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Stability of Platelet-rich Fibrin Treated with Tranexamic Acid
In Vivo: A Histological Study in Rats
Vellayappan Radha1, Sheeja Saji Varghese2, Mohanraj Karthik Ganesh3

A b s t r ac t
Aim and objective: The present study aimed to evaluate the effect of tranexamic acid on the stability of platelet-rich fibrin (PRF) and its influence
on connective tissue healing in Wistar rats.
Materials and methods: This experimental study included 12 male Wistar rats in three groups; group I–control (saline), group II–untreated PRF,
and group III–PRF treated with tranexamic acid (PRF + TXA). Platelet-rich fibrin membrane was prepared by drawing blood from each rat and
the prepared membrane was cut into two halves wherein one half was treated with tranexamic acid. After anesthetizing the animal, a linear
incision was made on the mid-posterior part of the dorsal side of the body to expose the muscle and three sites were prepared. Sterile saline was
applied in the control site, untreated PRF membrane was placed in group II site, and PRF + TXA in group III site. Six rats were sacrificed at 14 days
and the other six at 28 days. Specimens were subjected to histological evaluation for measuring the remaining PRF and immunohistochemical
analysis for evaluating vimentin expression for assessing connective tissue healing.
Results: Histopathological evaluation revealed that group III had more area of aggregation of PRF bundles at 28 days than group II. On
immunohistochemical imaging, the intensity and proportionality score of vimentin expression was more in group III at 28 days.
Conclusion: From the study, it can be concluded that tranexamic acid is effective in delaying the degradation of the PRF membrane and has a
positive influence on connective tissue healing.
Clinical significance: Improved stability of PRF observed with the addition of tranexamic acid will have wider applications in regenerative
therapy using PRF.
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World Journal of Dentistry (2021): 10.5005/jp-journals-10015-1861

I n t r o d u c t i o n
Periodontitis is a common inflammatory destructive disease
affecting the supporting structures of the teeth resulting in tooth
mobility and tooth loss. The goals of periodontal treatments are
to control the inflammation and facilitate a clinical environment
favorable for regaining the lost periodontal support.1 The main
aim of periodontal therapy is to regenerate all the lost tissues
of the periodontium and establish a new attachment on a root
surface affected by periodontal disease. The process of new
attachment involves many cellular events such as cell migration,
cellular adhesion, cellular proliferation, and differentiation in a
well-orchestrated manner. This complex process is controlled by
many inflammatory cytokines, morphogens, and growth factors.2
Evidence suggests that platelets play a crucial role in inflammation
and periodontal wound healing by providing cytokines and growth
factors.3 Various regenerative therapies currently in clinical practice,
including bone grafting, guided are showing variable results in
healing and periodontal regeneration.
Choukroun et al.4 were the first one who described a new
platelet concentrate namely platelet-rich fibrin (PRF), and proposed
the protocol for its preparation. Platelet-rich fibrin is considered as
the second-generation of platelet concentrates and structurally
resembles a membrane made of fibrin. It is prepared from the
patient’s own blood without using any anticoagulants. The PRF
consists of a natural fibrin matrix wherein platelets and growth
factors are found in high concentration.4,5 Platelet-rich fibrin
membrane is considered as a versatile regenerative material not
only due to its structural framework, which can act as a scaffold
during healing, but also due to the presence of numerous growth
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factors and matrix cellular proteins including platelet-derived
growth factor, transforming growth factor, vascular endothelial
growth factor, insulin-like growth factor, and thrombospondin-1,
which can enhance the healing and regeneration. Also, the complex
architecture of PRF acts as a scaffold with distinctive biomechanical
characteristics, which makes it unique in comparison with other
platelet concentrates.
In an in vitro cell culture study using periodontal ligament
fibroblasts demonstrated that alkaline phosphatase activity,
extracellular signal-regulated protein kinase phosphorylation, and
osteoprotegerin expression were stimulated by PRF.6 In a clinical
trial done in periodontitis patients, it has been observed that the
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combination of PRF with the commercially available GTR membrane
was more effective in improving clinical and radiographic outcomes
than the GTR membrane alone in the management of osseous
defects.7 Platelet-rich fibrin was demonstrated to have continual
release of growth factors and have less susceptibility to degradation
by proteolytic enzymes after 24 hours in comparison with other
agents like recombinant platelet-derived growth factor isoforms,
thrombin-activated platelet concentrates, and autologous fibrin
sealant in an in vitro study.8
Despite its biological merits, one of the biggest challenges in
using PRF over other barrier membranes is its rapid degradation.
Sam et al. 9 have reported that in comparison with other
commercially available barrier membranes, PRF had a higher
degradability and lesser rigidity. Also stated that, due to this PRF
gets resorbed faster and gets collapsed into the periodontal defect
which makes it unsuitable for maintaining the space in guided tissue
regeneration. A study where the stability of PRF was assessed both
histologically and immunohistochemically in rat models reported
that the PRF became thin at 21 days, and completely disappeared
at 28 days.10 These results emphasize that though PRF can have
a stimulatory effect on tissue regeneration and healing, its faster
degradation might be a hindering factor while using clinically. This
also points out that PRF cannot be used as a barrier membrane for
the space maintenance in periodontal regeneration.
Tranexamic acid, a synthetic derivative of the amino acid lysine,
is an anti-fibrinolytic agent acting by blocking the lysine binding
sites on plasminogen molecules. It is used in many bleeding
disorders to reduce postoperative bleeding and transfusion
requirements. Also, tranexamic is used as a potent alternative
to surgery in menorrhagia due to its ability to reduce menstrual
blood loss. It is also more effective than any other synthetic antifibrinolytic agent due to its binding to plasminogen.11,12
It has been observed that one preoperative intravenous
injection of tranexamic acid could prevent excessive bleeding
during extraction of third molars.11–13 Similarly, in patients with
bleeding disorders, administration of tranexamic acid for 5 days
could significantly reduce the excessive bleeding during dental
extractions.14 Moreover, there were no side effects and toxic
reactions observed in heart, kidney, or liver during the course
of the drug administration.14 Based on these observation, we
hypothesized that adding tranexamic acid to PRF might delay its
degradation and a preliminary in vitro experiment done by our team
observed that tranexamic acid had a promising effect on delaying
the degradation of PRF membrane at various concentrations used
and there was no significant difference between the different
concentrations tested (50–200 mg/mL).15 These results propose
the potential of tranexamic acid in improving the stability of PRF,
thereby improving its therapeutic potential in regeneration and
healing. So far no in vivo research has been done in this direction
validating the effectiveness of tranexamic acid on the stability of
PRF and its influence on healing. Hence, the present study was
aimed to examine the stability of tranexamic acid-treated PRF and
compare the same with untreated PRF in vivo in rat models at 14
and 28 days. The study also aimed to evaluate its effect on tissue
healing by immunohistochemical evaluation.

M at e r ia l s

and

M e t h o d s

This in vivo animal study was done at Biomedical Research Unit
and Lab Animal Centre (BRULAC), Saveetha Dental College and

Hospitals. The research protocol was approved by the Institutional
Animal Ethical Committee and Review Board (BRULAC/SDCH/
SIMATS/IAEC/02-2019/020). Twelve male Wistar rats, 15 weeks old,
with an average weight of 300 g were used in this study. Animals
were procured from the Center for Laboratory Animal Research
(CLAR), Saveetha Institute of Medical and Technical Science (Reg.
No: 865/04/CPCSEA Dt; 16/12/04). Anesthesia was achieved with a
combination of ketamine (40 mg/kg) and xylazine (5 mg/kg). The
PRF membrane was prepared in accordance to the Choukroun
method.4 Approximately 1 mL of blood was collected from the
superficial femoral vein with a small syringe and a needle, later
transferred to a 1 mL Durham glass tube (Maruemu Durham 8L,
Japan) and immediately centrifuged for 10 minutes at 12,000 RPM.
After centrifugation, three layers were formed: supernatant on the
top, PRF gel in the middle, and red blood cell layer at the bottom.
Platelet-rich fibrin gel was collected after cutting between the
junction of the middle layer and the RBC layer, including the small
top portion of the RBC layer. The clot was placed inside gauze and
pressed and the PRF membrane was obtained. The prepared PRF
membrane was cut into two halves and one half was treated with
tranexamic acid. Commercially available tranexamic acid ampoule
(tramy-Z 500 mg/5 mL) was used for treating PRF for 1 hour. After,
shaving and disinfecting the dorsum of rat (the surgical area)
with a solution of iodine and 70% alcohol, a linear incision on the
mid-posterior part of the body of the rat was performed and the
muscle was exposed. Considering three groups, group I–control,
group II–untreated PRF, and group III–PRF treated with tranexamic
acid (PRF + TXA), two small incisions (1.5 mm) on the left side and
one incision (1.5 mm) on the right side were made on the surface
of the muscle of the mid-posterior part of every rat. The three
incisions were minimum 2 mm apart. On the left side top incision,
sterile saline was applied and the muscle was sutured again. This
served as the control. On the left lower incision, the untreated PRF
membrane was placed into the incised muscle and sutured. On the
right side, the third incision, PRF + TXA was placed into the muscle
and sutured. Braided silk 4–0 sutures were used to secure the PRF
membrane and this non-resorbable suture was served as a guide to
harvest the tissue later. The rats were fed with standard laboratory
food and water ad libitum during the course of the study. Six rats
were sacrificed at 14 days and other six at 28 days by inhalation
of isoflurane in excess. A 10 × 10 mm portion of tissue from the
surrounding area was excised. The tissue specimens were fixed in
a solution of 10% neutral buffered formalin for 14 days, dehydrated,
and then embedded in paraffin. The paraffin mold was then sliced
in 3 μm sections and stained using routine hematoxylin–eosin. The
specimen was then observed under an optical microscope (Biozero,
Keyence, Tokyo, Japan). The images from the histological samples
were captured. The area of PRF was measured with an image
analyzer 21 (Image J., National Institute of Health, USA).

Immunohistochemistry
To assess the fibroblast population vimentin was used as an
immunohistochemical marker. For immunohistochemical
evaluation, the slides were prepared from the formalin-fixed
paraffin-embedded blocks. Three micrometer thick sections were
cut from the block and were mounted on gelatin-coated slides.
Deparaffinization of the sections was done using xylene followed
by dehydration by alcohol and finally rinsing with distilled water. For
retrieval of antigen, heat induced—epitope retrieval in citrate buffer
(pH 6.0) was used for 10 minutes in a pressure cooker. Following
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which endogenous peroxidase was blocked using peroxide block
for 5 minutes followed by protein block for 5 minutes. Sections were
then incubated with primary antibody vimentin (Dako, Monoclonal
Mouse Anti-vimentin, Clone V9) and incubated for 60 minutes.
Novolink Min Polymer Detection System (Leica Microsystems,
Newcastle, UK) was used for the detection of antigen antibody
complexes. For this the sections were counterstained with Mayer’s
hematoxylin and were dehydrated and mounted. Both positive and
negative controls were used for the comparison. Fibro sarcoma
sections were used as a positive control for vimentin. Negative
controls were made by staining the slides without using the primary
antibody.

Evaluation of Slides
The presence of a brown-colored end product at the site of the
target antigen was indicative of positive reactivity. Stromal spindle
cells that were positive for vimentin were regarded as fibroblasts.
The staining intensity was graded from 0 to 3 (negative, weak,
moderate, and intense). The proportionality score was graded as
0–2 (negative, focal, and diffuse). The total score of each sample
was calculated as the sum of intensity score and the proportionality
score. For the immunohistochemical evaluation, stained sections
were evaluated by two independent observers and inter-examiner
variability was assessed with κ statistics. Statistical analysis was done
by SPSS software version 20.

R e s u lts
In the histological images, the transplanted PRF, which showed
bluish color with a characteristic structure, was distinguishable
from the surrounding tissue (Figs 1B and G). Notably, with time,
the transplanted PRF became small in both the groups (group II
and III) (Figs 1H and I). At 14 days, intact epidermal and dermal area
with connective tissue and underlying muscle fasciculi with mild
scar tissue of the surgical site was seen. Below the subcutaneous
tissue, the PRF bundles as aggregation of floccules with intense
eosinophilic stained areas were seen at the implanted surgical site.
Underneath the subcutaneous tissue the PRF + TA group (Figs 1F
and I) showed increased aggregation of PRF bundles as floccules
with intense eosinophilic stained areas. And at 28 days, group II
(untreated PRF) (Fig. 1H) showed degeneration of PRF bundles with
reduced floccules at the implanted surgical site and group III (PRF +
TA) (Fig. 1I) showed comparatively more aggregation of PRF bundles
with retention of PRF floccules at the implanted surgical site than
PRF group. The area of PRF was measured with an image analyzer
and was statistically compared. The statistical test performed was
independent t-test to compare the area of PRF between the groups
at 14 and 28 days (Table 1). In group II (untreated PRF), the mean
area of PRF was 5.06 ± 0.46 mm2 at 14 days and 1.11 ± 0.35 at 28
days. In group III (PRF + TXA), the mean area of PRF was 5.55 ± 0.40
mm2 at 14 days and 1.92 ± 0.31 at 28 days. However when mean
area of PRF was compared between the groups, PRF + TXA showed
significantly larger area of PRF at 14 (p = 0.01) and 28 days (p = 0.00)
when compared with untreated PRF group (Table 1).
Immunohistochemical analysis showed that the mean total
score is highest in group III (3.5 ± 0.22) followed by group II (2.75
± 0.75) and least in group I (1.5 ± 1.6) (Table 2). To calibrate, interexaminer agreement, Cohen’s κstatistics was done using SPSS. For
both control group (group I) and untreated PRF group (group II),
Cohen’s κwas 0.86 and for PRF + TXA group (group III), Cohen’s κ
was 0.83 which reflects a good strength of agreement.
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D i s c u s s i o n
The present study was aimed to evaluate whether treating PRF
membrane with tranexamic acid would delay the degradation of
PRF membrane and have any influence on tissue healing in Wister
rat models. On histopathological evaluation done on 14th and 28th
day, it was observed that PRF + TXA showed significantly larger
areas of aggregation of remaining PRF bundles when compared
with untreated PRF group. On immunohistochemical imaging,
the intensity and proportionality score of vimentin expression of
fibroblast during the healing was more in PRF + TXA group at 28
days when compared with other two groups.
The larger area of remaining PRF in the tranexamic acidtreated PRF group denotes that the tranexamic acid delayed
the degradation of PRF in vivo. An in vitro study done by our
group supports this finding wherein tranexamic acid delayed
the disintegration of PRF at various concentrations.15 Delayed
disintegration of PRF could be due to the anti-fibrinolytic effect of
tranexamic acid which reversibly blocks the lysine binding sites on
plasminogen molecules.11
In the present study, vimentin expression was evaluated
immunohistochemically to know whether addition of tranexamic
acid on PRF had any influence on tissue healing. Vimentin was used
to evaluate tissue healing as it is the major structural component
of mesenchymal cells such as fibroblasts and endothelial cells.16
Results revealed that the vimentin expression was higher in both
the PRF groups when compared with control and highest in the
tranexamic acid-treated PRF group. This results support the view
that adding PRF into the surgical site improves the healing and
nevertheless the addition of tranexamic acid has a positive impact
on healing. Increase in vimentin expression was observed till 28th
day. This may signify that the stimulatory effect of PRF through
the release of growth factors may extend till 28 days. It has been
reported that addition of tranexamic acid in the extracted sockets
shortened the duration of wound healing following extractions
in rabbits.17
Numerous studies18–22 have confirmed the usefulness of PRF
in the management of periodontal defects. In the management
of gingival recession with coronally advanced flap, the adjunctive
use of PRF membrane was found to have increased the keratinized
gingival width when compared with coronally advanced flap
alone.23,24 Tranexamic acid has a wide range of clinical applications
ranging from as an anti-fibrinolytic agent during knee and hip
arthroplasty to as a mouth rinse to reduce bleeding during oral
surgical procedures. It is also widely used in reducing menstrual
blood loss and reducing the risk of thromboembolic complications
in pregnancy.
The degradability of PRF was evaluated by both in vitro and
in vivo studies. On comparing the degradability of PRF with other
commercially available membranes in vitro, up to 6 days PRF
membrane was able to maintain a comparable physical property
in comparison with other commercially available membranes
whereas after 1 week, the degradability was significantly higher
than the other membranes.9 Also, an in vivo study using Wistar rat
models reported that PRF completely disappeared in 28 days.10 An
in vitro study done by our team15 demonstrated that treating PRF
with tranexamic acid significantly reduced the degradability of PRF
after 1 week observation. The delayed disintegration of tranexamic
acid-treated PRF can be attributed to the anti-fibrinolytic action
of tranexamic acid on PRF. Tranexamic acid binds with the
plasminogen through the high affinity lysine binding sites and
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Figs 1A to I: Histopathology H&E staining: (A) Group I control at 10× magnification (14 days); (B) Group II at 10× magnification (14 days); (C)
Group III at 10× magnification (14 days); (D) Group I at 40× magnification (14 days); (E) Group II at 40× magnification (14 days); (F) Group III at 40×
magnification (14 days); (G) Group I at 40× magnification (28 days); (H) Group II at 40× magnification (28 days); (I) Group III at 40× magnification
(28 days)
Table 1: Histological measurement of PRF at various intervals between
the groups
14th day
Mean ± SD
Group II
5.067 ± 0.0.47
Group III
5.5 ± 0.4
p value (independent 0.013
t-test)

28th day
Mean ± SD
1.11 ± 0.35
1.92 ± 0.32
0.000

Table 2: Immunohistochemical scoring of vimentin expression of three
groups

Total score
(Mean ± SD)

Examiner 1
Examiner 2

Cohen’s κ
value

Group I at
28 days
1.5 ± 1.67

Group II at
Group III at
28 days
28 days
2.75 ± 0.75 3.5 ± 0.22

1.66 ± 1.07
0.86

2.83 ± 0.71 3.25 ± 0.45
0.86
0.83

thereby completely blocking the interaction of plasminogen and
the plasmin with the lysine residues of fibrin monomer.12 Due to
this process, the binding of plasminogen to the surface of fibrin is
prevented and thereby impedes fibrinolysis.12
Multiple animal species such as rodents, rabbits, dogs, pigs,
and non-human primates have been used in periodontal research.

A major drawback of using smaller animals when compared with
primates is the limited similarity of their dentition to human
dentition. However, small animals like mice and rats are very
useful in periodontal research dealing with inflammation and
tissue healing.25 In the present study, we used Wistar rats for the
experiment as the study was intended to see the degradability
of PRF and the soft tissue healing response. For establishing
mammalian standards in laboratory settings, Wistar rats are
considered as the ideal standardized mammal. 26 Even though
the rat cranium is the ideal site for testing the bone regenerative
materials,27 in the present study, we have chosen the dorsal part of
the rat as the experimental site as it is the common and preferred
site for research related to soft tissue healing.28
In the present study, we did not evaluate whether tranexamic
acid has any influence on the release of growth factors from PRF
or has any direct interactions with the released growth factors.
But this study has confirmed that tranexamic acid has a positive
effect on delaying the degradation of PRF in vivo animal models.
As an indigenous material platelet concentrates, including PRF has
wider applications in tissue regeneration and healing including
periodontal regeneration. 21,22,29–31 In this context, the results of
the present study, revealing the positive effect of tranexamic acid
on PRF, is clinically significant and require further validation by
clinical research. Some limitations of this study that need to be
considered while interpreting the results are that it was only an
animal study and the healing was evaluated not in a periodontal
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wound. Thus, before confirming the clinical efficiency of PRF in
tissue healing and regeneration, further studies are required to
check whether tranexamic acid has any influence on the release
of growth factors from PRF. Moreover, to confirm its application in
periodontal regeneration, further research needs to be carried out
in experimentally induced periodontitis lesions in animal models
before proceeding to clinical trials.

C o n c lu s i o n
Tranexamic acid is effective in delaying the degradation of the PRF
membrane and has a positive impact on connective tissue healing
in rat models.

C l i n i c a l S i g n i f i c a n c e
Improved stability of PRF observed with the addition of tranexamic
acid will have wider applications in regenerative therapy using PRF.
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