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INTRODUCTION

Pleural effusions have classically been divided into 
transudative and exudative types.1 A transudative pleural 
effusion develops when there occurs an alteration 
in systemic factors influencing the formation and 
absorption of  pleural fluid leading to accumulation 
of  fluid. Exudative pleural fluid results from increased 
permeability of  pleural surface or pulmonary capillaries 
due to local inflammation.2 Differentiation of  bio-fluid 
into transudates and exudative effusions is the initial step 
in diagnostic algorithm of  the fluid for diagnostic and 
therapeutic purpose.3 Physical and radiographic findings 

are not sensitive tools in differentiating these two fluids. 
Currently the most important diagnostic criteria for such 
differentiation are Light’s criteria.4 Carbonyl (CO) groups 
(aldehydes and ketones) are produced on protein side 
chains especially upon amino acids Proline, Arginine, 
Lysine and Threonine when they are oxidised. These 
moieties are chemically stable, which is useful for both 
their detection and storage. Protein carbonyl content is 
actually the most general indicator and by far the most 
commonly used marker of  protein oxidation.5-8 Pleural 
fluid examination among 19 lung cancer patients showed 
elevated protein carbonyl concentrations compared to 
benign inflammatory cases.9 Similar prospective study 
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conducted upon 70 pulmonary and extra pulmonary 
tuberculosis cases had shown increased serum protein 
carbonyl levels among patients compared to the control 
group.10 These oxidant molecules could be implicated 
in the local inflammatory response existing in exudative 
pleural effusions. A study conducted to detect pulmonary 
oxidant-antioxidant imbalance in Bronchoalveolar 
lavage (BAL) fluid derived from epithelial lining fluid 
of  Adult Respiratory Distress Syndromes (ARDS) 
cases, indicated an increase in oxidative modification of  
proteins in form of  carbonyl products. ARDS patients 
had derived almost five times the level of  oxidation 
of  the proteins compared to control subjects.11 These 
results showed an accumulation of  functionally altered 
oxidatively modified proteins in BAL fluid of  ARDS 
patients and in untreated at-risk patients. Consequently, 
relevant systems and functions in the respiratory tract 
such as the protease/antiprotease balance, surfactant 
or mucus had become dysfunctional. Based on these 
results, it can be proposed that altered pulmonary protein 
functions by carbonylation contribute considerably in the 
pathogenesis of  ARDS.11-13 Light’s criteria, differentiates 
almost accurately 99% of  the pleural effusion cases into 
transudative and exudative. Numerous other biochemical 
parameters like pleural fluid cholesterol level, pleural 
fluid to serum bilirubin ratio, pleural fluid to serum 
cholinesterase ratio, biophysical parameters like pleural 
fluid viscosity, modern radiological investigations like 
computed tomography, cell free DNA assay, capillary 
electrophoresis study and oxidative stress panel analysis 
of  the pleural fluid, have been attempted for the purpose 
of  differentiating between transudative and exudative 
effusions.14-22 However, none of  these parameters explain 
the structural and functional changes that occur within 
the pleural parenchymal protein that are associated 
with the pathogenesis of  accumulation of  fluid within 
the pleural cavity in diverse pathological condition. 
So far, no study has been performed to differentiate 
between transudative and exudative types of  effusions 
by comparing the protein carbonyl levels of  pleural fluids 
arising due to various etiologies that could serve as an 
important differentiating marker. With this background, 
the study was conducted this study in order to explore 
efficacy of  this investigation modality based on protein 
carbonyl level estimation. 

MATERIALS AND METHODS

A hospital-based, randomized, cross-sectional study 
was conducted upon pleural fluid and blood samples 
obtained from patients admitted in the Department of  
Chest Medicine in a tertiary care hospital in Kolkata, 
West Bengal. Pleural fluids were collected aseptically 

from patients via thoracocentesis.  Fluids upon 
biochemical analysis at the Department of  Biochemistry 
were designated as exudates (n=44) if  it satisfied any one 
of  the Light’s criteria like pleural fluid: serum protein 
ratio > 0.5, pleural fluid: serum Lactate Dehydrogenase 
(LDH) ratio > 0.6 or pleural fluid LDH > 66% of  
upper limit of  serum LDH level. Otherwise, samples 
were termed as transudates (n=36).All cases belonged 
to the same city of  Kolkata, had similar socio-economic 
background and were exposed to similar chronic risk 
factors like smoking, alcoholism and environmental 
pollution. Exudative pleural effusion consisted of  
28 males and 18 females. Cases chosen consisted of  
tuberculosis, bronchogenic carcinoma, parapneumonic 
effusion, fungal infection and restrictive lung disease 
including collagen vascular disease. Transudative samples 
(18 males: 18 females) were collected from patients 
suffering from congestive cardiac failure, cirrhosis of  
liver with portal hypertension and nephrotic syndrome, 
constrictive pericarditis and malnutrition. The cases were 
matched based on age, sex, duration of  development of  
pleural effusion, severity of  state of  disease. Patients 
with history of  pneumothorax, interstitial lung disease, 
hydrothorax, granulomatous disease, prolonged diuretic 
therapy, etc were excluded from the study. Blood samples 
collected from these same patients from the antecubital 
vein were subjected to separation of  serum following 
centrifugation at 3000 rpm.

The study principles and procedures adhered to the 
ethical standards formulated in the (1975, revised in 
1983) Helsinki declaration. Protein-carbonyl level in 
pleural fluid and serum was measured biochemically 
by Dinitrophenylhydrazine (DNPH) method (Levin 
et al).23 Protein estimation in pleural fluid and serum 
was done by Biuret method.24 Lactate Dehydrogenase 
(LDH) enzyme levels were estimated by Modified IFCC 
method.25

Statistical analysis 
Statistical analysis was performed using IBM SPSS 
Statistics 20 Windows. All values were expressed as mean 
± Standard Deviation (SD).Comparison of  continuous 
variables between exudative and transudative groups 
were evaluated using Student’s t test. Categorical variables 
were compared using Pearson’s chi-square test (χ2) test. 
Probability value p<0.05 was considered to be statistically 
significant at a confidence limit of  95%. Receiver 
Operating Characteristic (ROC) Curve was drawn to depict 
the tradeoff  between sensitivity and specificity for protein 
carbonyl as a differentiating marker between exudates and 
transudates. 
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RESULTS

After fulfilling the inclusion and exclusion criteria 44 
subjects were classified as having exudative pleural 
effusion based on Light’s criteria. 36 cases were diagnosed 
to be in the transudative group. Statistically the matching 
of  age and gender between these two groups was 
checked by independent‘t’ test (t=5.994, p<0.0001) and 
chi-square test (χ2 = 1.5066, p> 0.05) respectively. The 
protein carbonyl levels of  the pleural fluid and serum of  
individual transudative and exudative effusion samples 
were estimated. The values were expressed in terms 
of  ratio of  protein carbonyl content of  pleural fluid to 
serum, per gram of  protein per litre. In exudative cases 
the ratio (Re) was significantly higher (Mean±Standard 
Deviation: 0.72±0.09) than the ratio in transudative cases 
(Rt) (Mean±Standard Deviation: 0.34±0.1). It was seen 
that the ratio in exudates (Re) was significantly higher 
(Mean±Standard Deviation: 0.72±0.09) than the ratio 
among transudative cases (Rt) (Mean±Standard Deviation: 
0.34±0.1) (Table 1). 

Among the exudative pleural effusion cases, Re levels were 
higher in males compared to females (p < 0.05). However, 

no such difference existed in the Rt levels of  transudative 
male and female cases (Table 2).

The difference between Re and Rt was statistically significant 
across all age groups the study had taken into account 
(Table 3). 

Based on the results of  ROC curve, a cut-off  ratio value 
of  >0.49 yielded maximum sensitivity and specificity for 
basic differentiation of  two types of  pleural collection 
(Figure1).

DISCUSSION

A number of  bedside biochemical tests based on oxidative 
stress have been established to classify pleural effusions 
into exudates and transudates on a point of  care basis. 
Studies conducted to show the role of  oxidative stress 
parameters in 48 malignant exudative pleural fluids have 
found increased levels of  oxidative stress markers like 
malondialdehyde, compared to benign controls.26 Similar 
studies in 60 patients with pleural effusion of  diverse 
aetiologies had demonstrated a statistically significant 
(p<0.05) rise in mean pleural fluid malondialdehyde in 
exudates in comparison to transudates.27

Similarly, in our study it was observed that exudative 
pleural fluids presented with an elevated levels of  
oxidative stress parameter in form of  protein carbonyl, 
compared to transudative effusions (Table 1). The 
increased ratio of  pleural fluid/serum protein carbonyl 
gradient in exudates probably represented an increased 
local production of  free radicals. The origin of  this 
oxidative stress in the pleural fluid may be related to 
the pathogenesis underlying disease process. Local 
production of  oxidants in the pleural cavity has not been 
extensively studied. In vitro evidence in animal models 
indicated that reactive oxygen and nitrogen species may 
be implicated in the pathogenesis of  asbestos-related 
pleural effusions.27 Various oxidants play an important 
dual role in carcinogenesis, serving both as tumor 
initiators, tumor promoters as well as regulators of  
gene expression.28 This has been shown both in lung 
cancer and in other malignancies. Tuberculosis had been 
associated with increased levels of  several markers of  
oxidative stress and decreased antioxidant capacity.29 All 
of  the above mentioned disease processes may contribute 
to the increased oxidative stress production when the 
pleural cavity is involved. Pleural Mesothelial cells (PMC) 
are responsible for release of  oxidants in pleural space 
infections.30 The PMC acting as central component of  
the immune responses of  the pleura is thought to play an 
important role in defence mechanisms against bacterial 

Table 1: Mean and SD of ratio of pleural protein 
carbonyl/gm protein/litre to serum protein 
carbonyl/gm protein/litre
Pleural fluid
sample type

Ratio of pleural 
protein carbonyl/
gm protein/litre 
to serum protein 
carbonyl/gm 
protein/litre

t value P value 

Exudative (Re)
(Mean±SD) (n=44)

0.720±0.094 17.87 < 0.001

Transudative (Rt)
(Mean±SD) (n=36)

0.344±0.101

The mean difference is significant at the 0.05 level

Table 2: Sex related differences in Pleural 
fluid‑serum protein carbonyl gradient (PSPCG) 
among exudates and transudates
Pleural 
fluid
sample 
type

Ratio of pleural protein 
carbonyl/gm protein/
litre to serum protein 

carbonyl/gm
protein/litre

t value p value 

Male Female
Exudative
(Mean±SD) 
(n=44)

0.74±0.08
(n=28)

0.678±0.11
(n=16)

2.15 <0.05

Transudative
(Mean±SD) 
(n=36)

0.35±0.08
(n=18)

0.34±0.12
(n=18)

0.00 1.0

The mean difference is significant at the 0.05 level
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and mycobacterial pleural infections, and in pathogenesis 
of  malignant pleural effusion. When exposed to noxious 
stimuli, it expresses Toll-like receptor (TLR) mediated 
recognition of  pathogen associated molecular patterns. 
It releases several cytokines to activate adaptive immune 
responses. Pleural effusions occurs due to an imbalance 
in the dynamic interaction between junctional proteins, 
n-cadherin and ß-catenin, and phosphorylation of  
adherens junctions between PMCs, which is caused in part 
by vascular endothelial growth factor (VEGF) released 
by PMCs.31 Nitric oxide (NO•) synthesized by inducible 
nitric oxide synthase (iNOS) in activated PMC acts as an 
important host defence mechanism causing modification 
of  bacterial proteins and lipids, deamination of  bacterial 
DNA. It interacts with accessory protein targets; resulting 
in enzymatic inactivation or other protein malfunctions 

to initiate intracellular mycobacterial killing.32 PMC 
mediated immunity is very much “non-specific” NO• 
contributes to the inflammatory response; leads to 
tissue leakage and damage, thus increasing vascular 
permeability.33 Induction of  iNOS by endotoxin during 
inflammatory infectious processes produces abundant 
amount of  NO• for extended period. NO• rapidly reacts 
with molecular oxygen and superoxide anion to form 
peroxynitrite, which in turn reacts with tyrosine residue 
of  protein to form nitrotyrosine.

Peroxynitrite and nitrotyrosine together are called as 
reactive nitrogen intermediates (RNI). RNI has damaging 
effects on proteins converting them into protein 
carbonyls.34 Introduction of  carbonyl group in proteins 
makes them susceptible to degradation by proteolytic 

Table 3: Variation ofRatio of pleural protein carbonyl/gm protein/litre to serum protein carbonyl/gm 
protein/litre in different age groups
Age groups
(In years)

Exudative cases
(mean±SD)

Transudative cases
(mean±SD)

 t value p value

18-40 0.688±0.091 0.240±0.117 7.81 <.0001
40-60 0.775±0.083 0.314±0.089 14.3 <.0001
≥60 0.675±0.047 0.379±0.009 28.65 <.0001

The mean difference is significant at the 0.05 level

Figure 1: ROC curve analysis to identify cut-off point of Pleural fluid: Serum protein-carbonyl ratio to distinguish exudative and transudative 
pleural effusion
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enzymes leading to deficiency of  proteins. It’s hypothesised 
that carbonylated proteins may be selectively degraded 
if  irreparable, aggregated or may influence the activities 
of  signal transduction molecules to elicit cellular events. 
However, decrease in efficiency of  proteolysis cause 
cellular content of  oxidative modified proteins to increase 
in cells as seen in cases of  exudative pleural effusion 
of  Mycobacterium Tuberculosis origin.35 The above 
mechanism provides the connecting link between protein 
carbonyl production and formation of  exudative effusion 
as a squally of  various diseases.

Transudative pleural effusion formation, on the other 
hand, is not related to local pleural pathology. They 
are produced primarily by an imbalance between the 
hydrostatic and oncotic pressures and this does not 
lead to the formation of  reactive oxygen species. The 
degree of  pulmonary venous hypertension is a major 
determinant of  transudative pleural effusion formation 
in heart failure.36 The concentration of  total protein 
leaking out of  the microcirculation in pleural fluid is 
proportional to the degree of  elevation of  pulmonary 
capillary wedge pressure.37 Similarly, in transudative 
ascites secondary to portal hypertension, the serum 
protein concentration and degree of  portal pressure 
determine the ascitic fluid protein concentration.38 

Approximately 20 percent of  patients with transudative 
pleural effusion caused by heart failure may fulfil the 
criteria for an exudative effusion after receiving diuretics. 
In these circumstances, neither protein nor albumin 
gradients individually should be the primary test used 
to distinguish transudative effusions from exudative 
effusions because they might result in the incorrect 
classification of  a significant number of  exudates. 
Only when we combine this with pleural fluid LDH 
levels, the accuracy and the likelihood ratio of  correct 
classification increases. This is in sharp contrast to the 
increased carbonyl stress levels in exudates compared 
to transudates.39 A cut off  value of  ratio at 0.49 using 
protein carbonyl clearly distinguished between the basic 
fluid types without any ambiguity (Figure1).

Among the exudates, the gradient was found to be 
statistically higher among males compared to females 
(Table 2). This indirectly reflected that oxidatively 
modified, functionally altered proteins, accumulated 
more in serum and pleural fluid of  male patients with 
exudative effusion compared to their female counterparts. 
Relevant systems and functions in the respiratory and 
circulatory system such as the protease/antiprotease 
balance, probably become dysfunctional more in males 
than in females due to the increased prevalence in males 
of  various respiratory tract infections and malignancies, 
especially among smokers. No age group related 

difference was seen among the two gradients (Table 3). 
This implied that the statistical difference existent 
between these two gradients were more type specific 
(exudative/transudative) rather than due to age related 
changes in oxidative stress pattern.

An important limitation of  our study was that not much 
difference was noticed in protein carbonyl levels in different 
disease entities in individual arms. A plausible explanation 
for this might be the fact that the method was validated 
to measure overall carbonyl stress in pleural fluids and is 
unable to identify subtle differences based on aetiology. 
Compared with previous studies, our study has several 
strengths. First, the method help better to categorize the 
occasional transudate misidentified as an exudate by Light’s 
criteria only on the basis of  a single biochemical parameter. 
Second it’s intrinsically related and highlights the basic 
pathogenesis and mechanism involved in formation of  
exudative effusions in comparison to transudate formation. 
Third, protein carbonyl assays offer the advantage that no 
special or expensive equipment is required. As a result, they 
can be measured in pleural fluids in any normally equipped 
biochemistry laboratory.40

Limitations of the study
The study population was small in number. Multicentre 
study may be required in this regard to further sub 
classification of  cases based on etiology.

Moreover it is not a prospective study. Hence the utility of  
these study parameters in assessment of  prognosis in post 
treatment cases could not be assessed. 

CONCLUSION

In our study we have shown that, irrespective of  age and 
sex, Re is greater than Rt. Therefore we have a strong 
evidence to suggest that this parameter can be used to 
differentiate transudates and exudates on a routine basis.
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