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Bone Healing Enhancing with the Xenogenic (Horse) Lyophilized Leukocyte-and
Platelet-Rich Fibrin (L-Prf) in Rat Animal Model

ﬁbstract \

Introduction: Bone defects resulting from trauma, pathological conditions, or surgical interventions often require
advanced regenerative strategies, particularly when critical-sized defects exceed the body’s intrinsic healing
capacity. Among various biomaterials, Leukocyte- and Platelet-Rich Fibrin (L-PRF) has gained significant attention
for its autologous origin, bioactive properties, and potential application in both autologous and xenogenic forms
to enhance bone regeneration.

Materials & Methods: Adult male Wistar rats were randomly divided to four experimental groups to evaluate the
effects of equine-derived lyophilized L-PRF, with or without autologous bone grafts, on critical-sized radial bone
defects. L-PRF was prepared from equine blood, lyophilized, and applied to the defect sites, with bone healing
assessed via radiography and histopathology, and statistical differences among groups analyzed using non-
parametric methods.

Results & Discussion: Radiographic and histopathological analyses demonstrated that the autograft + L-PRF group
exhibited the most pronounced bone healing, with significantly higher Lane and Sandhu scores and evidence of
progressive cartilage-to-bone formation compared to the L-PRF alone and empty defect groups. The autograft
group also showed superior outcomes relative to L-PRF alone, while untreated defects displayed primarily fibrous
tissue with no bone formation, highlighting the synergistic effect of combining L-PRF with autologous bone grafts.
Conclusion: In this study, xenogenic equine-derived L-PRF enhanced the repair of critical-sized radial bone defects
in rats, with its combination with autografts yielding superior osteogenic outcomes compared to L-PRF alone.
Keywords: Leukocyte-Platelet-Rich Fibrin (L-PRF), Xenogenic L-PRF, Bone healing, Critical defect, Rat, Radiology,
Histopathology.
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to such injuries encompasses a highly regulated and multifaceted cascade
involving the recruitment of cellular and molecular mediators essential for
tissue regeneration and repair®®. Advancements in bone regeneration
research have been guided by the intrinsic mechanisms of physiological repair,
employing autologous bioactive factors to enhance and expedite
osteogenesis®. Recent studies have validated the effectiveness of biomaterials
in facilitating the reconstruction of critical -sized osseous defects!”). A critical-
sized bone defect refers to a structural osseous defect that exceeds the
intrinsic regenerative capacity of the body, rendering spontaneous healing
impossible and requiring surgical intervention to restore bone continuity and
function® Among the most promising scaffolding biomaterials, Leukocyte and
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Fibrin represents the activated form of the fibrinogen
molecule, playing a pivotal role in platelet
aggregation and blood coagulation. studies have
demonstrated that, through the centrifugation of
blood, a biologically active product known as
Leukocyte- and Platelet-Rich Fibrin (L-PRF) can be
obtained, which significantly contributes to healing of
wound and tissue regeneration . Leukocyte-and
Platelet-Rich Fibrin (L-PRF) is a new platelet
concentrates generation, distinguished by its
preparation method that requires no anticoagulants
or exogenous additives, thereby preserving its
natural  fibrin  architecture and  bioactive
components®®. A study conducted in 2012
demonstrated that Leukocyte-and Platelet-Rich
Fibrin (L-PRF) is capable of achieving a substantial
concentration of growth factors in its fibrin matrix,
thereby enhancing its potential for application in
orthopedic injuries and regenerative healing!*®.
Moreover, evidence from a 2022 study indicated that
Leukocyte- and Platelet-Rich Fibrin (L-PRF) plays a
substantial role in scalp defect regeneration in
humans, showing enhanced efficacy and superior
clinical outcomes relative to other conventional
regenerative approaches??. L-PRF has been shown to
enhance regenerative outcomes when combined
with adjunctive therapies. For instance, Sadeghian et

al. reported a synergistic effect of L-PRF in
conjunction with photobiomodulation therapy
(PBMT), further accelerating the bone healing
process?.  Most experimental and clinical

investigations have primarily focused on the
application of autologous L-PRF; however, recent
findings indicate that xenogeneic L-PRF may also
increase the regenerative potential of critical-sized
osseous defects??. In the present study, lyophilized
L-PRF powder derived from equine blood was
employed to investigate its potential effect on bone
regeneration in critical-sized radial defects in a rat
model. To date, the most recent research utilizing
xenogenic L-PRF was reported by Khanbazi et al., in
which bovine-derived L-PRF was used??,

Materials & Metho

Animal Model

Adult male Wistar albino rats were used as the model
in this study, as rats have been widely utilized due to
their close physiological and biological similarities to
humans and their suitability for monitoring bone
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healing processes®?. A total of twenty (n=20) healthy
adult rats, weighing 180-200 g, were selected.

Animal Grouping and Housing

The rats were divided into four experimental groups
randomly (5 in each group). After a one-day
acclimatization period and confirmation of their
health status, the animals were tagged and
transferred to the Surgery Department, Faculty of
Veterinary Medicine, Shiraz University. The study was
performed in four groups: Group | (Negative Control):
Bone defect without any treatment. Group Il (Positive
Control): Bone defect with autologous bone grafting
harvested from the defect site. Group lll: Bone defect
treated with equine-derived Leukocyte-and Platelet-
Rich Fibrin (L-PRF) powder combined with an
autologous bone graft. Group IV: Bone defect treated
with equine-derived Leukocyte-and Platelet-Rich
Fibrin (L-PRF) powder alone.

Preparation of Xenogeneic
Platelet-Rich Fibrin (L-PRF)

Approximately 20 mL of whole blood was achieved
from a healthy domestic horse housed at the Shiraz
University Veterinary School Stable. The sample was
transferred into  vacutainer tubes  without
anticoagulants and transported to the Veterinary
Laboratory within less than one minute after
collection. Following centrifugation (3000 rpm for 10
minutes), the samples separated into three distinct
layers: The upper layer consisting of acellular plasma,
The middle layer containing Leukocyte-and Platelet-
Rich  Fibrin (L-PRF), The lower containing
erythrocytes. Using sterile forceps, the L-PRF clots
were carefully harvested from the middle layer under
aseptic conditions!*® 23,

Leukocyte-

Preparation of Lyophilized L-PRF

Freshly prepared L-PRF clots were placed into sterile
test tubes, ensuring that the clots filled
approximately one-tenth of each tube’s volume. The
tubes were sealed with Parafilm—perforated to allow
minimal air exchange—preventing spillage during the
lyophilization process. The samples were stored in a
cryogenic freezer at -80 °C overnight and
subsequently lyophilized in Zirbus VaCo 5 Laboratory
Freeze Dryer machine following the protocol
described by Wang et al. ¥ : Cold trap temperature:
-45 °C £ 5 °C, Initial vacuum pressure: 0.1 mbar,
Primary drying time: 17 h, Final vacuum pressure:
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0.001 mbar, Secondary drying time: 8 h Upon
completion of the Iyophilization process, the
resulting L-PRF powder was achieved and in sealed
sterile tubes at room temperature for 24 hours stored
for further use.

Surgical Procedure

General anesthesia with injection of Ketamine (10%,
Alfasan, Netherlands) — 10 mL, Acepromazine (1%,
Alfasan, Netherlands) — 1 mL, Diazepam (10 mg) — 2
mL intramuscularly was achieved . A total volume of
0.3 mL of this mixture was administered
intramuscularly to each rat. A longitudinal incision on
craniolateral side of left forearm was done, and the
mid-diaphysis of the radius was exposed. A 3-mm
defect in the radial bone with using a 3-mm drill bit
was created, while the average radial shaft diameter
was approximately 1.2 mm. The animals were
allocated into four experimental groups as described
previously. The incision site was closed using a single
cruciate suture pattern under sterile conditions. To
prevent potential postoperative infection, 1 mL of
enrofloxacin (10%) diluted in distilled water (Enrofan
5%, Erfan, Tehran, Iran) was administered to each
animal.

Radiological Assessment

After anesthesia was made in rats, radiographic
images of the left forelimbs of the rats were obtained
postoperatively on days 35 and 64 in the lateral
projection (Varian Medical Systems). The obtained
radiographs were evaluated using the modified Lane
and Sandhu scoring system®?),

Histopathological Assessment

On day 64, all rats were humanely euthanized, and
bone samples were sent to the specialized pathology
laboratory for histopathological examination. After
dehydration, clearing, and embedding, 5 um
thickness of tissues were stained with hematoxylin
and eosin (H&E) to obtain histological slides.

The veterinary pathologist assessed the slides with
the Emery’s scoring system®® for bone healing as
summarized in Table 1.

Statistical Analysis

The collected data were systematically organized
using Microsoft Excel, tables were prepared in
Microsoft Word, and all datasets were subsequently
analyzed statistically using the Kruskal-Wallis non-
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parametric one-way ANOVA to assess differences
among the experimental groups. When a statistically
significant difference was detected (< 0.05), pairwise
comparisons were performed using the Mann—
Whitney U test. A p-value < 0.05 was considered
statistically significant. All statistical analyses were
conducted using SPSS statistical software (Version 26,
IBM Corp., Armonk, NY, USA).

Clinical evaluation

There was no death and no ulnar fracture in the
study period .

Radiographic findings:

The results of the radiological assessment of proximal
union, distal union, bone formation, and remodeling
are presented in Table 2.

As shown in Table 2, the empty defect group
demonstrated significantly inferior performance
compared to both the autograft and the autograft +
L-PRF group at 35 and 64 days (p < 0.05). On day 35,
the autograft group had significantly better outcome
compared to the L-PRF (p < 0.05). Moreover, at both
day 35 and day 64, the autograft + L-PRF group
showed markedly superior performance compared to
the L-PRF group, achieving a median Lane and Sandhu
score of 8. These results indicate that autograft + L-
PRF group exhibited a superior bone healing
response. There is no statistically significant
differences between the other groups (p > 0.05).

Histopathological Findings

Histopathological evaluation conducted at 64 days
postoperatively revealed the following findings. In
the group with empty defect, irregular loose
connective tissue was observed at the bone defect.
The defect margins were primarily composed of
fibroblasts, fibrocytes, and collagen, with no sign of
formation of bone or cartilage in the untreated
lesions(Figure 1). In the autograft group, well-
developed cartilage with clearly visible chondrocytes
was observed along with early signs of compact bone
formation, including the presence of Haversian canals
(Figure 2). In the autograft + L-PRF group, immature
bone tissue was formed, with a pronounced
progression from cartilage to bone (Figure 3). In the
L-PRF group, connective tissue and cartilage were

]
J




Sobhan Razavian et al.

present at the defect site, with ongoing development
of trabecular bone(Figure 4). The results of the
histopathological evaluation across the experimental
groups are presented in Table 3. Data were initially
analyzed and statistically significant differences were
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observed (p < 0.05), Empty defect group had a
statistically significant difference compared with the
autograft group (p = 0.01) or the autograft + L-PRF
group (p = 0.08), demonstrating markedly inferior
performance in both comparisons.

Table 1: Emery’s Histological Bone Healing Scoring System

Score Dominant Tissue Type Histological Description
0 Empty defect No tissue formation; the defect remains unfilled.
P inantly fi i
1 redominan »;S:J:us connective Defect filled mainly with fibrous tissue; minimal cellular organization.
. . . Fibrous connective tissue dominates; small islands of immature cartilage
2 Fibrous tissue > cartilage
observed.
3 Cartilage > fibrous tissue Cartilaginous matrix becomesj more pronounced, replacing most of the
fibrous tissue.
4 Pure cartilage Defect filled entirely with hyaline-like cartilage; no evidence of ossification.
5 Cartilage > bone Early endochondral ossification; cartilage partially replaced by immature
woven bone.
. Woven bone dominates with small residual cartilaginous areas; advancing
6 Bone > cartilage -
ossification.
7 Pure bone Defect completely bridged by mature bone; full osseous healing achieved.
Table 2: Radiographic Evaluation of results
Da Group-l (Empty Defect) | Group-ll (Autograft) | Group Il (Autograft + L-PRF) | Group-IV (L-PRF) value
¥ Median (Range) Median (Range) Median (Range) Median (Range) P
Day 35 3 (1-3)* 7 (5-8)* 8 (6-8)* 4 (3-4) 0.004
Day 64 4 (4-5)* 7 (4-8) 8 (8-8)* 5 (4-7) 0.010

Values are presented as median (minimum—maximum). * show statistically significant differences between groups (p < 0.05).

Table 3: Histopathological evaluation of results

Group Empty Autograft | L- Autograft + L- | p-

defect PRF PRF value
Histopathological bone healing score (Day 64) | 1 (1-3)® 6 (5-6) 3 3-1|5@-5 0.003
(Median [range]) 4)

Values are presented as median (minimum—maximum). Superscript letter (°) shows statistically significant difference between groups (p

<0.05).

Figure 1: Histopathological image of the untreated group defect site. RBE: radial bone edge, LCT: loose
connective tissue. (H&E. x40)
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Figure 2: Histopathological images of the autograft group defect site. HC: Haversian canal, CH:
chondrocyte. (H&E. x40, x400)
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Figure 3: Histopathological images of the autograft + L-PRF group defect site. LCT: loose connective tissue,
RBE: radial bone edge, C: cartilage, WB: woven bone. (H&E. x100)

B

Figure 4: Histopathological image of the L-PRF group defect site. LCT: loose connective tissue, C: cartilage.
(H&E. x40, x400)

Leukocyte and Platelet-Rich Fibrin (L-PRF) offers
distinct  advantages over earlier platelet
concentrating systems, as it is prepared without
anticoagulants or additives and forms a dense fibrin
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matrix that gradually releases cytokines while
supporting cell migration. Its simple, low-cost, and
reproducible protocol enables the production of
multiple clots, while the inclusion of leukocytes
enhances angiogenesis and immune modulation,
making L-PRF a clinically versatile biomaterial®®”).
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Leukocyte-and Platelet-Rich Fibrin (L-PRF) forms a
dense, well-polymerized fibrin matrix containing a
viable population of leukocytes and platelets, which
ensures structural integrity and for at least seven
days releasing of growth factors like TGF-B1, PDGF-
AB, VEGF, and BMP-2 significantly increased & 29,
The fibrin network formed during centrifugation
exhibits a three-dimensional, permeable architecture
that supports cellular colonization and accelerates
wound and bone healing when combined with grafts.
As an autologous biomaterial, L-PRF eliminates risks
of infection or disease transmission®? Also, Its dense,
elastic fibrin matrix supports cell adhesion and
proliferation while modulating inflammation and
macrophage polarization toward a regenerative M2
phenotype. With minimal immunogenicity and
excellent handling properties, L-PRF facilitates soft
tissue and hard tissue repair, and that makes it as a
valuable tool in regenerative medicine.®!

The present study demonstrates the effect of L-PRF
in stimulating the repair of critical-sized radius
defects in rats, as confirmed by both radiological and
histopathological analyses. In this study, equine
blood was utilized to produce a novel xenogenic L-
PRF, and the results indicate its significant potential
in enhancing bone regeneration. As demonstrated in
numerous previous studies, L-PRF exerts a positive
impact on healing of bone ©?39 and therefore
unsurprising that a similar regenerative response was
observed in the present investigation. Consistent
with  previous reports, fibrin-based platelet
concentrates and L-PRF membranes provide a
supportive, biologically active three-dimensional
matrix that promotes cell adhesion, proliferation,
angiogenesis, and sustained release of bioactive
molecules while exerting antibacterial and analgesic
effects. These properties align with our findings,
highlighting the potential for regeneration of L-PRF in
enhancing the repair of challenging tissue defects,
including bone lesions®®® 37, While previous studies
utilized other forms of L-PRF, we employed
lyophilized L-PRF, which, as Qi Li et al. demonstrated,
provides improved shelf-life, enhanced osteogenic
potential, and better tissue integration in comparison
to fresh PRF©®),

Previous study showed that worked on periodontal
regeneration, indicate that incorporating PRF with
open flap debridement (OFD) enhances vertical
clinical attachment levels (VCAL) compared to
horizontal clinical attachment levels (HCAL) and
radiographic bone fill (RFB) outcomes in managing
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class Il furcation defects compared to OFD alone.
Moreover, the combination of bone grafts (BG) and
PRF, results in statistically significant additional
improvements in VCAL/HCAL®?. As in oral surgery, L-
PRF also been wused in cranial surgery and
demonstrated  comparable  effectiveness  to
commercial fibrin sealants for dural reinforcement
without any safety concerns, and its integration into
clinical practice may offer significant cost advantages
due to its affordability and availability“?. Despite
variations among studies, evidence shows that PRF
enhances key cellular processes involved in anti-
inflammation process*Y and, whether used alone or
in combination with metronidazole, -effectively
contributes to the successful management of
moderate periodontitis“?.

Juan Blanco et al. suggests the effectiveness of L-PRF
on bone tissue regeneration remains debatable and
requires further investigation, nonetheless, its
positive impact on soft tissue healing has been well
established®). also the study of Fernanda Faot et al.,
showed that L-PRF can not improve the non-critical
bone defects healing in the rabbit tibia**.

A study have indicated that the osteogenic
effectiveness of L-PRF on bone repair can be
significantly enhanced when applied in combination
with an additional reparative factor, suggesting that
its therapeutic potential may be greater in a
synergistic context than when used alone!*. As José
Augusto Gabarra Junior et al. suggested that the
combination of nanohydroxyapatite with L-PRF
promote better bone formation compared to other
tested composite materials*®. Our findings are
consistent with this concept, as the autograft + L-PRF
group exhibited greater bone regeneration compared
to the L-PRF-only group, indicating that combining L-
PRF with an additional reparative factor can enhance
osteogenic outcomes. This is in line with numerous
studies demonstrating that autografts alone are also
capable of accelerating bone formation at defect
sites@749),

Emerging evidence suggests that alternative platelet-
rich fibrin formulations, including injectable platelet-
rich fibrin (i-PRF) and advanced platelet-rich fibrin (A-
PRF) may outperform conventional L-PRF in the
sustainable growth factors release and stimulation of
osteogenesis. 5% %

Consequently, future investigations should prioritize
these advanced PRF variants and rigorously evaluate
their synergistic potential when combined with
established regenerative modalities, such as
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autologous bone grafts, to optimize bone healing
outcomes.

Conclusion

lyophilized L-PRF is a versatile autologous biomaterial
that enhances tissue regeneration through its dense
fibrin matrix, sustained growth factor release, and
modulation of inflammation, angiogenesis, and cell
proliferation. This study showed that xenogenic
lyophilized L-PRF derived from equine blood had a
positive impact on the repair of critical-sized radius
defects in rats. Moreover, combination of L-PRF with
autografts leads to superior healing in bone in
comparison to the use of L-PRF alone, indicating a
synergistic effect that enhances osteogenic
outcomes.
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