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SUMMARY : Collagen is the most abundant structural protein found in organs and is responsible for providing tissues with
structure and function. In order to investigate in canine uteri the potential effect of medroxyprogesterone acetate (EIEA 0geth
in collagen deposition were grouped as nulliparous (n=11), multiparous (n=11) and treated with MPA (n=11; nulliparous with two
treatments; 5 mg/kg; i.m.). The amount of collagen was studied in the fold and basal regions of the endometrium and nygingetrium
second harmonic generation with a two-photon spectral confocal microscope, quantified using ImageJ software with a ctddiosegmen
plugin, was expressed as fraction area (%) and analyzed by ANOVA (p<0,05). No differences were observed between grolgps in the f
(p=0,3995) or base (p=0,7392) of the endometrium and myometrium (p=0,1781). In conclusion, our data demonstrate thaiftwo doses
MPA (5 mg/kg; i.m.) do not affect the total collagen deposition in canine uteri undergoing contraceptive treatment.
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INTRODUCTION

Medroxyprogesterone Acetate (MPA) is one of théhe expression of extracellular matrix metalloproteinases
main contraceptive progestins used to control the world(MMP), which regulate the deposition of collagen in the
canine population and with megestrol acetate, proligestotissue degrading it (Onet al, 2008).
and gonadotropin-releasing hormon, these are the most
frequently used drugs for nonsurgical contraception in Collagen is the most important and abundant
bitches and cats. The study of the medium-term effect ektracellular protein present in animal tissue. It is located
MPA on collagen synthesis and distribution in the uterusainly in bone, cartilage, skin, interstitial space and basal
can aid in understanding the underlying and causkmina and is responsible for giving tissues strength, structure
microscopic changes in which collagen plays an importaahd function. Every collagen molecule is nonsymmetrical
role, such as those that occur during decidualizatioand is arranged in a triple helix, with several shapes being
implantation, pregnancy and uterine involution. Yet despi@escribed. Minor modifications in the amino acids that
the usefulness of its therapeutic effects, numerous side effesisnprise the molecule affect its final make-up and, therefore,
have been described (Monte@tal 2009). Reports indicate give different functions to the different types of collagen in
that the clinical and/or endocrinal effect on the reproductivtée living organism. Collagen molecules organize naturally
system varies according to the dose and time of applicationo structures called fibers on the scale of the wavelength
with respect to the estrous cycle. Studies describe the effettight and lack inversion symmetry, thus allowing for the
of progestins on collagen synthesis. One of the mechanispiscess of second harmonic generation (SHG) when exposed
involved is the inhibitory property that progestins have oto intense incident light [HML1] [PS2] (Raet al, 2009).
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Due to its underlying physical origin, it is highly sensitiveHospital, with no defined breed, subjected to
to the 3D make-up of collagen fiber (Chadral, 2012). The ovariohysterectomy during anestrus (18 months - 6 years).
first ruby laser was made by Thedore Maiman in the 1960dteri were classified as nulliparous (n=11; older than 9
which poduced pulses of deep red light within the humamonths, that had experienced at least one estrous cycle),
visible range (697 nm; Raet al., 2009). It was later multiparous (n=11; older than 9 months, that had experienced
discovered that the bright pulses of the ruby laser light that least two full-term gestations and involution of the uterus
passed through a quartz crystal produced light near thtter the last gestation was complete) and MPA-treated bitches
ultraviolet level (348 nm; Frankeat al, 1961). Therefore, (n=11; nulliparous exposed twice to contraceptive treatment
the SHG occurs when the electric field of the excitation lightturing late anestrus). Treatment with a synthetic progestin
is sufficiently powerful to modify the 3D make-up of adepot preparation of MPA (OVO260 mg, Drag Pharma
molecule. If this is not symmetrical, the resulting anisotropiaboratory Invetec S.A., Chile) was begun during anestrus
creates an oscillating field twice the original frequency, whichiving two treatments of 5 mg/kg i.m. body weight at 8-week
was called SHG (Gauderat al, 2001). Therefore, the intervals. Three days before the start of the treatment with
capacity to generate harmonic seconds is inherent to @A the stage of the estrous cycle was assessed. Anestrus
molecules that are not center-symmetrical, such as fibrillaas confirmed using physical examination, vaginal cytology
collagen (Campagnolet al, 2002). Consequently, Ra& (Concannon, 2011) (Diff Qui€k Hartman Leddon Co,
al. (2009) described that SHG microscopy has becomePailadelphia, PA), histological parameters of the uterus and
powerful tool used frequently in biomedicine to obtain higlovaries (Rehnet al, 2007) and confirmed by the absence of
contrast 3D images of collagen fibers without requiringhe corpus luteum in the ovary. In terms of uterus histological
histological staining and in a wide tissue rangeparameters, bitches in anestrus had simple low columnar or
th[HML3] erefore, quantification of the organization ofcuboidal epithelium, superficial stroma rich in cells, and the
collagen on cellular and molecular scales has been descristédma of the deeper part of endometrium with less
as crucial to understanding the structure and functioopnvoluted basal glands with simple cuboidal and in some
evaluating the health of the tissue and identifying specifitases columnar epithelium.
damage early, and even the changes that occur in diseases
such as cancer, fibrosis and connective tissue disorders (CRegparation of the uterine tissue and confocal microscopy.
et al, 2012). Sections of uterine horn were obtained and fixed in 4 %
formaldehyde v/v for 72 h at room temperature. Uterine tissue
We hypothesize that the progestin MPA exerts a likelwas cut into 5 mm thick sections. Multi-images were obtained
inhibitory effect on the expression of metalloproteinases Iy LSM780 NLO (Zeiss) two-photon spectral confocal
the uterine tissue when it is used as a contraceptive. The amcroscope. Second harmonic generation (SHG) microscopy
of this study was to describe the effect and compare theas used to observe collagen fibrillar structure (Giteat,
amount of collagen present in different uterine layers in dog@912). The multiphoton microscopy system made it possible
subjected to contraceptive treatment with MPA and those whm generate deep and three-dimensional images of tissue up
were exposed only to physiological concentrations db approximately 0.5 mm in thickness with subcellular
progesterone. resolution. The device has a multiphoton pulsed laser
adjustable from 680 to 1080 nm in increments of 1 nm and
uses low-energy photons (infrared) in extremely short pul-
MATERIAL AND METHOD ses, which reduces the damage caused to the biological
samples by the beam from the conventional lasers.

Ethics Statement.This study was conducted at the CenteQuantification of collagen. After images around the
for Excellence in Surgical and Morphological Studies of thendometrium and myometrium were obtained, the fraction
Universidad de La Frontera, Temuco, Chile. The animals weseea (%) of collagen in the endometrium (apical and basal
handled in accordance with guidelines for animal researobgions) and myometrium were quantified using ImageJ soft-
as detailed in the NIH Guidelines for the Care and Use wfare (National Institute of Health) and the “threshold”
Laboratory Animals (NIH, 1985) with ethical approval fromfunction and “color segmentation” plugin was used (EPFL,
the Universidad Santo Tomas Research Ethics Committeausanne, Switzerland) and was expressed as a fraction area
CE 081/2013. (%) of each image (Schindelin, 2015). This ImageJ plugin
allows a color image or a stack of colors to be segmented by
Animals, samples and determination of estrous cycle. pixel clustering. For the quantification of collagen, 10 fields
Complete uteri were obtained from 33 healthy adult femalgere obtained per section using 40x magnification, and at
dogs Canis lupus familiarisfrom the University’s Animal least three sections for each region per animal were counted.
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Statistical analysisData represent the mean of fraction arethe luminal epithelium. By contrast, this organization was

+ SD. The D’Agostino-Pearson test was used to evaluatet observed in the uteri exposed to MPA,; rather, these
data normality. Statistical comparisons between three groupere parallel to the luminal epithelium. Collagen fibers
of data were carried out using an analysis of varianegere observed at the base of the endometrium surrounding
(ANOVA) among the three groups and Tukey’s post-test dfie endometrial glands located near the basal membrane,
multiple comparisons was used. Statistical significance féorming parallel rows in opposite directions, creating a
all hypothesis tests was set at p<0.05. The data analysis wapport network. In the myometrium, collagen fibers were
performed using GraphPad Prism 5.0 software for Mac Gfbserved to be in the same direction as the muscle fibers

X (GraphPad Software, San Diego CA). in the submucosal and supravascular muscle layers. A
greater intensity was observed in the multiparous group
(Fig.1).

RESULTS
DISCUSSION

In the three analyzed groups, the second harmonic
generation by two photons revealed that the endometrium
and myometrium had collagen fibers. There was no We have shown that two doses of MPA (5 mg/kg)
evidence[HML4] of significant differences in the amounadministered at an 8-week interval does not influence the
of collagen (fraction area) present in the fold (p=0.3995)nthesis or degradation of the total collagen in the canine
and base of the endometrium (p=0.7392) and myometriurterus. Our results do not agree with those reported by Oner
(p=0.1781) between the study groups (Fig. 2). In thet al (2004), who attribute an inhibitory effect of the MPA
endometrial fold collagen fibers were observed to ben MMP, which control collagen synthesis in the tissue, an
organized and arranged in parallel row in the direction eksertion that supports our hypothesis. The evidence obtained

Nulliparous Multiparous MPA-treated

Fold of

Endometrum

Base of
Endometrium®

Myometriam

Fig. 1. Interface of SHG images of self-assembled collagen using two-photons. The resulting respective threshold showti®a distri
of fiber alignment and intensity. 40X; Scale bar20.
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Progesterone inhibits the expression of MMP in
endometrial cells in humans and rats (Marlsial, 1992;
Hamptoretal., 1999). Our results suggest the inhibitory effect
described for the exogenous progestin MPA depends on the
dose and dosage. The evidence also suggests that in females
with normal cycles and under the influence of estrogen, the
cells of the smooth muscle can synthesize collagen; however,
under certain conditions an increase in the amount of collagen
can occur, particularly of Types | and Ill, which indicates the
occurrence of modifications in the biochemical properties of

B Collagen BNo-Collagen

(ANOVA; p=0,3995)

Nuliperous  Muttiparous:  MFA-reated the cells as a response to progesterone (Ross & Klebanoff,
B 1971; Stewaret al, 1995). These modifications may be
BCollagen BNo-Collagen associated with the presence of exogenous progesterone.

Shynlovaet al (2004) described the role progesterone plays
in collagen expression and synthesis. They demonstrated that
non-pregnant uteri had a low capacity to express extracellular
matrix protein genes, which shows the limited properties of
the uterus to synthesize collagen during the absence of a fetus
and consequently during the absence of luteal progesterone.
It has also been attributed to a control of collagenolysis during

(ANOVA; p=0,7392) early or delayed pregnancy. In our study, the uterus exposed
— to two 5 mg/kg doses of MPA did not exhibit any dramatic
changes in the collagen deposition in any of the layers studied
compared to those exposed to luteal progesterone in
C BCollagen BNo-Collagen physiological conditions of nulliparity and multiparity,
demonstrating that, even when the MPA is a synthetic
molecule, it does not interfere with collagen synthesis or
expression. This suggests the poor capacity of MPA to attenuate
gene transcription at some level at a dose of 5 mg/Kg, without
altering collagenolysis, exerting few of the typical anti-
collagen properties of physiological progesterone (Halme &
Woessner, 1975).

11,4

Nulliparous  Multiparous MPA-treated

(ANOVA; p=0,1781)

_ A In conclusion, our data demonstrate that two doses of
Nulliperous:  Multipatous  MPA-freated MPA (5 mg/kg; i.m.) do not affect the total collagen deposition

) ] ] ) ] _ In canine uteri subjected to contraceptive treatment.
Fig. 2. Fraction area (%) of total collagen tissue in canine uteri. A)

fold and B) base of the endometrium and C) myometrium (n=11).
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inhibition of collagen degradation induced by interleukin-

1b depending on the concentration and exposure time (Zhou

etal, 2012). As a result, it is possible to suggest that MPBALINAS, P.; MIGLINO, M. A. & DEL SOL, M.  Analisis

may inhibit the expression of collagenases in the uterus ai@ntitativo de la estructura de fibras colagenas en Utero canino
modulate ECM proteins at therapeutic concentrations grea@épuesto a acetato de medroxiprogesterona utilizando generacién

than 5mg/Kg; therefore, their biomechanical propertie'?icrosccmic"’1de un segundo harmonicd.J. Morphol. 35(1)157-
. . . 1, 2017.
would not be different from those observed in uteri expose

to Iu_tea_l progesterone in conditions of nulliparity and RESUMEN: El colageno es la proteina estructural més
multiparity. abundante presente en 6rganos y es responsable de proporcionar la

160




SALINAS, P.; MIGLINO, M. A. & DEL SOL, M.  Quantitative analysis of collagen fibrillar structure in canine uterus exposed to acetate of medroxyprogesterone usiagrsenandeneration
microscopylnt. J. Morphol., 35(1)157-161, 2017.

sostén y funcion a los tejidos. Para investigar en caninos el efectoceptor expression in dog reproductive tissues and mammary gland and
potencial del acetato de medroxiprogesterona (MPA) sobre cam-associated hormone levelirth Defects Res. B. Dev. Reprod. Toxicol.,
bios en el depésito de colageno en Utero, éstos fueron agrupado80(3)233-45, 2007. _ ,

como nuliparos (n = 11), multiparos (n = 11) y tratados con M 0ss, R. & Klebanoff S. J. The smooth muscle cellh Vivo synthesis of

_ . . . . connective tissue protein. Cell. Biol., 50159-71, 1971.
(n = 11, nuliparos con dos tratamientos 5 mg/kg, im). El COlage%%hindelin J.; Rueden C.T.; Hiner M. C. & Eliceiri K.W. The ImageJ

fue evaluado en el pliegue y regiones basales del endometrio y €Mycosystem: An open platform for biomedical image analyé.
miometrio utilizando la Generacion de un Segundo Harménico con Reprod. Dev., 82(7-818-29, 2015.

un microscopio confocal espectral y dos fotones y cuantificadhynlova O.; Mitchell J. A.; Tsampalieros, A.; Langille, B. L. & Lye, S. J.
utilizando el software ImageJ a partir de la segmentacion de colo-Progesterone and gravidity differentially regulate expression of
res. Los resultados fueron expresados y analizados como fraccigrextracellular matrix components in the pregnant rat myomet8imh.

de area (%; ANOVA; p<0,05). No se observaron diferencias entre Reprod., 70(4p86-92, 1994. _
los grupos en el pliegue (p = 0,3995) y base (p=0,7392) tlewart, E. A.; Floor, A. E.; Jain, P. & Nowak, R. A. Increased expression

. . . z .. of messenger RNA for collagen type I, collagen type IlI, and fibronectin
endometrio y tampoco en miometrio (p=0,1781). En conclusion, in myometrium of pregnancbstet. Gynecol., 861722, 1995.

nuestra evidencia demuestra que dos dosis de MPA (5 mg/kg, i.Bh)y, H.; Kimura, K. Orita, T.; Nishida, T. & Sonoda, K. H. Inhibition by
no afectan e_' depc’)sitp total d? colageno en Uteros caninos expuesviedroxyprogesterone Acetate of Interleukin-1b—Induced Collagen
tos a tratamiento anticonceptivo. Degradation by Corneal Fibrobladts/zest. Ophthalmol. Vis. Sci., 53(7)
4213-9, 2012.
PALABRAS CLAVE: Canino; Acetato de
medroxiprogesterona; Colageno; Segunda generacion de ar-
maonicos.
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