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Abstract: Low invasiveness is the main goal of modern surgery. The use of platelet-rich plasma
(PRP) is known to be effective in a variety of applications, such as oral, maxillofacial, orthopedic,
dermatologic and cosmetic surgeries. However, a potential ergogenic and carcinogenic effect of
PRP derivatives by means of the insulin-like growth factor-1 (IGF-1) pathway has been suggested.
Because of this notion, the purpose of this study is to assess the effect of a commercially available
PRP-derivative intramuscular injection in the lumbar muscular tissue (local effect) and to determine
the IGF-1 blood concentration (systemic effect) on healthy beagle dogs. Local effect was evaluated by
computed tomography (CT) scan and echography, and systemic effect was calculated by blood testing
on days 0, 14, 28, 42 and 56. No statistically significant changes were observed; thus, PRGF could be
considered safe when using therapeutic doses.

Keywords: platelet-rich plasma (PRP); plasma rich in growth factors (PRGF); insulin-like growth
factor-1 (IGF-1); canine

1. Introduction

The main goal of modern surgery is to reduce invasiveness and increase the healing process.
Regenerative medicine is now one of the most attractive and interesting disciplines that aims to
regenerate or repair damaged tissues [1]. Platelet-rich plasma (PRP) is currently used in different
medical fields and involves a minimum risk of immune reactions and transmission of diseases [2].
The first descriptions of the development and use of PRP were in the early 1970s in the hematology
field, followed by maxillofacial and oral surgery [3]. Subsequently, PRP has been used in a wide variety
of disciplines, such as aesthetic dermatology [4], including alopecia [5] and skin rejuvenation [6];
the musculoskeletal field [7]; oral and maxillofacial surgery [8]; and ophthalmology [9].

In recent years, the use of regenerative therapies, such as plasma rich in growth factors (PRGF),
a PRP derivative, is also gaining interest to promote healing in muscle injuries, and consequently,
to enable the patient to resume daily and sports-related activities quickly without relapse.
A considerable number of authors have reported that growth factors (GFs) and fibrin matrix are
crucial for the muscle repair and regeneration process by promoting myogenesis, angiogenesis and
fibrogenesis [10,11], and promising results have been proven with this novel biological approach in
managing musculoskeletal pathologies [12].
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Besides the possible beneficial effects of PRP derivatives, several concerns have been raised
regarding undesirable side effects. Some authors describe a potential carcinogenetic effect related
to the insulin-like growth factor-1 in humans (IGF-1) [13–16]. In veterinary medicine, some studies
demonstrated IGF-1 receptor expression and its role in canine osteosarcoma [17] and mammary gland
carcinoma [18]. In this sense, there are different IGF-1 isoforms, such as IGF-1Ea, IGF-1Eb and IGF-1Ec.
The IGF-1Ec isoform has an important role in physiology and cancer biology through its Ec peptide.
After the tissue is damaged from mechanical stimuli, IGF-1Ec isoform and the Ec peptide levels are
induced in the muscle, tendon and bone, and its secretion produces cellular proliferation [18–20].

Multiple GFs are secreted during muscle repair and hypertrophy, but only IGF-1 and its isoforms
participate in muscle proliferation, differentiation and regeneration [21]. It has been demonstrated
that IGF-1, at the onset of the mechanical stress on human skeletal muscle cells, increases IGF-1Ec
isoform [22]. Moreover, the application of the Ec peptide in a rat model provided an increase in the
expression of myofibroblasts in wound healing [23]. Overall, published scientific research supports
that GFs included in PRP are unlikely to trigger a potent ergogenic effect. Regarding IGF-1, the doses in
PRP are subtherapeutic, only 1% of the total IGF-1 is biologically available. IGF-1 in plasma has a low
half-life (20 h) in humans [24], and although we could not find published data, dogs should be similar.
To demonstrate this controversy, the use of PRP intramuscular injections in athletes was prohibited by
the World Anti-Doping Agency (WADA) in 2010, despite the use of these biological therapies as the
“gold standard” for muscle injury treatment, but again permitted in 2011 due to the limited evidence
for systemic ergogenic effect of PRP. Nevertheless, the use of individual GFs in athletes continues to
be prohibited under Section S2 of the 2018 WADA Prohibited List [25], particularly fibroblast growth
factor (FGF), hepatocyte growth factor (HGF), insulin-like growth factor (IGF-1), platelet-derived
growth factor (PDGF) and vascular endothelial growth factor (VEGF), because of concerns regarding
their abuse as ergogenic substances [26].

For these reasons, along with the multiple applications of these therapies and several pieces of
evidence for specific ergogenic (local) and carcinogenic (systemic) effects, the use of PRGF in muscle
tissue remains of great interest.

Based on this, the purpose of our study was to evaluate (a) the local effect, measuring the
cross-sectional area (CSA) of the lumbar muscles by using imaging systems, and (b) the systemic effect
by blood IGF-1 determination in healthy beagle dogs, which were submitted to a PRGF intramuscular
lumbar injection.

2. Results

2.1. Animals

The ages of the animals included in the study were (mean ± SD) 73.5 ± 38.8 months in the control
group, 76.5 ± 38.7 months in the PRGF group, and 79.4 ± 38.9 months in the triple dose (HPRGF)
group. Their weights were 16.9 ± 3.3 kg in the control group, 14.8 ± 3.1 kg in the PRGF-treated dogs,
and 14.9 ± 2.5 kg in the HPRGF group.

2.2. IGF-1 Evaluation

No statistically significant differences were observed along the studied times nor between groups
in IGF-1 serum concentrations. As a result, IGF-1 serum concentrations remained stable throughout
the study, showing the inability of PRGF intramuscular injection to have a systemic effect (Table 1).
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Table 1. IGF-1 measurements (ng/mL) in the three study groups.

Time Group Mean SD

Baseline
Control 166.3 31.1
PRGF 132.7 49.1

HPRGF 95.6 31.5

14 days
Control 174.7 25.1
PRGF 114.5 40.2

HPRGF 117.1 30.4

28 days
Control 157.9 26.4
PRGF 133.8 46.7

HPRGF 127.5 34.0

42 days
Control 134.6 20.0
PRGF 143.9 48.5

HPRGF 126.2 33.1

56 days
Control 155.6 24.3
PRGF 139.4 49.9

HPRGF 117.2 38.5

IGF-1: Insuline Growth Factor-1; PRGF: single dose of Plasma Rich in Growth Factors; HPRGF: triple dose of Plasma
Rich in Growth Factors.

Regarding external factors affecting IGF-1 serum concentrations, in the three studied groups,
weight influenced IGF-1 serum concentrations. In this way, the control group showed higher serum
concentrations due to a larger weight in the animals during this phase. Conversely, older animals had
lower IGF-1 serum concentrations compared to younger animals.

2.3. Computed Tomography and Echography Evaluation

Both CT-scan and echography images were carried out between the three studied groups and
along the studied times. A correlation test was also realized between the two measures. No statistically
significant differences were obtained between groups nor along the studied times in the studied
anatomic level (L5) (Tables 2–4). As a result, no local effect and, therefore, no muscular hypertrophy
were observed after PRGF injection.

Table 2. Ultrasound measurements of the muscular area at left L5 level in the three study groups.

Time Group Mean SD

Baseline
Control 12.8 3.6
PRGF 12.5 3.1
HPRGF 12.8 3.5

14 days
Control 13.4 3.3
PRGF 12.6 3.0
HPRGF 13.1 3.3

28 days
Control 13.1 3.2
PRGF 12.7 3.0
HPRGF 13.3 3.1

42 days
Control 13.0 3.1
PRGF 12.6 3.1
HPRGF 13.0 3.1

56 days
Control 13.0 3.1
PRGF 12.4 3.1
HPRGF 12.8 3.2

L5: fifth lumbar vertebra.
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Table 3. CT-scan measurements of the muscular area at left L5 level in the three study groups.

Time Group Mean SD

Baseline
Control 13.3 2.6
PRGF 12.7 2.4
HPRGF 12.8 2.9

14 days
Control 12.9 2.7
PRGF 12.2 2.5
HPRGF 13.2 2.8

28 days
Control 12.5 2.5
PRGF 12.3 3.3
HPRGF 12.8 2.6

42 days
Control 12.4 2.5
PRGF 12.1 2.7
HPRGF 13.1 3.1

56 days
Control 12.9 2.6
PRGF 11.8 2.4
HPRGF 12.4 3.1

Table 4. Pearson correlation between ultrasound and CT-scan measurements.

Correlations

L5 US L5 CT scan

L5 US
Pearson correlation 1 0.928 *

Sig. (2-tailed) 0.000
N 210 105

L5 CT scan
Pearson correlation 0.928 * 1

Sig. (2-tailed) 0.000
N 105 105

* Correlation is significant at the 0.01 level (2-tailed).

3. Discussion

The aim of the present study was to determine if an intramuscular injection of PRGF increases
circulating levels of the potentially ergogenic growth factor IGF-1 and thus induces skeletal muscle
hypertrophy and, in the last instance, cancer.

Assuming that injections of PRGF within the injured muscle enhance healing and functional
recovery [27], the question remains as to what is the correct dosage. In humans, Hamilton et al. (2010)
demonstrated that a single injection of 3 mL PRP was effective for grade II semimembranosus strain
injury, with a full recovery after 17 days post-injection [28]. Moreover, Hamid et al. (2012) used the
same dose after a grade II hamstring injury, and the time needed to return to play in participants was
16 weeks [29]. In this sense, we decided to use a single injection of 1 mL of PRGF (normal-dose PRGF;
PRGF group) and 3 mL of PRGF (high-dose PRGF; HPRGF group), taking into account the differences
in size and weight between humans and dogs.

Particular attention is drawn to IGF-1 due to its potential ergogenic [14] and carcinogenetic
effects [27]. In our study, a single intramuscular PRGF injection in healthy beagle dogs has no effect
on circulating IGF-1 values, even when the standard PRGF concentration was increased three-fold.
In reference to this systemic anabolic action of PRGF and in concordance with our results, several studies
have also demonstrated that different commercial PRP systems do not increase IGF-1 concentrations
over normal circulated blood levels [28–30]. Moreover, further scientific research supports the opinion
that PRP is unlikely to promote an ergogenic effect in patients. This is due to subtherapeutic doses
of IGF-1 in PRP. The isoform of IGF-1Ec in PRP is the isoform that causes muscular hypertrophy [31].
The unbound IGF-1 has too-short a half-life to exert systemic effects, and only 1% of IGF-1 is biologically
available and active [32].
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The last undesirable effect of IGF-1 suggested by other authors is a potential carcinogenic effect
in humans [16,33] and in veterinary medicine [17,18]. Some authors [31,34] have suggested that
growth factors, acting only on cell surface receptors, do not access the cell and do not promote cell
DNA mutation. In agreement with Schippinger et al. [19], in our study neither the PRGF or HPRGF
intramuscular injection showed an increase in IGF-1 serum concentrations. This suggests that PRGF
application can be considered a safe method of treatment after 14 days, 28 days, 42 days and 56 days
post-injection. Although long-term effects of multiple injections of PRGF were not examined in our
study, the HPRGF used in one of the groups contained three-times the dose of normal PRGF, and no
statistically significant differences were shown, suggesting that several applications over time would
not alter IGF-1 circulating levels [35].

In reference to the effect of weight on serum IGF-1 concentrations, a positive correlation was
observed [36], where animals from the control group had higher IGF-1 levels due to a greater weight.
In the same way, high IGF-1 concentrations have been shown in obese dogs, which return to normal
levels after weight loss [37]. Moreover, regarding the influence of age on IGF-1 circulating levels,
with the exception of the control group, older animals show lower systemic IGF-1 concentrations.
Moreover, our results are in agreement with other studies in humans [38] and veterinary medicine [39].

To assess the evolution of muscular fiber size after a PRGF injection, an imaging study was carried
out with infiltrated lumbar muscles by echography and CT scan. No statistically significant differences
were found between groups regarding muscle area measurements. As a result, the muscle size was
similar in both infiltrated areas after intramuscular PRGF, HPRGF or saline solution, showing that
intramuscular PRGF does not exert an anabolic effect even when injecting high doses.

4. Materials and Methods

4.1. Animal Model

A total of 24 healthy adult Beagle dogs were used in this study and were divided into three
groups of eight dogs, five males and three females in each group, with ages ranging from 3–4 years
and weights from 10–18 kg. Complete physical examination, haematology, and serum biochemical
analyses were performed to ensure that animals were healthy.

The study protocol was approved by the Ethics Committee for Animal Welfare at the University
CEU-Cardenal Herrera of Valencia (CEBA/2013).

4.2. Plasma Rich in Growth Factors (PRGF) Preparation and Infiltration

PRGF®-Endoret® technology (BTI Biotechnology Institute, Álava, Spain) was followed to obtain
an autologous preparation of PRP [29]. Briefly, blood was collected from the external jugular vein of
each dog under sterile conditions in Vacutainer sodium citrate 3.8% tubes (Blood-Collecting Tubes®,
BTI Biotechnology Institute, Álava, Spain). The tubes were centrifuged at 460× g for eight minutes (PRGF®

System III, Biotechnology Institute, Álava, Spain) to separate the different blood phases. The fraction
located immediately above the buffy coat (white fraction) corresponded to PRGF, which was activated by
adding 5% of calcium chloride (CaCl2 10%) just before infiltration to activate platelets for GF release.

After obtaining PRGF, the platelet concentrations and the presence of leukocytes between whole
blood, PRGF, and plasma poor in growth factors (PPGF) were compared on the initial day of each of the
3 study groups. Regarding the concentration of platelets, in the 3 study groups, the authors observed
an increase in the number of platelets between the blood, the PPGF, and the PRGF, showing PRGF
platelet values of 1.5–2-times higher than the concentration in blood and PPGF, according to what has
been previously described [29]. With regard to the concentration of leukocytes, there are statistically
significant differences between blood, PRGF, and PPGF in the three groups of the study. These results
confirm the absence of white blood cells after the centrifugation of the blood and the separation of the
different types of plasma. These results coincide with a previous report [30], which defends the absence
of leukocytes in the PRGF.
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Every dog was injected in the left lumbar muscles (lumbar multifidus, latissimus dorsi lumbar,
and iliocostal lumbar muscles) at the 5th lumbar vertebrae level with the following treatments:

- Treatment 1: single dose of 1 mL sterile saline solution activated with 0.05 mL CaCl2 10%
(control group) [40].

- Treatment 2: single dose of 1 mL PRGF activated with 0.05 mL CaCl2 10% (PRGF group).
- Treatment 3: single dose of 3 mL PRGF activated with 0.15 mL CaCl2 10% (HPRGF group).

4.3. Determination of IGF-1 Concentrations

Under sterile conditions, blood samples were collected from the external jugular vein after
intramuscular sedation with medetomidine (0.01 mg/kg), morphine (0.2 mg/kg), and midazolam
(0.2 mg/kg). Samples were obtained at baseline, and 14 days, 28 days, 42 days and 56 days after
injection of intramuscular PRGF. IGF-1 was analyzed by automated immunoassay system (Immulite
1000 IGF-1 assay; Diagnostic Products, Los Angeles, CA, USA) previously validated in dogs [41].

To evaluate the local effect of the intramuscular PRGF injections, ultrasound and CT-scan studies
were performed.

4.4. Muscle Tissue Evaluation by Echography

Following the previous suggestions by other authors that echography has equal sensitivity to
MRI for acute muscle injury (hamstring muscle) especially when performed within 2 weeks following
injury [42], the ultrasound study was performed for each group (Control, PRGF, HPRGF) at baseline,
and 14 days, 28 days, 42 days and 56 days after injection of the corresponding treatments.

The ultrasound images (Esaote mylab60, Genoa, Italy) were taken at left L5 level (midpoint 5th
lumbar vertebrae) to calculate the muscular area average (Figure 1).
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4.5. Muscle Tissue Evaluation by Computed Tomography

A CT scan (CT-max, General Electric, Madrid, Spain) was performed every 14 days within the
study; therefore, measurements were taken at baseline, 14, 28, 42, and 56 days (i.e., the same as
ultrasound examination) under sedation with medetomidine (0.01 mg/kg), morphine (0.2 mg/kg),
and midazolam (0.2 mg/kg).

CT-scan images were performed at the same anatomic level as the ultrasound study, and three
corresponding measurements were taken from lumbar muscles at left side (Figure 2).
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Figure 2. CT scan of one dog. The approximate contour of the measured lumbar area is delineated
in yellow.

4.6. Image Processing

Once the ultrasound and CT-scan images were collected, the contours were traced. Measurements
from the designated muscular lumbar area were determined via quantitative morphometry using
Image Pro Plus software (for Windows 2000, Silver Spring, MD, USA). The median value of the three
measurements was considered as long as the measurements differed <10%. When the difference was
>10%, new measurements were obtained.

4.7. Statistical Analysis

The data were processed using the SPSS 15.0 for Windows (Chicago, IL, USA). A descriptive study
of the mean, standard deviation, and confidence intervals was made for each variable. A value of
p ≤ 0.05 was considered significant. The result of each parameter was evaluated with a nonparametric
Kolgomorov–Smirnov test for normality and log transformed if necessary. ANOVA repeated-measures
and post-hoc Tukey tests were performed to assess differences with the baseline. A one-way ANOVA
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was conducted each time, to assess differences between groups, and a post-hoc Tukey test was carried
out when necessary. A Pearson correlation between echography and CT-scan measures was obtained.

5. Conclusions

A single intramuscular application of PRGF does not significantly increase systemic IGF-1 levels
nor increase muscle mass, even when three-times the normal dose in canine species was used.
Therefore, in the canine species, a single application of PRGF is safe for parental use with respect to
local and systemic IGF-1 levels and cancer risk. Despite this, further studies are needed to prove and
evaluate the safety of this therapy in humans.
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PRGF plasma rich in growth factors
HPRGF high-dose plasma rich in growth factors
PRP platelet-rich plasma
IGF-1 insulin-like growth factor-1
CRP C-reactive protein
WADA World Anti-Doping Agency
VEGF vascular endothelial growth factor
FGF fibroblast growth factor
HGF hepatocyte growth factor
PDGF platelet-derived growth factor

References

1. Giannini, S.; Cielo, A.; Bonanome, L.; Rastelli, C.; Derla, C.; Corpaci, F.; Falisi, G. Comparison between PRP,
PRGF and PRF: Lights and shadows in three similar but different protocols. Eur. Rev. Med. Pharmacol. Sci.
2015, 19, 927–930. [PubMed]

2. Marques, L.F.; Stessuk, T.; Camargo, I.C.; Sabeh Junior, N.; dos Santos, L.; Ribeiro-Paes, J.T. Platelet-rich
plasma (PRP): Methodological aspects and clinical applications. Platelets 2015, 26, 101–113. [CrossRef]
[PubMed]

3. Andia, I.; Abate, M. Platelet-rich plasma: Underlying biology and clinical correlates. Reg. Med. 2013, 8,
645–658. [CrossRef] [PubMed]

4. Leo, M.S.; Kumar, A.S.; Kirit, R.; Konathan, R.; Sivamani, R.K. Systematic review of the use of platelet-rich
plasma in aesthetic dermatology. J. Cosmet. Dermatol. 2015, 14, 315–323. [CrossRef] [PubMed]

5. Chen, J.X.; Justicz, N.; Lee, L.N. Platelet-Rich Plasma for the Treatment of Androgenic Alopecia: A Systematic
Review. Facial Plast. Surg. 2018. [CrossRef] [PubMed]

6. Ulusal, B.G. Platelet-rich plasma and hyaluronic acid–an efficient biostimulation method for face rejuvenation.
J. Cosmet. Dermatol. 2017, 16, 112–119. [CrossRef] [PubMed]

7. Mlynarek, R.A.; Kuhn, A.W.; Bedi, A. Platelet-Rich Plasma (PRP) in Orthopedic Sports Medicine. Am. J.
Orthop. (Belle Mead NJ) 2016, 45, 290–326. [PubMed]

8. Del Corso, M.; Vervelle, A.; Simonpieri, A.; Jimbo, R.; Inchingolo, F.; Sammartino, G.; Dohan Ehrenfest, D.M.
Current knowledge and perspectives for the use of platelet-rich plasma (PRP) and platelet-rich fibrin (PRF)
in oral and maxillofacial surgery part 1: Periodontal and dentoalveolar surgery. Curr. Pharm. Biotechnol.
2012, 13, 1207–1230. [CrossRef] [PubMed]

9. Alio, J.L.; Rodriguez, A.E.; Abdelghany, A.A.; Oliveira, R.F. Autologous Platelet-Rich Plasma Eye Drops for
the Treatment of Post-LASIK Chronic Ocular Surface Syndrome. J. Ophthalmol. 2017. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/25855914
http://dx.doi.org/10.3109/09537104.2014.881991
http://www.ncbi.nlm.nih.gov/pubmed/24512369
http://dx.doi.org/10.2217/rme.13.59
http://www.ncbi.nlm.nih.gov/pubmed/23998756
http://dx.doi.org/10.1111/jocd.12167
http://www.ncbi.nlm.nih.gov/pubmed/26205133
http://dx.doi.org/10.1055/s-0038-1660845
http://www.ncbi.nlm.nih.gov/pubmed/29954021
http://dx.doi.org/10.1111/jocd.12271
http://www.ncbi.nlm.nih.gov/pubmed/27595866
http://www.ncbi.nlm.nih.gov/pubmed/27552452
http://dx.doi.org/10.2174/138920112800624391
http://www.ncbi.nlm.nih.gov/pubmed/21740371
http://dx.doi.org/10.1155/2017/2457620
http://www.ncbi.nlm.nih.gov/pubmed/29379652


Int. J. Mol. Sci. 2018, 19, 2701 9 of 10

10. Borselli, C.; Storrie, H.; Benesch-Lee, F.; Shvartsman, D.; Cezar, C.; Lichtman, J.W.; Vandenburgh, H.H.;
Mooney, D.J. Functional muscle regeneration with combined delivery of angiogenesis and myogenesis
factors. Proc. Natl. Acad. Sci. USA 2010, 107, 3287–3292. [CrossRef] [PubMed]

11. Hammond, J.W.; Hinton, R.Y.; Curl, L.A.; Muriel, J.M.; Lovering, R.M. Use of autologous platelet-rich plasma
to treat muscle strain injuries. Am. J. Sports Med. 2009, 37, 1135–1142. [CrossRef] [PubMed]

12. Anitua, E.; Sanchez, M.; Orive, G. Potential of endogenous regenerative technology for in situ regenerative
medicine. Adv. Drug Deliv. Rev. 2010, 62, 741–752. [CrossRef] [PubMed]

13. Glass, D.J. Skeletal muscle hypertrophy and atrophy signaling pathways. Int. J. Biochem. Cell Biol. 2005, 37,
1974–1984. [CrossRef] [PubMed]

14. Tentori, L.; Graziani, G. Doping with growth hormone/IGF-1, anabolic steroids or erythropoietin: Is there a
cancer risk? Pharmacol. Res. 2007, 55, 359–369. [CrossRef] [PubMed]

15. Rowlands, M.A.; Tilling, K.; Holly, J.M.; Metcalfe, C.; Gunnell, D.; Lane, A.; Davis, M.; Donovan, J.; Hamdy, F.;
Neal, D.E.; et al. Insulin-like growth factors (IGFs) and IGF-binding proteins in active monitoring of localized
prostate cancer: A population-based observational study. Cancer Cause Control 2013, 24, 39–45. [CrossRef]
[PubMed]

16. Grimberg, A. Mechanisms by which IGF-I. may promote cancer. Cancer Biol. Ther. 2003, 2, 630–635. [CrossRef]
[PubMed]

17. Maniscalco, L.; Iussich, S.; Morello, E.; Martano, M.; Gattino, F.; Miretti, S.; Biolatti, B.; Accornero, P.;
Martignani, E.; Sanchez-Cespedes, R.; et al. Increased expression of insulin-like growth factor-1 receptor is
correlated with worse survival in canine appendicular osteosarcoma. Vet. J. 2015, 205, 272–280. [CrossRef]
[PubMed]

18. Lim, H.Y.; Im, K.S.; Kim, N.H.; Kim, H.W.; Shin, J.I.; Yhee, J.Y.; Sur, J.H. Effects of Obesity and Obesity-Related
Molecules on Canine Mammary Gland Tumors. Vet. Pathol. 2015, 52, 1045–1051. [CrossRef] [PubMed]

19. Schippinger, G.; Oettl, K.; Fankhauser, F.; Spirk, S.; Domej, W.; Hofmann, P. Influence of Intramuscular
Application of Autologous Conditioned Plasma on Systemic Circulating IGF-1. J. Sports Sci. Med. 2011, 10,
439–444. [PubMed]

20. Wang, Y.; Cheng, Z.; Elalieh, H.Z.; Nakamura, E.; Nguyen, M.T.; Mackem, S.; Clemens, T.L.; Bikle, D.D.;
Chang, W. IGF-1R signaling in chondrocytes modulates growth plate development by interacting with the
PTHrP/Ihh pathway. J. Bone Miner. ResNLM 2011, 26, 1437–1446. [CrossRef] [PubMed]

21. Zanou, N.; Gailly, P. Skeletal muscle hypertrophy and regeneration: Interplay between the myogenic
regulatory factors (MRFs) and insulin-like growth factors (IGFs) pathways. Cell Mol. Life Sci. 2013, 70,
4117–4130. [CrossRef] [PubMed]

22. Yang, S.Y.; Goldspink, G. Different roles of the IGF-I Ec peptide (MGF) and mature IGF-I in myoblast
proliferation and differentiation. FEBS Lett. 2002, 522, 156–160. [CrossRef]

23. Tong, Y.; Feng, W.; Wu, Y.; Lv, H.; Jia, Y.; Jiang, D. Mechano-growth factor accelerates the proliferation and
osteogenic differentiation of rabbit mesenchymal stem cells through the PI3K/AKT pathway. BMC Biochem.
2015, 16, 1. [CrossRef] [PubMed]

24. Grahnen, A.; Kastrup, K.; Heinrich, U.; Gourmelen, M.; Preece, M.A.; Vaccarello, M.A.; Guevara-Aguirre, J.;
Rosenfeld, R.G.; Sietnieks, A. Pharmacokinetics of recombinant human insulin-like growth factor I given
subcutaneously to healthy volunteers and to patients with growth hormone receptor deficiency. Acta Paediatr.
1993, 82, 9–13. [CrossRef]

25. World Anti-Doping Agency (WADA). The 2018 Prohibited List. 2018. Available online: https://www.wada-
ama.org/en/content/what-is-prohibited (accessed on 1 January 2018).

26. Wasterlain, A.S.; Braun, H.J.; Harris, A.H.; Kim, H.J.; Dragoo, J.L. The systemic effects of platelet-rich plasma
injection. Am. J. Sports Med. 2013, 41, 186–193. [CrossRef] [PubMed]

27. Rowlands, M.A.; Gunnell, D.; Harris, R.; Vatten, L.J.; Holly, J.M.; Martin, R.M. Circulating insulin-like growth
factor peptides and prostate cancer risk: A systematic review and meta-analysis. Int. J. Cancer 2009, 124,
2416–2429. [CrossRef] [PubMed]

28. Conway, K.; Price, P.; Harding, K.G.; Jiang, W.G. The molecular and clinical impact of hepatocyte growth
factor, its receptor, activators, and inhibitors in wound healing. Wound Repair Regen. 2006, 14, 2–10. [CrossRef]
[PubMed]

http://dx.doi.org/10.1073/pnas.0903875106
http://www.ncbi.nlm.nih.gov/pubmed/19966309
http://dx.doi.org/10.1177/0363546508330974
http://www.ncbi.nlm.nih.gov/pubmed/19282509
http://dx.doi.org/10.1016/j.addr.2010.01.001
http://www.ncbi.nlm.nih.gov/pubmed/20102730
http://dx.doi.org/10.1016/j.biocel.2005.04.018
http://www.ncbi.nlm.nih.gov/pubmed/16087388
http://dx.doi.org/10.1016/j.phrs.2007.01.020
http://www.ncbi.nlm.nih.gov/pubmed/17349798
http://dx.doi.org/10.1007/s10552-012-0087-7
http://www.ncbi.nlm.nih.gov/pubmed/23085814
http://dx.doi.org/10.4161/cbt.2.6.678
http://www.ncbi.nlm.nih.gov/pubmed/14688466
http://dx.doi.org/10.1016/j.tvjl.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25257352
http://dx.doi.org/10.1177/0300985815579994
http://www.ncbi.nlm.nih.gov/pubmed/25883120
http://www.ncbi.nlm.nih.gov/pubmed/24150615
http://dx.doi.org/10.1002/jbmr.359
http://www.ncbi.nlm.nih.gov/pubmed/21312270
http://dx.doi.org/10.1007/s00018-013-1330-4
http://www.ncbi.nlm.nih.gov/pubmed/23552962
http://dx.doi.org/10.1016/S0014-5793(02)02918-6
http://dx.doi.org/10.1186/s12858-015-0031-z
http://www.ncbi.nlm.nih.gov/pubmed/25588515
http://dx.doi.org/10.1111/j.1651-2227.1993.tb12918.x
https://www.wada-ama.org/en/content/what-is-prohibited
https://www.wada-ama.org/en/content/what-is-prohibited
http://dx.doi.org/10.1177/0363546512466383
http://www.ncbi.nlm.nih.gov/pubmed/23211708
http://dx.doi.org/10.1002/ijc.24202
http://www.ncbi.nlm.nih.gov/pubmed/19142965
http://dx.doi.org/10.1111/j.1524-475X.2005.00081.x
http://www.ncbi.nlm.nih.gov/pubmed/16476066


Int. J. Mol. Sci. 2018, 19, 2701 10 of 10

29. Anitua, E.; Andia, I.; Sanchez, M.; Azofra, J.; del Mar Zalduendo, M.; de la Fuente, M.; Nurden, P.;
Nurden, A.T. Autologous preparations rich in growth factors promote proliferation and induce VEGF
and HGF production by human tendon cells in culture. J. Orthop. Res. 2005, 23, 281–286. [CrossRef]
[PubMed]

30. Sanchez, M.; Anitua, E.; Azofra, J.; Andia, I.; Padilla, S.; Mujika, I. Comparison of surgically repaired Achilles
tendon tears using platelet-rich fibrin matrices. Am. J. Sports Med. 2007, 35, 245–251. [CrossRef] [PubMed]

31. Creaney, L.; Hamilton, B. Growth factor delivery methods in the management of sports injuries: The state of
play. Br. J. Sports Med. 2008, 42, 314–320. [CrossRef] [PubMed]

32. Foster, T.E.; Puskas, B.L.; Mandelbaum, B.R.; Gerhardt, M.B.; Rodeo, S.A. Platelet-rich plasma: From basic
science to clinical applications. Am. J. Sports Med. 2009, 37, 2259–2272. [CrossRef] [PubMed]

33. Chen, B.; Liu, S.; Xu, W.; Wang, X.; Zhao, W.; Wu, J. IGF-I and IGFBP-3 and the risk of lung cancer:
A meta-analysis based on nested case-control studies. J. Exp. Clin. Cancer Res. 2009, 28, 89. [CrossRef]
[PubMed]

34. Marx, R.E. Platelet-rich plasma: Evidence to support its use. J. Oral Maxillofac. Surg. 2004, 62, 489–496.
[CrossRef] [PubMed]

35. Vilar, J.M.; Damiá, E.; Rubio, M.; Santana, A.; Sopena, J.; Ceron, J.; Tvarijonaviciute, A.; Cugat, R.; Carrillo, J.M.
Therapeutic doses of plasma rich in growth factors cannot provoke cancer by means of the IGF-1 pathway or
inflammation in dogs. J. Appl. Anim. Res. 2016, 45, 490–493. [CrossRef]

36. Favier, R.P.; Mol, J.A.; Kooistra, H.S.; Rijnberk, A. Large body size in the dog is associated with transient GH
excess at a young age. J. Endocrinol. 2001, 170, 479–484. [CrossRef] [PubMed]

37. Blanchard, G.; Nguyen, P.; Gayet, C.; Leriche, I.; Siliart, B.; Paragon, B.M. Rapid weight loss with a
high-protein low-energy diet allows the recovery of ideal body composition and insulin sensitivity in
obese dogs. J. Nutr. 2004, 134 (Suppl. 8), 2148S–2150S. [CrossRef] [PubMed]

38. Coronado, R.; Diez, M.P.; Chévez, D. Correlación de edad, niveles séricos de IGF-1 e índice de masa
muscular, y su influencia como determinantes de las variables isocinéticas en pacientes con osteoporosis.
Cirugia y Cirujanos 2005, 73, 457–463.

39. Greer, K.A.; Hughes, L.M.; Masternak, M.M. Connecting serum IGF-1, body size, and age in the domestic
dog. Age (Dordr.) 2011, 33, 475–483. [CrossRef] [PubMed]

40. Fernandez-Sarmiento, J.A.; Dominguez, J.M.; Granados, M.M.; Morgaz, J.; Navarrete, R.; Carrillo, J.M.;
Gomez-Villamandos, R.J.; Munoz-Rascon, P.; Martin de Las Mulas, J.; Millan, Y.; et al. Histological study of
the influence of plasma rich in growth factors (PRGF) on the healing of divided Achilles tendons in sheep.
J. Bone Jt. Surg. Am. 2013, 95, 246–255. [CrossRef] [PubMed]

41. Tvarijonaviciute, A.; Tecles, F.; Carrillo, J.M.; Rubio, M.; Ceron, J.J. Serum insulin-like growth factor-1
measurements in dogs: Performance characteristics of an automated assay and study of some sources of
variation. Can. J. Vet. Res. 2011, 75, 312–316. [PubMed]

42. Connell, D.A.; Schneider-Kolsky, M.E.; Hoving, J.L.; Malara, F.; Buchbinder, R.; Koulouris, G.; Burke, F.;
Bass, C. Longitudinal study comparing sonographic and MRI assessments of acute and healing hamstring
injuries. AJR Am. J. Roentgenol. 2004, 183, 975–984. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.orthres.2004.08.015
http://www.ncbi.nlm.nih.gov/pubmed/15779147
http://dx.doi.org/10.1177/0363546506294078
http://www.ncbi.nlm.nih.gov/pubmed/17099241
http://dx.doi.org/10.1136/bjsm.2007.040071
http://www.ncbi.nlm.nih.gov/pubmed/17984193
http://dx.doi.org/10.1177/0363546509349921
http://www.ncbi.nlm.nih.gov/pubmed/19875361
http://dx.doi.org/10.1186/1756-9966-28-89
http://www.ncbi.nlm.nih.gov/pubmed/19549343
http://dx.doi.org/10.1016/j.joms.2003.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15085519
http://dx.doi.org/10.1080/09712119.2016.1218888
http://dx.doi.org/10.1677/joe.0.1700479
http://www.ncbi.nlm.nih.gov/pubmed/11479144
http://dx.doi.org/10.1093/jn/134.8.2148S
http://www.ncbi.nlm.nih.gov/pubmed/15284423
http://dx.doi.org/10.1007/s11357-010-9182-4
http://www.ncbi.nlm.nih.gov/pubmed/20865338
http://dx.doi.org/10.2106/JBJS.K.01659
http://www.ncbi.nlm.nih.gov/pubmed/23389788
http://www.ncbi.nlm.nih.gov/pubmed/22468030
http://dx.doi.org/10.2214/ajr.183.4.1830975
http://www.ncbi.nlm.nih.gov/pubmed/15385289
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Animals 
	IGF-1 Evaluation 
	Computed Tomography and Echography Evaluation 

	Discussion 
	Materials and Methods 
	Animal Model 
	Plasma Rich in Growth Factors (PRGF) Preparation and Infiltration 
	Determination of IGF-1 Concentrations 
	Muscle Tissue Evaluation by Echography 
	Muscle Tissue Evaluation by Computed Tomography 
	Image Processing 
	Statistical Analysis 

	Conclusions 
	References

