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Background: The utility and efficacy of novel materials in tissue regeneration 

and antimicrobial therapy are contingent upon the employment of either blood 

derivatives rich in platelets or platelet-poor-plasma (PPP). This effect is largely 

mediated by the increased or decreased concentration of platelets in the plasma. The 

current study aimed to analyze and evaluate the impact of platelet-rich (PRP) or PPP 

on inhibiting the growth of human pathogenic bacteria and compare their effects with 

those of chloramphenicol and penicillin.  

Methods: In the current comparative study, PRP–1 was generated using 1-step 

blood centrifugation method; whereas, for PRP–2 and PPP the 2-step centrifugation 

protocol was used. The antimicrobial activity of PRP–1, 2, and PPP were tested on 

Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia, Pseudomonas 

aeruginosa, Streptococcus agalactiae, Staphylococcus epidermidis, Shigella sp. and 

Serratia sp. Well diffusion and serial micro-dilution methods were used for this 

purpose. Chloramphenicol and penicillin susceptibility were tested using the disk 

diffusion method. 

Results: While whole blood (WB) and PPP had no discernible impact on the 

growth parameters of any of the bacteria tested in the current study, PRP-1 reduced 

the growth rate of a few selected strains. In addition, while PRP-2 clearly inhibited 

the growth of Shigella sp., E. coli, S. aureus, S. agalactiae, and S. epidermidis, it had 

no impact on the growth of K. pneumoniae, P. aeruginosa, and Serratia sp 

Conclusion: It can be claimed that there is a strong correlation between the 

concentration of platelets and the antibacterial activity of PRP. 
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Introduction 

Platelet-rich plasma (PRP) constitutes a high 

concentration of platelets in a solution composed of 

autologous blood in a small volume of plasma (1). 

PRP contains 4% red blood cells (RBCs), 95% 

platelets, and 1% white blood cells (WBCs) (2). 

Approximately 2 decades ago, it was discovered that 

one of the major functions of platelets is the 

secretion of growth factors (3). α-Granules available 

in the platelets contain a high concentration of 

growth factors such as platelet-derived growth 

factor (PDGF)-AA, -BB, -AB, platelet-derived 

angiogenesis factor (PDAF), fibroblast growth  

 

factor (FGF), transforming growth factor (TGF)-b1 

and b–2, Insulin like growth factor–1 (IGF–1), 

connective tissue growth factor (CTGF), platelet 

derived epidermal growth factor (PDEGF), platelet 

factor–4 (pf–4), vascular endothelial growth factor 

(VEGF), and epidermal growth factor (EGF) (4, 5). 

As a direct repercussion of the above, the presence 

of platelets is responsible to accelerate endothelial, 

epithelial, and epidermal regeneration as well as 

stimulation of angiogenesis and increase in collagen 

synthesis (6). It also promotes soft tissue healing, 

reduces dermal scarring, and enhances homeostatic 
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response to injury (7). In addition to growth factors, 

platelets also release several bioactive proteins such 

as vitronectin, thrombospondin, and fibronectin. 

These proteins are responsible to attract 

macrophages, mesenchymal stem cells, and 

osteoblasts. Additionally, they also promote the 

removal of degenerated tissue while enhancing 

tissue regeneration and healing (8). Since early 

2009, PRP therapy is regarded as a popular and 

natural alternative to surgery since it is a safe and 

nonsurgical form of biological treatment (3). PRP 

has attracted tremendous attention within scientific 

circles and its utility has diversified to a variety of 

clinical applications such as orthopedics, sports 

medicine, dentistry, otolaryngology, neurosurgery, 

ophthalmology, urology, wound healing, cosmetics, 

cardiothoracic, and maxillofacial surgeries (9). 

Since PRP is an autologous blood product, it carries 

no risk of transmissible diseases (10). Platelets are 

known to play numerous roles in the antimicrobial 

immune system; they are responsible to produce 

various oxygen metabolites such as hydrogen 

peroxide, superoxide, and hydroxyl free radicals 

(11). Furthermore, they also have a direct effect on 

the clearance of microorganisms from the blood 

stream (12, 13). Platelets release several peptides 

known to have antibacterial effects. Examples 

include fibrinopeptide A, fibrinopeptide B, 

thymosin β–4, platelet basic protein, connective-

tissue-activating peptide 3, RANTES (regulated on 

activation, normal T-Cell expressed and secreted), 

and platelet factor 4 (14). 

Although PRP is used in a wide variety of 

applications, the impact of its intrinsic antibacterial 

activity on bacteria remains clearly elucidated. To 

add to the importance of the above statement, the 

incidence of infections in health care centers 

remains an important challenge in reconstructive 

surgery. Therefore, in an attempt to prove the 

correlation between platelet accumulation and PRP 

antibacterial activity, in the current study, in vitro 

assays were used to evaluate and compare PRP 

antibacterial activity with that of 3 blood products as 

well as sensitive antibiotic disks. 

 

 

Materials and Methods 

Blood donors and preparation of four 

products 

Venous blood (20 mL) was collected from 15 

healthy males and females between 30-40 years old. 

Infection free volunteers who had not consumed any 

steroidal, antibiotic or anti-inflammatory drugs 7 

days prior to the blood collection were selected for 

this purpose. All volunteers had hemoglobin 

concentrations higher than 11 g/dL. It was also 

compulsory for the volunteers that their platelet 

numbers be greater than 150 × 103 /mL. 

Approximately 1 mL of whole drained blood was 

separated for baseline whole blood analysis. 

Of the individual venous blood samples, 19 mL 

was transferred to anticoagulant tubes containing 

0.35 mL of 10% sodium citrate. The samples were 

initially centrifuged at 160 ×g for 10 minutes at 

room temperature. Subsequent to the first 

centrifugation, 2 phases were observed in each 

sample: (a) a red lower phase composed of red blood 

cells and, (b) an upper straw-yellow phase 

containing the plasma component. The upper 

surface of the red blood cells, also referred to as the 

buffy coat, is rich in platelets and leukocytes. 

Plasma and buffy coat were pipetted with great care 

and transferred to sterile centrifuge tubes. The 

plasma and buffy coat were, then, centrifuged for a 

2nd round at 400 ×g for 15 minutes (15). Two layers 

were eventually seen to form: the upper two-thirds 

of the sample were designated as platelet-poor 

plasma (PPP) and the lower one-third was the PRP. 

The PPP layer was carefully pipetted with a sampler 

and transferred to a new sterile tube. From each 

specimen, a 200 μL isolate was used to calculate the 

platelet counts with a Neubauer chamber. Smears 

were also prepared to evaluate morphology of the 

platelets. 

Evaluation of antimicrobial activity 

Staphylococcus aureus, E. coli, K. pneumonia, 

Ps. aeruginosa, S. agalactiae, S. epidermidis, 

Shigella, sp. and Serratia sp. were provided by the 

Microbiological Laboratory of Clinic Detection 

Center of IRAN (Tehran, IRAN). 
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Agar-Well Diffusion 

Agar-well diffusion method by Mueller-Hinton 

agar was used to conduct the susceptibility tests 

(Merck Co., Germany). Four 4-mm diameter wells 

were punched into the Mueller-Hinton agar plates 

and a 50-µL aliquot of each product was dispensed 

into the wells. Each product contained PRP 

produced from the 2-stage centrifugation (PRP-2), 

PRP obtained from the one-stage centrifugation 

(PRP-1), PPP, and whole blood (WB).  

Disk Diffusion  

The eight bacteria enumerated above were 

analyzed for susceptibility to penicillin (10 U) and 

chloramphenicol (30 µg) (Oxoid Company) using 

the Kirby-Bauer disk diffusion method. Guidelines 

outlined by the Clinical and Laboratory Standards 

Institute (CLSI) were strictly adhered to for this 

protocol. 

Minimum Inhibitory Concentration  

Minimum inhibitory concentrations (MICs) were 

determined by the broth microdilution method using 

commercially available 96-well microtiter plates. 

Each microtiter plate included positive controls 

(bacteria without an antimicrobial products), 

negative controls (Mueller-Hinton medium only), 

and twofold serial dilutions of each of the 4 

antimicrobial products.   

To investigate the MIC values, bacteria were first 

cultivated in Mueller-Hinton broth subsequent to 

which they were incubated at 37oC to quantify 

susceptibility to the 4 above-mentioned products. 

After 24 hours, bacterial growth was observed in the 

logarithmic phase and bacterial turbidity was 

measured at 600 nm to determine concentration. 

Mueller-Hinton broth was then poured into all 96 

wells of the microplate. In the microdilution 

technique, the products in the 1st well were diluted 

by 10% and the last well was considered as the 

control, since no product was added to it. 

Subsequently, the constant amount of a bacterial 

culture was added to each well and microplates were 

incubated at 37oC for 24 hours. The following 

ATCC strains were used as control: Staphylococcus 

aureus ATCC 25923, Escherichia coli ATCC 

25922, Klebsiella pneumonia ATCC 13883, 

Pseudomonas aeruginosa ATCC 27853, 

Streptococcus agalactiae ATCC 12386, 

Staphylococcus epidermidis ATCC 12228, Shigella 

sp. ATCC 12022, and Serratia sp. ATCC 39006. 

Statistical analysis 

Statistical analysis was accomplished using the 

SPSS 22.0 (SPSS Inc., Chicago, IL) software. Data 

in each table were expressed in terms of 

mean±standard deviation. P<0.05 was considered as 

level of significance. 

Ethical approval  

The current study was conducted by the 

institutional review board of the Baqiyatallah 

Medical University, Tehran, Iran, in accordance 

with the Helsinki declaration. The results of the 

current study were considered confidential and no 

extra cost was inflicted onto the participants. 

Written informed consent was obtained from all the 

study participants; and the volunteers’ anonymity 

was ensured by assigning code numbers to the 

samples. 

Results 

The Prior to fabrication of the products, a CBC 

test was conducted on each of the 15 volunteers to 

ensure that the number of present blood cells was 

within the normal range. In all the smears, it was 

observed that platelets retained their original normal 

morphology and aggregation capabilities. Platelets 

were diluted using the Rees Ecker solution and a 

Neubauer chamber was employed to compute the 

platelet count. The average number of platelets in 

WB, PPP, PRP-1, and PRP-2 were computed as 

235908 ±38582, 25249 ±3930, 496187 ±51823, and 

1193106 ±179797 platelets/μL, respectively. 

Results of the Well and Disk Diffusion 

techniques 

The inhibition zone of bacterial growth was 

measured for each well on the culture medium. It 

was observed that in all the plates, there was robust 

bacterial growth around the wells containing whole 

blood and platelet-poor plasma. Interestingly, no 

growth was observed around the wells containing 

PRP-1 and PRP-2 for Shigella sp., E. coli, S. aureus, 

S. agalactiae, and S. epidermidis. However, the 

inhibition zone for bacterial growth in case of PRP-

2 was greater than that of PRP-1 under all 

experimental conditions. As expected, the presence 
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of the penicillin disk prevented the growth of Gram-

positive bacteria and its inhibitory zone was 

comparable to that of PRP-2. Chloramphenicol disk 

prevented the growth of all bacteria except P. 

aeruginosa and its inhibitory zones were larger than 

all experimental samples except for PRP-2 (Table 

1).   

 

Table 1. Zones of Inhibition 
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Blood Product and sensitive disk 

4 4 4 4 4 4 4 4 Whole blood 

4 9.2±0.9 7.1±0.7 6.4±0.8 4 4 9.5±0.7 10.5±0.8 PRP1 

4 4 4 4 4 4 4 4 PPP 

4 12.3±0.8 11.5±1 10.2±1.2 4 4 14.1±0.6 16±1.3 PRP2 

4 4 13 12 4 4 4 15 Penicillin disk 

17 15 27 15 4 16 16 17 Florfenicol disk 
 

Table 2. Antibacterial Effect of PRP-2 in Different Concentrations of Platelets 

Name of Bacteria S. aureus E. coli K. pneumoniae Serratia sp. P. aeruginosa 

MIC (platelets/μL) 59655.3±8989.8 119310.7±17979.7    

Name of Bacteria P. aeruginosa S. agalactiae S. epidermidis Shigella sp.  

MIC (platelets/μL)  59655.3±8989.8 59655.3±8989.8 119310.7±17979.7  

 

MIC results  

In the current study, the MIC was defined as the 

lowest platelet concentration that could inhibit 

bacterial growth. After 24 hours of incubation, the 

microplates were analyzed to determine the MIC of 

the products. Bacterial growth was observed in all 

wells that contained WB, PPP or PRP-1. Based on 

the results, it was inferred that, in the concentration 

prepared for the purpose of the current study, these 

3 products had no remarkable antibacterial activity 

against any bacteria. However, it was observed that 

bacterial growth rate in wells containing PRP-1 was 

less than those of WB and PPP. PRP-2 at 10% 

concentration was observed to inhibit the growth of 

Shigella ep. and E. coli; at 5% it inhibited the growth 

of S. aureus, S. agalactiae, and S. epidermidis; no 

such effect was observed for K. pneumoniae, P. 

Aeruginosa, and Serratia sp. (Table 2). 

Minimum Bactericidal Concentration 

results 

In the current study, minimum bactericidal 

concentration (MBC) was defined as the 

minimum product concentration required for  

 

killing 99.9% of all bacteria. PRP-2 was unable 

to cause bacterial death in any of the wells; it was 

inferred from the fact that bacterial growth 

resumed upon transferring to a fresh nutrient 

culture medium. 

 

Discussion 

Bacterial infection is one of the major challenges 

that impede and impair tissue healing (16). 

Controlling post-surgical infections has serious 

clinical and economic advantages, since it has the 

potential to drastically reduce the use of antibiotics 

as well as their associated side effects. 

In an attempt to evaluate the effect of the number 

of platelets on inhibition of bacterial growth, the 

current study compared the effect of PRP with those 

of WB, PPP and PRP-1 wherein the platelet 

concentration was 5, 47 and 2.4 times less than that 

of found in PRP-2, respectively. The current study 

results clearly demonstrated that the number of 

platelets had a significant effect on the inhibition of 

bacterial growth. The results of the agar-well 
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diffusion and MIC assays revealed that WB and PPP 

had no demonstrable activity against bacterial 

growth. Although it was observed that PRP-1 was 

able to reduce the growth of some bacteria, it could 

not completely prevent the growth of any of the 

bacteria. The ability of PRP-2 to inhibit the growth 

of some bacteria can be attributed to the fact that it 

has the highest number of platelets. It is evident that 

preparation protocols can significantly influence the 

number of platelets, hence it can be confidently 

concluded that the protocol employed to prepare 

PRP plays an important role in defining its impact 

on bacterial growth inhibition. Authors` 

understanding and knowledge of the field led them 

to propose that several fundamental factors had the 

capability to influence both quantity and quality of 

PRP. These factors include: (a) the force of gravity 

(g), (b) the type of the anticoagulant used, (c) the 

number of centrifugation steps, (d) the type of 

clotting and activating agent used, (e) the number of 

platelets originally present in the donor’s blood and 

PRP, and (f) the results of clinical applications (17).  

Increment in g can cause an increase in platelet 

concentrations (18). However, it should be noted 

that an excessive increase in g during the 1st 

centrifugation step can cause the platelets in the 

buffy coat to form a layer very close to the red blood 

cell layer. As a result, the quantity and efficacy of 

PRP can reduce, since during the process of 

pipetting the buffy coat, there is a risk of either 

pipetting a large number of the red blood cells or not 

pipetting a significant portion of the platelet. An 

increase in g during the 2nd centrifugation step will 

cause premature release of the growth factors and 

have a negative impact on platelet morphology (19). 

Keeping these considerations and risk factors in 

mind, the maximum g used in the current research 

was ×400.  

The type of anticoagulant used during the 

preparation process of PRP also has a particular 

significant impact (20). The current study used 

anticoagulant tubes containing sodium citrate. It was 

done in accordance to previous studies, where it was 

determined that during the preparation of PRP, 

ethylene-diamine-tetra-acetic acid (EDTA) causes 

more platelet damage compared to citrate (21, 22). 

Some recently conducted studies suggested that 

citrate should be considered as the anticoagulant of 

choice to prepare PRP for in vivo applications (23-

25).  

It is mandatory that “therapeutic PRP” should 

have a count of approximately 1 million platelets per 

microliter in the case of humans (26). In more 

precise terms, to designate PRP as “therapeutic 

PRP”, it should have a platelet concentration of at 

least 300% to 400% higher than that of the whole 

blood (27). The 2-step centrifugation technique is 

applied to obtain the required number of platelets in 

PRP (17, 28). The singlestep, on the other hand, 

produces a mixture of PRP and PPP in such a way 

that a low platelet concentration is obtained. In the 

current study, the platelet compositions of PRP-1 

and PRP-2 were 2 and 5 times more than that of the 

whole blood, respectively. This difference in 

platelet number impacted the antibacterial activity, 

resulting in a variation in the effects of these 2 

products (29). 

The current study evaluated the effect of PRP 

preparation protocol on the quality and quantity of 

platelets through platelet smear analysis. It was done 

since it is a well-established fact that the protocol 

used to prepare PRP can inflict damage on platelets 

(30, 31). Officially, the results of the smear analysis 

were accepted for the purpose of downstream 

analysis of the parameters of platelet function such 

as changes in morphology, size, staining 

specifications, degree of activation, and clump 

formation. 

Many researchers believe that the presence of 

leukocytes in PRP affects bacterial growth as a 

result of myeloperoxidase release. However, it is 

demonstrated that while the concentrations of 

myeloperoxidase in PRP and PPP are similar, their 

antibacterial activities are significantly different. It 

is indicated that the robust antibacterial activity of 

PRP is directly related to the presence of platelets 

and has no correlation with the presence of white 

blood cells. Drago et al., proved this hypothesis by 

selectively removing leukocytes for the purpose of 

producing a pure version of PRP (32). 

The current study used the agar-well diffusion 

technique to perceive that while PRP-1 and PRP-2 

inhibited the growth of Shigella sp., E. coli, S. 
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aureus, S. agalactiae, and S. epidermidis, they had 

no effect on the growth of K. pneumoniae, P. 

aeruginosa, and Serratia sp. (30). Bielecki et al., 

also used the agar-well diffusion technique to study 

the PRP mediated antibacterial activity. Their 

results also indicated that PRP inhibited the growth 

of S. aureus and E. coli, but had no effect on the 

growth of K. pneumoniae, E. faecalis, and P. 

aeruginosa. The results of the current study 

corroborated the results obtained by the above 

mentioned study. The maximum antibacterial effect 

of PRP was observed 2–8 hours after the cultivation 

of bacteria (30). 

In the current study, the antibacterial activity of 

the platelets was compared to those of 

chloramphenicol and penicillin antibacterial 

sensitive disks. In all cases where PRP-2 was 

observed to prevent bacteria growth, the effect of the 

chloramphenicol disk was more than that of PRP-2. 

The effect of the penicillin disk on the growth of 

Gram-positive bacteria was almost the same as that 

of PRP-2. The effect of PRP-1, however, was 

uniformly less than those of chloramphenicol and 

penicillin disks in all cases. 

The MIC results generated in the current study 

were in line with those of Drago et al. who claimed 

that PRP-2 inhibited the growth of certain bacteria 

at 5% and 10% concentrations. The only significant 

difference between the 2 studies was in terms of the 

number of platelets per microliter required for 

bacteria growth inhibition, which in the current case 

was far removed from those determined by the 

above mentioned study (32). 

Although the antibacterial effect of PRP is 

observed and described by several published 

studies, the exact mechanism underlying the process 

is not completely understood and remains elucidated 

(30, 32). It is hypothesized that to prevent the 

growth of bacteria, platelets release several proteins 

and peptides that possess antibacterial activity; 

additionally, they also have the capacity to generate 

oxygen metabolites (13, 33). 

Platelet α-granules contain not only growth 

factors and antimicrobial peptides, but also 

catecholamines, serotonin, osteonectin, 

proaccelerin, vitronectin, thrombospondin, and 

fibronectin along with several other substances (28). 

These compounds are released when platelets are 

present at a very high concentration. The release of 

all these compounds and chemicals helps to prevent 

bacterial growth and accelerate tissue healing (34). 

The current study was conducted to assess the 

inhibitory activities of PRP and PPP on the growth 

of commonly prevalent pathogenic bacteria in Iran. 

E. coli (35-38), K. pneumonia (39-41), P. 

aeruginosa (42-43), Staphylococcus spp. (44-45), 

Serratia spp. (46), and Shigella spp.(47-50) 

infections are prevalent in Iran and their resistance 

to the most frequently used antibiotics is reported. 

The current study finding showed reasonable in 

vitro inhibitory activities of PRP and PPP on the 

growth of these pathogenic bacteria. 

Conclusion 

According to the results of the current study, it 

can be summarized that PRP has a significant 

antibacterial activity. In addition, via the agar-well 

diffusion and MIC methodologies, it is now proved 

that the number of platelets or concentration of the 

PRP is directly proportional to the antibacterial 

activity. 
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