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The molecular systemic and local effects of intra-
tendinous injection of Platelet Rich Plasma in
tendinosis: preliminary results on a rat model with
ELISA method

showed no significant modification of their biologi-

cal markers at D7, D13, D18 and D25 (p>0.22). Com-

parison of immunological sample tendon markers

of PRPT+, PST+ and T+ groups also showed no sig-

nificant modification of markers at D7, D13, D18

and D25 (p>0.16) considering each biological mark-

er and also all subgroups confounded.

Conclusion: our study strongly suggests that a sin-

gle intratendinous US-guided injection of PRP in

Achilles and patellar T+ doesn’t increase biological

markers such as growth factors compared to a con-

trol group in mid-term and long-term follow-up.
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Key Points: our goal was to assess the systemic and

local molecular effect of intratendinous injection of

PRP in tendinosis.

We used patellar and Achilles tendinosis in a rat

model with adequate controls.

We precisely defined platelet, leukocyte concentra-

tions in PRP, on a large cohort.

We evaluated PRP biological molecular systemic and

local effects.

We provide strong evidence that PRP didn’t increase

biological markers, particularly growth factors, in

serum and tendon dosages in PRP treated tendinosis

compared to placebo group in mid-term and long-

term follow-up.

Introduction

Tendinosis (T+) is a very common and disabling con-

dition, resulting in impairment of quality of life. In-

deed, T+ of the rotator cuff is the most common mus-

culoskeletal cause of shoulder pain in the general

population, mainly women between 40 and 65 year

old in Europe whereas Achille’s T+ affects 5-6% of

the general population, especially young men in

North America. In most cases, this condition pro-

gresses to a disabling pain or tendon rupture1,2.

The healthy tendon is composed of type 1 collagen

and a few elastic fibers, within a ground substance

containing cells (tenocytes and tenoblasts) and water.

In case of T+, histology mainly shows thinned and

disorganized collagen fibers and increased interfibril-

lar glycosaminoglycans deposition with production of

prostaglandins [PGE2, Interleukines (IL6, IL1B), cy-

clooxygenase (COX2) and matrix metalloproteinase
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Summary

Purpose: the aim of our study was thus to quanti-

fy the effect of Platelet Rich Plasma (PRP) injec-

tion on systemic and local growth factors and to

identify molecular markers in a rat model of patel-

lar and Achilles tendinosis treated with PRP.

Material and method: twenty two rats were used

for the study. Two healthy rats were used as con-

trol (T-). We induced tendinosis (T+) in 20 rats (80

tendons by injecting under ultrasonography (US)

guidance Collagenase 1® (day 0 = D0, patellar=40

and Achilles=40).

At D3, these 20 rats with tendinosis were separat-

ed in treatment by either PRP (PRPT+, n=28),

physiological serum (PST+, n=28, control) US-

guided intratendinous injection, or without no

PRP or PS (T+, n=24, control of natural evolution

of tendinopathy). Follow-up at D7, D13, D18 and

D25 using serum sample and local tendon re-

moval with ELISA technics and comparison be-

tween the 3 groups were performed.

Results: during biological follow up, comparison of

all serum samples of PRPT+, PST+ and T+ groups
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pean Union (Animal Facility Agreement 75-18-03,

2005), and animal experimentation was performed

under the authorization **BLINDED** Ministry of Agri-

culture.

Twenty two immunocompetent male Sprague Dawley

rats (providing 88 patellar and Achilles tendons)

weighing 250 to 350 g were used for the study. The

rats were sedated before and during each manipula-

tion with Isoflurane® (5% for induction and 2.5% for

maintenance). Two protocols were used, one to as-

sess the systemic molecular effect of intratendinous

injection of PRP in T+ and a second one to assess lo-

cal molecular effect of PRP in T+.

Protocol 1 (PRP systemic effect):

At Day 0, 10 serum samples of venous blood (jugular

puncture) were made on healthy rats to take normal

values of systemic biological markers for “baseline”

(T-). After, we induced chemical T+ in 20 rats (80

patellar and Achilles tendons) by a single intratendi-

nous injection of Type 1 Collagenase Gibco™ (250 U

ie 30 µl, dissolved in 0.09 saline solution PROAM®)

using a 29 G needle, under Ultrasound (US) guid-

ance by a single operator. This model of T+ has

been described in previous publications and permits

one to obtain an animal model of T+ as early as 3

days after collagenase injection and thereafter, up to

12 weeks18,19.

At day 3, we initiated treatment using either PRP

(group 1, n=7 rats) or Physiological Serum (PS, con-

trol= group 2 n=7 rats) by the same single operator.

Six rats received no injection: they allowed witness-

es to the natural evolution of tendinopathy (group 3,

n=6 rats).

Treatment consisted of a single intratendinous injec-

tion, under US guidance (targeting the thickened seg-

ment of the tendon), using a 29 G needle of either 0.1

ml of PRP (PRPT+) or 0.1 ml of PS (ST+). The basic

mechanisms for preparing PRP involved withdrawal of

the rat’s peripheral jugular blood (3 ml) and a single 8

minute spin centrifugation (3000 G) with no activator

to obtain a final volume of PRP (visible as a yellow

layer) of 1 ml. This PRP obtained had a platelet con-

centration equal to 3 times (mean =1.500.000±42.000)

the concentration measured in the blood as verified

using a conventional cytometry method by Scil vet abc

Plus®. We chose this concentration as it is the lowest

accepted platelet concentration for PRP without acti-

vator. Our PRP preparation was also poor in leuko-

cytes to avoid any acute inflammatory response with

catabolic effects20,21.

No specific regimen or restricted activity followed the

PRP or PS injection. Figure 1 shows the 3 bottles of

supernatant (Platelet Poor Plasma), PRP and red

cells, after conventional cytometry method.

To compare the systemic effect of PRP, 3 mL of ve-

nous blood serum were collected by transjugular

blood puncture (Fig. 2) for systemic biochemical as-

sessment from each rat in each group at each time

point (Tab. 1).

(MMP1, MMP3) expression]. Neo-angiogenesis and

nerve fiber development have also been reported at

the beginning of T+ and throughout tendon healing.

Inflammatory lesions are rare, but may be associated

with tendon rupture3. Early treatment of T+ should

therefore be recommended to avoid complications.

Several lines of research have been explored for the

treatment of T+ and tendon rupture, including Ultra-

sound (US)-guided fenestration or tenotomy4, and in-

tratendinous injections of hyperosmolar solutions5,

bone morphogenic protein6, or platelet-rich plasma

(PRP), with varying efficiencies7,8. Despite these po-

tential treatments, peri-tendinous injection of corticos-

teroid remains the commonly accepted strategy to

treat diseases of the tendon, despite the absence of

inflammation in T+ in this condition, and the proven

serious side effects (tendon rupture)9 due in part to

intra-tendinous injection. PRP is defined as plasma

with a platelet concentration (from 1,000000 to

2,400000 par µL) 3 to 8 times higher than in blood,

which promotes stem cell recruitment and directly

stimulates collagen production by the tendon

tenoblasts10 with proliferation and differentiation of

human tenocytes in response to PRP. PRP can be di-

rectly injected into tendons to enhance local platelet

concentration. Numerous in vitro11-13 and animal

studies using this technique have been performed in

animal models of tendon rupture or T+ with results

demonstrating improvement of clinical and histologi-

cal repair14,15. Similarly, human studies have shown

discordant results regarding pain reduction in differ-

ent tendon locations16.

To our knowledge, no studies have been performed

on an animal model to quantify the effect of PRP in-

jection on systemic and local molecular marker as

growth factors to permit tendon healing.

Recently, a descriptive laboratory study suggested, in

a small number of patients (n=25), that PRP intra-

tendinous injection may trigger systemic increases

basic fibroblast growth factor (bFGF), vascular en-

dothelial growth factor (VEGF), and platelet-derived

growth factor-BB (PDGF-BB) in competitive athletes

with evidence that VEGF could serve as a useful mol-

ecular marker to detect athletes treated with PRP.

Unfortunately, the platelet or leukocyte counts in the

PRP treatment were not reported, nor were lesion

size, or chronicity of the condition17.

Strong evidence that PRP might increase systemic

and local growth factors to treat T+ in animal models

is therefore not available. Like in humans, our hy-

pothesis was that PRP increase growth factors pro-

duction in an extended way. The aim of our study

was thus to quantify the effect of PRP injection on

systemic and local growth factors and to identify mol-

ecular markers in a rat model of patellar and Achilles

T+ treated with PRP.

Materials and methods

The procedure and animal care complied with the

“Principles of animal care” formulated by the Euro-
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Protocol 2 (PRP local effect):

PRP local effect was studied by comparing 80 ten-

dons with chemical tendinosis induction (T+) injected

with PRP (PRPT+, group 1, n=28, patellar =14,

Achilles=14), injected with PS (PST+, group 2, n=28,

patellar =14, Achilles=14) or not injected (T+, group

3, n=24, patellar =12, Achilles=12).

At day 3, 7, 13 and 18, one rat (4 tendons) was sacri-

ficed in each group. At day 25, 3 rats were sacrificed

in group 1 and 2; 2 were sacrificed in group 3. Biolog-

ical examination (evaluation of local biological mark-

ers) was performed on each sacrificed T+ rat during

follow up on sample tendon.

Figure 3 shows removal of left Achilles tendon at day

25 for local biochemical assessment.

Two rats (8 tendons) served as “baseline” and have

received no injection of collagenase, PRP or PS. At

day 0, they were directly sacrificed to take normal

values of local biological markers in healthy patellar

(n= 4 T-) and Achilles tendon (n= 4 T-).

All the study design was summarized in Table 1.

ELISA method and data biological analysis

Biological evaluation of blood and tendon sample used

enzyme-linked immunology assay [ELISA: Bio-Plex

ProTM Rat cytokine 24-plex Assay - BIO-RAD TM (order

catalog 171-K1001M)] screening method17 with focus on:

Figure 1. Presentation (from left to right) of the 3 bottles

supernatant (Platelet Poor Plasma), PRP and red cells, af-

ter conventional cytometry method by Scil vet abc Plus®.

Figure 3. Removal of left Achilles tendon (a) and righ patel-

lar tendon (b) at day 25 for local biochemical assessment.

Figure 2. Recurring transjugular blood puncture (3 ml) at

day 13 for systemic biochemical assessment.

Table 1. Serum assays were performed on 3 randomly rats selected from the remaining rats not yet sacrificed. One

rat per group was sacrificed at each step for the removal of tendons.

n at D0 D3 D7 D13 D18 D25

Systemic assessment (n=rats) No injection 6 rats 3 3 3 3 2

PS 7 rats 3 3 3 3 3

PRP 7 rats 4 4 4 4 3

Local assessment (n=tendons) No injection 24 tendons 4 (1 rat) 4 (1 rat) 4 (1 rat) 4 (1 rat) 8 (2 rats)

PS 28 tendons 4 (1 rat) 4 (1 rat) 4 (1 rat) 4 (1 rat) 12 (3 rats)

PRP 28 tendons 4 (1 rat) 4 (1 rat) 4 (1 rat) 4 (1 rat) 12 (3 rats)

a

b
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- Ra IL1a, 1b, 2, 4, 5, 6, 7, 10, 12, 13,17, 18.

- Ra EPO, G CSF, GM CSF.

- Ra GRO/KC, IFN-g, M-CSF.

- Ra MIP-1°, MIP-3°, RANTES.

- Ra TNF-a, RA VEGF.

To study the immunological markers on serum sample

(protocol 1): a sample (with EDTA: Ethylenediaminete-

traacetic acid) from venous blood of 2 ml jugular level

has been achieved. It has been a first centrifugation at

2,000 jets for 10 minutes. Plasma itself underwent cen-

trifugation at 2,500 jets for 15 minutes. A tube 100 mi-

croliters was individualized for the ELISA assay.

For the study of immunological markers in tendon

(protocol 2): Achilles and patellar tendons collected

were weighed. Tendons were in RPMI (for 10 mil-

ligrams of tendon 100 milliliters of saline are added).

The result were incubated 24 hours at 37° C then

centrifuged at 3000 jets for 10 minutes. The super-

natant was recovered and considered as sample ten-

don environment. These environments were individu-

alized for assay by ELISA technique.

Operators were blinded to the status of tendons.

Statistical analysis

Statistical analysis was performed using MedCalc®

software 11.0.

Comparative series were considered independent of

each other. A mean value and standard deviation

was calculated for each rat at each control in the 3

groups for each biological marker. To study the ef-

fects of PRP, we compared the biological systemic

and local markers of PRPT+, PST+, T+ and T- at day

0, day 3, day 7, day 13, day 18 and day 25, using

paired t-tests. Then, we assessed the evolution of bi-

ological systemic and local markers of PRPT+, PST+,

T+ and T- at day 3, day 7, day 13, day 18 and day

25, using a Kruskal-Wallis test.

We considered p < 0.05 as significant.

Results

Protocol 1 (PRP systemic effect):

During biological follow up, comparison of all serum

samples of PRPT+, PST+ and T+ groups (transversal

assessment) showed no significant modification of

their biological markers at day 7 (p=0.22), day 13

(p=0.28), day 18 (p=0.83) and day 25 (p=0.64) con-

sidering each biological marker and also all sub-

groups confounded.

Similarly at day 0, day 3, day 7, day 13, day 18 and

day 25 (longitudinal assessment), ELISA showed no

significant modification of each biological markers in

each group T-, PRPT+, PST+ and T+(p>0.73).

Table 2 summarizes mean and standard deviation of

each biological systemic sample for PRPT+, PST+ T-

and T+ animals at day 0, day 3, day 7, day 13, day

18 and day 25.

Protocol 2 (PRP local effect):

During biological follow up, comparison of immuno-

logical sample tendon markers of PRPT+, PST+ and

T+ groups (transversal assessment) showed no sig-

nificant modification of their biological markers at day

7 (p=0.2), day 13 (p=0.58), day 18 (p=0.4) and day

25 (p=0.16) considering each biological marker and

also all subgroups confounded.

Table 2. Mean and standard deviation of systemic biological markers at day 0, 3, 6, 13, 18 and 25.
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Similarly at day 0, day 3, day 7, day 13, day 18 and

day 25 (longitudinal assessment), ELISA showed no

significant modification of biological markers in each

group T-, PRPT+, PST+ and T+ (p>0.14).

Table 3 summarizes mean and standard deviation of

each immunological sample tendon markers for PRPT+,

PST+ T- and T+ animals at day 0, day 3, day 7, day 13,

day 18 and day 25 whereas graphs 1 and 2 focus about

main cytokine systemic and local evolution in the differ-

ent groups.

Table 3. Mean and standard deviation of local biological markers at day 0, 3, 6, 13, 18 and 25.

Graph 1. Systemic main cytokines evolution in

PRPT+, PST+ and T+ groups (transversal assess-

ment): TNF alpha, VEGF, IL-1a, IL- 1B, and IL-6.

Graph 2. Local main cytokines evolution in PRPT+,

PST+ and T+ groups (transversal assessment):

TNF alpha, VEGF, IL-1a, IL- 1B, and IL-6.



Discussion

Our study strongly suggests that a single intratendi-

nous US-guided injection of PRP in Achilles and patel-

lar T+ doesn’t increase biological markers such as

growth factors compared to a control group in mid-

term and long-term follow-up. These results are poten-

tially important as, to our knowledge, there has been

no study demonstrating the immunological effects of

PRP, early in the natural evolution of tendinopathy,

before tendon rupture and before the onset of chronic

pain.

Reports assessing autologous blood, PRP or vari-

cose vein-sclerosing drugs, injected in different sites

(intra, peritendinous) under different conditions (clini-

cally-guided, imaging-guided), in heterogeneous pop-

ulations, including patients with T+ and patients with

rupture, with no long term follow-up and no histologi-

cal examination9,22,23 have provided contradictory re-

sults. Thus, there is no clear conclusion regarding the

curative effect of PRP in T+.

By recently assessing PRP in a rat model [with fixed

platelet concentration in PRP (x3) and no adjuvant],

with a systematic clinical and US follow-up and histo-

logical examination, we have previously provide

strong evidence that PRP might be a useful strategy

to treat T+15. In this study, we used the same setup,

animal model, and controlled PRP preparation proto-

col as described in our pre-clinical model. Based on

these results and the potential healing of PRP to

stimulate thrombus in tendon as described above, our

next step was therefore to assess, after clinical, US

and histological evaluation, the biological potential ef-

fect PRP to increase growth factor concentration as

recently investigated and described in human17.

Indeed, in literature, intratendinous PRP injection, by

locally providing important concentration of active

growth factors (PDGF, TGF-b, VEGF...), might pro-

mote stem cell recruitment and fibroblast collagen pro-

duction, and therefore stimulate tendon cicatrization10.

Moreover, in recent series on human model, Waster-

lain AS et al. assayed 6 growth factors by ELISA

method in 25 patients before and after intratendinous

injection of PRP: human growth hormone (hGH), in-

sulin-like growth factor-1 (IGF -1), insulin-like growth

factor binding protein- 3 (IGFBP -3), basic fibroblast

growth factor (bFGF or FGF -2), vascular endothelial

growth factor (VEGF ) and platelet-derived growth fac-

tor-BB (PDGF- BB). They showed a significant in-

crease in blood of several growth factors, particularly

VEGF which would be the best serum marker of PRP

therapy. However, this study, with multiple blood

puncture near to the injection of PRP time, only fol-

lowed the athletes during 96 h (6 noncash between

0.25 and 96 h), with no food or any type of physical

exercise 3 hours before each serum sample. His aim

was rather to know the short-term effects of injection

of PRP for assessing growth factors in the doping. In-

deed, PRP treats sports 86,000 athletes in the United

States each year and is not considered as doping

substance, while growth factors are banned by the

World Anti-Doping Agency (WADA).
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In our animal experience, the first serum assays were

beginning 72 h post PRP injection with a long term fol-

low up of 25 days without limitation in terms of food or

exercise for animals, in order to correlate possible

changes in serum phases of tendon repair, but even

early assays at day 3 showed no difference. In another

animal study performed on horses, McCarrel TM et

al.21 demonstrate a lower level of expression of inter-

leukin 1 beta and TNF alpha in tendons treated with a

low concentration of leucocytes in PRP compared to

intermediate and high levels. This could explain in part

our results concerning IL 1 and TNF alpha, in compari-

son with Wasterlain et al. in which the platelet or leuko-

cyte counts in the PRP treatment were not reported.

Moreover, we didn’t find any significant changes in

the evaluated biomarkers after collagenase injection

during the natural evolution of T+ in the untreated

group. We also highlight an interesting to know the

important inter-individual variation for all interleukins

and growth factors at day 0 (baseline) in the physio-

logical state, without inducing element tendinopathy.

Indeed, we observed very different values, including

VEGF ranging from non-detectable to important value

(Tab. 2). These very different inter-individual per-

spective core values could be an answer as to the in-

effectiveness of PRP in some individuals. A dosing

study of physiological values of growth factors and in-

terleukins humans (in a non-patient population) to

search for possible differences might be interesting to

explain some differences in efficiency, according to

the Authors, protocols and series.

Our in vitro study suffers from three biases: first, we

measured prostaglandins, interleukins and growth

factors directly in the serum using ELISA, instead of

the more commonly used method that indirectly mea-

sured RNA with RT-PCR24. We choose the ELISA

method as we had been using it since many years in

our laboratory where the method was validated with

internal controls and used in the work of several pub-

lications25,26. Second, twenty-two rats were included

in our study but due to the iterative sacrifices to allow

the collection of tendons during follow-up, only 3 rats

in the group without injection as well as in the group

treated with PS and only 4 in the PRP group were

taken at each step. Although this population was suf-

ficient for statistical calculation, additional studies in-

cluding a larger number of rats will be needed in the

future to confirm our preliminary results. Third, we did

not focus on short term biological effect of PRP and

an earlier measurement should be performed in fu-

ture studies. Such results necessitate however addi-

tional studies before the protocol can be applied to

human patients27.

Conclusion

Our study suggests that a mono-injection of PRP in

tendinosis using a controlled concentration of platelets

and leukocytes doesn’t increase biological markers

such as growth factor in rats in mid-term and long-

term follow-up, according to ELISA criteria. Biological
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studies, prospectively comparing PRP to placebo con-

trol group should be initiated in the future.
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