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Abstract

Purpose: To evaluate the concentration of transforming growth factor beta 1 (TGFB1) levels 
in a rat pleural effusion obtained by inoculation of intrapleural bacteria or turpentine through 
thoracentesis.
Methods: Thirty-Nine Wistar rats were divided into three groups: Staphylococcus aureus (SA, 
n = 17); Streptococcus pneumoniae (SP, n = 12); and turpentine (control, n = 10). Pleural fluid 
was collected through ultrasound-guided thoracentesis 12 h, 24 h, and 36 h after instillation 
of bacteria or turpentine. Levels of TGFB1 were measured in pleural fluid.
Results: At 12 h, mean TGFB1concentrations were 5.3450 pg/mL in the SA group, 5.3449 pg/
mL in the SP group, and 5.3450 pg/mL in controls. At 24 h, they were 4.6700 pg/mL in the 
SA group, 4.6700 pg/mL in the SP group, and 4.6700 pg/mL in controls. At 36 h, they were 
4.6699 pg/mL in the SA group and in control. No difference was observed among the groups 
in mean TGFB1concentration (p = 0.12); however, a significant intragroup reduction in mean 
TGFB1 was observed between 12 and 24 h (p < 0.01). 
Conclusion: The transforming growth factor beta 1 concentrations were not useful as a 
diagnostic tool or an early marker of infected pleural effusion.
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Review Board, thirty nine male Wistar rats, 
mean weigh 414 g (290 to 546 g), were 
divided into three different groups: 17 animals 
were inoculated with 0.1 mL brain-heart 
infusion containing Staphylococcus aureus 
at a concentration of 1010 colony forming 
units (CFU)/mL (SA group); 12 animals were 
inoculated with 0.05 mL brain-heart infusion 
containing Streptococcus pneumoniae at a 
concentration of 1010 CFU/mL (SP group); 
and 0.2 mL turpentine was administered to 
10 control animals (Group C). The handling 
of animals followed institutional and national 
guidelines13. 
 After mask induction of anesthesia with 
isoflurane and intraperitoneal administration of 
tramadol (0.05 mL/100g) for pain control, each 
animal was positioned in left lateral decubitus 
for removal of hair on the right hemithorax, 
followed by skin disinfection with chlorhexidine 
solution. Bacteria or turpentine were instilled 
using a venous access catheter (VAC) inserted 
through the fourth right intercostal space. The 
position of the VAC inside the pleural space 
was ascertained before bacterial injection 
using a pressure meter (oscillometer). This 
device was connected to the VAC and capable 
of determining the moment when the catheter 
enters the pleural cavity by detecting the 
resulting fall in pressure. After making sure 
that the catheter was inside the pleural 
space, Staphylococcus aureus, Streptococcus 
pneumonia, or turpentine were injected, with 
continued pressure monitoring using the 
oscillometer. Following the procedure, the 
animals were monitored and a second dose of 
tramadol was administered if necessary. 
 After 12 h the animals were again 
anesthetized with isoflurane and treated with 
intraperitoneal tramadol for pain control. 
Chest ultrasound (US) was performed to 
confirm the presence of pleural effusion and 
guide thoracentesis for fluid collection (Figure 

 ■ Introduction 

 Complicated parapneumonic pleural 
effusion (CPPE) remains a challenging problem1, 
and current literature on the subject emphasizes 
the importance of early diagnosis2,3. Thus, early 
diagnosis and treatment are believed to be 
crucial to reduce CPPE morbidity and mortality 
in both adult and pediatric populations. 
 Cytokines have been identified as 
promising early markers of parapneumonic 
effusion and empyema. Some studies have 
shown that transforming growth factor beta 
1 (TGF-ß1), a multifunctional cytokine, is 
associated with formation of fibrin and pleural 
fluid loculation, possibly indicating poorer 
prognosis and need for more aggressive 
treatment of pleural effusion4,5.
 Due to the difficulty in designing 
prospective population-based studies on 
CPPE and controlled studies for diagnostic 
evaluation and testing of therapeutic strategies, 
experimental animal models have been playing 
an important role in the search for biological 
markers of pleural infection and empyema. 
Most experimental models of pleural effusion 
or empyema described in the literature have 
employed pigs6-8 or rabbits9,10. However, a new 
rat model of empyema has been successfully 
developed11,12, with greater reproducibility and 
lower cost and housing infrastructure than 
those of rabbits or pigs. 
 The present experiment was developed 
to study the behavior of TGF-ß1 levels and 
concentration in pleural effusion over time, 
after induction of infected and sterile pleural 
effusion in rats by inoculation of bacteria 
or turpentine through thoracentesis with 
intrapleural pressure monitoring. 

 ■ Methods

 After approval from the Institutional 
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1). The collected fluid was divided into three 
equal aliquots and stored in Eppendorf tubes 
for dosing of proteins, lactate dehydrogenase 
(LDH), glucose, and Gram staining. The 
remaining aliquots were stored at –80°C for 
determination of TGF-ß1 levels (baseline). The 
same procedure was performed 24 h and 36 
h after inoculation. The animals were then 
euthanized with a lethal dose of ketamine/
xylazine. 

Figure 1 - Ultrasound used to guide thoracentesis.

 Pleural fluid samples stored at –80°C 
were thawed in room temperature and shaken 

gently for determination of TGF-ß1 levels using 
an ABCAM ab119558 TGF beta 1 Rat ELISA 
Kit, following manufacturer instructions. All 
analyses were performed in duplicate. 

Statistical analysis

 Data were stored in a Microsoft Excel 
2008 spreadsheet and analyzed in SPSS 20. 
Continuous variables were expressed as 
mean ± standard deviation (SD) or median 
(interquartile range). Categorical variables 
were expressed as absolute and relative 
frequency. Significance was established at 5% 
(p < 0.05). Longitudinal data were analyzed 
using generalized estimating equations. 

 ■ Results

 The mean volume of fluid samples 
was 1.2 mL, with no statistical difference 
between the groups. Gram staining revealed 
Staphylococcus aureus in all animals in the SA 
Group (n = 17) and Streptococcus pneumoniae 
in all animals in the SP Group (n = 12). No germs 
were detected in control animals. 
 Two SA animals and one SP animal 
died before 12 h and were excluded from 
the analysis. The deaths were due to 
hemopneumothorax and infection (SA group) 
or infection (SP group). Therefore, 15 SA and 
11 SP and animals were studied. Also, three 
SA animals and five SP animals died before 24 
h. There were no deaths in the control group, 
but one control animal did not develop pleural 
fluid. The levels of protein, glucose, and LDH in 
pleural fluid 12 h after injection of bacteria or 
turpentine are described in Table 1. 
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Table 1 – Comparison between mean levels of proteins, LDH and glucose 12 hours after bacterial or 
turpentine inoculation in pleural space in a rat model.

Variables
SA group (n = 15) SP group (n = 11) Control group (n = 9)

Mean (95%CI) Mean (95%CI) Mean (95%CI) p

Protein (mg/dL) 5.454
(5.190-5.717)

6.00
(5.412-6.588)

4.778
(4.445-5.11) < 0.0011

Glucose (mg/dL) 106.36
(92.74-119.97)

14.50
(-17 to 44.06)

160.78
(138.97-182.59) < 0.0012

LDH (U/L) 8067.71
(5.410.71-10.724.72)

4663.25
(2.626.52-6.699.98)

20709.11
(16.993.86-24.424.36) < 0.0013

SA, Staphylococcus aureus; SP, Streptococcus pneumoniae; CI, confidence interval; LDH, lactate dehydrogenase.
1Control group differs from both SA (p = 0.015) and SP groups (p < 0.001, Dunnett’s T3 test), but no difference was detected between 
SA and SP groups (p = 0.197, Dunnett’s T3 test).
2Statistically significant difference (Dunnett’s T3 test) for all intergroup comparisons (p < 0.001).
3Control group differs from both SA (p = 0.015) and SP groups (p < 0.001, Dunnett’s T3 test), but no difference was detected between 
SA and SP groups (p = 0.098, Dunnett’s T3 test).

 Table 2 shows the mean levels of 
TGF-ß1 at each time point. TGF-ß1 levels are 
not available for SP animals at 36 h because 
all animals died before this time point. No 
differences were observed in TGF-ß1 levels 

between the groups (p = 0.12). Significant 
intragroup decreases in TGF-ß1 levels were 
observed between 12 and 24 h after bacterial 
inoculation (p < 0.01). 

Table 2 – Mean levels of TGF-ß1 at each time point in a rat model of empyema.

Group
Mean levels of TGF-ß1 in pg/mL (95%CI)
12 h (baseline) 24 h 36 h

Staphylococcus aureus 5.3450
(5.3449-5.3451)

4.6700
(4.6699-4.6700)

4.6699
(4.6699-4.6700)

Streptococcus pneumoniae 5.3449
(5.3449-5.3450)

4.6700
(4.6699-4.6701) -

Control 5.3450
(5.3949-5.3451)

4.6700
(4.6700-4.6702)

4.669
(4.6699-4.6702)

TGF-ß1, transforming growth factor beta 1; CI, confidence interval.

 ■ Discussion

 TGF exists in five isoforms, but only 
three, ß-1, ß-2, and ß-3, which present similar 
biochemical behavior, are found in mammals5. 
This cytokine is produced by mesothelial cells, 
alveolar macrophages, and inflammatory 
cells in pleural fluid12,14. TGF-ß acts by 
stimulating fibrinolysis through the reduction 
of tissue plasminogen activators caused 

by increased production of plasminogen 
activator inhibitors. An additional role of 
TGF-ß involves the production of extracellular 
matrix, collagen, laminin, and fibronectin, 
in addition to the attraction of fibroblasts, 
which stimulates the synthesis and deposition 
of matrix components14. TGF-ß also has 
immunomodulatory activity, since it induces 
immune suppression in lymphocytes. Because 
of this negative regulation of fibrinolytic 
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activity, TGF-ß has been associated with 
transformation of free-flowing pleural effusion 
into multiloculated effusion1,15.
 The first cytokine studies using animal 
models of pleural effusion were carried out 
in the late 1980s. In the early 2000s, several 
experimental studies6-8,10,16-18 were conducted 
to correlate the presence of cytokines in pleural 
fluid with early detection of empyema or its 
associated complications. The need to use a 
low-cost, more accessible and reproducible 
alternative led us to select and adapt a 
previously developed rat model11,12 to evaluate 
the levels of TGF-ß1 at different moments after 
induction of pleural effusion.
 Our study showed the mean levels of 
TGF-ß1 at each time point were not different 
among all experiment and control groups. 
However, we observed a significant decrease 
in TGF-ß1 levels between 12 and 24 h after 
bacterial inoculation. These results do not 
support previous studies in rabbits19, which 
report progressive increase of TGF-ß1 in the 
pleural fluid of animals, directly proportional 
to the time elapsed since inoculation of 
bacteria into the pleural space. However, mean 
TGF-ß1 concentration in the turpentine group 
were similar to that observed in the infected 
pleural effusion groups. This was also observed 
in other previous studies1,4,6, proving that 
increased TGF-ß1 levels can occur even in non-
infected pleural effusion, possibly as a reaction 
to pleural inflammation. 
 Even though the use of turpentine to 
induce an inflammatory response is not new, 
this chemical irritant had never been used to 
induce sterile pleural effusion in rats. Animals 
that received turpentine injection developed 
large-volume pleural effusion. In the present 
study, this allowed us to compare different 
types of intrapleural exudate (sterile or 
infected produced by bacteria) by measuring 
LDH and protein levels. Because inoculation of 
turpentine caused major pain in the animals, 

inducing antalgic posture and gait as well as 
major tachypnea, tramadol was added to the 
management protocol, with adequate control 
of pain. 
 The literature18,20 describes loss of 
experimental animals ranging from 22% to 
35%. Thus, the 25% loss recorded in the present 
study was consistent with the reported rates. 
 The present study has introduced 
innovations to the traditional technique of 
empyema induction in rats. For example, 
we used US to diagnose free-flowing 
or multiloculated effusion and guide 
thoracentesis. Another innovation of this study 
is the intra-animal comparison of TGF-ß1 levels 
at different time points using repeat US-guided 
thoracentesis to increase the accuracy and 
efficacy of the tap procedure and minimize the 
risk of pneumothorax or no fluid return. This 
technique was tested for the first time in the 
present animal model, showing the feasibility 
of using the same individual to detect changes 
at different time points and produce intra-
animal comparisons. As a result, the number of 
animals required for the experiment was also 
much lower (decrease of one third). 
 Some limitations of this study must be 
addressed. Because no previous studies using 
rat models for dosing of TGF-ß1 were available, 
we were not able to calculate the sample size. 
The number of animals was defined based on 
previous work with rat models of empyema 
focusing on other aspects. The TGF-ß1 values 
observed in our study were very similar 
regardless of treatment, which suggests that 
future studies should determine a more 
sensitive method to measure TGF-ß1 levels, 
which is not yet available.

 ■ Conclusion

 Transforming growth factor beta 1 
levels were not important for the diagnosis of 
CPPE or empyema, because there was similar 
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TGF-ß1 concentration in both infected and 
sterile pleural fluids, and TGF-ß1 levels did not 
increase at different time points after induction 
of pleural effusion.
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