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A B S T R A C T

Deslorelin is a GnRH-agonist used off-label for contraception in female cats. Little is known about duration and 
safety of the 9.4 mg subcutaneous implant in the queen as well as its efficacy when placed periumbilically. 
Fourteen female cats were administered the 9.4 mg deslorelin implant (during interestrus or anestrus) either in 
interscapular (N = 8) or periumbilical (N = 6) sites, following general and reproductive examination, vaginal 
cytology, hematology, biochemistry and progesterone assay to ensure health status. All above procedures (except 
for progesterone assay) were repeated weekly during the first month, then every 2 months until 6 months and 
then every 6 months until treated cats regained full reproductive function. No side effects were observed in any 
treated queen. Post implantation estrus occurred in 40 % of the subjects. A significant increase in body weight 
was observed during treatment (12/14 queens gained weight), particularly at the end of the study. At the end of 
the study some queens mated, conceived and kittened, proving reversibility of the treatment. The average 
duration of action of the 9.4 mg deslorelin implant was 790 ± 155 days (range 525–1140 days) with no sig
nificant difference in duration or efficacy depending on implantation sites. The 9.4 mg deslorelin implant causes 
pharmacological sterilization for about 2 years in female cats, is fully reversible and caused no clinically relevant 
side effects when administered at both interscapular and periumbilical sites.

1. Introduction

Controlling reproduction in queens is becoming relevant presenting 
complaint for small animal veterinarians working in private practice or 
in shelters due to the increased interest in cat breeding as well as the 
unresolved issue of unowned, free-roaming and/or feral cats posing 
threats to animal as well as human health in many areas of the world. A 
new treatment option to approach these problems is offered by long- 
acting agonists of gonadotropin releasing hormone (GnRH) such as 
deslorelin [1]. Deslorelin is a long-acting GnRH agonist marketed in 
Europe with the indication of reversible medical sterilization in male 
dogs, male cats and prepuberal bitches In cats, deslorelin is character
ized by a longer duration of efficacy with respect to dogs [2,3] which 
makes it a useful alternative to surgical gonadectomy when dealing with 
patients at high anesthetic risk, breeding cats or when surgery becomes 
impractical or less advantageous such as with feral cats. The median 

duration of efficacy of the 4.7 mg implant in queens is 20 months [4–7] 
(albeit with marked individual variability (4–34 months) [4,5]. Very 
little is known about duration of effect of the 9.4 mg deslorelin implant 
in domestic queens as in the only other published report using this 
implant queens were spayed 18.5 months after treatment [8]. The 
objective of this study was to assess duration of efficacy and side effects 
of the 9.4 mg deslorelin implant in adult queens.

According to manufacturer’s indications deslorelin implants should 
be placed in the interscapular area. A periumbilical placement has 
recently gained popularity due to the ease in locating the implant in case 
it has to be removed [9–11]. However, no information on efficacy and 
duration of action of deslorelin implants placed in periumbilical as 
opposed to the interscapular area is available in queens. Thus, a sec
ondary aim of the study was to know if implant location influences 
treatment efficacy and/or duration.
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2. Materials and methods

The University of Padova Ethics Committee approved the study 
(Project n ◦ 64 bis/2011). The clinical trial was conducted from 2011 to 
2014. Fourteen healthy adult, privately owned European queens of 
different weights (2.6–3.9 kg) and ages (6 months-5 years) presented for 
control of reproduction were recruited with owner’s consent to be 
treated with a subcutaneous 9.4 mg deslorelin implant (Suprelorin™, 
Virbac, Carros, France). Only healthy queens in postpubertal state with 
no history of reproductive or general disease were included. A thorough 
clinical exam and blood collection for hematology (ADVIA 120 Hema
tology system, Siemens, Munich, Germany), biochemistry (hepatic and 
renal profile, glycemia, cholesterol and triglycerides) (BT 1500, Bio
tecnica, Rome, Italy) and hormonal assay was performed at the begin
ning of the study in order to assess suitability of each individual animal 
health and reproductive status. Blood samples were collected from fas
ted animals by jugular venepuncture, centrifuged (at 1750 g), serum 
harvested and kept at − 20 ◦C until assay with chemiluminescence 
(Immulite, Medical System, Genova, Italy). Body weights (BW) were 
checked with an electronic scale (Wunder, VT 2 model, Milan, Italy). 
The post-pubertal state of each queen was assessed through reproductive 
history, a general clinical exam and a thorough reproductive check 
including a vaginal smear and collection of a 3.0 cc blood sample for 
serum progesterone (P4) assay. Relevant clinical observations (clinical 
exam, assessment of vaginal smears, hematology, biochemistry and 
serum P4 results) were performed independently by two operators. 
Vaginal smears were performed using a cotton swab (normal human ear 
cleaning cotton bud) moisturized with tap water inserted for approxi
mately 2 cm into the queen’s vagina, immediately pulled out, rolled onto 
a glass slide, stained with Diff-Quik (Dade Ltd, Milan, Italy) and exam
ined at 40X and 100X. Proestrus and estrus were diagnosed based on 
percentage of keratinized vaginal epithelial cells (<50 % and >50 %, 
respectively) accompanied by heat signs, whereas anestrus was defined 
by presence of small amounts of non-keratinized cells. Interestrus (the 
phase between two estruses without ovulation) was diagnosed based on 
presence of a mixed population of keratinized (<50 %) and non- 
keratinized cells with P4 < 2.0 ng/ml. Diestrus was diagnosed when
ever P4 was >2.0 ng/ml. Only queens not in estrus or diestrus were 
treated: queens with more than 50 % keratinized vaginal epithelial cells 
(estrus) or with P4 ≥ 2.0 ng/ml (diestrus) were not enrolled in the study.

On day 0 all queens were administered a 9.4 mg deslorelin implant 
(Suprelorin™, Virbac, Carros, France). Deslorelin implants were inser
ted randomly in 2 different subcutaneous localizations: interscapular (IS 
- in between the dorsal aspects of the shoulder blades) and periumbilical 
(UMB - about 1.0 cm cranial to the umbilical scar). In order to monitor 
efficacy and length of treatment, queens were periodically checked for 
general (clinical exam, BW) and reproductive health (reproductive 
behavioral history, vaginal smear and blood collection for hormonal 
assay). General and reproductive health were checked weekly during the 
first month, then every 2 months until 6 months and then every 6 
months with the exception of blood collection for P4 assay which was 
done only at 0 (pre-treatment) and 60 days post-treatment (PT), and 
then every 6 months. At each visit owners were interviewed with 
questions on general and reproductive behavior. Resumption of fertility 
was based on observation of a >50 % keratinized vaginal smear and/or 
presence of oestrous behavior [12] and/or on ovulation documented by 
high (≥2.0 ng/ml) serum P4 concentration and/or evidence of mating. 
Queens were ovariectomized upon owners’ request, following return to 
fertility and ovarian histology was carried out in order to confirm return 
to normal reproductive function. After fixation of the ovaries in 10 % 
paraformaldehyde solution (Sigma-Aldrich, Milan, Italy), 4 μm serial 
sections of each ovary stained with hematoxylin and eosin were exam
ined with an optical microscope (Olympus BX40, Segrate, Italy) to 
evaluate ovarian parenchyma.

Statistical Analysis - Data collected was analyzed using ANOVA 
(GLM procedure of SIGMASTAT 2.03). Normality of the quantitative 

variables was tested using a Shapiro-Wilk test. Duration of treatment 
effect was investigated with a Two-Way ANOVA (GLM procedure, SIG
MASTAT 2.03) using time post treatment (PT) (0 = day of implant, 1 =
1–30 days PT, 2 = 31–60 days PT, 3 = 61–180 days PT, 4 = 181–360 
days PT, 5 = 361–600 days PT, 6 = 601–740 days PT, 7 = 741–1158 
days PT) and implant localization (IS vs UMB) as independent variables, 
and BW, vaginal epithelial cells and P4 concentrations as dependent 
variables. When more than one BW, P4 concentration or keratinized 
cells percentage value was available for each period per cat, the latest 
observation of each period was used for the calculations. Whenever 
serum P4 was <0.1 ng/mL (minimum detection level), it was replaced as 
0 ng/ml, for calculation purposes. Pearson’s correlation was calculated 
for all parameters. Significance was set as P < 0.05. Differences on P4 
concentrations were investigated with a one-way ANOVA, considering 
all the cats of the study irrespective of implant localization and using 
time PT as independent variable, and BW, vaginal epithelial cells and 
serum P4 concentrations as dependent variables. A two-sample T test 
was used to analyze duration of treatment between treatment groups 
and a paired-sample T test to compare BW before and after treatment.

3. Results

All queens were in good general health at the beginning of the study 
showing normal clinical, hematological and biochemical parameters. 
Deslorelin implants were placed in the IS and the UMB areas in 8 and 6 
queens, respectively. The difference in group allocation was due to some 
clients objecting to UMB placement. Twelve/14 queens remained in 
good general health throughout the study. Queen n. 1 was admitted 18 
months PT due to signs of vomiting and depression, had a severe 
leukopenia as the only abnormality on hematology and biochemistry, 
was treated with fluids and antibiotics and discharged 3 days later in 
good conditions. Queen n. 7 was found to have an eosinophilic granu
loma on the tongue 12 months PT, was treated with monthly SC ad
ministrations of methylprednisolone acetate until the end of the study 
and was normal throughout the rest of the study. None of the queens 
showed any treatment related side effects. No local reaction at any 
implant injection site was observed in any treated queens.

The follow-up monitoring period ranged between 525 and 1140 days 
PT. Three queens were followed up for shorter periods: queens n. 14, 4 
and 6 were hit by a car and died at 460-, 837- and 761- days PT, 
respectively. Nevertheless, these queens’ data was used for the BW, 
serum P4 and percentage of keratinized cells analysis during the periods 
in which these subjects were still being followed. With regard to dura
tion of efficacy, queen n.14 was not considered as she abandoned the 
study too early. Not all periodic checks could be made on time due to 
lack of owner’s compliance.

Cat BW, serum P4 concentration, % of keratinized cells on vaginal 
smears and reproductive behavior during the study are shown in Figs. 1- 
3 and Table 1, respectively. The Shapiro-Wilk test revealed a non- 
normal distribution of the “variables P4 concentration” and “percent
age of keratinized cells” in some of the study periods. Thus, these vari
ables were treated non-parametrically. Average values of BW and 
median serum P4 and percentage of keratinized cells are shown in 
Table 2. Duration of efficacy of treated queens is reported in Table 3.

Vaginal smears and reproductive behavior - All owners noted a sharp 
decrease in reproductive behavior of treated cats already at 2 months 
post-implantation. During the first month PT 6/14 queens showed evi
dence of ovarian activity based on vaginal cytology: in queens n◦ 9, 12 
and 13 (IS) a ≥50 % keratinized vaginal smear was observed 4, 24 and 7 
days PT, while in queens n◦ 2, 3 and 8 (UMB) presence of ≥50 % ker
atinized vaginal smear was observed 10, 10 and 32 days PT, respectively 
(table n◦1). No evidence of reproductive behavior was reported by cat 
owners during periods 2, 3 and 4 in both IS and UMB queens. Evidence 
of heat signs or vaginal cytology indicative of estrus was reported for IS 
and UMB queens from period 5 and period 6 onwards, respectively.

Post-treatment fertility – Breeding was first noticed for one IS queens 
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in period 6 and for 3 UMB queens in period 7 whereas normal pregnancy 
happened for both groups at period 7. Eight/13 (n. 1, 2, 3, 5, 9, 10, 11 
and 14) queens resuming ovarian function were observed by their 
owners to mate; 6 of these (n. 1, 2, 3, 5, 9 and 10) conceived and either 
queened live kittens (n. 1, 5, 9 and 10) or underwent ovariohyster
ectomy while pregnant as per owner’s request (n. 2 and 3). Queen n. 9 
produced one litter of 3 at day 759 PT and when spayed at day 827 PT 
was again pregnant with 7 fetuses.

Body weight – Twelve/14 queens gained weight during treatment. 
The remaining 2 finished the study with the same weight registered 
before treatment. Eight queens (IS = 1, 5, 9, 10, 12 and 13; UMB = 2 and 
3) expressed substantial BW increase towards the end of the study. Six of 
them (IS = 1, 5, 9, 10; UMB = 2 and 3) were pregnant at that moment. A 
significant difference was found between the weight at the time of im
plantation and the weight at the last appointment in each group (IS P <
0.01 and UMB P = 0.023) and in overall (P < 0.01).

Serum P4 - The concentration of P4 remained always around basal 
levels (0.0–1.1 ng/ml) during the monitoring period, began to increase 
after 783 days (queen n◦1) and was higher during period 7 (730–1158 

days PT) than at any other period (P < 0.001) (figure n◦ 2, table n◦ 2).
Ovarian histology - All ovaries were normal; corpora lutea were 

observed on the ovaries of pregnant queens and queens who had been 
bred, while follicles (but no corpora lutea) were observed on the ovaries 
of queens who had showed signs of heat after the end of treatment ef
ficacy but had not been mated.

Implantation site effect - No significative differences were observed 
for BW, percentage of keratinized cells, serum P4 and reproductive 
behaviour in each period between the two different implantation sites. 
Duration of efficacy was not significantly different (P = 0.57) depending 
on implant location: UMB queens (822.4 ± 194.4) and IS queens (768.6 
± 135.2).

4. Discussion

Deslorelin implants were well tolerated in all queens, without any 
evidence of erythema, dermatitis or prolonged blood loss from both 
injection sites. Conversely, some authors reported slight and temporary 
local reactions in a small proportion of queens implanted in the IS site 
[13] – cutaneous swelling [4], edema [8], pyodermitis [6] and an 
erosive lesion due to scratching [8]. Although we did not check hema
tology and biochemistry at the end of the study, all treated cats were in 
good general health conditions at the time fertility was regained based 
on history and clinical exam as well as on evidence of mating, concep
tion and parturition. Adequate health status after treatment with a 4.7 
mg deslorelin implant in cats has already been demonstrated by other 
authors either by clinical, behavioral observations or by hematology and 
biochemistry values within range [4,9–11,13–17]. Because of the high 
variability of effect of deslorelin in queens, timing of resumption of 
fertility is hard to predict. Estrous behavior in queens with access to 
outside may be difficult to observe and therefore queens may start 
roaming when the owner is away, which poses a health threat. Three of 
our queens were hit by a car towards the end of the study which may 
suggest that they came in heat and started roaming before the owner 
could realize it.

The notable increase in BW observed at the end of the study around 
800-day PT (figure n. 1) is presumably due to the fact that 6/14 queens 
were pregnant when their BW was checked. An increase in BW in queens 
treated with deslorelin, verified in our study population regardless of the 
implantation site, should probably be expected because of the similarity 
of the endocrine milieu between surgically and deslorelin treated cats. 
However, due to some queens being pregnant and because we did not 

Fig. 1. Mean body weight (BW) and standard deviation (SD) in 14 adult queens 
treated with a subcutaneous 9.4 mg deslorelin. The study is divided into 7 time 
periods: 0 = day of implant, 1 = 1–30 days post treatment (PT), 2 = 31–60 days 
PT, 3 = 61–180 days PT, 4 = 181–360 days PT, 5 = 361–600 days PT, 6 =
601–740 days PT, 7 = 741–1158 days PT. N = number of subjects for which the 
body weigh was available.

Fig. 2. Median, first and third quartiles values (Quart 1 and Quart 3, respec
tively) of serum progesterone (P4) in 14 adult queens treated with a subcu
taneous 9.4 mg deslorelin implant in 2 different locations, interscapular (IS) 
and periumbilical (UMB). The study is divided into 7 time periods: 0 = day of 
implant, 1 = 1–30 days post treatment (PT), 2 = 31–60 days PT, 3 = 61–180 
days PT, 4 = 181–360 days PT, 5 = 361–600 days PT, 6 = 601–740 days PT, 7 
= 741–1158 days PT.

Fig. 3. Median, first and third quartiles values (Quart 1 and Quart 3, respec
tively) of percentage (%) of keratinized cells in 14 adult queens treated with a 
subcutaneous 9.4 mg deslorelin implant in 2 different locations, interscapular 
(IS) and periumbilical (UMB). The study is divided into 7 time periods: 0 = day 
of implant, 1 = 1–30 days post treatment (PT), 2 = 31–60 days PT, 3 = 61–180 
days PT, 4 = 181–360 days PT, 5 = 361–600 days PT, 6 = 601–740 days PT, 7 
= 741–1158 days PT.

A. Baldan et al.                                                                                                                                                                                                                                 Theriogenology 231 (2025) 190–196 

192 



Table 1 
Progesterone (P4) concentration, estrus cycle stage, keratinized cells (%), body weight (BW) and reproductive data in 14 adult queens treated with a subcutaneous 9.4 
mg deslorelin implant in 2 different locations, interscapular (IS) and periumbilical (UMB). The study is divided into 7 time periods: 0 = day of implant, 1 = 1–30 days 
post treatment (PT), 2 = 31–60 days PT, 3 = 61–180 days PT, 4 = 181–360 days PT, 5 = 361–600 days PT, 6 = 601–740 days PT, 7 = 741–1158 days PT.

Implant Location Period ID Days PT P4 (ng/dl) Cycle Stage % ker. cells BW (Kg) Comments

I N T E R S C A P U L A R

0 1 0 0.59 interestrus 5 2.9 ​
4 0 0.75 anestrus 1 3.4 ​
5 0 <0.1 anestrus 8 3.9 ​
9 0 0.30 interestrus 8 3.2 ​
10 0 0.26 interestrus 3 2.8 ​
11 0 0.26 anestrus 0 2.4 ​
12 0 0.20 anestrus 6 3.1 ​
13 0 0.24 anestrus 4 3.0 ​
14 0 0.36 anestrus 2 2.6 ​

1 9 4 ​ estrus 88 3.3 ​
4 6 ​ anestrus 24 3.6 ​
11 7 ​ anestrus 12 ​ ​
12 7 ​ anestrus 24 ​ ​
13 7 ​ estrus 75 ​ ​
14 7 ​ anestrus 7 ​ ​
1 8 ​ anestrus 3 2.9 ​
10 8 ​ anestrus 4 3.0 ​
14 14 ​ ​ 5 ​ ​
11 24 ​ ​ 23 ​ ​
12 24 ​ ​ 67 ​ ​
13 24 ​ ​ 23 ​ ​
14 30 ​ ​ 6 ​ ​

2 5 36 ​ anestrus 15 3.9 ​
11 47 ​ ​ 7 ​ ​
12 47 ​ ​ 5 ​ ​
13 47 ​ ​ 5 ​ ​
11 60 <0.1 anestrus 12 3.0 ​
12 60 0.68 anestrus 4 3.5 ​
13 60 0.27 anestrus 0 3.4 ​
14 60 0.67 anestrus 12 2.7 ​

3 4 63 0.57 anestrus 7 3.7 ​
9 64 0.22 ​ 10 3.5 ​
1 69 0.90 anestrus 4 3.0 ​
10 77 <0.1 anestrus 3 3.3 ​
5 99 <0.1 anestrus 5 4.2 ​
4 125 0.71 anestrus 3 3.9 ​
1 131 1.60 anestrus 4 3.2 ​
10 148 0.34 anestrus 7 4.0 ​
14 150 0.65 anestrus 0 2.7 ​
9 155 0.22 diestrus 7 3.4 ​
5 162 0.29 anestrus 4 4.0 ​

4 1 182 0.83 anestrus 5 3.5 ​
11 200 0.33 anestrus 4 3.0 ​
12 200 0.35 anestrus 7 3.5 ​
13 200 0.55 anestrus 4 3.6 ​
4 209 0.62 anestrus 3 3.8 ​
5 218 <0.1 anestrus 3 4.0 ​
9 246 0.33 anestrus 8 3.3 ​
5 303 <0.1 anestrus 7 4.0 ​
4 307 0.28 anestrus 6 4.2 ​
10 310 <0.1 anestrus 7 3.8 ​
1 327 <0.1 anestrus 8 4.0 ​

5 14 365 1.70 anestrus 3 3.0 ​
11 410 <0.1 anestrus 0 3.2 ​
9 419 0.31 anestrus 8 3.5 ​
12 425 0.42 anestrus 20 3.6 ​
13 425 0.80 anestrus 0 4.0 ​
12 436 ​ proestrus 32 ​ vocalizations
14 460 ​ ​ ​ ​ deceased
5 484 <0.1 anestrus 15 4.2 ​
4 525 0.30 anestrus 0 4.2 ​
12 525 0.35 proestrus 47 4.0 vocalizations
1 528 <0.1 anestrus 2 3.7 ​
10 539 ​ anestrus ​ 3.7 ​

6 11 603 0.38 anestrus 3 3.3 vocalizations
13 603 1.10 anestrus 0 4.0 vocalizations
9 698 ​ estrus ​ 3.4 breeding
4 720 0.50 anestrus 21 3.8 ​
10 737 ​ anestrus 0 3.4 ​

7 11 756 ​ estrus 60 4.0 breeding
13 756 ​ proestrus 40 3.3 ​
5 757 0.22 anestrus 21 4.4 breeding

(continued on next page)
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have a control group no conclusions can be drawn about the increase in 
BW following treatment with a 9.4 mg deslorelin implant in queens.

A decrease in estrous behavior following implantation was very 
evident in the queens of our study. Average vaginal keratinization 
peaked during the first month PT, reached its minimum between 6- and 
12-months PT, and started increasing again during the second year PT 
(Figure n. 3). Based on vaginal cytology, incidence of post implantation 

estrus in the queens of our study was 43 % (6/14). In the study by 
Toydemir et al. [8], all queens treated with a 9.4 mg deslorelin implant 
showed an increase in fecal estradiol compatible with an estrus-like 
pattern. Only 2 queens developed behavioural estrus. No 
post-implantation vaginal cytology was performed [8]. In two other 
studies using the 4.7 mg implant an incidence of 10 % [4] and 40 % [6] 
of estrous behavior in treated queens was also observed, but in both 

Table 1 (continued )

Implant Location Period ID Days PT P4 (ng/dl) Cycle Stage % ker. cells BW (Kg) Comments

9 759 ​ ​ 5 ​ 3 kittens live born
1 783 9.80 estrus 87 4.1 breeding
13 783 ​ estrus 60 3.1 breeding
13 820 ​ estrus 60 3.0 ​
11 824 ​ estrus 60 3.7 ​
9 827 ​ diestrus 6 5.0 neutered: 7 kittens
4 837 ​ ​ ​ ​ deceased
1 850 ​ anestrus ​ ​ 4 kittens live born
5 861 12.50 diestrus 5 5.0 3 kittens live born
1 910 4.70 diestrus 9 4.5 ​
10 1010 ​ estrus 70 3.3 breeding
10 1085 ​ ​ ​ ​ 1 kitten live born

P E R I U M BI L I C A L

0 2 0 0.61 anestrus 3 3.4 ​
3 0 1.00 anestrus 6 3.3 ​
6 0 <0.1 anestrus 12 3.4 ​
7 0 <0.1 interestrus 9 3.1 ​
8 0 <0.1 interestrus 3 3.0 ​

1 6 6 ​ interestrus 28 3.6 ​
2 10 ​ estrus 79 3.2 ​
3 10 ​ estrus 95 3.3 ​
7 18 ​ anestrus 3 ​ ​
8 18 ​ anestrus 3 ​ ​
7 25 ​ anestrus 4 ​ ​
8 25 ​ anestrus 10 ​ ​

2 7 32 ​ anestrus 6 ​ ​
8 32 ​ estrus 74 ​ ​
7 37 ​ anestrus 4 ​ ​
8 37 ​ anestrus 18 ​ ​
6 40 <0.1 anestrus 9 3.6 ​

3 2 67 0.25 anestrus 12 3.4 ​
3 67 0.47 anestrus 5 3.4 ​
7 99 <0.1 anestrus 3 3.8 ​
8 99 <0.1 anestrus 4 3.8 ​
6 103 <0.1 anestrus 1 3.8 ​
2 127 0.21 anestrus 8 3.3 ​
3 127 0.78 anestrus 14 3.2 ​
6 166 <0.1 anestrus 4 3.9 ​

4 8 210 ​ anestrus 5 3.8 ​
2 225 <0.1 anestrus 7 3.0 ​
3 225 0.21 anestrus 2 3.1 ​
6 299 ​ anestrus 5 3.7 ​
2 310 <0.1 anestrus 5 3.3 ​
7 314 ​ anestrus 9 3.7 ​
8 314 ​ anestrus 5 3.7 ​

5 2 480 <0.1 anestrus 3 3.2 ​
3 480 0.32 anestrus 4 3.3 ​
6 488 <0.1 anestrus 23 3.9 ​
7 504 <0.1 anestrus 4 3.3 ​
8 504 <0.1 anestrus 3 3.8 ​

6 8 609 <0.1 estrus 84 ​ ​
7 642 <0.1 anestrus 0 3.1 ​
8 642 ​ interestrus 11 3.0 ​
6 655 0.41 anestrus ​ 3.9 ​
3 659 0.37 anestrus 21 3.6 ​
2 660 ​ anestrus ​ 3.3 ​
2 730 0.30 anestrus 21 3.2 ​

7 6 761 ​ ​ ​ ​ deceased
3 763 ​ anestrus 7 3.4 ​
2 801 ​ ​ ​ ​ breeding
3 801 ​ ​ ​ ​ breeding
2 810 11.50 diestrus 2 3.9 neutered: 3 kittens
3 829 25.70 diestrus 11 3.8 neutered: 3 kittens
7 840 ​ anestrus 3 3.1 ​
8 840 0.29 estrus 78 3.0 ​
7 974 ​ anestrus 2 3.2 ​
7 1140 ​ estrus 80 3.2 ​
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cases some queens were implanted in diestrus, which is known to block 
the flare-up effect [4,18] while queens treated in interestrus or anestrus 
come into heat shortly after implantation [11]. It is possible that some 
queens in our study experienced an estradiol surge and even ovulated 
without manifesting heat, as previously reported [6].

Queen n◦ 12 at day 436 was considered to be in proestrus due to the 
manifestation of vocalizations and keratinized cells of 32 %. On day 525, 
the queen was again classified as being in proestrus, this time with a 
higher percentage of keratinized cells. Contact with the owner was lost 
from this point onwards. Although deslorelin-induced anestrus might 
have been longer, the duration of deslorelin effect in this queen was 
conservatively judged to be 525 days. The vaginal keratinization 
detected on day 436 not followed by an estrus is difficult to explain. In 
the dog, FSH levels increase during mid- to late anestrus potentially 
indicating the beginning of folliculogenesis, whereas LH rises only prior 
to the onset of proestrus [19,20]. A similar mechanism might have 
occurred in cat n◦12 on day 436, resulting in a limited estrogen pro
duction and consequently in vaginal epithelial cells keratinization and 
short-lasting signs of estrus behavior.

Serum P4 was significantly higher at the end of the study (period 7) 
in comparison to all other periods 0, 2, 3, 4, 5 and 6 (no blood sample 
was collected during period 1). Ovarian P4 production reflects ovulation 
taking place following mating, thereby demonstrating that the 

hypothalamic-pituitary-ovarian axis resumed its normal function 
following treatment with deslorelin. PT uterine health could not be 
assessed, although normal cyclicity was observed in all 11 queens 
completing the study, of which 8 were mated and 6 conceived (4 
queened normally and 3 - including 1 that had queened before - were 
ovariohysterectomized during the second half of pregnancy).

Duration of efficacy of the 9.4 mg deslorelin implant was calculated 
extrapolating data on reproductive behavior, evidence of >50 % kera
tinization of vaginal epithelial cells, serum P4 concentration >2.0 ng/ml 
or pregnancy diagnosis. On average, duration of action of the 9.4 mg 
deslorelin implant in the queens of our study was 790 ± 155 days (range 
525–1140 days) (Table n◦ 3). Had queen n◦12 (follow-up lost after day 
525) not been included in the statistical analysis, the average duration of 
effect for the IS group would have been 803 ± 100 days (more similar 
the UMB group: 822 ± 194 days), and for the overall population 811 +
139 days. The duration of effect is similar to the one observed in male 
cats treated with 9.4 deslorelin implant, in which resumption of testic
ular activity was reached between 750 and 850 days (average 805 days) 
[9]. Such duration is longer than the 4.7 mg implant whose average 
reported efficacy in queens is 680 days [4] although not as long as one 
would expect when comparing single vs double dosage. A reason for 
such a small difference between the two different dosages of deslorelin 
in queens could be individual variability (as underlined in the queens of 
our study by treatment durations ranging from 14 to 39 months) or 
resumption of ovarian function during decreasing photoperiod – as re
ported following removal of a deslorelin implant [21]. Unfortunately, 
the photoperiod at the end of the study was not assessed for our queens. 
Queen 7, whose duration of efficacy was the longest (1140 days), had 
been treated with methylprednisolone acetate from month 12 onwards 
until the end of the study. In mice, glucocorticoids impair ovarian and 
follicular development [22]. Thus, the methylprednisolone treatment of 
this queen may have contributed to some extent to a delay in resumption 
of ovarian activity after deslorelin.

5. Conclusion

Treatment with a 9.4 mg deslorelin implant in female cats in this 
study was effective for an average period of 790 days (range 525–1140). 
Implantation site did not influence duration of effect. No skin lesion or 
reaction were observed in any of the treated queens independently of 
location of administration. Upon cessation of the implant’s effect 
ovarian function resumed in all queens completing the study (13/14), 
with 8/13 queens being mated and 6 of them conceiving which 
confirmed full reversibility of the effect of the 9.4 mg deslorelin implant 

Table n◦2 
Median and Interquartile Range (IQR) values of serum progesterone (P4) and % of keratinized cells and average and standard deviation (SD) of body weight (BW) (kg) 
of 14 adult queens treated with a subcutaneous 9.4 mg deslorelin implant in 2 different locations, interscapular (IS) and periumbilical (UMB). The study is divided into 
7 time periods 0 = day of implant, 1 = 1–30 days post treatment (PT), 2 = 31–60 days PT, 3 = 61–180 days PT, 4 = 181–360 days PT, 5 = 361–600 days PT, 6 =
601–740 days PT, 7 = 741–1158 days PT.

Periods P4 (ng/ml) +/− IQR Ker. Cells (%) +/− IQR BW (Kg) +/− SD

INTERSCAPULAR 0 0.26 0.12 4.00 4.00 3.03 0.44
1 – – 23.00 29.25 3.20 0.32
2 0.47 0.47 12.00 8.00 3.29 0.48
3 0.34 0.36 4.00 3.00 3.54 0.47
4 0.31 0.34 7.00 1.75 3.70 0.36
5 0.31 0.46 2.50 9.75 3.71 0.41
6 0.50 0.36 1.50 7.50 3.58 0.30
7 8.60 3.90 34.50 53.25 3.95 0.73

PERIUMBILICAL 0 0.81 0.20 6.00 6.00 3.24 0.18
1 – – 28.00 69.00 3.37 0.21
2 0.00 0.00 9.00 7.00 3.60 0.00
3 0.00 0.21 4.00 4.00 3.58 0.28
4 0.11 0.11 5.00 0.00 3.47 0.33
5 0.00 0.00 4.00 1.00 3.50 0.32
6 0.30 0.37 21.00 21.00 3.36 0.38
7 11.50 12.71 44.50 69.75 3.48 0.44

Table n◦ 3 
Duration of efficacy expressed as days post treatment (PT) in 13 adult queens 
administered a subcutaneous 9.4 mg deslorelin implant in 2 different locations, 
interscapular (IS) and periumbilical (UMB). Queen n◦14 was lost to follow-up 
early in the course of the study, therefore her data is not considered here. No 
significative difference of duration of efficacy between different implant loca
tion was observed.

ID Duration of efficacy 
(days)

Average ±
SD

Average ±
SD

INTERSCAPULAR 12 525 768.6 ±
135.2

789.3 ±
154.99 698

5 757
1 783
13 783
11 756
4 837
10 1010

PERIUMBILICAL 8 609 822.4 ±
194.46 761

2 801
3 801
7 1140
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in queens. Overall, the 9.4 mg deslorelin acetate implant was a safe, 
efficient, reversible and long-lasting form of pharmacological steriliza
tion in female cats. Further studies are needed to ascertain the reason 
behind the variability its duration of effect in queens.
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