between ligand and 
gastrointestinal tract receptor is important in pathogenesis 
and infection. Therefore, development of therapeutic 
agents for microbial pathogens involves knowledge of 
these surfaces and the adherence forces between them. 
Helicobacter pylori produce protease and lipases which 
reduce hydrophobicity of the mucus layer and cause gastric 
infection. The reduction in hydrophobicity is greater in 
patients infected with H. pylori as well as duodenal ulcer 
than it in patients with H. pylori and gastritis.97

Concluding remarks
Surfaces are critically important for nearly all aspects 
of biological phenomena. The concept of surface has 
been applied in many biological fields such as disease 
diagnosis and treatment, biomaterial implant, blood 
compatibility and biosensors. Various diseases influence 
the composition and interfacial tension of body fluids. To 
further confirm these changes, the surface tensiogram can 
be used as an indicator of some pathological disturbances. 
It is well accepted that no single biomarker will be 
effective in clinical diagnosis. A better understanding 
of pathological disease is possible if various techniques 
are used. The surface tensiometry is a sensitive method 
which can reveal subtle changes in the phospholipid and 
surfactant content of biological fluids. Surface tension 
methods are easy to use and require a finite amount of 
sample. A decrease in the surface tension of blood and 
urine appears to be characteristics for some diseases, while 
other diseases result from an increase of these parameters. 
Well established dynamic surface tension measurements 
will widen our understanding on the surface rheology in 
biological fluids. In this review article, the opportunity of 
the interfacial tensiometric measurements as a diagnostic 
tool in medical application and monitoring device in the 
treatment efficacy was discussed. We will continue the 
research on the surface tension of biological fluids with 
a greater focus on urine and blood samples. We envision 

Table 8. Surface tension changes during various rheumatic diseasesa

Diseases
Surface tension Serum Urine

γ1 γ2 γ3 λ γ1 γ2 γ3 λ

Rheumatism + + -

Systemic lupus erythematosus + + - -

Scleroderma systematica + + + + + -

Haemorrhagic vasculitis + + + +

Rheumatoid arthritis + + + -

Bechterew’s disease - +

Reiter’s disease + - + +

Psoriatic arthropathy + + -

Gout - + + +

Osteoarthrosis + + + -
a Data taken from  reference 3.
+ Statistically significant increase of parameters compared with normal values.
- Statistically significant decrease of parameter compares with normal values.
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that studies on the surface tension behavior of human 
biological fluids will provide additional useful information 
in medical practice. 
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