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INTRODUCTION
Plasma concentrate products was first described in the 1970s, and 
it have significantly affected regenerative biomedicine (Prakash 
S and Thakur A, 2011), it can be used adjacent to surgical pro-
cedure (Ehrenfest DM, et al., 2014), to enhance wound healing 
(Polimeni G, et al., 2004) and to release growth factors, which will 
eventually reduce the post-operative complications (Shah R, et 
al., 2017). Platelet Rich Plasma (PRP) was the first generation of 
platelet concentrates, it combined both fibrin sealant and growth 
factors properties (Borzini P and Mazzucco L, 2005). However, 
PRP preparation had many limitations (Azcárate AV, et al., 2014; 
Marx RE, 2004), it requires a complicated method with two stage 
centrifuging and the use of anticoagulant (Badran Z, et al., 2018). 
Another researcher introduced the second generation of platelet 
concentrate, which is Platelet Rich Fibrin (PRF) (Dohan DM, 
et al., 2006). The use of PRF eliminates the risk of using bovine 
thrombin (Raja VS and Naidu EM, 2008) and has a very simple 
preparation method (Dohan DM, et al., 2006).
During the centrifugation, platelets are activated and their massive 
degranulation implies a very significant cytokine release, because 
platelet cytokines are trapped in the fibrin meshes (Mosesson 
MW, et al., 2001; Dohan DM, et al., 2006), the quantity of growth 
factors such as Platelet Derived Growth Factor-BB (PDGF-BB), 
Transforming growth factor beta-1 (TGFb-1), and Insulin-like 
Growth Factor 1 (IGF-1) within the PRF makes it usable as a heal-
ing concentrate (Dohan DM, et al., 2006). Moreover, PRF has an 
antimicrobial activity against wide range of bacteria, however, this 
activity is limited in PRF compared to PRP or Leucocyte Platelet 
Rich Fibrin (L-PRF) (Kour P, et al., 2018). 
Researchers did more advances to the centrifugation protocol cre-

ating different masses of platelet, and each product had a specific 
feature (Zrnc TA, et al., 2018). PRF can improve wound healing 
and reduce the discomfort after surgeries (Alpan AL and Cin GT, 
2020), Injectable Platelet Rich Fibrin (I-PRF) had an effect on 
bone regeneration (Hui XI, et al., 2019), (L-PRF) and Advanced 
Platelet Rich Fibrin (A-PRF) have a lot of application in dentistry 
and especially in periodontal tissue regeneration (Pitzurra L, et 
al., 2020). More advances and improvement to the production 
protocol resulted in different masses of platelets with different 
application in dentistry, lower speeds of centrifugation are being 
used to create Liquid-PRF which primary composes of fibrinogen 
and thrombin that has 10-15 minutes before it converts to fibrin 
(Fujioka‐Kobayashi M, et al., 2017).
Lately, attempts have been made to improve the physical and anti-
microbial activity of PRF, a recent study tested the ability of using 
PRF as a local antibiotic releasing device by incorporating anti-
biotic agent with PRF (Polak D, et al., 2019), Likewise, Khorshidi 
H, et al., added Silver Nanoparticles (SNP) to L-PRF to improve 
the antibacterial activity (Khorshidi H, et al., 2018), those stud-
ies had positive results, however, they did not introduce a unified 
protocol that makes antibiotic enhanced PRF reproducible.
Hence, developing advanced and improved forms of platelet con-
centrate products are still the main focus of biomedical research, 
in order to enhance tissue regeneration after oral surgeries and 
to reduce its complications, especially infection which remain the 
main complication after oral surgeries (Heal C, et al., 2006), there-
fore, in this research we aim to develop and introduce a protocol 
for incorporating antibiotic with Platelet Rich Fibrin to use it as a 
local antibiotic delivery system. 

ABSTRACT
Background: Plasma concentrate products have rap-
idly developed during the last few years, and it had 
significantly improved regenerative medicine because 
of its specific features which enhance healing and re-
duce pain after surgeries. This research aims to im-
prove the antibacterial effectiveness of Platelet Rich 
Fibrin (PRF) by adding different forms of antibiotics 
and evaluate the physical and antibacterial properties 
of the new PRF. 

Methods: In vitro experimental study was conducted; 
modified protocol was used which use two stages of 
centrifuging were used to prepare PRF. Bacterial col-
onies and Miller-Hinton medium was prepared. Two 
types of bacteria were used for the culturing and in-
cubation (Staphylococcus aureus, Enterococcus fae-
calis). Different forms and volumes of antibacterial 
agents (Lincomycin) were incorporated with the PRF. 
Physical and antibacterial properties were evaluated.

Results: Ampoule and solution forms had the highest 
levels of bacterial growth inhibiting, and best physi-

cal properties, bacterial inhibiting lasted for 10 days 
in culture. Significant difference was noticed between 
the modified PRF and the control group (p<0.05). Add-
ing (0.5 ml) of ampoule form had the best results on 
both antibacterial and physical properties of the new 
PRF.

Conclusion: The protocol proposed in this study suc-
ceeded to improve the antibacterial activity of the PRF 
with preserving the physical properties. No significant 
differences in physical properties were noticed be-
tween control group and PRF with antibiotic. 

Significance and impact of the study: PRF can be 
used as a local antibiotic delivering biomaterial adja-
cent to minor surgery, the results of this study can 
be used to reduce the post-operative infection that is 
frequent after oral surgeries. 
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Objective
Evaluate the physical and antibacterial properties of PRF after adding anti-
biotic agents using a modified protocol. 

MATERIALS AND METHODS
Study design
In vitro experimental study was conducted in the Laboratory of Biology, 
Faculty of Science, Damascus University, Syria. 

Ethical approvals
Ethical approvals were obtained from higher committee for medical re-
search at Damascus University and from the scientific research committee 
at the Faculty of Dental Medicine, Damascus University (N: 1059 t/m date: 
15-12-2019), All methods were carried out in accordance with relevant 
guidelines and regulations.
Informed consent was obtained from all participants before participating 
in the research. 

Sample
Twelve Healthy volunteers were included, each donated (40 ml) of blood, 
age ranged between 24-32 years, research procedure and expected results 
were explained to each volunteer, and written consent form were collected. 
Sample inclusion criteria were:
• Healthy volunteers.
• No systematic or blood diseases.
• Non-smokers.
• Did not take any kind of antibiotics during the last month. 

Preparation protocol
A modified protocol to the original protocol by Dohan DM, et al., 2006 
was used to produce PRF with antibiotics, the main difference was two-
staged centrifuging, the first one is by using plastic tubes, and the second 
using glass tubes, the following explain the protocol in details: 
•  40 ml of blood were collected from the volunteers.
• The blood samples were divided into 4 (10 ml) plastic tubes without anti-
coagulant, plastic tubes can help to delay the PRF formation, therefore, it 
can be easily isolate the middle layer with the antibacterial agent from the 
tube in a liquid form (Zeiler T and Kretschmer V, 2000). 
• The tubes were immediately centrifuged at 3000 rpm (400 g), for 10 min-
utes. (Hettich EBA 200 Centrifuge, Germany) 
• Three layers are formed, erythrocytes concentrated in the lower part, fib-
rin enriched with platelets in the middle, and serum in the upper part. 
Immediately, the middle third from each tube was transported using a 5 
ml plastic syringe to a 5 ml glass tube with a minimum time interval, glass 
tubes can enhance the clot formation by the interaction between the silica 
in glass and the palates in order to create fibrin clot (Gupta V, et al., 2011).
• Fibrin clot is finally formed into the glass tube, and then it is ready to be 
cultured in the Miller-Hinton plates, no need to separate the PRF clot from 
the Red Blood Cell (RBC) layer with this protocol. 

Research variables
• Physical properties were assessed by measuring the length and con-
sistency (tested by compression) of the PRF clot.
• Antibacterial activity was assessed by measuring the radius of bacterial 
growth inhibiting, measurement was done from the center of the sample 
to the edge of the bacteria inhibiting (Figure 1), pictures of Miller-Hinton 
plates were taken using digital camera (Canon 1200 D, macro lens 0.25 
m/0.8 ft) at each time interval, Image-J software V.1.52a (Wayne Rasband, 
National Institutes of Health, USA) was used to make the measurements. 

• Measurements were done at four-time intervals: T1: After 24 hours (one 
day), T2: After 48 hours (two days), T3: After 120 hours (five days), T4: 
After 240 hours (ten days).

• Staphylococcus aureus and Enterococcus faecalis were used to test the anti-
bacterial activity of PRF, both bacteria are known to cause infection after 
oral surgeries. Bacteria were isolated from Damascus university hospital 
and incubated at 37°C for 24 hours. The density of the bacterial colonies 
was set to 0.5 MacFarland. Mueller-Hinton agar (Himedia-India) was pre-
pared for the culturing and incubation. 
• The antibiotic agent used in this research is Lincomycin, three forms of 
the antibiotic were used, Ampoule: Lincomycin 600 mg (0.5 ml, or 1.0 ml). 
Solution: One capsule of lincomycin 600 mg was added to 10 ml of saline, 
and two volume of solution was then added to the PRF (0.5 ml, or 1.0 ml). 
Powder: Lincomycin 600 mg (capsule) was used, 100 and 50 mg was meas-
ured using electronic scale and added to PRF. 

Statistical analysis
SPSS V.22 (statistical package for social science, IBM, 2009) was used to 
analysis the data. Descriptive statistics was used to measure the average ra-
dius of bacterial growth inhibiting for each group, ANOVA test with post-
hoc Bonferroni correction and independent samples T-test were used to 
test the significant difference between groups. 

RESULTS
Physical properties
Physical properties were studied by measuring the length and consistency 
(after compression) of the Platelet Rich Fibrin. Comparison has been made 
between the added volume of the antibiotic (0.5-1 mm), and between dif-
ferent forms of antibiotic (ampoule, solution, powder). 
Table 1 represents the results of the physical properties, the average length 
of the control sample was (35 ± 2.92 mm), the average length of PRF after 
adding (0.5 ml) in ampoule form was (32.4 ± 4.61 mm) and with (1 ml) 
was (30.5 ± 2.33 mm), the average length of PRF after adding (0.5 ml) in 
solution form was (30.3 ± 2.84 mm) and with (1 ml) was (24.2 ± 3.74 mm), 

Figure 1: Measuring the radius of bacterial growth inhibiting using 
Image-J. Note: Sample of E. faecalis colony at T4 (after 10 days), F2: 
PRF sample with 1mm of antibiotic in ampoul form, F3: Control 
sample
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No significant difference was noticed between ampoule and solution, 
while there has been significant difference between ampoule (0.5, 1 ml) 
and control (P<0.05), and significant difference between solution form (0.5 
ml, 1 ml) and control. Figure 2 represents the previous data, and shows the 
changes in bacterial growth inhibiting between T1 and T4. 
Moreover, E. faecalis inhibiting growth is represented in Table 2, ampoule 
form (0.5 ml) was on average (24.23 mm) at T1, and (15.59 mm) at T4. 
Ampoule form (1 ml) at T1 and T4 was (25.6, 11.5 mm) retrospectively. 
Solution form (0.5 ml) had lower results and was effective only between T1 
(21.4 mm) and T3 (8.5 mm), while solution form (1 mm) had better results 
and lasted through the 4-time intervals (T1=20.17 mm, T2=14.23 mm, 
T3=13.23, T4=11.35 mm). Control group had limited antibacterial activity 
at T1 (12.7 mm) and T2 (4.72 mm), while failed to inhibit the growth of E. 
faecalis at T3 and T4. 
Figure 3 represents the changes on bacterial growth inhibiting through the 
four-time intervals. Both ampoule and solution form were significantly 
higher compared the control group (p<0.05), while no significant differ-
ence was noticed between ampoule and solution form. Best results were 
noticed using ampoule form with 0.5 ml of antibiotic agent. 

while PRF failed when adding antibiotic in powder form. No significant 
difference was noticed between the length and the consistency of PRF be-
tween (0.5-1 ml) in the ampoule and the solution form.
The consistency of PRF was (100%) for all samples (control, ampoule, 
solution) in both volumes (0.5-1 ml), while powder failed to keep it con-
sistency. No significant difference was noticed between (0.5-1 ml) volume. 

Antibacterial activity
Table 2 shows the average bacterial growth inhibiting for both bacteria (S. 
aureus, E. faecalis), and between different forms and volume of the anti-
biotic agent. 
PRF with 0.5 ml of antibiotic in ampoule form showed the highest results 
in inhibiting bacterial growth, the average of ampoule form (0.5 ml) in S. 
aureus group at T1 was (30.18 mm) and was (31.25 mm) at T4. Ampoule 
(1 ml) had similar results through the four-time intervals. Solution form 
for (0.5 ml, 1 ml) was at T1 (24.31 mm, 25.25 mm) retrospectively, and was 
(21.38 mm, 25.5 mm) at T4. While control group (PRF without antibiotic) 
had the lowest results of bacterial growth inhabiting, at T1 (15.19 mm), 
and at T4 (7.4 mm). 

Table 1: Physical properties of Platelet Rich Fibrin (PRF) after adding antibiotics in different forms and volumes

Average length (mm)
Difference between (0.5-1 ml) 1 ml added 0.5 ml added Variables

P-value P-value SD Mean (mm) P-value SD Mean (mm)
- 0 2.92 35 0 2.92 35 Control

0.823 2.33 30.5 4.61 32.4 Ampoule
0.634 3.74 24.2 2.84 30.3 Solution
0.534 1.78 5.3 1.34 5.7 Powder

Consistency (stability after compression) (%)
P-value P-value Stable (%) P-value Stable (%) Variables

- 0 100% 0.03 100% Control
1 100% 100% Ampoule
1 100% 100% Solution

0.524 20% 40% Powder

Table 2: Average bacterial growth inhibiting for each from and volume through the observation time

Variables T1 T2 T3 T4

Count Mean SD Count Mean SD Count Mean SD Count Mean SD

S. aureus Ampoule 0.5 ml 4 30.18 0.77 4 32.43 3.71 4 32.13 2.66 4 31.25 2.99

1 ml 4 29.75 3.96 4 32.85 4.84 4 32.75 3.5 4 32.05 1.39

Solution 0.5 ml 4 24.31 5.6 4 28.65 4.16 4 28.75 2.99 4 21.38 1.6

1 ml 4 25.25 1.94 4 26.45 3.5 4 24.5 5.51 4 25.5 1.73

Control 8 15.19 4.45 8 12.73 3.36 8 9.14 2.56 8 7.4 2.04

E. faecalis Ampoule 0.5 ml 3 24.23 0.67 3 24.07 1.86 3 23.97 3.61 3 15.59 3.23

1 ml 3 25.6 2.79 3 21.7 3.14 3 17.13 2.81 3 11.5 2.1

Solution 0.5 ml 3 21.4 3.56 3 12.47 5.58 3 8.53 3.27 3 0 0

1 ml 3 20.17 2.61 3 14.23 5.99 3 13.23 2.34 3 11.55 2.67

Control 6 12.7 3.45 6 4.72 3.72 6 0 0 6 0 0
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Figure 2: S. aureus growth inhibiting between different forms and volume of antibiotic. Note: ( ) T1, ( ) T2, ( ) T3, ( ) T4

Figure 3:  E. faecalis growth inhibiting during the time intervals between different forms and volume of antibiotic. Note: ( ) T1, ( ) T2, (
) T4

PRF that has a high antibacterial activity would be very effective where 
infection is predictable, and can reduce the need of antibiotic especially in 
the field of dental surgeries (McLaren AC, 2004), and can help to reduce 
the use and side effect of systematic antibiotic (cell toxicity, and antibiotic 
resistance) (Verdel BM, et al., 2008).
Several studies tried to improve the antibacterial activity of PRF, one study 
added Silver Nanoparticles (SNP) which created SNP modified PRF, and 
this study concluded that SNP modified PRF had an improved mechanic-
al properties and higher antimicrobial activity (Khorshidi H, et al., 2018), 
other study evaluated release kinetics of different antibiotic from PRF, the 
results showed that PRF could release antibiotics for a week (Knafl D, et 
al., 2017).
Three forms of antibiotic were tested, ampoule (0.5, 1 ml) solution (0.5, 
1 ml) had the best results and did not change the physical properties of 
the PRF, while PRF failed to form when adding powder form of antibiotic. 
The reason to test different forms of antibiotic agent is to give the clinician 

DISCUSSION
Clinicians have been using PRF and other platelet concentration products 
with the regenerative procedure in order to enhance the healing and to 
reduce the postoperative complications (Castro AB, et al., 2017), however, 
studies have shown that PRF have only mild antibacterial activity against 
some bacterial agents like S. aureus, and it is not affective against resist-
ance bacteria like F. Nucleatum (Bielecki TM, et al., 2007; Moojen DJ, et al., 
2008). Moreover, the most frequent postoperative complication in minor 
surgery is infection due to the exposure of the flap (or membrane) and 
the bacterial colonization of the wound (Heal C, et al., 2006; Zhang J, et 
al., 2010). 
Therefore, this research aimed to improve the antibacterial activity of 
PRF by adding different forms of antibiotics and developing a reprodu-
cibly protocol which produce PRF with best antibacterial activity and best 
physical properties. 

) T3,
 (
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variety of options during the practical practice. 
Results showed that adding ampoule or solution form can significantly in-
crease the antibiotic activity of PRF, compared with normal PRF (control), 
and could release antibiotic for 10 days. No significant difference between 
ampoule and solution form was noticed, however, ampoule had higher re-
sults and this can be explained because ampoule is already prepared for IV, 
IM injection while the solution concentration may have been diluted in the 
serum. No previous study had studied the effect of pharmaceutical form 
on the antibiotic release of PRF. Also, 0.5 ml and 1 ml volume had similar 
results, however, 0.5 ml had a slightly higher antibacterial activity, which 
agrees with the results of previous study (Polak D, et al., 2019).
The protocol used in this study succeed to improve the antibacterial activ-
ity of PRF preserved the physical properties of the PRF. The antibiotic re-
lease in our study lasted for 10 days, other study recorded that the bacterial 
growth inhabitation lasted between 4-7 days (Polak D, et al., 2019; Knafl D, 
et al., 2017; Smith AJ, et al., 2001). Moreover, this protocol presented two 
steps centrifuging process which resulted in better physical properties of 
the PRF after adding the antibiotic agents, and doesn’t require to separate 
the PRF clot from the red blood cells layer which was necessary during the 
original protocol by Dohan DM, et al., 2006, this modification will signifi-
cantly reduce the post-operative infection which can be caused from the 
remaining RBC with the PRF clot (Molander A, et al., 1998; Rajkumari N, 
et al., 2014). 
This results can be helpful in oral surgery were infection is the main com-
plication and the main source of failure (Heal C, et al., 2006; Schimmel J, et 
al., 2020), oral surgeries and treating of periodontal diseases can improve 
by the gradual local release of antibiotic (Chen AF and Brown GA, 2020). 
Further research and improvement should be done to the protocol pro-
posed in this study using different antibiotic agents and bacteria in order to 
prepare this concept for the clinical application (Soon SL, 2020). 
Finally, and Within the limits of this study, it can conclude that the pro-
posed protocol in this study has succeeded to improve the antibacterial 
properties of PRF, creating a local antibiotic delivery biomaterial that can 
be used widely after minor surgery, and can significantly reduce the use of 
systematic antibiotics (Prada C, et al., 2020). 

CONCLUSION
The protocol proposed in this study succeeded to improve the antibacterial 
activity of the PRF with preserving the physical properties. No significant 
differences in physical properties were noticed between control group and 
PRF with antibiotic. 
Best results of bacterial inhibiting were noticed when adding 0.5 ml of 
ampoule form to the PRF using the protocol of this study; however, no 
significant results were noticed between the different forms and volume 
of the antibiotic. 
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