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Abstract 

Diagnosis of the estrous cycle in female dogs is important in veterinary medicine. The estrous cycle is divided 
into the following stages: proestrus, estrus, diestrus, metestrus, and anestrus, which due to the action of hor-
mones, replace one after another. This feature of the estrous cycle leads to some difficulties with reproduction. 
It is hard to obtain newborns because of prolonged anestrus. Vaginal cytology is a simple and available diag-
nostic method of the estrous cycle. It is based on the analysis of vaginal mucosa epithelial cells changes. This 
method is used to determine the time of mating and diagnose pathological conditions in the reproductive sys-
tem of female dogs. There are various drugs in veterinary medicine for the correction of the estrous cycle in 
female dogs. We used implant Suprelorin® to estrus induction. There were described methods of estrus stimu-
lation using a subcutaneous implant Suprelorin (4.7 mg, deslorelin) and changes in vaginal epithelial cells 
using the vaginal cytology method. The study was performed on twelve (n = 12) adult female dogs in the anes-
trus stage. Implants were injected subcutaneously in the groin area and removed at the beginning of the estrus. 
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1. Introduction

The estrous cycle is a complex neurohumoral process 
characterized by morphological and physiological changes 
in the reproductive system and the other organs. In the prac-
tice of veterinary medicine, various classifications of the 
estrous cycle have been introduced. According to Heape W. 
In 1901, the most common classification was proposed to 
divide it into four stages: proestrus, estrus, diestrus, and 
anestrus (Heape, 1900; Bielański & Tischner, 1997). 

The appearance of clinical signs of heat is usually ob-
served in proestrus, and this is considered the initial of the 
estrous cycle. This stage lasts from three to twenty-five days 
(usually six to eleven), characterized by redness and swell-
ing of the vulva with subsequent appearance of mucous-
bloody discharge. The time of onset of these clinical signs 
should be considered the first day of proestrus. During this 
stage, dogs show interest in female dogs, but they do not 
allow mating. These changes are caused by an increased 
level of estrogen in the blood synthesized in the follicles. 

Under the influence of estradiol in female dogs also produc-
es pheromones that attract males. The next stage of proes-
trus is estrus, which is characterized by swelling of the vulva 
and its softening, color change of the mucous membrane, 
and color of the discharge. It lasts from two to twenty-one 
days (usually from five to nine) (Nizanski et al., 2003; Van 
den Berghe et al., 2019). Changes in the behavior of the 
bitch during this period were usually observed. It allows 
males to the coitus. There was a determined decrease in 
estrogen and an increase in progesterone (Simpson et al., 
1998; Nizanski et al., 2003; Kustritz, 2012). Also, the pre-
ovulatory release of luteinizing hormone from the pituitary 
gland was observed. Day of luteinizing hormone increase is 
considered the zero-day of the estrous cycle. A sharp in-
crease in the concentration of the luteinizing hormone is a 
trigger of ovulation that occurs 40–50 hours after the peak 
of that hormone (Nizanski et al., 2003; Long, 2006). This is 
followed by luteinization of the follicle and its vasculariza-
tion, leading to an increased concentration of progesterone 
and a decrease of estrogen (Concannon et al., 2018). 
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Ovulation is the release of an egg from a follicle 
(Yablonsʹkyy & Khomin, 2006). Ovulatory follicles mature 
from secondary to preovulatory during the proestrus. After 
the diameter of follicles reaches 4 mm, granulosa cells in-
crease the synthesis of estrogen. The main form of a female 
dog is estradiol 17-β, which stimulates changes in the vagi-
nal epithelium, diagnosed by vaginal cytology. In the estrus, 
luteinization of follicles was observed with the next proges-
terone synthesis. At the same time decrease in estrogen 
synthesis was observed (Kustritz, 2012). As mentioned 
above, luteinizing hormone is a key factor in ovulation.  

Diestrus is the post-heat period when the dog is no long-
er able and susceptible to mating. At the beginning of this 
stage, a slight discharge could be observed (Kustritz, 2012). 
Diestrus can last from fifty-six to fifty-eight days in preg-
nant dogs and from sixty to one hundred days in non-
pregnant (Nizanski et al., 2003). Another article reports that 
diestrus in pregnant female dogs lasts from sixty-two to 
sixty-four days and in non-pregnant from forty-nine to sev-
enty-nine. At this stage, the progesterone level increases and 
then decreases depending on the growth and development of 
the corpus luteum. Progesterone is also synthesized by the 
placenta (Kustritz, 2012; Rosnina et al., 2017). Anestrus is 
considered the period from the day of parturition or decrease 
of progesterone below one ng/ml in non-pregnant dogs and 
until the onset of proestrus (Nizanski et al., 2003; Feldman 
et al., 2014). The duration of this stage varies from four to 
twelve months. It is characterized by a decrease in the 
gonad's hormonal activity (Nizanski et al., 2003). Also, 
follicle development is minimized, corpus luteum could be 
identified but regresses and is not functional. Clinically, 
anestrus is characterized by a lack of discharge and pallor of 
the genitals' mucous membranes (Noakes, 2009). 

Since the prolonged anestrus negatively impacts the fer-
tilization frequency, estrus stimulation is economically justi-
fied (Walter et al., 2011). Determining the time of ovulation 
is a critical factor in animal reproduction (Concannon, 
2011). Luteinizing hormone concentration is the most accu-
rate diagnostic method for determining ovulation. The peak 
concentration of the luteinizing hormone is relatively short; 
monitoring of this hormone should be performed every day. 
This is problematic for owners due to logistical difficulties 
and is also quite costly. In most cases, veterinarians prefer to 
determine the concentration of progesterone, as well as the 
use of vaginal cytology (Kustritz, 2012). 

Vaginal cytology is proposed as a fast, affordable, and 
cheap method of determining the stage of the estrous cycle 
of dogs, and also allows to neglect the determination of 
hormone concentrations, help determine the time of artificial 
or natural insemination, and determine the effect of estrogen 
on the reproductive organs of a dog (Sharma & Sharma, 
2016; England, 2016; Rosnina et al., 2017; Antonov, 2017; 
Meliou, 2018; Park et al., 2019). 

Several types of cells are differentiated in a vaginal 
smear. According to most authors, basal, parabasal, inter-
mediate, superficial, and non-nuclear cells have been micro-
scopically observed. Changes in the ratio of these cells oc-
cur due to the action of sex hormones, including estrogen 
and progesterone. However, it was proposed to count the 
number of erythrocytes and leukocytes (Antonov, 2017; 
Arlt, 2018; Haji et al., 2018; Mason, 2018; Peña-Corona et 
al., 2019). In addition, with the help of vaginal cytology, it 
is possible to determine the pathological condition of the 

reproductive tract of the dog (Kim et al., 2018; Šiugždaitė et 
al., 2018; Haji et al., 2018). 

Our study aimed to determine changes in the epithelial 
cells of the vagina during the estrous cycle in dogs, which 
were applied implant Suprelorin® (4.7 mg, deslorelin). 

 
2. Materials and methods 
 
Studies were performed at the Department of Obstetrics, 

Gynecology, and Biotechnology of Animal Reproduction, 
named after G. V. Zvereva Stepan Gzhytskyi National Uni-
versity of Veterinary Medicine and Biotechnologies Lviv, 
and Canine Training Center of the State Border Guard Ser-
vice of Ukraine military unit 2418. Twelve (n = 12) adult 
female dogs aged three to seven years were selected for the 
study. Four of the German Shepherd breed, two – Bernese 
Mountain Dog breed, and one Newfoundland, Moscow 
Watchdog, Labrador, Pomeranian Spitz, and two Yorkshire 
Terriers. In that animal, according to the anamnesis was not 
observed signs of proestrus and estrus for more than 90 
days.  

All animal manipulations were carried out following the 
European Convention for the Protection of Vertebrate Ani-
mals, used for Experimental and Scientific Purposes (Offi-
cial Journal of the European Union L276/33, 2010).  

Ovulation was stimulated by implant Suprelorin® 
(4.7 mg deslorelin). Deslorelin increases the synthesis of 
gonadotropin-releasing hormone, follicle-stimulating hor-
mone, and luteinizing hormone by stimulating the anterior 
pituitary.  

Implants were injected subcutaneously into the groin ar-
ea. The day of implant placement was considered zero-day. 
The implant was removed on the ninth day. Infiltration anes-
thesia with 2 % lidocaine solution was used for local anes-
thesia. 

Collection of vaginal smears was performed on days 0, 
3, 5, 7, 9, and 14 days after implant injection. 

The diagnosis was performed on the basic microscopic 
examination of vaginal smears (Nizanski et al., 2003). Sam-
ples collection were performed with a vaginal stick, pre-
applied with 0.9% sodium chloride solution. Obtained sam-
ples were applied on a slide by a circular motion of the vag-
inal stick. Staining was performed with "Leucodif 200". 
Light microscopy performed image registration using a 
microscope Leica DM-2500 (Switzerland) and a camera 
Leica DFC 450C and software Leica Application Suite Ver-
sion 4.4. Basal and parabasal cells (were included in one 
group), intermediate, superficial. Cell differentiation was 
performed according to changes in the morphological struc-
ture of the cell – the ratio of cytoplasm to the nucleus of the 
cells and the presence of keratinization. Cell counting was 
performed with ImageJ software (National Institutes of 
Health, Bethesda, MD, USA). 

Data were presented as mean ± SD (standard deviation). 
A significance level was calculated with the Student's test. 
Statistical significance was assumed P < 0.05. Statistical 
analysis was performed with SPSS software (IBM, USA). 

 
3. Results and discussion  
 
Results 
The purpose of implant administration of Suprelorin® 

(4.7 mg deslorelin) was to stimulation estrus. The day of 
implant insertion was considered – zero-day. According to 
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the obtained results, proestrus in bitches was observed be-
tween the third and the seventh day. In seven dogs, it was 
observed on the fifth day, in four on the seventh, and in one 
on the third day from the date of implant placement. 

Estrus in bitches was observed between the seventh and 
the fourteenth days. In four dogs, estrus was observed on the 
seventh day and in eight dogs – on the ninth day.  

On the fifth day, there was observed bloody vaginal dis-
charge and vulva swelling. Male dogs were interested in the 
female dogs, but coitus was not observed. Clear vaginal 
discharge and swollen vulva were observed on the ninth 
day. 

Based on the results obtained, 81.25 ± 4.35 % of paraba-
sal cells (fig. 1) were found. On the third day, the number of 
parabasal cells was 61.58 ± 7.87 % (P < 0.001). The number 
of parabasal cells statistically significantly decreased to 
9.83 ± 2.29 % (P < 0.001). On the seventh day, there was a 
statistically significant decrease in the number of parabasal 
cells; it was 3.83 ± 1.85 % (P < 0.001). On the ninth day and 
on the fourteenth day, the lowest number of parabasal cells: 
0.08 ± 0.29 % (P < 0.001) and 0.00 ± 0.00 % (P < 0.001) 
was observed. 

 

 
Fig. 1. Parabasal cells dynamics during the estrous cycle in the female dogs 

Notes: statistically significant compared to 0 days *** – P ˂ 0.001. 
 
It was found (fig. 2) that on the zero-day, the number of 

intermediate cells was 8.17 ± 2.76 %, while on the third day, 
it increased to 24.33 ± 4.85 % (P < 0.001). On the fifth day, 
the highest number of intermediate cells was found,  
57.42 ± 8.18 % (P <0.001). On the seventh day, the number 

of intermediate cells was 25.75 ± 4.56 % (P < 0.001). On the 
ninth day, number of intermediate cells was 1.17 ± 2.25 % 
(P < 0.001) and on the fourteenth day 0.00 ± 0.00 %  
(P < 0.001). 

 

 
Fig. 2. Intermediate cells dynamics during the estrous cycle in the female dogs 

Notes: statistically significant compared to 0 days *** – P ˂ 0.001. 
 
The results (fig. 3) show that the number of superficial 

cells was 2.25 ± 1.14 % on the zero-day. On the third day, it 
increased to 9.42 ± 3.29 % (P < 0.001). On the fifth day, the 
number of superficial cells increased to 26.83 ± 7.6 %  
(P < 0.001). On the seventh day, the superficial cells in-

creased to 58.75 ± 4.99 % (P < 0.001). The highest number 
of superficial cells was observed on the ninth day  

71.58 ± 10.5 % (P < 0.001). On the fourteenth day, the 
number of superficial cells was 20.42 ± 2.97 % (P < 0.001). 
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Fig. 3. Superficial cells dynamics during the estrous cycle in the female dogs 

Notes: statistically significant compared to 0 day *** – P ˂ 0.001. 
 
Based on the results obtained (fig. 4), it was found  

8.33 ± 2.71 % of non-nuclear cells. On the third day number 
of these cells decreased to 4.67 ± 2.46 % (P < 0.01). On the 
fifth day, the number of non-nuclear cells was 5.92 ± 1.62 % 
(P < 0.05). On the seventh day, the number of cells in-

creased to 11.67 ± 2.23 % (P < 0.01). On the ninth day, it 
increased to 27.17 ± 11.67 % (P < 0.001). On the fourteenth 
day, the number of non-nuclear cells was 79.58 ± 2.97 %  
(P < 0.001). 

 

 
Fig. 4. Non-nuclear cells dynamics during the estrous cycle in the female dogs 

Notes: statistically significant compared to 0 day * – P ˂ 0.05; ** – P ˂ 0.01; *** – P ˂ 0.001 
 
Discussion 
Dogs are monoestrous animals. Seven months are con-

sidered a normal estrous cycle. In most dogs, ovulation 
occurs twice a year (Walter et al., 2011). Pathology of the 
dog reproductive tract is frequently diagnosed. It is charac-
terized by prolonged anestrus or lack of heat (Holumbiovska 
& Stefanyk, 2018). Under such conditions, estrus induction 
is recommended (Concannon, 1989; Johnston et al., 2001; 
Walter et al., 2011). 

Methods of ovulation stimulation were described in the 
literature, require regular administration of drugs from 4 to 
30 days (bromocriptine or cabergoline). Several studies 
describe the administration of cabergoline at dose 5 IU/kg, 
per os during 21 days or equine chorionic gonadotropin at 
dose 20 IU/kg, per os subcutaneously for five days with the 
next administration of human chorionic gonadotropin at a 
dose of 500 IU per animal (De Gier et al., 2008; Fontaine et 
al., 2011; Jurczak et al., 2016). 

These methods are inconvenient because they are time-
consuming. The preference of the Suprelorin (4.7 mg deslo-
relin) is the provision of a stable and gradual release of the 

active substance. A synthetic analog of gonadotropin-
releasing hormone (GnRH) – deslorelin, which is the active 
substance of the implant, provides a pulsating release of a 
hormone that has an effect similar to the action of natural 
GnRH (Kutzler, 2005; Fontaine et al., 2011). Deslorelin is 
GnRH agonist that stimulates estrus in adult dogs 
(Maenhoudt et al., 2018).  

Neuroendocrine regulation of the estrous cycle occurs 
under the action of the hypothalamus and pituitary gland, 
and ovaries. Follicle maturation occurs under the influence 
of gonadotropic hormones – luteinizing (LH) and follicle-
stimulating hormone (FSH), synthesized by the anterior 
pituitary gland. It is typical for the initial stage of the estrous 
cycle – proestrus. Secretion of LH and FSH is regulated by 
GnRH, is synthesized by the hypothalamus. An increase of 
FSH is important for follicles development and as a result, 
secretion of estrogen. Increasing concentrations of estrogen 
were observed in the proestrus (Van Haaften et al., 1994; 
Simpson et al., 1998; Nizanski et al., 2003). Christie D. W. 
and Bell E. T., reported that the concentration of estrogen 
reaches a peak during the last days of proestrus or on the 
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first  day  of  estrus  (Christie  &  Bell,  1971).  In  dogs,  after  
estrogen  increasing,  a  peak  concentration  of  LH  was  ob-
served  (Lindsay,  1983).  Usually,  this  happens  24–48  hours  
after  the  onset  of  estrogen  peak  (Jeffcoate,  1993;  
Concannon, 1993; Onlcin et al., 1995). 

There is an inverse correlation between the concentration 
of  estrogen  and  progesterone  in  the  blood  plasma.  As  the  
concentration of estrogen in the blood decreases, an increase 
in  progesterone  is  observed.  That  happens  because  of  
changes in Graaf follicles after ovulation. After morphologi-
cal  changes  in  follicles,  a  decrease  of  estrogen  and  an  in-
crease  of  progesterone  secretion  could  be  observed.  The  
beginning of a preovulatory increase in the concentration of 
progesterone in  the  blood occurs  simultaneously and/or  the  
beginning  of  the  peak  of  LH  (Phemister  et  al.,  1973;  

Concannon  et  al.,  1975).  This  initial  increase  in  progester-
one  secretion  coincides  with  a  decrease  in  estrogen  secre-
tion.  Since  progesterone  stimulates  a  decrease  in  estrogen  
and  estrogen  receptors  in  target  cells  (Resko  et  al.,  1976;  
West et al., 1976; Concannon et al., 1977). Ovulation occurs 
24–96 hours after the peak concentration of LH (Wildt et al., 
1978). 

For our studies, epithelial cells were separated according 
to  the  described  method.  Cells  were  separated  into  four  
groups:  parabasal,  intermediate,  superficial  cells  with  a  
nucleus  and  anuclear.  To  differentiate  cells,  the  criteria  
were:  size,  shape,  the  correlation  between  the  nucleus  and  
cytoplasm  (Christie  &  Bell,  1971;  Christie  et  al.,  1972;  
Linde & Karlsson, 1984). 

Fig. 5. Epithelium cells changes after implementation of implant 

On the zero  and third  days  (fig.  5),  basal  and parabasal  
cells  were  mostly  observed.  On  the  third  and  fifth  days,  a  
decrease  in  parabasal  cells  and  an  increase  of  intermediate  
cells  were  observed.  Intermediate  epithelial  cells  –  were  
larger  than  parabasal  cells,  rounded  contours,  with  large  
nuclei. On the fifth and seventh days, a decrease of paraba-
sal cells and the appearance of a large number of intermedi-
ate  cells  were  observed.  Also,  on  the  seventh  day,  the  ap-
pearance  of  superficial  cells  with  a  nucleus  was  noted.  
Changes  that  were  described  occurred  as  a  result  of  the  
influence of estradiol 17-β.  Estrogen leads to cell  prolifera-
tion  and  increases  the  number  of  epithelium layers.  An  in-
crease  of  estrogen  concentration  stimulates  cell  division  in  
the  basal  layer  of  the  vaginal  epithelium,  with  the  next  de-
crease of the hormonal influence of the multilayered epithe-
lium.  Estrogens  impact  the  vascularization  of  the  mucous  
layer accompanied by edema and the appearance of erythro-
cytes in vaginal cytology. The appearance of vaginal bleed-
ing is  due to  the  increased blood flow in  the  uterus  and its  
capillary  permeability.  At  the  time  of  heat,  clinical  signs  
appearance  (bloody  discharge,  redness,  and  swelling  of  the  
vulva),  males  were  interested  in  females.  It  happens  under  
the  action  of  estrogens  and  pheromones  (Nizanski  et  al.,  
2003;  Smoliak,  2019).  Subsequently,  in  the  late  proestrus,  
the  number  of  epithelial  cells  containing  the  nucleus  de-
creased. 

Changes  of  the  vagina  epithelial  cells  after  administra-
tion  implant  Suprelorin  can  be  found  on  figure  5  and  fig-
ure 6. 

Similar  studies  were  in  Belgium,  with  implant  (2.1  mg  
deslorelin  Ovuplant®)  for  stimulation  of  ovulation,  where  
proestrus  was  observed 6  days  after  application (Kutzler  et  
al.,  2002).  Other  authors  used  a  (4.7  mg  deslorelin,  Supre-
lorin®) obtained similar to us results, they observed bloody 
dis-charge in dogs on day 6 after application (Volkmann et 
al., 2006; Volkmann et al., 2006; Kutzler et al., 2009).  In 
addition, there are data about dogs of different breeds, pro-
estrus  was  observed  on  the  4  day,  other  studies  show  that  
proestrus  was  observed  the  5  days  after  application  of  im-
plant  (Walter  et  al.,  2011;  Fontaine  &  Fontbonne,  2011;  
Fontaine et al., 2011). 

There was a significant increase (fig. 5) of superficial ep-
ithelial cells (decreased on the fourteenth day), and superfi-
cial anuclear cells (keratinized epithelium), decreased num-
ber of intermediate and parabasal cells in the vaginal cytolo-
gy were observed between the seventh and fourteenth days. 
Estrogens induce cell  proliferation within  the next  exfoliat-
ing  from  the  basement  membrane.  As  a  result,  epithelial  
cells in the vaginal discharge could be found (Schutte, 1967; 
Basarab  et  al.,  2020).  Superficial  epitheliocytes  could  be  
more than 90 % of all epithelial cells and at the beginning of 
ovulation,  more  than  80  %  superficial  anuclear  epithelio-
cytes.  
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Fig. 6. Changes of the vagina epithelial cells after administration implant Suprelorin: A – 0 day; B – 3rd day; C – 5th day;  

D – 7th day; E – 9th day, F – 14th day 
 
There were degenerative changes in the nuclei of super-

ficial cells: chromatin condensation, pyknosis, which in turn 
leads to their karyorrhexis or more often to karyolysis. At 
the later term of heat, there were more pronounced degener-
ative changes of the nuclei in most epithelium cells (Schutte, 
1967; Nizanski et al., 2003). In a large number of exfoliated 
cells, the structure of the nucleus was not clear or was not 
visualized. Types of cells detected in cytological smears 
expressed stages of keratinization and degeneration of the 
nuclei, with next cell death of vaginal mucosa (Schutte, 
1967; Goodman, 1992; Nizanski et al., 2003). 

The peak of keratinization of cells coincides with the be-
ginning increase of progesterone concentration. However, 
there were no described clinical signs at the initial stages 
that are typical for the beginning of the fertile period. That 
stage usually comes in a few days (Simpson et al., 1998; 
Nizanski et al., 2003). Estrus is characterized by swelling of 
the vulva, a change in the color of the mucous membrane, 
and the discharge color. During this period, there are chang-

es in the behavior of the dog. It already shows signs of toler-
ance for the male, allows mating. 

The results show that estrus was observed on the seventh 
and ninth day after implant application. There are data about 
implant Ovuplant® (2.1 mg, deslorelin), where estrus was 
observed at the 10.5 ± 2.9 days (Kutzler et al., 2002; 
Volkmann et al., 2006; Kutzler et al., 2009). Others reported 
that ovulation was observed at 11.8 ± 2.1 days after implan-
tation. Using implant Ovuplant® (2.1 mg deslorelin), ovula-
tion was observed in 62 % – 100 %. It depends on the time 
of implant introduction, with better results during anestrus 
than diestrus. Also, there were re-ported, ovulation in 
87.5 % of bitches when the implant was introduced in late 
anestrus (200–590 days after the previous estrus) if the im-
plant was introduced in early anestrus (80–160 days after the 
previous estrus) ovulation was observed only in 62.5 % 
(Nizanski et al., 2003; Walter et al., 2011; Fontaine & 
Fontbonne, 2011; Fontaine et al., 2011). 

 

A B 

C D 

E F 
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4. Conclusions 
 
In conclusion, implant Suprelorin (4.7 mg deslorelin) 

stimulated estrus (heat) in dogs in the anestrus stage. Im-
plant stimulated changes in the hormonal status of the dogs. 
Vaginal cytology is a simple and informative diagnostic 
method condition of the reproductive system. Dynamics of 
the epithelium, observed by vaginal cytology, allows under-
standing the changes in the vaginal mucosa under the influ-
ence of a synthetic analog of GnRH. 
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