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Abstract: Extracorporeal circulation (ECC) is necessary for conventional cardiac surgery and life support, but it often triggers systemic 

inflammation, which can lead to systemic inflammatory response syndrome (SIRS) and acute lung injury (ALI). Clinical evidence shows 

that platelet-transfusion after ECC can reduce the risk of lung injury, but the underlying mechanisms are still unknown. We recently 

established a mouse-ECC model that can effectively mimic many features of ECC-induced SIRS and ALI. Using this model, we tested 

the hypothesis that platelets play a considerable role in alleviating inflammatory responses in both the blood and lungs, thereby reducing 

the occurrence of ECC-related ALI. The right carotid artery and external jugular vein of anesthetized adult male C57BL/6 mice were 

cannulated to direct blood flow through a 1/32-inch external tube. All animals subjected to ECC (the ECC group and the platelet-

transfusion-ECC (PLTs-ECC) group; each n = 10) survived 30 min of ECC and the sequent 60 min of observation. The mice in the 

PLTs-ECC group were given 0.1 mL of platelet-rich-plasma (PRP) at 25 min after the start of ECC. Blood analysis after ECC showed 

significant decreases in the levels of tumor necrosis factor-alpha, interleukin-6 and neutrophils elastase in plasma and lung tissue. 

Additionally, PRP treatment protected lung function and led to a notable decrease in circulating lactate. Histopathology showed that 

ECC induced lung inflammation, as expected, including alveolar congestion, haemorrhage, neutrophil infiltration, and alveolar wall 

thickening. The abovementioned changes were less pronounced in the PLTs-ECC group. Double immunofluorescence staining of lung 

sections showed a “mixed” yellow fluorescence signal in platelets and vascular endothelial cells (VECs) that was speculated to be from 

the tight binding of activated platelets with VECs and sub-endothelial matrices. Our results showed that PRP treatment led to significant 

respiratory function protection and mitigated the inflammatory responses in both the blood and lungs. Based on those observations, we 

propose two potential platelet-pulmonary protection mechanisms: (1) platelets reduce the release of inflammatory cytokines in the lung 

to prevent an inflammatory response and (2) platelets tightly bind to the endothelium and sub-endothelial matrices via the association of 

glycoprotein IB/IX/V with von Willebrand factor to repair damaged VECs and secrete sphingosine-1-phosphate (S1P), which helps 

maintain the integrity and promote the growth of vessel walls to reduce exudation and the retention of neutrophils in the lungs. 

Keywords: platelet transfusion; inflammation; vascular endothelial cells repair; pulmonary function preservation; mice.  

1. Introduction 

Extracorporeal circulation (ECC) is essential for conventional 

cardiac surgery and life support. Despite the profound benefits 

that ECC has brought to patients around the world, it often 

induces a vigorous systemic inflammatory response that can 

lead to poor clinical outcomes [1]. ECC can activate the 

complement system (CS), which is thought to be triggered by 

contact between the blood components and non-physiological 

surfaces of the ECC apparatus, as well as haemodynamic 

changes and low temperatures, thereby further activating 

leukocytes and other inflammatory cells [1] -[2]. Systemically 

inflamed endothelium is substantially different from normal 

vascular endothelium (VE). During an inflammatory response, 

leukocytes, especially neutrophils, are activated and adhere to 

vascular endothelial cells (VECs), subsequently migrating into 

the interstitium where they may release proteases, free oxygen  

 

radicals, and pro-inflammatory factors that can damage tissues 

[1]- [3]. The increased release of inflammatory cytokines will 

eventually lead to increased permeability of the VE, VECs 

injury, and a systemic inflammatory response (SIR), therefore 

resulting in pulmonary edema, decreased pulmonary 

compliance, and lung dysfunction, which may further develop 

into acute lung injury (ALI) or even acute respiratory distress 

syndrome (ARDS) [1]- [4]. Improving clinical outcomes after 

ECC therefore depends on preventing a SIR.  

     Numerous studies using animal models have sought to 

clarify the mechanism of ECC-induced SIR in an effort to 

identify methods to prevent its occurrence. Our laboratory has 

been working to develop a much simpler, minimally invasive 

small-animal model that mimics the clinical effects of ECC. 

Recently, we described a murine model of arterial-venous 

partial bypass that may allow detailed molecular studies of 

ECC-induced SIR. The model showed that the bypass 
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procedure mimics the strong SIR and ALI observed in mice 

and requires only minimally invasive microsurgical techniques 

and a low priming volume; additionally, the technique has a 

high survival rate [5]. 

     When endothelial cells (ECs) are injured, circulating 

endothelial progenitor cells (EPCs) and nearby mature ECs 

participate in endothelial repair. However, endothelial repair is 

difficult and thus requires a long time to complete [6]- [8]. 

     Platelets are the main blood component involved in 

endothelial repair. Glycoprotein (GP) Ib/IX/V is expressed on 

the surface of platelets and binds with von Willebrand factor 

(vWF) within the endothelium and sub-endothelial matrices, 

causing circulating platelets to recruit and adhere to the vessel 

wall [9]- [10]. Activated platelets express beta 1 and beta 3 

integrin (alphaIIbbeta3 and GP IIb-IIIa), which mediate the 

tight binding of platelets with VECs and sub-endothelial 

matrices to repair the damaged vascular wall [11]- [12]. 

Therefore, we propose that platelets are the primary component 

involved in the early restoration of endothelium injured by 

ECC. 

     However, platelet counts are significantly reduced during 

ECC due to the activation and adhesion of platelets and the use 

of heparin, especially at the beginning of the early period [13]. 

Therefore, we asked whether the addition of fresh platelets 

during ECC could mitigate ECC-induced pulmonary edema. A 

previous clinical study indicated that platelet transfusion after 

ECC could reduce lung injury, but the observation was not 

confirmed by additional research [14]. Therefore, the present 

study sought to explore whether platelet transfusion could 

alleviate inflammatory responses and reduce the occurrence of 

ECC-induced postoperative complications. 

2. Material and Methods 

     The study protocol was performed in accordance with the 

legislation on the protection of animals and approved by the 

Regional Ethical Committee for Animal Experimentation of 

Sichuan University. 
 

2.1. Animals 

     Inbred male C57BL/6 mice aged 10-12 weeks and weighing 

25-30 g were purchased from Sichuan University (Chengdu, 

China). All animals received standard care according to the US 

National Institutes of Health Guide for the Care and Use of 

Laboratory Animals.  

 

2.2. Surgical Procedures and ECC 

     Animals were anesthetized by the intraperitoneal 

administration of 0.2 mg/Kg pentobarbital; they were then 

orotracheally intubated with a 20-gauge angiocatheter (Becton 

Dickinson Medical Devices, USA), which was connected to a 

small rodent ventilator (Taimeng Keji, Chengdu, China). The 

respiratory rate was set to 130 breaths/min, and the tidal 

volume was set to 0.5 mL of room air. All animals were kept 

on a heating pad to maintain a body temperature of 37℃ during 

the entire experiment. 

     Surgical procedures were performed with the aid of an 

operating microscope, which offered 10-40x magnification 

(Precision Stereo Zoom Trinocular Microscope III, World 

Precision Instruments, USA). After the administration of 

heparin (500 U/Kg), the right carotid artery, which is located 

between the right strap muscle and sternocleidomastoid muscle. 

The omohyoid muscle was cut to improve visibility during the 

surgical procedures. One 24-gauge intravenous catheter 

(Becton Dickinson Medical Devices) was inserted into the right 

carotid artery, and another was inserted  into the external 

jugular vein; then, they were connected to a tube (inner 

diameter, 1/32 inch) primed with 0.4 mL of normal saline and a 

roller pump (Stock II, Munich, Germany) for ECC (Fig. 1(a)-

1(b)). 

     During ECC, the flow rate was maintained at 5 mL/min, 

which corresponds to approximately 25% of cardiac output. 

ECC was performed for 30 min, after which the mice were 

observed for another 60 min. 

 

 
 

Fig. 1 The mouse extracorporeal circulation circuit. Mice were 

anesthetized and mechanically ventilated. Both the right carotid artery 

(a.) and the external jugular vein (v.) were cannulated and connected 

to a simplified ECC circuit comprised of a sterile tube with a 1/32-

inch inner diameter and a roller pump. Blood traveled from the right 

carotid artery (a. catheter) to the right external jugular vein (v. 

catheter).  

 

2.3. Experimental Protocol  

     Mice were randomly divided into four groups: the naïve, 

sham-control, ECC and platelet-transfusion-ECC (PLTs-ECC) 

groups (n = 10 in each). In the ECC and PLTs-ECC groups, 

mice were heparinized, cannulated, perfused for 30 min, and 

observed for 60 min, as described in Section 2.2. In the PLTs-

ECC group, mice were treated as in the ECC group, but they 

were also given 0.1 mL of platelet-rich-plasma (PRP, 

containing 5.58 + 3.92 x10
8
 platelets/mL) from the centrifugal 

enrichments of 50% whole blood after 25 min of ECC. Mice in 

the ECC group were similarly given 0.1 mL of platelet-poor-

plasma (PPP) 25 min after the start of ECC. In the sham-

control group, mice were orotracheally intubated for 

mechanical ventilation during the 90-minute observation until 

the termination of the experiments. In the naïve group, mice 

were anesthetized for 90 min. All samples were immediately 

harvested. 

     In both the ECC and PLTs-ECC groups, mean arterial blood 

pressure (MAP) and the heart rate were continually monitored 

during circulation through a piezometric tube, which connected 

the arterial end of the circuit to the experimental system 

(multifunctional monitor, BL-420E+, China), and recorded 

before ECC (baseline), 15 min after the start of ECC, at the end 

of ECC, and 10 and 60 min after the end of ECC (Table 1). 

Levels of circulating leukocytes and neutrophils were measured 

using an automated hematology analyzer (BC 3000 plus 

Mindray, Shenzhen, China) at the end of ECC and at the end of 

the experiment.  

 

2.4. Platelets Collection for PRP and PPP 

     Platelets were freshly prepared on the same day as treatment 

for the PLTs-ECC group. The platelet-donor mouse was 

anesthetized by the intraperitoneal administration of 0.2 mg/Kg 

pentobarbital and orotracheally intubated as described in 
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Section 2.2. The left ribs of the mouse were transected for a 

thoracotomy to expose the heart. Then, the right ventricle was 

punctured with a 1.0 mL aseptic syringe to extract blood, which 

was gently injected into heparinized 1.5 mL Eppendorf tubes. 

After blood collection, the mouse was euthanized by an 

excessive dose of anesthetic. The whole blood was immediately 

prepared for concentrated platelets, and the protocol was as 

follows: (1) the first gradient centrifugation (low-temperature 

high-speed centrifuge, Legend Mach 1.6R, Sorvall, Germany) 

was performed at 461 xg and 2,650 xg for 4 min each at 4℃; 

(2) the upper plasma, the white-film layer, and a small amount 

of red blood cells was separated into another heparinized 1.5 

mL Eppendorf tube and kept at room temperature for 60 min; 

(3) the second gradient centrifugation was performed at 285 xg 

for 2 min and 461 xg for 4 min; (4) the upper plasma was 

transferred into another 1.5 mL Eppendorf tube, and the third 

centrifugation was performed at 4,560 xg for 6 min; (5) 0.1 mL 

of the upper fraction of plasma (PPP) was transferred into 

another 1.5 mL Eppendorf tube for transfusion into the mice in 

the ECC group; and (6) the remainding 0.1 mL of plasma 

containing the concentrated platelets (PRP) was transfused into 

the mice in the PLTs-ECC group. 

 

2.5. Levels of Pro-Inflammatory Factors 

     To measure plasma markers of ECC-induced systemic 

inflammation in our study, blood samples were obtained at the 

end of the experiment, and plasma was separated by 

centrifuging the total sample for 15 min at 3,500 xg and 4℃. 

The plasma supernatant was removed and stored at -80℃ until 

analysis. Plasma levels of tumor necrosis factor-alpha (TNF-a), 

interleukin-6 (IL-6), neutrophil elastase (NE), and soluble E-

selectin (sE-selectin) were assayed using the following 

commercial ELISA kits according to the manufacturers’ 

instructions: TNF-a, IL-6, and sE-selectin from Thermo 

Scientific (Rockford, IL, USA); and NE from Cloud-Clone 

(Houston, TX, USA). 

     To measure ECC-induced lung damage in our study, the 

right lung was harvested, homogenized, and centrifuged as 

previously described. Briefly, tissues were harvested on ice 

immediately after euthanasia and weighed. An aliquot of tissue 

(50 mg) was cut into 1 mm
3 

pieces, added to 600 μL of normal 

saline, and homogenized (OMNIBead Ruptor 24 multisample 

grinding beads homogenizer, China). Samples were then left 

standing on ice for 5 min and centrifuged at 3,500 xg for 20 

min at 40℃. The supernatants were then transferred to 

Eppendorf tubes and stored at -80℃ until analysis. Samples 

were assayed for TNF-a, IL-6, and NE using the methods 

described for plasma samples.  

 

2.6. Assessments of Lung Function, Histopathological 

Injury Score, and Double Immunofluorescence Staining 

     Arterial blood samples were taken from the carotid artery, 

and O2 tension (PaO2) and circulating lactic acid levels 

(RADUOMETER ABL 800, USA) were measured both 

immediately at the end of ECC and 60 min after the end of 

ECC. The oxygen index (OI) was calculated with the equation 

OI = FiO2/PaO2, where FiO2 was assumed to be 0.21. Lung 

damage was histopathologically assessed by harvesting the 

upper lobe of the left lung and fixing it in 4% poly-

paraformaldehyde overnight at 4℃. Paraffin-embedded 

sections (3 μm thick) were stained with hematoxylin and eosin 

and examined under a light microscope (Olympus CAST, 

Japan) by a pathologist blinded to the experimental groups. The 

severity of the lung injury was scored using a 5-point scale (0 = 

normal histology and 5 = most severe injury) that considered 

alveolar congestion, haemorrhage, neutrophil accumulation in 

the airspace or vessel wall, alveolar wall thickness, and hyaline 

membrane formation. The lower lobe of the left lung was 

immediately harvested for double immunofluorescence 

staining. The lung sections (2 μm thick) were stained using the 

following commercial fluorescence staining kits according to 

the manufactures’ instructions: the VEC (green) staining kit 

from Thermo Scientific (Rockford, II, USA) and the platelet 

beta3-integrin (GP IIb-IIIa, red) staning kit from Cloud-Clone 

(Huston, TX, USA). The stained sections were examined by a 

pathologist with a confocal laser scanning microscopy 

(Olympus CAST, Japan). 

 

2.7. Statistical Analysis  

     Statistical analyses were performed using SPSS 11.01 

(IBM, Chicago, USA). The data are reported as the mean + 

standard error (SE). Intergroup comparisons for the same time 

point were performed using Student’s t-test, and P < 0.05 

indicated statistical significance. Comparisons of different time 

points in the same group were performed using two-way 

repeated-measures ANOVA with a threshold of P < 0.05.  

3. Results 

 
3.1. PRP and Platelet Count at Different Time Points 

during the Experiment    

     The PRP contained 5.58 + 3.92 x 10
8
 platelets/mL, as 

determined with the hematology analyzer, and the platelet 

harvest rate was 62.20 + 4.6%. The concentration of mixed 

white blood cells was 2.5 + 0.09 x10
5
 cells/mL, and the 

concentration of erythrocytes was 1.75 + 0.004 x10
7
 cells/mL. 

The platelet harvest rate was greater than 60% and reached the 

standards of the American Association of Blood Banks 

(AABB). The platelet count was determined at different time 

points throughout the experiment and is shown in Fig. 2.  

 

 
 

Fig. 2 The platelet count rapidly decreased to 60.43 + 2.76% (164.52 

+ 45.36 x109/L) of the platelet count at baseline (272.25 + 33.74 

x109/L) within 15 min after the beginning of ECC. However, the 

platelet count significantly increased 5 min after platelet transfusion 

(578.15 + 43.36 x109/L, P < 0.01). At the termination of experiment, 

the platelet count in the PLTs-ECC and ECC mice were 436.97 + 

46.19 x109/L and 377.90 + 40.04 x109/L, respectively. *P < 0.05 and 
**P < 0.01 versus PLTs-ECC. #P < 0.05 and ##P < 0.01 versus ECC. 
^P < 0.05 and ^^P < 0.01 versus the sham-control group. 

 

3.2. Haemodynamics during ECC 

     All mice in the sham-control, ECC, and PLTs-ECC groups 

survived the entire experimental procedure. MAP remained 

stable both in the ECC and PLTs-ECC groups throughout the 
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procedure and was not significantly different between the two 

groups (Table 1). MAP was only approximately 10 mmHg 

lower in the ECC and PLTs-ECC groups than in the sham-

control group, but MAP in the ECC and PLTs-ECC groups 

rapidly became similar to that in the sham-control group after 

ECC (P > 0.05); however, the heart rate remained unchanged.  

     Hematocrit (HCT) was significantly lower in both the ECC 

(0.30 + 0.02) and PLTs-ECC groups (0.31 + 0.02) than in the 

naïve group (0.40 + 0.02, P < 0.05) and the sham-control group 

(0.37 + 0.03, P < 0.05). Nevertheless, the value was still within 

clinically acceptable limits.  

 

TABLE 1: Haemodynamic parameters in mice subjected to 

extracorporeal circulation (ECC). 
Parameter Group Baseline During ECC   After ECC 

   15min / 30min   15min / 30min 

Mean arterial 

pressure 

(mmHg) 

ECC 

PLTs-

ECC 

63 + 4 

63 + 2 

54 + 6a/55 + 7a 

55 + 4b/56 + 5b 
 62 + 7/67 + 5 

 65 + 3/65 + 8 

Heart rate 

(bpm) 

ECC 

PLTs-

ECC 

410+10 

411+14 

420+20/411+1

0 

418+16/412+1

5 

413+18/425+2

2 

415+12/427+1

3 

Values reported as the mean + SE.  
a
p <0.05 versus the PLTs-ECC group.  

b
p <0.05 versus the ECC group.  

 

3.3. ECC-induced Inflammatory Response and Lung Injury 

     At 60 min after the end of ECC, the ECC group exhibited 

significantly higher levels of circulating leukocytes than the 

PLTs-ECC (13.2 versus 6.1 x10
9
 cells/L, P < 0.05) and sham-

control (13.2 versus 5.4 x10
9
 cells/L, P < 0.01) groups. The 

ECC group also exhibited higher levels of neutrophils than the 

PLTs-ECC (7.3 + 0.6 versus 2.8 + 0.3 x10
9
 cells/L, P < 0.01) 

and sham-control (7.3 + 0.6 versus 2.4 + 0.3 x10
9
 cells/L, P < 

0.01) groups. There were no differences in the levels of 

circulating leukocytes and neutrophils between the PLTs-ECC 

and sham-control (2.8 + 0.3 versus 2.4 + 0.3 x10
9
 cells/L, P > 

0.05) groups. Both the ECC and PLTs-ECC groups exhibited 

significantly higher plasma levels of TNF-a (Fig. 3(a)), IL-6 

(Fig. 3(b)), and NE (Fig. 3(c)) but not sE-selectin (Fig. 3(d)), 

which was detected at almost the same levels in all groups, than 

the sham-control and naïve groups. Similarly, the lung tissue of 

the ECC group exhibited significantly higher levels of all three 

pro-inflammatory markers (Fig. 4(a)-(c)) than that of the other 

groups. Histopathological analysis indicated the presence of 

lung damage due to a SIR in the ECC group, but the lung 

damage was less pronounced in both the PLTs-ECC and sham-

control groups. 

 

 
Fig. 3(a) 

 

 
Fig. 3(b) 

 
Fig. 3(c) 

 
Fig. 3(d) 

 

Fig. 3 Systemic inflammatory response induced by ECC. Mice in 

both the ECC and PLTs-ECC groups were perfused for 30 min using 

the ECC circuit, as shown in Fig. 3, and then observed for 60 min. 

Mice in the PLTs-ECC group were given 0.1 mL of platelet-rich-

plasma (PRP, with 5.58 + 3.92 x108 platelets/mL) 25 min after the 

start of ECC, and mice in the ECC group were similarly given 0.1 mL 

of platelet-poor-plasma (PPP) during ECC. Mice in the sham-control 

group were orotracheally intubated for mechanical ventilation during 

the 90-min observation. Mice in the naïve group were anesthetized for 

90 min, and samples were harvested immediately after the observation 

period. The systemic inflammatory response was assessed by 

measuring plasma levels of (a) TNF-a, (b) IL-6, (c) NE, and (d) sE-

selectin at 60 min after the end of ECC. Each treatment group 

contained 10 animals. Our experimental results revealed that both the 

ECC and PLTs-ECC groups showed significantly higher plasma 

levels of TNF-a, IL-6, and NE but not sE-selectin, which was detected 

at almost the same levels in all groups. ECC, extracorporeal 

circulation; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6; and 

NE, neutrophil elastase. *P < 0.05 and **P < 0.01 versus the PLTs-

ECC group. #P < 0.05 and ##P < 0.01 versus the ECC group.  

 

 
Fig. 4(a) 
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Fig. 4(b) 

 
Fig. 4(c) 

 

Fig. 4 ECC-induced inflammatory response in the lungs. Mice were 

treated as described in Fig. 3, and lung tissues (right lung) were 

harvested at the end of the experiment. The inflammatory response 

was assessed in lung tissue (a-c) by assessing the levels of (a) TNF-a, 

(b) IL-6 and, (c) NE. Our results showed that the lung tissue of the 

ECC group contained significantly higher levels of all three pro-

inflammatory markers. ECC, extracorporeal circulation; TNF-a, tumor 

necrosis factor-a; IL-6, interleukin-6; and NE, neutrophil elastase. *P 

< 0.05 and **P < 0.01 versus the PLTs-ECC group. #P < 0.05 and ##P 

< 0.01 versus the ECC group.  

 

     In contrast to the negligible tissue pathology observed in 

animals from the naïve group, the mice in the ECC group 

showed pulmonary injury typical of ECC, which was 

characterized by edema, haemorrhage, alveolar wall thickening, 

and inflammatory cell infiltration into alveolar spaces (Fig. 

5(c)). However, these variations were less severe in both the 

PLTs-ECC and sham-control groups. Lung injury scores were 

significantly higher in the ECC group (4.50 + 0.51) than in the 

PLTs-ECC group (1.50 + 0.25), sham-control group (1.50 + 

0.12) or naïve group (0.05 + 0.03, all P < 0.01; Fig. 

5(a),5(b),5(d)). 

 

 
Fig. 5(a) Naïve group 

 
Fig. 5(b) Sham-control group 

 
Fig. 5(c) ECC group 

 

 
Fig. 5(d) PLTs-ECC group 

 

Fig. 5 Tissue morphology after ECC. Mice were treated as described 

in Fig. 3, and histopathology was performed at 60 min after the end of 

ECC. The upper lobe of the left lung was fixed in para-formaldehyde, 

sectioned, stained with hematoxylin and eosin, and then examined by 

a pathologist blinded to the treatment groups (n = 10; magnification, 

40 x). Acute lung injury was scored as described in Section 3.3. 

 

3.4. Effect of ECC on Lung Function 

     To complement the histopathological assessment of ECC-

induced lung injury, we assessed lung function using the blood 

OI and by detecting the levels of circulating lactate. 

Immediately after ECC, the OI was similar between the PLTs-

ECC and ECC groups (363.50 +16.19 versus 362.33 +20.40 

mmHg, P > 0.05, Fig. 6(a)), but after an additional 60 min of 

observation, the OI in the ECC group decreased to a level 

significantly lower than that in the PLTs-ECC group (162.92 + 

29.11 versus 346.33 + 13.30, P < 0.01). On the other hand, 

there was no difference in the OI between the PLTs-ECC and 

sham-control (346.33 + 13.30 versus 326.38 + 29.72, P > 0.05) 

or naïve (346.33 + 13.30 versus 330.32 + 19.11, P > 0.05) 

groups at the termination of the experiment. Likewise, the 

outcomes of circulating lactate levels were not significantly 

different at the end of ECC between the PLTs-ECC and ECC 

groups (5.05 + 1.67 versus 5.68 + 1.45 mmol/L, P > 0.05) (Fig. 

6(b)). Nevertheless, there were notable discrepancies between 

the ECC and PLTs-ECC (4.43 + 1.27 versus 2.18 + 0.65 

mmol/L, P < 0.01) or sham-control (4.43 + 1.27 versus 2.0 + 

1.10 mmol/L, P < 0.01) groups after 60 min of observation. 

Similarly, there was no difference in the circulating lactate 

levels between the PLTs-ECC and sham-control (2.18 + 0.65 

versus 2.0 +1.10 mmol/L, P > 0.05) or naïve (2.18 + 0.65 

versus 2.11 + 0.76 mmol/L, P > 0.05) groups at the termination 

of the experiment. 
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Fig. 6 (a) 

 

 
Fig. 6(b) 

 

Fig. 6 Lung function after ECC. Mice were treated as described in 

Fig. 3, and arterial blood gases and circulating lactate levels were 

detected at 60 min after the end of ECC. (a) The oxygenation index 

was calculated as FiO2/PaO2. (b) The circulating lactate levels were 

detected in arterial blood. *P < 0.05 and **P < 0.01 versus the PLTs-

ECC group. #P < 0.05 and ##P < 0.01 versus the ECC group. ^P < 0.05 

and ^^P < 0.01 versus the sham-control group. 

 

3.5. Double Immunofluorescence Staining 

     Double immunofluorescence staining of the lung sections 

revealed the abundant binding of VECs and transfused 

platelets. Mixed fluorescence(yellow) signals were observed, 

which we speculate to have arisen from the tight binding of 

activated platelets to endothelium and sub-endothelial matrices 

through interactions between GP Ib/IV/X and vWF (Fig. 7). 

 

 
 

Fig 7 Double immunofluorescence staining after ECC. Mice were 

treated as described in Fig. 3, and double immunofluorescence 

staining was performed on the lung tissues collected 60 min after the 

end of ECC. The lower lobe of the left lung was immediately 

harvested, and the lung sections were stained using commercial 

fluorescent kits according to the manufactures’ instructions, as 

described in Section 2.6. The stained lung sections showed abundant 

binding of vascular endothelial cells (green) to transfused platelets 

(red) (magnification, 40 x). There was a “mixed” yellow fluorescence 

signal between the vascular endothelial cells and platelets, which was 

speculated to be from the tight binding of activated platelets with 

endothelial cells and sub-endothelial matrices. 

4. Discussion  

     Our experimental results show that platelet transfusion 

during ECC can inhibit systemic and pulmonary inflammatory 

responses and protect lung function. 

     Previous studies have confirmed that contact between the 

blood and foreign surfaces of the ECC apparatus as well as 

systemic heparinization and low temperatures during ECC can 

activate platelets [1]- [2]. Activated platelets may directly 

adhere to the surface of the circuits and ECs, which occurs via 

the vWF present in the sub-endothelial matrices [10]- [12]. 

Meanwhile, activated platelets can also release pro-

inflammatory and other inflammatory cytokines, thus activating 

ECs to release IL-8 and other chemokines, which further 

promote the adhesion and invasion of neutrophils and 

exacerbate vessel wall damage [15]- [18]. Therefore, it was 

thought that platelet activity should be inhibited to reduce its 

activation and adhesion during ECC; consequently, tirofiban, 

abciximab, and FK633 (short-acting GP IIb/IIIa receptor 

inhibitors) are currently commonly used during ECC [19]. 

Platelet consumption in the ECC group could be significantly 

reduced compared with that in the sham-control group by 

inhibiting the GP IIb/IIIa receptor. However, nearly all the 

articles focus on postoperative bleeding control and have 

reported conflicting or negative conclusions regarding whether 

reduced platelet consumption can reduce postoperative 

bleeding. Additionally, the application of GP IIb/IIIa receptor 

antagonists did not ameliorate pulmonary edema or reduce lung 

injury [19]- [20]. 

     Previous research has also confirmed that the main 

component involved in the repair of damaged VECs is platelets 

[21]- [25]. Platelet activation is triggered by GP Ib/IX/V 

binding to the vWF within the endothelium and sub-endothelial 

matrices [9]- [10]. Activated platelets can express both beta1 

and beta3 integrin (alphaIIbbeta3 and GP IIb/IIIa), beta1 

integrin binds with exposed sub-endothelial collagen 

(alpha2beta1), fibronectin (alpha5beta1), and laminin 

(alpha6beta1), and beta3 integrin binds to fibronectin and 

vWF, thus leading to the tight adhesion of platelets to ECs and 

sub-endothelial matrices and promoting the emergency repair 

of damaged vessel walls [9]- [12]. Likewise, many articles have 

suggested that the proteins and lipids released from activated 

platelets can maintain the integrity of microcirculation and that 

a reduction in circulating platelets will cause increased liquid 

exudation and pulmonary edema [10]- [12].  

     ECC can activate VECs and a SIR, resulting in the 

contraction and deformation of ECs or even loss of ECs, which 

can lead to increased capillary permeability [1]- [2]. The 

exposed sub-endothelial collagen may further promote the 

adhesion and infiltration of neutrophils and other inflammatory 

cells, and the released cytokines can cause tissue damage and 

exacerbate tissue edema [3]- [4]. There is evidence that 

capillary leakage caused by an ECC-induced inflammatory 

response is the primary reason for pulmonary dysfunction after 

surgery [1], [2]- [4], and reports have shown that the platelet 

count can be reduced to below 20% of normal within 5 min 

after ECC begins [13], [22]- [23]. Impaired adhesion and 

aggregation of platelets impede their ability to repair damaged 

VECs and thus exacerbate the severity of ECC-related organ 

damage. 
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     Based on the above evidence, an increase in fresh platelets 

may promote their role in the urgent repair of VECs. To 

explore the impact of platelets on the inflammatory response 

and respiratory function in mice during ECC, we increased the 

platelet count by transfusing fresh platelets (PRP) into mice. 

The platelet count rapidly decreased to 60.43 + 2.76% of 

baseline within 15 min after the beginning of ECC, indicating 

that the contact between blood components and the non-

physical surfaces of circuits during ECC leads to the loss of 

more than 2/3 of platelets. However, the platelet count was 

significantly increased 5 min after platelet transfusion, 

indicating that the platelet concentrates used in our study can 

notably increase the amount of circulating platelets. Significant 

respiratory function protection and significant mitigation of 

inflammatory responses in both the blood and lungs were 

observed in this experiment.  

     ECC-induced systemic inflammation involves increases in 

the levels of circulating leukocytes and the plasma levels of 

pro-inflammatory cytokines [15]- [16]; therefore, the present 

study focused on the effects of ECC on the levels of 

leukocytes, especially neutrophils, as well as the plasma levels 

of TNF-a, IL-6, and NE in the ECC group compared with the 

PLTs-ECC group to better explore the effects of platelet 

transfusion during ECC. Our study detected decreased 

inflammatory responses in both the blood and lungs in the 

PLTs-ECC group. 

     TNF-a is secreted by activated macrophages, monocytes, 

and neutrophils at the earliest phase of ECC and is the most 

important endogenous mediator of the inflammatory response. 

NE is mainly secreted by neutrophils granulocytes and is a 

member of the serine protease family, which participates in the 

body’s defense system under physiological conditions by 

killing pathogenic bacteria and preventing infection [15]- [16]. 

However, in pathological conditions, such as during ECC, NE 

secretion undermines the tight junctions between ECs and the 

basement membrane, resulting in increased vascular 

permeability and edema in the lung and causing advanced 

inflammatory injuries [22]- [25]. There is evidence that lung 

injury is closely associated with NE activation [16]. Moreover, 

the transfusion of fresh platelets during ECC can significantly 

reduce the infiltration and activation of neutrophils and other 

inflammatory cells in both the blood and lungs. 

Histopathological biopsies of lung tissue also suggest that 

platelet transfusion during ECC can significantly reduce 

pulmonary edema and the retention of neutrophils in the lungs. 

Double immunofluorescence- -stained sections showed a 

“mixed” yellow fluorescence signal, which is speculated to 

reflect the tight binding of activated platelets with endothelium 

and sub-endothelial matrices for the emergency repair of 

damaged VECs. To our knowledge, platelet transfusion for the 

prevention of systemic and pulmonary inflammatory responses 

in ECC has not yet been reported, and the potential platelet-

pulmonary protective mechanisms have not been proposed or 

practiced before.  

     Here, we proposed two possible platelet-pulmonary 

protective mechanisms: (1) platelets reduce the release of 

inflammatory cytokines in the lung to prevent an inflammatory 

response and (2) platelets tightly bind to the endothelium and 

sub-endothelial matrices via the association of GP Ib/IX/V with 

vWF to repair damaged VECs and secrete sphingosine-1-

phosphate (S1P), which helps maintain the integrity and 

promote the growth of vessel walls to reduce exudation and the 

retention of neutrophils in the lungs. 

     Our study provides a new perspective on the role of 

platelets during ECC and shows that platelets are inflammatory 

cells and may cause inflammatory responses under certain 

conditions. Platelets can be pro-inflammatory at the early phase 

of ECC but may be anti-inflammatory in the later phase of 

ECC; therefore, it is important to determine the appropriate 

time to use platelets to improve clinical outcomes.  
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