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Degenerative changes of the endometrium are directly related to age and fertility in mares.
Chronic degenerative endometritis (CDE) is correlated with uterine fluid retention and
reduced ability to clear uterine inflammation. Recent research in the areas of equine
surgery and sports medicine has shown that platelet-rich plasma (PRP) treatment acts as
an immunomodulator of the inflammatory response. Therefore, the aim of this study was
to determine if the uterine infusion of PRP could modulate the local inflammatory
response and modify the intrauterine NO concentrations after artificial insemination (AI)
in both normal mares and those with CDE. Thirteen mares with endometrium classified as
grade III on the histology (mares with CDE) and eight mares with endometrial histological
classification I or II-a normal mares were selected to investigate the effect of PRP therapy.
The mares were inseminated with fresh semen in two consecutive cycles in a crossover
study design. Thereby, each mare served as its own control and the treatment was per-
formed with intrauterine PRP infusion four hours after AI. The percentage of neutrophils in
uterine cytology (CIT, %), uterine fluid accumulation observed on ultrasonography (FLU,
mm) and nitric oxide concentration of uterine fluid (NO, mM) were analyzed before and
24 hours after AI. The results reported that mares with CDE (CIT, 68.3 � 3.27, FLU,
10.7 � 1.61) have a higher (P < 0.05) intrauterine inflammatory response after AI than
normal mares (CIT, 24.4 � 3.56, FLU, 0), but NO concentrations did not differ (P > 0.05)
between categories of mares. In treated cycles with PRP, the intrauterine inflammatory
response decrease (P < 0.05) in CDE mares (CDE: CIT, 31.4 � 6.48, FLU, 5.5 � 1.28; normal
mares: CIT, 13.5 � 4.31, FLU, 0) when compared with nontreated cycle (CDE: CIT,
68.3 � 3.27, FLU, 10.7 � 1.61; NM: CIT, 24.4 � 3.56, FLU, 0), but did not modify NO con-
centrations in uterine fluid. Thus, we can conclude that PRP was effective in modulating
the exacerbated uterine inflammatory response to semen in mares with CDE but did not
reduce NO concentrations in intrauterine fluid.
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1. Introduction

Chronic degenerative endometritis (CDE) is an alter-
ation of uterine glands and the surrounding stroma,
directly related to the age and fertility of mares [1,2]. It is
estimated that 30% of broodmares are older than 18 years,
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[3] and the high value of their progeny encourages the use
of these animals in assisted reproduction procedures. The
periglandular arrangement of myofibroblasts and extra-
cellular matrix deposition, with glandular alterations in
fibrotic foci are important characteristics of CDE [4,5].

Endometrial fibrosis is a progressive condition, which
tends to worsen with age [6] and results from repeated
episodes of inflammation, such as uterine infection or
uterine therapies [7,8]. The mucosa of the female repro-
ductive system uses defense mechanism that removes
contaminants through a combination of cellular, humoral
and mechanical factors of contraction, and lymphatic
drainage, which facilitates uterine clearance and elimina-
tion of the physiological inflammatory process. Chronic
endometritis may develop when uterine defense mecha-
nisms fail [9].

Endometrial biopsy score is the gold standard of uterine
health [10,11], and this score is indicative of susceptibility
to persistent breeding-induced endometritis (PBIE) [6,12].
Mares with severe degenerative endometritis have uterine
fluid retention and reduced ability to clear uterine
inflammation [6].

Nitric oxide (NO) is generated in many body systems, in
both normal physiological and pathological states [13–16].
During inflammation, NO is synthesized by inducible nitric
oxide synthase (iNOS) and results from the release of in-
flammatory signals [17], such as the contact of spermatozoa
with the endometrium [18]. Alghamdi et al.[18] reported an
increase in endometrial production of iNOS and NO after
artificial insemination (AI) in mares susceptible to endo-
metritis, this increase may be associated with myometrial
contractility deficiencies in these mares because of the
muscle relaxing effect of NO [19].

Treatment of endometritis in mares, aims to correct
anatomical defect, reduce the inflammatory response, and
reduce contaminations of the uterus [20–22]. Treatments
that seem to modulate or even suppress the immune
response as a way to reduce postbreeding uterine
inflammation have been studied in recent years [23].
There is evidence that the judicious use of steroids or
immunomodulators may increase pregnancy rates in
mares with uterine fluid accumulation or inflammation
[24–27].

Currently, treatment with platelet-rich plasma (PRP) has
been used frequently in equine veterinary medicine for
various conditions including: in orthopedic surgery, repair
of muscles, tendons and ligaments, and reversal of skin
ulcers [28–33]. Platelet-rich plasma contains many growth
factors important in tissue repair owing to its mitogenic,
chemotactic, neovascular, and antiinflammatory effects
[34–37]. Treatment with PRP was shown to increase
growth factors such as transforming factor ß, insulin-like
growth factor-I, fibroblast growth factor, epidermal
growth factor, vascular endothelial growth factor in the
injured area, and local increase in lipid molecules (lipoxin
A4) [38]. In addition, increased levels of chemokines were
secreted by macrophages and endothelial cells. The che-
mokines alter the chemotactic gradient to inhibit the
migration of leukocytes from the circulation into the tissue
[39]. Another study found that platelets cause an initial
suppression of IL-1 released by activatedmacrophages [40].
The objective of this study was, thus, to determine
whether the uterine infusion of PRP couldmodulate the local
inflammatory response and alter intrauterine NO concen-
trations after AI in normal mares and in mares with CDE.

2. Material and methods

2.1. Animals

We used twenty-one crossbred mares, ages 11 to
19 years and weighing between 300 and 400 kg, from the
Department of Animal Reproduction and Veterinary Radi-
ology, São Paulo State University, UNESP Botucatu, SP/
Brazil. All animals reported good body condition (score:
6.0–8.0) [41], normal conformation of the external geni-
talia, remained in similar handling and pastures, and
received 2 kg of concentrated balanced grains, water and
mineral salt ad libitum. Mares were divided into two cate-
gories: (1) mares with CDE: thirteen mares with endome-
trium classified as grade III on histology, characterized by a
severe degenerative process, according to the classification
proposed by Kenney and Doig [42]; and (2) Mares with
healthy endometrium (normal mares): eight mares with
endometrial histological classification I or II-a [42].

The degree of uterine inflammation before AI was
determined by cytology according to the classification
proposed by Brook [43], whereby less than 5% of neutro-
phils are indicative of a noninflamed endometrium, only
these mares were used for the study.

2.2. Preparation of PRP

Platelet-rich plasma was prepared by the method
described by Carmona et al.[29]; in brief, 100-mL blood
samples were collected from each animal by puncture of
the external jugular vein and conditioned into tubes con-
taining 3.2% sodium citrate anticoagulant.

Blood samples were homogenized and immediately
centrifuged at 120 � g for 10 minutes. From each centri-
fuged tube, the upper 50% of the plasma was discarded. To
use plasma containing a more concentrated amount of
platelets, a second centrifugation was performed. For this
purpose, the plasma obtained after the first centrifugation
was aspirated with a sterile syringe and transferred into
two plastic tubes without anticoagulant, and further
centrifuged at 240 � g for 10 minutes. Subsequently, the
supernatant was discarded, and the remaining fractionwas
used as PRP. The tubes with PRP were placed in an
isothermal box (Botuflex, Botupharma, Botucatu/SP, Brazil)
to maintain a controlled temperature between 20 �C and
25 �C, for 1 hour until application.

Platelets were activated to release platelet granules
immediately before infusionwith calcium chloride solution
(Wiener Laboratory, SP, Brazil) at 0.068 mEq calcium for
each mL of PRP [44]. The minimal platelet concentration
used as a treatment was 250.000 platelets/mL.

2.3. Semen collection and preparation of insemination doses

Spermatozoa from a single stallion were used after
ejaculate collection using an artificial vagina (Botupharma,
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Botucatu/SP, Brazil). Gel fraction was removed using a
nylon filter and the semen was diluted with a skimmed
milk based extender (Botu-semen, Botupharma, Botucatu,
SP, Brazil) in a ratio 1:1 (the same product was used for all
semen samples). After dilution, sperm motility was
measured by computerized analysis (Hamilton Thorne
Research, Danvers, USA) and the sperm concentration was
measured using a Neubauer chamber. Next samples con-
taining sperm concentrations of 800�106 were prepared.
2.4. Assignment of groups and treatment administration

Mares were examined by transrectal palpation and ul-
trasonography once daily to determine when they were in
estrus. When a 35-mm follicle or more was detected and
endometrial edema at least grade 2 was diagnosed (min.
grade 0; max. grade 4) [45], ovulation induction was per-
formed with an intramuscular injection of 1 mg of deslor-
elin acetate (Sincrorelin, Ouro Fino, Brazil). Inseminations
with fresh semen (800 � 106 total spermatozoa) were
performed 24 hours after induction of ovulation.

Mares in both groups were randomly assigned by lottery
to control and treated cycle in a crossover study. In the
control cycle, the animals had no intrauterine infusion or
pharmacological interference. In the treated cycle, 20 mL of
PRP was infused 4 hours after AI with an insemination
pipette inserted into the uterine body. Mares received only
one treatment per estrous cycle. Owing to multiple uterine
samples being collected during the estrous cycle, eachmare
served as their own control to reduce a sampling effect on
data analysis. Ultrasonographic examinations, uterine
exfoliative cytology and collection of uterine secretionwere
performed 24 hours before (Pre-AI) and 24 hours after
(Post-AI) AI, regardless of treatment.

All intrauterine procedures were performed using ster-
ilized material with the examiner wearing a long sterile
obstetric glove to minimize the potential for contamination
of the uterus with pathogens. Before all intrauterine pro-
cedures, each mare’s perineal region was cleaned with a
mild detergent, rinsed with clean water three times, and
dried with paper towels.
2.5. Sampling strategy

Transrectal ultrasound evaluations were performed
24 hours before and 24 hours after AI, before sample
collection or treatment. The presence or absence of fluid
was recorded, and if present, the intrauterine fluid column
was measured in millimeters in the region of the bifurca-
tion of the uterine horns.

Endometrial exfoliative cytology was performed
24 hours before and 24 hours after AI. Endometrial samples
were obtained using a cytobrush (Kolplast ci Ltda, Brazil)
with a contamination protection apparatus (Botupharma,
Brazil) as described by [46]. After collection, the slides were
air-dried and stained by Dip Quick (Instant Prov; NewProv).
The samples were thenmicroscopically examined under oil
immersion (1000�), and the percentage of poly-
morphonuclear neutrophils (PMNs) per 100 epithelial cells
was randomly determined.
Collection of uterine secretionwas performed through a
sterile tampon inserted into the uterus (feminine absorbent
mini model, OB, Johnson & Johnson) using an stainless steel
applicator, inserted into the uterus as previously described
[18]. The tampon was removed after 30 minutes and
immediately placed in a sterile syringe. The syringe plunger
was pressed to release the liquid from the tampon. The
liquid recovered from the uterus was centrifuged (3000� g
for 10 minutes) as previously described [47] to remove the
cells, and the supernatant was frozen at�20 �C until the NO
evaluations were performed.

2.6. Nitric oxide evaluation

Freezing does not alter the concentration of NO [18], and
thawed uterine secretion samples were used for these
measurements. To reduce nitrate to nitrite an aliquot of
40 mL of the stored sample was incubated in a mixture
containing 1000-mL nitrate reductase, 1000 mL of NADPH
cofactor (5 mg/mL) diluted in deionized water and 1000 mL
of PBS (0.5 M). The samples were incubated in a 96-well
plate at 37 �C for 14–16 hours. After nitrate reduction,
total nitrite was determined by the addition of Griess re-
agent to the samples and the color absorbance was spec-
trophotometrically read at 540 nm (Multiskan EX primary
EIA, v 2.1–0) [48]. The standard curve for nitrite was diluted
in PBS containing concentrations ranging from 0.5 to
400 mM. The intraassay coefficient of variation was 9.2%.
The absorbance values obtained in samples with pre-
established concentrations were used to construct the
dispersion curve. The total NO amount was determined on
the basis of the total volume of the uterine secretions in the
tampon at the time of sampling [18].

2.7. Statistical analysis

Data on PMNs, uterine fluid and NO concentrations
were evaluated using the Kolmogorov-Smirnov normality
test, to test its Gaussian distribution. Parametric continuous
data were compared by ANOVA followed by Tukey test and
nonparametric data were tested using Kruskal-Wallis test
followed by the Dunns test. P values less than 0.05 were
considered statistically significant.

3. Results

3.1. Normal mares � mares with CDE

In both categories of mares, the percentage of PMNs in
uterine exfoliative cytology significantly increased 24 hours
after AI (P < 0.05) (Fig. 1); however, a market increase
(P < 0.05) in the number of PMNs was observed in mares
with CDE as compared with normal mares (Fig. 1).

Intrauterine fluid was not detected in any mare before
AI, whereas 24 hours after AI, intrauterine fluid accumu-
lation significantly increased (P < 0.05). The intrauterine
fluid was detected in 12 (92%) mares with CDE, but not in
normal mares before or after AI.

NO concentration in the intrauterine fluid did not
significantly differ (P > 0.05) in normal or CDE mares and
before or after AI (Fig. 2).



Fig. 1. Percentage of polymorphonuclear cells (PMNs) in uterine exfoliative
cytology 24 hours before AI in mares with healthy endometrium (NM-B);
24 hours before AI in mares with CDE (CDE) (CDE-B); 24 hours after AI in
mares with healthy endometrium (NM-A); 24 hours after AI in mares with
CDE (CDE-A) in nontreated (control) and treated cycles with PRP (treated).
Columns with different superscript (a,b,c) are significantly different
(P < 0.05). PRP, platelet-rich plasma.
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3.2. Effect of PRP treatment

A significant increase (P < 0.05) in the percentage of
PMNs 24 hours after AI was observed in both treated and
untreated cycles in mares with CDE and only in the un-
treated cycle of normal mares. No significant change
(P > 0.05) in PMNs was detected in normal PRP-treated
mares (Fig. 1).

Moreover, a significant reduction (P < 0.05) in the per-
centage of PMNs after AI was observed in mares with CDE
that were treated with PRP. This percentage was similar
(P > 0.05) to that in normal mares in treated and untreated
cycles after AI. Normal mares did not show (P > 0.05) a
significant reduction in PMNs in the treated cycle
compared with untreated cycle (Fig. 1).
Fig. 2. NO concentrations in intrauterine fluid 24 hours before AI in mares
with healthy endometrium (NM-B); 24 hours before AI in mares with CDE
(CDE) (CDE-B); 24 hours after AI in mares with healthy endometrium
(NM-A); 24 hours after AI in mares with CDE (CDE-A) in nontreated (control)
and treated cycles with PRP (treated). PRP, platelet-rich plasma.
A significant reduction in the intrauterine fluid after AI
was observed (P < 0.05) in the PRP-treated cycle in mares
with CDE, compared with the untreated cycle (Fig. 3). In
normal mares, the intrauterine fluid was not detected at
either stage (P > 0.05).

NO concentration in intrauterine fluid was not different
(P > 0.05) at any time and was not modified (P > 0.05) by
treatment with PRP (Fig. 2).

4. Discussion

The present study found that mares with CDE reported a
high intrauterine inflammatory response post-AI. These
mares reported increased PMN levels on endometrial
cytology and intrauterine fluid retention 24 hours after AI
when compared with mares with healthy endometrium.
These findings are consistent with those of previous studies
[2,6,12,49,50] that observed an association between an
advanced degree of endometrial degenerationwith uterine
inflammation and fluid retention after insemination.

The inflammation may occur because of the impaired
uterine clearance in mares with CDE. Damage to uterine
glands and blood vessels may lead to decrease lymphatic
drainage and circulation in uterus [2,51]. Stolla and
Bollwein H [52] and Esteller-Vico et al.[53] reported a
decrease in uterine blood perfusion in mares with higher
degrees of endometrial degeneration. Owing to the
elevated blood perfusion, increased intrauterine fluid
accumulation occurs, which is associated with migration of
neutrophils through blood vessel walls into the uterine
lumen during the inflammatory process [54].

In both categories of mares, PRP treatment was able to
reduce the number of neutrophils present in the uterine
lumen at 24 hours after breeding. This can be explained by
the antiinflammatory effects of PRP described by Metcalf
[55], who observed a downregulation in the expression of
intrauterine proinflammatory cytokines (IL-1b, IL-6, and IL-
8) after insemination in PBIE susceptible mares treated
with PRP. In another study, Metcalf [56] observed an
expressive increase in fertility rates of barren mares.

A reduction in after breeding fluid accumulations was
also observed in PRP-treated mares with CDE, indicating a
Fig. 3. Column of intrauterine fluid 24 hours after AI in mares with chronic
degenerative endometritis between nontreated (control) and treated cycle
with PRP (treated). Columns with different superscript (a,b) are significantly
different (P < 0.05). PRP, platelet-rich plasma.
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downregulation of the inflammatory process. A similar
result was observed by Metcalf [56] using PRP before AI.
Other immunomodulatory therapies, such as glucocorti-
coids (predinisolone and dexametasone) [25,26], mesen-
chymal stem cells [57], autologous conditioned serum [57]
andmycobacterium cell wall extract [58], have been shown
to reduce fluid accumulation and intrauterine neutrophils
number after AI in mares susceptible to PBIE. Differences in
intrauterine, NO concentrations were not observed in this
study between before and after AI time points, or between
categories of mares. Woodward et al.[59] and Fioratti
et al.[47] also did not observe differences between intra-
uterine NO concentrations before and 24 hours after AI, as
between categories of mares (resistant and susceptible to
PBIE) in these time points. Woodward et al.[59] also
observed similar results of iNOS enzymes production by
equine endometrium before and 24 hours after AI and
between resistant and susceptible mares.

These results suggest that NO production is not only
related to the increase of PMNs. There is evidence that the
vasodilator effect of estrogen is attributed to its direct ac-
tion on vascular smooth muscle cells or due to endothelial
activation [60], with subsequent release of NO [61]. Several
researchers have shown that, because of the production of
iNOS and endothelial nitric oxide synthase by the equine
endometrium, NO found in the uterine lumen of these
animals is not only produced by inflammatory cells but
could also be secreted by endothelial cells, endometrial
glands, fibroblasts, and the myometrium [62,63]. According
to Alghamdi et al.[18], neutrophils present in the endo-
metrium do not report the capacity to produce NO because
they do not display any isoform of NOS.

Intrauterine NO concentrations did not differ between
treated and nontreated groups in both categories of mares.
The present findings are in agreement with previous ones
[47,59], wherein no differences in intrauterine NO con-
centrations were noted at 6 and 24 hours after AI respec-
tively, in susceptible mares after dexamethasone
treatment. In the same study, Woodward et al.[59]
observed a reduction in the concentration of total intra-
uterine NO in susceptible mares treated with mycobacte-
rium cell wall extract, which is considered an
immunomodulator. However, using this same treatment,
Christoffersen et al.[58] and Rogan et al.[64] did not
observe a reduction in neutrophils numbers in mares with
induced infectious endometritis. These findings also sug-
gest that PNMs are not the major factor responsible for the
production of NO into the uterus.

Metcalf et al.[55] using PRP treatment in susceptible
mares, observed a decrease 1 day after AI on the expression
of iNOS in the endometrium. According to Woodall
et al.[40], PRP caused an initial in vitro suppression of
proinflammatory cytokine IL-1 release from activated
macrophage, which is an inducer of iNOS [65]. Similarly
Woodward et al.,[66] reported that dexamethasone mod-
ulates the expression of the proinflammatory cytokine IL1-
b after breeding in susceptible mares but did not show an
effect on intrauterine iNOS or NO production [6].

Woodward et al.[59] did not detect differences on the
expression of iNOS between treated or nontreated mares
with mycobacterium cell wall extract but observed
decrease in total intrauterine NO in the same time point,
showing that these two markers do not have the same
correlation, because iNOS is responsible for the synthesis of
NO during inflammation but is not the only factor. Other
NOS are responsible for production of NO by equine uterine
tissue and in many body systems [13–16,62,67,68] and its
regulation by steroids and cytokines [63,69,70].

In this study, we used intrauterine PRP treatment to
modulate the inflammatory reaction in mares with CDE.
Chronic degenerative endometritis is directly related to
increasing age and these animals represent a significant
percentage of breeding mares in assisted reproduction
programs. This protocol can thus be used as a comple-
mentary treatment for this category of mares.

In conclusion, treatment with PRP modulated the in-
flammatory response after breeding in mares with CDE,
thereby reducing the influx of PMNs into the uterine lumen
and prevention intrauterine fluid retention. However, PRP
treatment did not affect intrauterine NO levels. Additional
studies are ongoing to determine the effects of PRP on
fertility rates in these mares.
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