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Abstract
Several studies demonstrate the effectiveness of Platelet Rich Plasma (PRP) as a promoter of the healing of tissue le-

sions, due to the high concentration of growth factors. The aim of this study was to evaluate different techniques of prepara-
tion and storage of PRP and its effectiveness in corneal lesions in dogs and cats.

Blood samples from ten healthy donor dogs were used for PRP production, with sodium citrate as an anticoagulant. 
Various centrifugation methods were compared and products obtained were examined microscopically for manual counting 
and morphological assessment of platelets immediately and after cryopreservation at +4 °C and -20° C for 1, 2, 3, 7, 14 and 
30 days. The refrigerated samples remained unchanged until 24 hours, while those frozen up to 14 days. For the clinical 
trial, two dogs and one cat with unilateral corneal ulcer were enrolled. They were treated with allogeneic PRP obtained from 
a donor dog and frozen in daily aliquots to be used as eye drop for 7-15 days. PRP was well tolerated in all the animals, 
which showed rapid improvement of the lesions. Although preliminary, the results support the use of PRP in veterinary oph-
thalmology, even when the patient’s condition prevents the collection of the autologous PRP (small size, bad temperament, 
hematological disorders).

In conclusion, although the effectiveness of PRP is now widely documented, the new challenge is to obtain a high 
quality, not too expensive, easy to prepare and stable product, all properties that make it suitable for a routine clinical use.
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Introduction
Platelet rich plasma (PRP) is a blood derived product that 

provides higher concentration of essential growth factors (GF) by 
concentrating platelets in a small volume of plasma. The GF, in-
cluding platelet-derived GF (PDGF), transforming GF-β (TGF-β), 
vascular endothelial GF (VEGF), fibroblastic GF (FGF), insulin-
like GF (IGF) and epidermal GF (EGF), have a major role in 
wound healing and enhance the physiological process at the site 
of the injury/surgery [1].Concentrated GF lead to accelerated en-
dothelial and epithelial regeneration and stimulate angiogenesis, 
collagen synthesis, soft-tissue healing, and homeostasis [2]. 

PRP currently has much broader clinical applications in hu-
mans and animals, extending to orthopedic, oral-maxillofacial, 
dermatologic surgery and sports medicine. Some researchers have 
found that autologous PRP promote cutaneous wound healing in 

dogs and other species [3-10]. PRP has also been used to repair 
cartilage, tendons, bone and skin [11-12].

In human ophthalmology some authors reported that PRP 
eye drops can be used to treat various ocular surface diseases, such 
as severe dry eye syndrome, persistent epithelial defects, and neu-
rotrophic keratitis [13]. In veterinary ophthalmology corneal ulcer 
healing was achieved in rabbits using PRP [14].

PRP can be processed for application as gel, clot, and graft 
or for injection at a site of injury. When the patient’s general condi-
tion prevents the use of own blood for the production of this con-
centrates or when it is difficult to collect blood, as in small animals, 
the heterologous PRP can also repair tissue injuries [12,14,15]. Al-
though the heterologous PRP can be preferable because there is 
no risk of cross infections, these preparations have varying quality 
of PRP, compared to allogeneic preparations provided by blood 
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banks according to standardized criteria [16].

Several protocols to obtain PRP were used, trying to opti-
mize temperature, centrifugation speed and duration. The final 
products have different pletelets concentrations, under-lining the 
lack of a standardized approach to these procedures [16] and mak-
ing it difficult to compare results. The ideal PRP should have a 
platelet concentration equal to 2-8 times the baseline content, with 
not too high numbers of mononuclear cells, neutrophils, and red 
blood cells that could affect the clinical efficacy of the product and 
cause an inflammatory response after its use [1].

The aim of this study was to establish a low-cost method 
to prepare PRP; different techniques of preparation of PRP from 
canine donors and storage were evaluated, comparing various 
centrifugation methods. Obtained products were examined micro-
scopically for manual cell counting and morphological assessment 
of platelets immediately and after cryopreservation at +4 °C and 
-20° C for 1, 2, 3, 7, 14 and 30 days. 

Furthermore, a preliminary clinical trial was performed to 
assess the efficacy of the allogeneic PRP in healing corneal lesions 
in dogs and cats.

Materials and methods
10 healthy adult Labrador retriever dogs (12-27 months 

of age; mean bodyweight: 26.09 Kg; five neutered males, three 
spayed and two intact females) were enrolled as blood donors with 
the informed owner consents. The results of physical examination 
complete blood cell count and serum chemistry (BUN, creatinine, 
ALT, AST, GGT, bilirubin, phosphorus, calcium and protein elec-
trophoresis) revealed no abnormalities. The dogs had not under-
gone drug treatment in the month prior to enrollment and were 
negative to serological and molecular tests for the canine vector 
borne disease that could be transmitted by blood products. The 
sampling was performed during the periodic health examinations. 
From each dog 10 mL of blood were collected. To obtain the PRP, 
tubes containing anticoagulant sodium citrate (3.0 mL) were used; 
samples were subjected to double centrifugation (Thermo Scien-
tific IEC CL10) for different times and revolution per minute (tests 
from 1 to 7), as reported in Table 1. After first centrifugation¾ of 
supernatant plasma were eliminated and the sample was centri-
fuged again, obtain in supernatant PRP (approximately 450-600 
μL in relation to the hematocrit of the blood sample).

N. Test
Centrifugation Methods

ReferencesFirst Centrifu-
gation

Second Cen-
trifugation 

 1 1200 rpm x 10’ 1200 rpm x 15’ Carvalho et al. 2011
 2 1000 rpm x 10’ 1500 rpm x 10’ Kim et al. 2012

 3 1100 rpm x 6’ 1400 rpm x 7’ Anitua et al. 2015
 4 2300 rpm x 15’ 3000 rpm x 10’ Anitua 1999
 5 2300 rpm x 10’ 1000 rpm x 12’ Personal Procedure
 6 1500 rpm x 5’ 3200 rpm x 15’ Personal Procedure
 7 1200 rpm x 10’ 700 rpm x 25’ Personal Procedure

Table 1: Centrifugation methods applied for the preparation of the PRP.

The product was then divided into 8 aliquots, taking care to 
prevent the activate platelets. A first aliquot was used for the as-
sessment of the number of white and red blood cells (Barker cham-
ber) and of the platelets and their morphology (Thoma chamber).In 
order to evaluate the storability of PRP, 3 aliquots were chilled to 
+ 4°C and analyzed after 24, 48 and 72 h; the remaining 4 aliquots 
were frozen at -20°C and analyzed after 2, 7, 14 and 30 days.

Subsequently, in order to evaluate the clinical effects of PRP 
on corneal lesions, 2 dogs and 1 cat were enrolled in the study. The 
animals, visited at the Veterinary Teaching Hospital of University 
of Messina because suffering from unilateral ulcerative corneal 
disease, were treated with allogeneic PRP (homologous in dogs 
and heterologous incats) by donor dogs, applied topically as drops 
in the conjunctival sac.

Case 1
An adult intact male Boxer dog (3 years) showed a chronic 

ulcerative keratitis in the right eye caused by a previous trauma. At 
the visit keratoconus, bullous keratitis with corneal neovascular-
ization and edema were observed; a round ulcer was localized in 
the central cornea, positive to the fluoresce in stain. The dog had 
been subjected to antibiotic and anti-inflammatory treatment for 
at least 7 days, without improvement. The dog was treated with 
autologous PRP eye drops twice daily for 15 days.

Fig. 1 – A: Adult male Boxer dog with a chronic ulcerative keratitis in the 
right eye. A bollous keratitis with central fluorescein positive ulcer was 
observed. B: At 15th days follow up disappearance of keratoconus and 
reduction of corneal vascularization were observed; a moderate corneal 
edema was still present.
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Case 3
An adult neutered male Domestic Short Hair (DSH) cat 

showed an infected corneal ulceration, as consequence of an ocu-
lar traumatic injury occurred for at least one week. The entire cor-
neal surface appeared edematous with a yellow stromal opacity; 
in the central cornea melting of the stroma was observed. Deep 
corneal “hedge-like” vessels were present for 360 degrees around 
the limbus. The cat was subjected to antibiotic treatment; heter-
ologous PRP was used because it was difficult to collect blood 
without a sedation of the cat. PRP eye drops were instilled twice 
daily for 15 days. 

After preparation, PRP was divided into daily aliquots (0.1 
mL) and immediately frozen. At the time of administration the 
PRP was defrosted at room temperature and a drop was placed 
into the affected eye.

Results
Preparation and storage of PRP -The automatic platelet count 

in donor dogs was on average 308, 6 ± 56, 1 x 103/µL (range: 228-
423 x 103/µL), so the samples were suitable for the preparation 
of the PRP. The results showed that the tests 1 to 4, performed 
according to methods described in the literature [17-20], and the 
tests 5 and 6, modified in accordance with our experiences, have 
not produced satisfactory results. In particular, although the num-
ber of platelets was increased than the corresponding whole blood, 
the cell morphology of platelets appeared altered and phenomena 
of aggregation and/or fragmentation were obvious. Moreover, a 
high number of red and white blood cells were present. The sample 
was not considered suitable and, therefore, does not proceeded to 
the next steps of cryopreservation (refrigeration and freezing). The 
test 7 has provided an adequate sample of PRP: the number of 
platelets oscillated between 590 x 103/µL and739 x 103/µL; the cell 
morphology was maintained, with a very low percentage of ele-
ments fragmented and/or activated. The number of red and white 
blood cell count was equal to 0/µL. The PRP, refrigerated at 4°C, 
after 24 hours showed number and morphology of platelets simi-
lar to that of fresh PRP; after 48 hours it was noted an apparent 
increase in the number of platelets per field, due to the presence 
of platelet scattered fragments and agglomerates, proving the ac-
tivation of platelet; after 72 hours a visible clot was present; the 
samples, therefore, not retained. The PRP, frozen at -20°C, after 48 
hours, 7 and 14 days was unchanged, both in platelets number and 
cell morphology; after 30 day of storage the number and morphol-
ogy of platelets could not be evaluated; numerous fragments and 
agglomerates were present in every sample.

Clinical trial-The PRP was well tolerated in the three ani-
mals investigated, which showed rapid improvement of the le-
sions. Case 1 at the first follow up visit (7th days) showed an im-
provement of the lesion with disappearance of keratoconus and 
significantly reduction of corneal edema and vascularization. At 
the second visit (15th days) the superficial corneal vessels were 
disappeared and a moderate degree of edema was still present in 
the central portion of cornea. Case 2 at the first follow up visit the 
epithelial ulcer was disappeared, as tested by negative fluoresce in 
stain. Case 3 at the 7th day follow up showed a moderate improve-
ment of the lesion, with the corneal stroma slightly harder than 
before the therapy; the diffuse corneal edema and the deep vessels 
from the limbus were still present. Only at 15th days follow up a 
significant healing with reduction of the corneal edema and vascu-
larization was observed. In this case the therapy was extended for 
one month, obtaining an almost complete recovery of the corneal 
tissue at this time, remaining a corneal leukoma in the central area, 
with some vessels from limbus. 

All animals showed no adverse effects with the use of these 

Case 2
An adult intact female Yorkshire terrier dog was affected by 

a spontaneous chronic corneal epithelial defect, which had caused 
a superficial recurrent ulceration located in the lateral cornea of 
the right eye. The dog had already presented two relapses within 
15 days. The autologous PRP eye drops was administered twice 
daily for 7 days. 

Fig. 2 - Adult female Yorkshire terrier dog affected by a spontaneous 
chronic corneal epithelial defect.
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products that were generally well tolerated, as referred by their 
owners.

Discussion
PRP is known to be powerful, effective, and safe cure for 

various wound-healing processes. Multiple commercial PRP sepa-
ration systems have been developed for both human and veteri-
nary use [1]. New challenge is to obtain a high quality product, 
easy to prepare and stable, all properties that make it suitable for a 
routine clinical use, although most method require expensive and 
sophisticated technical equipment. In this report we obtained ef-
fective, safe and inexpensive eye PRP drops to be used in clinical 
practice as therapeutic tool to enhance epithelial wound healing 
in ocular surface disease in dogs and cats. In our experience the 
storage conditions greatly influenced the quality of PRP After 30 
day of storage eat -20°C PRP samples showed various alterations. 
Therefore, based on these findings, the PRP should not be stored 
for a long time. 

Our results support the use of allogeneic PRP also in veteri-
nary ophthalmology, even when the patient’s condition prevents 
the collection of the autologous PRP (small size, bad temperament, 
hematological disorders).

PRP has shown beneficial effects in the cornea healing of the 
treated animals and no serious adverse effects have been described. 
The mechanism of action of PRP is likely based on the high con-
centration of epithelia-trophic growth factors, which might lead 
to faster healing. The high concentrations of growth factors also 
have an effect on tightening the epithelial adhesion complex that 
represents the basic principle of treatment of spontaneous chronic 
corneal epithelial defects. 

Conclusions
The study reported in this paper is certainly not without limi-

tations. First, the sample size was very small and further studies on 
larger patient series involving longer follow-up are needed in order 
to confirm our findings, standardized the preparation procedures of 
the PRP and determine the ideal duration of treatment. 

Despite this limitation this preliminary study could encour-
age the use of PRP in the field of veterinary ophthalmology as 
routine tool to improve the outcome of corneal ulcerative disease 
in dogs and cats.
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