
www.ejbps.com 

 

109 

 

 

 

REVIEW ON BIOCHEMICAL ANALYSIS OF BODY FLUIDS 
 

 

Revathy K.
1
 and Dhananjayan R.

2
* 

 
1
Junior Technical Officer, Dept of Biochemistry, Apollo Speciality Hospitals, Vanagaram, Chennai – 95. 

2
Consultant and Head, Dept of Biochemistry, Apollo Speciality Hospitals, Vanagaram, Chennai – 95. 

 

 

 

 

 
Article Received on 25/10/2016                                  Article Revised on 15/11/2016                           Article Accepted on 05/12/2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Human body fluids are important sources for clinical 

markers. As for disease diagnosis and prognosis, 

advantages of body fluid testing include low 

invasiveness, low cost, rapid sample collection and 

processing. The tests in body fluids reflect the change of 

physiological states and cellular networks of the diseased 

tissue/organ. The analysis of human body fluid has 

become one of the most promising approaches to 

discover biomarkers or reveal pathophysiological 

mechanisms for human diseases. Human body fluid 

analysis is inherently challenging due to their unique 

characteristics such as protein complexity and wide 

dynamic range of protein abundances. With the 

remarkable advances in the methods for sample 

preparation, proteomics technology and quantitation, it is 

now possible to analyse body fluids with higher 

sensitivity. In the biochemistry laboratory, most routine 

samples that are collected for laboratory testing are blood 

and urine samples. Fluids such as cerebrospinal fluid, 

synovial fluid, peritoneal fluid and ascitic fluid are not 

common as compare to blood and urine samples. This is 

due to these fluids requiring complicated procedures to 

aspirate from the body. This review paper is focussed on 

the possible biochemical tests in body fluids. 

 

(1) CSF  
Cerebrospinal fluid (CSF) is a clear, colourless body 

fluid found in brain and spine produced in choroid  

 

plexuses of ventricles of the brain. CSF usually contains 

a small amount of protein and glucose, may also have 

few white blood cells. Any condition that disrupts the 

normal pressure or flow of CSF or the protective ability 

of blood brain barrier can result in abnormal results of 

CSF testing. CSF analysis usually involves the tests 

namely, colour, clarity, pressure during collection, 

protein and glucose CSF analysis is used to diagnose a 

wide variety of diseases and conditions affecting brain 

and spinal cord. i.e., infectious diseases such as 

meningitis and encephalitis haemorrhage in the brain or 

skull, autoimmune disorders and tumors located within 

the central nervous system (CNS) or that spread to CNS 

(metastatic cancer).  

 

The parameters namely proinflammatory cytokines, 

interleukin 1β (IL1β), tumour necrosis factor α (TNFα) 

of the anti-inflammatory cytokine TGFβ of tau protein, a 

marker for neurodegeneration and of β amyloid (Aβ) can 

be assayed in CSF using ELISA method. The results of a 

study demonstrated that the increased production of the 

proinflammatory cytokine, TNFα and decreased 

production of anti-inflammatory cytokine TGFβ in 

patients with Mild Cognitive Impairment at risk to 

develop Alzheimer’s disease (AD), suggesting a 

propensity towards inflammation in this patient group 

and indicating that CNS inflammation is an early 

hallmark in the pathogenesis of AD.
[1]
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ABSTRACT 

Human body consists of many different types of fluids. These fluids have their own importance in maintaining 

body functions. Body fluids are the liquids excreted and secreted from the human body. The body fluids may 

contain biomarkers that are not found in blood or are at different concentration than in blood. Therefore estimation 

of body fluids plays an important role in the diagnosis of diseases. Some body fluids are present in healthy 

individuals and some are found in the disease conditions. For example, amniotic fluid is only found in pregnancy 

and pleural fluid is only seen in noticeable quantities in diseases. The importance obtained through using less 

common body fluids helps us in understanding of the disease processes. In this review paper we have focussed on 

the biochemical tests done on CSF, pleural, peritoneal, pericardial, synovial, amniotic fluids, tears, sweat, saliva 

and semen. 
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Measurement of biochemical marker in CSF, such as 

total tau protein and β-amyloid peptide42 (Aβ42), shows 

robust alterations that highly correlate with the clinical 

diagnosis of AD but generally lack sufficient diagnostic 

accuracy. The diagnostic usefulness of the CSF ratio of 

phospho-tau to Aβ42 is superior to either measure alone 

and can be recommended as an aid to evaluating 

individuals suspected of having dementia.
[2] 

 

The results of a study suggest that the CSF 

concentrations of tau and phosphotau are increased in 

about two thirds of patients with probable AD and in half 

of those with possible AD but are normal in 

Frontotemporal dementia (FTD), subcortical 

arteriosclerotic encephalopathy (SAE) and Parkinson’s 

disease (PD) compared with normal aging. Values in the 

normal range do not exclude AD.
[3]

 A study was done to 

investigate the CSF levels of tau and the light 

neurofilament protein (NFL) in patients with FTD and 

other common dementia disorders as well as normal 

control subjects. No significant differences were found in 

CSF NFL or CSF tau when comparing patients who did 

and did not possess the APOE-ε4 allele within each 

diagnostic group. The results suggest a differential 

involvement of these cytoskeleton proteins in FTD and 

EAD, with NFL primarily involved in the 

pathophysiology of FTD and tau in that of EAD. The 

increase in CSF NFL found in LAD might reflect the 

white-matter degeneration found in a proportion of LAD 

cases.
[4]

 Increased CSF-tau and decreased CSF-Aβ42 

levels in probable and possible AD these biomarkers 

may have a role in the clinical workup of patients with 

cognitive impairment, especially to differentiate early 

AD from normal aging and psychiatric disorders.
[5] 

 

 

The discovery of mutations in the SNCA gene encoding 

α-synuclein in familial Parkinsonism and the 

accumulation of α-synuclein in the PD brain suggested a 

critical role for this protein in PD etiology. The levels of 

CSF α-synuclein oligomers were higher in patients with 

PD compared to patients with PSP or AD or control 

subjects. The results of this study demonstrated that the 

levels of α-synuclein oligomers in CSF and the 

oligomers/total-α-synuclein ratio can be useful 

biomarkers for diagnosis and early detection of PD.
[6]

  

 

(2) Plural fluid  
Pleural fluid is the fluid found between the layers of 

pleura, membranes that line thoracic cavity and surround 

lungs. The space containing fluid is known as pleural 

cavity or pleural space. Pleural fluid analysis is used to 

diagnose the cause of accumulation of fluid in chest 

cavity (pleural effusion). There are two types of fluid 

that may be produced, namely, transudate or exudate. 

Transudate: An imbalance between the pressure within 

blood vessels and the amount of protein in blood can 

result in accumulation of fluid. Transudates are most 

frequently caused by congestive heart failure or cirrhosis. 

If the fluid is determined to be a transudate, then usually 

no more tests on the fluid are necessary. Exudate: Injury 

or inflammation of the pleurae may cause abnormal 

collection of fluid. If the fluid is an exudate, then 

additional testing is often ordered. Exudates are 

associated with a variety of conditions and diseases, 

namely infectious diseases, bleeding, inflammatory 

conditions, malignancies etc. Additional testing on 

exudate fluid may include PF glucose, lactate, amylase, 

triglyceride and tumor markers.  

 

Adenosine Deaminase (ADA) levels significantly lowers 

in the transudate effusions than in post-CABG, 

malignant and other exudative effusions. ADA levels in 

nontuberculous lymphocytic effusions seldom exceeded 

the diagnostic cut-off for TB. Effusion ADA levels 

cannot be predicted from total or differential leukocyte 

counts. Post-CABG pleural fluids had ADA levels 

similar to other nontuberculous lymphocytic effusions. 

ADA is stable in effusion fluids, and its measurement is 

reproducible.
[7]

 Pleural effusion is not pathognomic and 

distinguishing between transudates and exudates often 

presents a diagnostic dilemma. The inclusion of pleural 

fluid NT-pro Brain Natriuretic Peptide (NT-pro BNP) 

measurement in the routine diagnostic panel would 

enhance discrimination among the different causes of 

pleural effusions.
[8]

  

 

Virtually all patients with a newly discovered pleural 

effusion should undergo thoracentesis to aid in diagnosis 

and management. The routine peritoneal fluid evaluation 

usually includes the following: cell count and 

differential; tests for protein, LDH, glucose, ADA, 

cytology and, if infection is a concern, pH and bacterial 

and mycobacterial cultures. Natriuretic peptide assays 

significantly improve the accuracy of a diagnosis of 

cardiac pleural effusion, whereas pleural fluid mesothelin 

levels greater than 20 nmol/L are highly suggestive of 

mesothelioma.
[9] 

 

 

A study was conducted to determine the validity of 

pleural fluid C-reactive protein (CRP) concentrations 

and/or pleural fluid to serum CRP ratio for 

differentiating tuberculous pleuritis (TBP) from 

malignant pleural fluid (MPE) in patients presenting with 

lymphocytic exudative pleural effusions. Pleural fluid 

and serum CRP levels were significantly higher in the 

TBP group than in the MPE group. The ratio of pleural 

fluid to serum CRP was significantly higher in the TBP 

group than in the MPE group. A correlation between 

serum and pleural fluid CRP levels was observed in TBP 

patients but not in MPE patients. In patients presenting 

with lymphocytic exudative pleural effusion, a simple 

marker of raised pleural fluid CRP level may be helpful 

in discriminating between TBP and MPE.
[10] 

 

 

(3) Peritoneal fluid  
Peritoneal fluid is a liquid made in the abdominal cavity 

which lubricates the surface of tissue that lines the 

abdominal wall and pelvic cavity. It covers most of the 

organs in the abdomen. An increased volume of 

peritoneal fluid is called ascites. The analysis is used to 
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diagnose the cause of peritoneal fluid accumulation 

(ascites) and/or inflammation of the peritoneum 

(peritonitis). Ninety percent of ascitic fluids are 

transudates and are caused by either congestive heart 

failure or cirrhosis. Exudates can be caused by a variety 

of conditions and diseases and usually require further 

testing to aid in the diagnosis. 

 

Peritoneal Fluid NT-pro-BNP is a very useful biomarker 

with high diagnostic accuracy for distinguishing pleural 

effusions of cardiac origin.
[11]

 Peritoneal fluid NT-

proBNP levels were correlated with serum NT-proBNP 

levels. It may be useful in the diagnosis of pleural 

effusion resulting from heart failure. The test may be 

especially useful in heart failure patients with exudates 

who have been treated with diuretics.
[12] 

 

 

A significant correlation was observed between serum 

and Peritoneal Fluid protein levels in transudates and 

exudates, but the correlation between serum and pleural 

fluid LDH (FLDH) levels was insignificant. FLDH is the 

most accurate marker for the diagnostic separation of 

transudates and exudates and Serum to Pleural Fluid 

ratio of LDH (LDHR) has no role in this process. 

Combining total protein with FLDH appears to improve 

the diagnostic accuracy slightly.
[13]

 High pleural LDH 

and low pleural ADA (PADA) levels are suggestive of 

pleural effusion due to bronchogenic carcinoma, whereas 

high levels of PADA alone can be indicative of 

tuberculous pleural effusion and high levels of both 

markers can show complicated parapneumonic effusions 

or empyema.
[14]

 Pleural TNF-α may contribute to the 

identification of patients with no purulent Complicated 

Parapneumonic Effusions with at least the same 

diagnostic accuracy, if not better, than the use of pH, 

glucose or LDH.
[15]

  

 

Activation of both the complement and kinin systems 

seems possible in both blood and peritoneal fluid at the 

low alpha 2-M concentrations found in severe attacks of 

acute pancreatitis.
[16]

 During endometriosis the presence 

of peritoneal disease and not of ovarian endometriotic 

cysts, influences leptin concentrations in PF. The leptin 

may play a role in the development of peritoneal 

endometriosis, and that different biochemical phenomena 

might be involved in the pathogenesis of the ovarian 

form of the disease.
[17]

 The ascitic fluid cholesterol 

determination offers an excellent, cost-effective 

discrimination of ascites due to cirrhosis vs. ascites 

caused by malignancies.
[18]

 ADA levels are used for 

diagnosing tuberculosis in several locations and ADA 

determination is a fast and discriminating test for 

diagnosing peritoneal tuberculosis (PTB).
[19]

 A study in a 

selected group of prevalent PD patients assessed after 

more than 6 months of PD therapy shows that, (1) 

inflammation was an independent predictor for mortality; 

(2) reduced TFR was associated with impaired 

nutritional status, decreased small solute clearance and 

inflammation; and (3) peritoneal transport status was not 

significantly associated with nutritional status and was 

not associated with subsequent patient survival. The 

results suggest that more attention should be given to 

inflammation and inadequate fluid removal as predictors 

of mortality in PD patients.
[20]

  

 

(4) Pericardial Fluid  
Pericardial fluid is the serous fluid secreted by the serous 

layer of the pericardium into the pericardial cavity. The 

pericardium consists of two layers, an outer fibrous layer 

and the inner serous layer. Pericardial fluid analysis is 

used to help diagnose the cause of inflammation of the 

pericardium called pericarditis and/or fluid accumulation 

around the heart (pericardial effusion). Transudates are 

most often caused by congestive heart failure or 

cirrhosis. If the fluid is determined to be a transudate, 

then usually no more tests on the fluid are necessary. 

Exudates can be caused by a variety of conditions and 

diseases. The blood glucose, protein or albumin may be 

ordered to compare concentrations with those in the 

pericardial fluid.  

 

Although malignancy remains the most common cause in 

developed countries, tuberculosis disease should be 

considered in patients from areas where tuberculosis is 

endemic. Percutaneous pericardiocentesis remains an 

effective measure for the immediate relief of symptoms 

in patients with cardiac tamponade, although its 

diagnostic yield in tuberculous pericarditis is relatively 

low.
[21]

 Measurement of pericardial CA 72-4 levels 

offered a high diagnostic accuracy for malignancy, 

particularly in bloody pericardial effusions. None of the 

biochemical parameters tested was useful for the 

discrimination of malignant from benign effusions. 

However, measurement of pericardial CA 72-4 levels in 

bloody pericardial effusions yielded a high diagnostic 

accuracy and thus offers the potential as a diagnostic tool 

to distinguish between malignant and benign 

effusions.
[22]

  

 

(5) Synovial fluid  
Synovial fluid is found in the cavities of synovial joints. 

It reduces friction between the articular cartilages of 

synovial joints during movement. It is used to diagnose 

the cause of joint inflammation, pain, swelling and fluid 

accumulation. The biochemical tests with synovial fluid 

include glucose, protein and uric acid. Synovial Fluid 

leptin concentrations were closely related to the 

radiographic severity of Osteoarthritis (OA), suggesting 

that synovial fluid leptin levels could be used as an 

effective marker for quantitative detection of OA.
[23]

 

Synovial fluid is a dynamic reservoir for proteins 

originating from serum, synovial tissue and cartilage. 

The composition of the Synovial fluid proteome may 

reflect the pathophysiological conditions affecting the 

circulatory system and cartilage. 2D-PAGE can be used 

under standard conditions to screen Synovial fluid 

samples and identify a small subset of proteins, which 

are potential markers associated with OA.
[24]
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(6) Amniotic fluid  
Amniotic fluid is present in the amniotic sac. It is 

generated from maternal plasma and passes through the 

foetal membranes by osmotic and hydrostatic forces. 

When foetal kidneys begin to function in about week 16, 

foetal urine also contributes to the fluid. During 

pregnancy, amniotic fluid provides a cushion that 

protects the baby from injury and allows room for 

growth, movement and development. It keeps the 

umbilical cord from being compressed between baby and 

the uterine wall.  The amount of amniotic fluid reflects 

the baby's urine output, which is an important measure of 

a baby's well-being.
[25]

 

 

Multivariate regression analysis that controlled for 

maternal height, prepregnancy weight, smoking 

behavior, infant gender, gestational age, parity, as well as 

amniocentesis week showed that higher AF IGF BP1 

was associated with lower birth weight. Regression 

analyses revealed that Amniotic fluid IGF BP3 was 

positively associated with birth weight within large for 

gestational age (LGA) and macrosomia subpopulations. 

These results show that 2nd trimester AF IGF BP1, BP3, 

and IGF II may emerge as early indicators of fetal 

growth.
[26]

 

 

An earlier study evaluated a set of oxidative stress 

biomarkers in the amniotic fluid of women carrying 

Down syndrome (DS) fetuses that could prove in vivo 

the early occurrence of oxidative damage in DS. This 

study showed an increased level of oxidative stress, as 

indexed by increased protein oxidation, lipid 

peroxidation and reduction of GSH and Trx levels and 

induction of the HSP response. By a redox proteomics 

approach, we identified selective proteins which showed 

increased oxidation in DS fetuses compared with healthy 

controls. The identified proteins are involved in iron 

homeostasis (ceruloplasmin and transferrin), lipid 

metabolism (zinc-α2-glycoprotein, retinol-binding 

protein 4 and apolipoprotein A1) and inflammation 

(complement C9, α-1B-glycoprotein, collagen α-1V 

chain) with critical relevance in the clinical outcome of 

DS. Our results indicate that oxidative damage is an 

early event in the DS pathogenesis and might contribute 

to the development of deleterious DS phenotypes, 

including abnormal development and AD-like 

neuropathology.
[27]

 

 

The oxidative stress occurs early in pregnancy and 

supports the idea of testing amniotic fluid whether 

prenatal antioxidant therapy may prevent or delay the 

onset of oxidative stress diseases in the DS 

population.
[28]

  The amniotic fluid can be a reliable and 

practical source of cells for the engineering of select fetal 

tissue constructs.
[29]

 Proteomic analysis of amniotic fluid 

cells may lead to the discovery of novel markers for 

embryonic abnormalities. A two-dimensional database 

for proteins of normal human amniotic fluid cells was 

constructed. The amniotic fluid cell extract was analyzed 

by two-dimensional gel electrophoresis and the proteins 

were identified by matrix-assisted laser desorption 

ionisation-time of flight-mass spectrometry. The 

database comprises 432 different gene products, which 

are in the majority enzymes, structural proteins, heat 

shock proteins, and proteins related to signal 

transduction. The obtained data showed that the amniotic 

fluid population maybe either heterogeneous, originating 

from different fetal compartments and embryo tissues or 

is still pluripotent. Many proteins which are known to 

belong to certain cell types were found in the amnion cell 

fluid. This indicates that some types of fetal cells are 

already differentiated at the time of amniocentesis (about 

the 16
th

 week of gestation). Moreover, the finding of 

proteins highly expressed in embryonic stem cells 

suggests that amniotic fluid could be used as a cell pool 

for transplantation therapy.
[30]

 

 

(7) Tears 

Tears act as both a delivery and an excretory route for 

nutrients and metabolic products of the corneal 

epithelium and anterior stroma, since it has been shown 

that the diffusional route from the limbus into the 

avascular cornea is inadequate. Tearing, lacrimation or 

lachrimation is the secretion of tears, which often serves 

to clean and lubricate the eyes in response to an irritation 

of the eyes.
[31]

 Tears formed through crying are 

associated with strong internal emotions such as sorrow, 

elation, love, awe or pleasure. The lacrimal 

glands secrete lacrimal fluid, which flows through the 

main excretory ducts into the space between the eyeball 

and lids. When the eyes blink, the lacrimal fluid is spread 

across the surface of the eye.  In tears of climatic droplet 

keratopathy (CDK) patients, increased levels of N-

glycosylated proteins including haptoglobin, polymeric 

immunoglobulin receptor, immunoglobulin J chain, as 

well as a decrease in the N-glycosylation level of one N-

glycosylated protein, lacritin were observed. However, 

the overall levels of these five proteins showed no 

appreciable changes between control and CDK samples. 

The findings could be clinically significant in terms of 

disease etiology and biomarkers.
[32]

 The human tear fluid 

film consists of a superficial lipid layer, an aqueous 

middle layer and a hydrated mucin layer located next to 

the corneal epithelium. The superficial lipid layer 

protects the eye from drying and is composed of polar 

and neutral lipids provided by the meibomian glands. 

Excess accumulation of lipids in the tear film may lead 

to drying of the corneal epithelium.
[33]  

 
Components of tear fluid contribute to biochemical 

defence system of the eye. To reveal whether the 

immune mediator and lipopolysaccharide binding 

galectin-3 is present in tears, tear samples were collected 

from eyes in healthy and pathological states. 

Investigation of expression of galectin-3 and galectin-3 

reactive glycoligands in normal human conjunctival and 

corneal epithelia was also initiated as a step to 

understand the role of galectin-3 in ocular surface 

pathology. Galectin-3 was found only in tears from 

patients with ocular surface disorders. It was expressed 
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in normal corneal and conjunctival epithelia but not in 

lacrimal glands. Inflammatory leucocytes and goblet 

cells found in galectin-3 containing tear fluid also 

expressed galectin-3. Galectin-3 binding sites were 

detected on the surface of conjunctival and corneal 

epithelial cells co-localising with desmoglein. This study 

revealed expression of galectin-3 in tear fluid obtained 

from patients with eye diseases. The role of this 

endogenous lectin (produced by inflammatory as well as 

epithelial cells) in antimicrobial action and inflammation 

modulation could be expected.
[34]

 

 

(8) Sweat 

Sweat is one of the less employed biofluids for discovery 

of markers in spite of its increased application in 

medicine for detection of drugs or for diagnosis of cystic 

fibrosis (CF). Available data on sweat as a biological 

material for the diagnosis of various disorders point out 

several discrepancies with respect to wide variations in 

sample collections, methods used for analysis, 

uniformity in standardizations and validation of results. 

National audits done in the past have pointed out several 

lacunae with respect to variations in the performance of 

sweat tests. Some recent advances in sweat analysis have 

established its usefulness to detect drugs of abuse as well 

as alcohol consumption by measuring its level in sweat. 

Measurement techniques such as HPLC and Mass 

Spectroscopy have established sweat testing as very 

clinically useful laboratory diagnostic tools for various 

diseases. Screening of neonates for various disorders 

using sweat is also an emerging laboratory diagnostic 

field as it uses non-invasive technique. Sweat is also a 

convenient sample to screen for illicit drugs usage 

replacing blood and urine as testing material. Sweat is 

now being used to test lipids, electrolytes and for testing 

rare metals like mercury, lead, arsenic & cadmium as 

they accumulate in sweat during perspiration and is now 

found to be a route for elimination.  Protein disorders and 

hormone deficiency such as cortisol could also be tested 

more reliably using sweat than other biological 

materials.
[35]   

 

(9) Saliva 

Saliva and sweat are modified by CF. In both cases the 

chloride and sodium ion concentrations for healthy 

subjects and CF patients differ, this representing a 

possible alternative tool for CF diagnosis. Thus, saliva as 

a tool for CF diagnosis can be considered a new 

challenge and a population study including patients in all 

age classes needs to be performed, in different countries 

over the world, to extend the database to include a broad 

spectrum of information in order to identify normal ion 

concentration ranges for CF patients according to age, 

genotype and environment.
[36]

  

 

(10) Semen 

Detection and identification of semen stains, encountered 

at a crime scene, are very important aspects of forensic 

science today. This study targets the development of a 

non-destructive, confirmatory method for body fluid 

identification based on Raman spectroscopy coupled 

with advanced statistical analysis. Dry traces of semen 

obtained from multiple donors were probed using a 

confocal Raman microscope with a 785-nm excitation 

wavelength under controlled laboratory conditions. 

Results demonstrated the capability of Raman 

spectroscopy to identify an unknown substance to be 

semen with high confidence.
[37]

 

 

CONCLUSION 

The body fluids may contain biomarkers that are not 

found in blood or are at different concentration than in 

blood.  Therefore estimation of body fluids plays an 

important role in the diagnosis of diseases. They are the 

important sources for clinical markers. Body fluid testing 

is useful for disease diagnosis and prognosis. Besides, 

altered protein expression profiles in body fluids reflect 

the change of cellular networks on the diseased 

tissue/organ. As the body fluid analysis is used for early 

detection, monitoring and mechanism of disease 

progression and drug efficacy, this review will be useful 

for the laboratory professionals. 
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