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ABSTRACT

A potential relationship between an increased risk of cancer and increased levels of serum insulin-like
growth factor-1 (IGF-1), and presence of cancer and high levels of C-reactive protein (CRP) has been
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previously reported. This study evaluated the influence of a single intramuscular injection of plasma

rich in growth factors (PRGF) on serum concentrations of IGF-1 and CRP in dogs. Two groups of eight
healthy beagles were injected with two different doses of PRGF in lumbar muscles. For each treatment,
IGF-1 and CRP were analysed from blood samples obtained at baseline and the following three days
post injection. No differences were found when IGF-1 and CRP were compared among times in the
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two protocols. Local application of PRGF at clinical doses did not cause significant changes in systemic

concentrations of IGF-1 or detectable inflammation.

1. Introduction

Plasma rich in growth factors (PRGF) is an endogenous thera-
peutic technology that is gaining interest in regenerative
medicine due to its potential to stimulate and accelerate
tissue healing and bone regeneration (Anitua et al. 2012).
PRGF is being widely used for the treatment of different inju-
ries of the locomotor system in both human and veterinary
medicine (Grageda et al. 2005; Fahie et al. 2013). Some of its
beneficial effects have been attributed to insulin-like growth
factor-1 (IGF-1), since it is involved in the regulation of
growth and metabolism, mediating many of the anabolic
effects of growth hormone in different tissues (Philippou
et al. 2007).

Regarding systemic effects of growth factors, some authors
(Grimberg and Cohen 2000; Grimberg 2003; Renehan et al.
2004; Lim et al. 2015; Maniscalco et al. 2015) reported in
human and veterinary patients positive associations between
high circulating levels of IGF-1 and risk for different types of
cancer, as well as an ergogenic effect, taking part of the prohib-
ited list of substances of the World Anti-Doping Agency
(WADA).

C-reactive protein (CRP) rises up to 100 times in inflamma-
tory responses, although levels could show high variability in
dogs (Christensen et al. 2015); CRP could also play a significant
role in the detection of the secondary inflalmmation due to
cancer development (Allin et al. 2009; Crossley et al. 2010).

Our hypothesis was that intramuscular PRGF injection into
healthy muscle in dogs would not have systemic effects, as

determined by measuring serum levels of IGF-1 and CRP post
injection in order to exclude potential cancer risk.

2. Materials and methods
2.1. Animals

The study was conducted with two groups of eight healthy adult
Beagle dogs - five males and three females in each group, with
ages ranging from 3 to 4 years and weights from 10 to 18 kg.
Animals were subjected to a thorough clinical examination,
including a complete blood count, basic chemistry panel, and
blood serology to ensure that animals were healthy.

The animals were housed individually in a controlled room
during the full duration of the study; exercise was avoided.
The dogs had ad libitum access to water and were fed twice
a day with the same feed. The study protocol was approved
by the Ethics Committee for Animal Welfare at the University
CEU-Cardenal Herrera of Valencia (CEBA/2013; date of approval
7 May 2010).

2.2. Preparation of PRGF and inoculation

To prepare the PRGF, blood samples were processed under pre-
viously published protocols (Anitua 1999).

All dogs were injected in healthy left lumbar muscles
(lumbar multifidus, dorsi lumbar, and iliocostal lumbar) at the
level of the 5th lumbar vertebrae on the left side with two differ-
ent doses: Treatment 1: Single dose of 1 mL PRGF with 0.05 mL
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10% calcium chloride, and Treatment 2: Single dose of 3 mL
PRGF (HPRGF) with 0.15 mL 10% calcium chloride.

2.3. Determination of IGF-1 and CRP concentrations

Blood samples were obtained directly from the jugular vein in
aseptic conditions with a closed vacuum system (Vacutainer,
BD, Spain). In order to measure IGF-1 and CRP, blood was
sampled at baseline (before PRGF injection) and 1 min, 15
min, 30 min, 1 h, 6 h, 12 h, 1 day, and 3 days post injection.

Total IGF-1 was analysed by an automated immunoassay
system (Immulite, Siemens, Spain). CRP was determined by
human immunoturbidimetric assay (CRP OSR 6147 Olympus,
Ireland), validated for use in dogs (Martinez-Subiela and
Cerdn 2005).

2.4. Statistical analysis

For the analysis of data, a linear mixed effects model was con-
sidered. Parameters in this model were estimated by using the
package nlme in the R software (https://www.r-project.org/).
Significance in IGF-1 and CRP levels between periods of obser-
vation was tested by analysis of variance. Post hoc comparisons
between fixed effects were performed using the Tukey pro-
cedure. For assessing the validity of the model, a Shapiro-
Wilk test was applied for testing normality of the residuals,
and a Levene’s test was used to test homoscedasticity. The sig-
nificance level was set at p <.05 for all tests.

3. Results

Weight of the animals was (mean £ SD) 14.8 kg £+ 3.1 in PRGF-
injected dogs and 149kg+2.5 in HPRGF-injected dogs
(p=.330 between groups). Mean, standard deviation,
minimum, maximum, and confidence intervals for IGF-1 and
CRP values in the PRGF and HPRGF groups are showed in
Tables 1 and 2, respectively.

For IGF-1 (Figure 1), no statistically significant differences
existed between basal status (0 min) and any of the periods
after inoculation of PRGF or HPRGF (p =.5282), or when PRGF
and HPRGF groups were compared (p=.248). On the other
hand, mean levels remained between published interquartile
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Figure 1. Evolution of IGF-1 levels in PRGF- and HPRGF-injected dogs at various
time periods (logarithmic scale) up to three days post injection.
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normal ranges (Dabrowski et al. 2015). The validity of the
model fit was assessed by testing normality and homoscedasti-
city of the residuals. Both of the following assumptions could be
accepted: the Shapiro-Wilk test for normality, p =.1876, and the
Levene's test for homoscedasticity, p =.2836.

As occurred with IGF-1, CRP (Figure 2) was not statistically
different between baseline and any of the study periods
(p =.05). Between PRGF and HPRGF, differences were also not
significant (p =.093). In addition, levels remained between pub-
lished normal ranges for this breed Otabe et al. 1998). Normality
and homoscedasticity were also confirmed (Shapiro-Wilk,
p=.095 and Levene’s test, p =.2131).

4. Discussion

Some authors have indicated a potential carcinogenic effect of
high levels of IGF-1 in humans (Grimberg 2003). In veterinary
medicine, two recent studies demonstrated IGF-1 receptor
expression and its role in canine osteosarcoma (Maniscalco
et al. 2015) and mammary gland carcinoma (Lim et al. 2015).
However, in our study, a single intramuscular PRGF or HPRGF
injection at clinical doses did not result in an increase in circu-
lating IGF-1 levels in any of the test periods. This could be
because most of the PRP systems do not concentrate IGF-1
(Schippinger et al. 2011); in addition, IGF-1 in plasma has a
low half-life (20 h) in humans (Grahnen et al. 1993) and,
although we could not find published data, in dogs should be
similar. Our results differ from those in a previous study, in
which serum levels of IGF-1 increased for 48 h after a PRP-deri-
vate injection, although their product contained a high number
of leukocytes (Wasterlain et al. 2013).

There were no significant differences in CRP levels between
groups and no variations in levels over time, indicating that the
administration of PRGF did not cause any inflammation. Some
authors have reported an inflammatory response, but such a
response could be due to the presence of white blood cells in
the preparation (Grahnen et al. 1993). For our PRGF protocol,
we completely discarded the plasma fraction containing
white blood cells.

PRGF was injected only once, which could be enough to help
repair small muscular tears. In contrast, larger tears or osteoar-
thritis could require two or three applications of PRGF (Anitua
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Figure 2. Evolution of CRP levels in PRGF- and HPRGF-injected dogs at various
time periods (logarithmic scale) up to three days post injection.
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Table 1. Mean, standard deviation, minimum and maximum values, and inferior (Inf) and superior (Sup) 95% confidence intervals for IGF-1 serum levels (ng/mL) in PRGF-

and HPRGF-injected dogs at each study period.

0 min 1 min 15 min 30 min 1h 6h 12h 1 day 3 days
IGF-PRGF
Mean 132.70 111.54 113.21 99.14 104.91 94.11 109.81 95.60 78.31
SD 49.05 50.07 57.52 51.97 37.91 31.81 37.56 33.91 26.832
Min 83.80 4410 56.00 43.70 58.00 54.70 42.10 50.90 55.80
Max 205.00 185.00 195.00 177.00 174.00 129.00 153.00 135.00 135.00
Inf 85.99 51.03 59.45 45.68 62.02 58.27 55.27 54.68 57.21
Sup 201.70 178.40 191.70 172.50 157.20 128.70 147.60 134.70 119.58
IGF-HPRGF
Mean 95.60 75.58 73.14 68.95 68.64 74.67 65.14 67.95 93.15
SD 31.53 30.76 27.56 26.20 2342 26.56 19.55 20.76 2541
Min 29.00 27.90 26.00 23.80 19.30 20.60 28.70 30.70 37.20
Max 128.00 105.00 98.40 107.00 90.70 101.00 93.10 92.60 109.00
Inf 47.87 31.26 31.55 3241 3331 33.62 38.12 36.67 53.40
Sup 123.20 103.35 97.11 100.46 88.39 98.63 87.31 89.12 108.70

Table 2. Mean, standard deviation, minimum and maximum values, and inferior (Inf) and superior (Sup) 95% confidence intervals for CRP serum levels (ug/mL) in PRGF-

and HPRGF-injected dogs at each study period.

0 min 1 min 15 min 30 min 1h 6h 12h 1 day 3 days
CRP-PRGF
Mean 7.78 6.91 6.44 5.75 5.80 5.87 5.88 9.54 11.67
SD 5.51 4.18 4.09 4.47 4.46 3.89 412 5.94 4.84
Min 1.40 2.80 1.70 2.10 1.00 1.00 2.10 1.70 1.00
Max 13.800 13.10 12.70 12.70 1230 13.10 12.80 18.30 13.20
Inf 1.61 2.92 1.94 2.10 1.54 1.66 2.22 1.82 2.54
Sup 13.77 12.65 11.83 1237 12.09 11.33 11.90 16.62 19.25
CRP-HPRGF
Mean 16.32 14.28 14.34 13.61 14.98 17.80 16.77 15.05 7.35
SD 18.68 16.03 16.41 14.50 14.72 14.54 12.53 11.50 6.99
Min 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 3.00
Max 56.60 48.60 49.80 44.70 46.60 47.40 41.10 37.20 21.50
Inf 4.00 4.00 4.00 4.00 4.75 4.42 4.43 4.47 3.00
Sup 45.23 39.12 39.72 35.85 37.84 39.66 35.46 31.86 18.65

et al. 2014). Theoretically, the outcome might change when
PRGF is used repeatedly. However, taking into account that
the HPRGF used in this study contained three times the dose
of PRGF and that no significant changes in serum IGF-1 were
found, two or three single applications separated in time
likely would not alter IGF-1 serum levels.

5. Conclusion

No significant changes in systemic concentrations of IGF-1 and
CRP after intramuscular application of PRGF were found, and
then cannot produce cancer or inflammation in dogs.
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