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Abstract 15 

Deslorelin acetate is a gonadotropin-releasing hormone agonist formulated in a controlled-release 16 

subcutaneous implant and designed for reversible suppression of testosterone production in dogs. It has also 17 

been demonstrated to be effective in other animal species, but no data on its effectiveness in male land tortoises 18 

are available. This study aimed to evaluate the effect of a 4.7-mg deslorelin acetate implant on serum 19 

testosterone concentrations in male Hermann’s (Testudo hermanni sp.) and Greek (Testudo graeca sp.) 20 

tortoises. Twenty adult male tortoises housed under the same environmental conditions were enrolled for the 21 

study and randomly assigned to a treatment (D, n = 10) or a control (C, n = 10) group. Starting in May, males 22 

from the D group were implanted with a 4.7-mg deslorelin acetate device, whereas males from the C group 23 

(n=10) did not receive any treatment. Blood samples were collected once immediately before implant 24 



application (S0-May) and at 15 days (S1-June), 2 (S2-July), and 5 (S3-October) months after application. 25 

Serum testosterone at each sampling time was measured through a solid-phase, enzyme-labeled, competitive 26 

chemiluminescent immunoassay. Median serum testosterone concentrations were not significantly different 27 

between the two groups in all sampling times, and no interaction between treatment and sampling time was 28 

observed. The present study, therefore, suggests that a single treatment with a 4.7-mg deslorelin acetate implant 29 

has no effect on testosterone circulation in male Hermann’s and Greek tortoises during the following 5 months. 30 
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 33 

Introduction 34 

The influence of testosterone (T) on sexual behavior has been investigated in behavioral endocrinology in male 35 

and female mammals, birds and reptiles (Dorner 1976; Nelson 2005). Notably, it has been shown that an 36 

elevation of circulating T in reptiles stimulates mate-searching effort, territoriality, and aggressiveness, 37 

promoting various sexual behaviors and activities (Paries et al. 2014). Male chelonians are regularly presented 38 

with increased sexual behavior due to high T levels (Garstka et al. 1991), resulting in competition and 39 

aggression amongst each other and leading to high stress and traumatic mating conditions in females because 40 

of the frequent chasing, bites, and sexual acts (Paries et al. 2014).  41 

Surgical removal of testes can solve aggression and mating problems in European tortoises if separation of 42 

the animals is impossible. Orchiectomy via shell osteotomy has been successfully applied, but it is time-43 

consuming and associated with prolonged healing times and frequent complications (Brannian 1984; Bennet 44 

2000; Hernandez-Divers 2006; Innis et al. 2013). Recently, laparoscopic orchiectomy on male tortoises has 45 

been implemented (Kinney et al. 2011; Paries et al. 2014), but testicular anatomy is quite variable among the 46 

300 different species (Kuchling 1999; Innis and Boyer 2002). The role of marked annual variations of T levels 47 

observed in many chelonians remains obscure, especially regarding seasonal changes and sexual activity in 48 

general (Sereau et al. 2010). Many chelonians often have a temporal disconnection between gametogenesis, 49 

fecundation, sexual behaviors, and hormone levels (Kuchling 1999). A biphasic annual pattern of T circulation 50 



has been previously reported in the Greek tortoise (Licht et al. 1985; Shelby et al. 2000; Sereau et al. 2010) 51 

and in the Testudo hermanni (Kuchling 1981; Huot-Daubremont et al. 2003), while a study on the subtropical 52 

Chrysemys dorbigni revealed a single seasonal androgen peak coincident with maximal testicular growth 53 

(Silva et al. 1984). 54 

Deslorelin acetate is a gonadotropin-releasing hormone (GnRH) agonist formulated in a controlled-release 55 

subcutaneous implant for reversible suppression of T production. It is commercially available as 4.7- and 9.4-56 

mg implants for male dogs and ferrets (Suprelorin®, Virbac, Carros, France), but its use has also been 57 

described in other species (Rowland 2011; Petritz et al. 2013; Schoemaker 2018; Harley et al. 2019). Deslorelin 58 

implant was demonstrated to be effective in dogs (Junaidi et al. 2003, 2009), cats (Novotny et al. 2012), and 59 

boars (Kopera et al. 2008, 2009), and only partially effective in bulls (Aspden et al. 1997, 1998; D’Occhio et 60 

al. 2000) and stallions (Gautier et al. 2018). Studies on the Japanese quail (Petritz et al. 2013) and on the 61 

Bearded dragon (Rowland 2011) indicated that deslorelin may be effective also in birds and reptiles, while 62 

research on chelonians could not demonstrate deslorelin implants' effects on female and male adult pond sliders 63 

(Potier et al. 2017; Bardi et al. 2021). To the best of the authors’ knowledge, no data regarding the effectiveness 64 

of deslorelin in male Hermann’s and Greek tortoises are available. Therefore, the purpose of the present study 65 

was to evaluate the effect of a 4.7-mg deslorelin acetate implant on T serum concentrations in intact adult 66 

Hermann’s (Testudo hermanni sp.) and Greek (Testudo graeca sp.) male tortoises. 67 

 68 

Materials and methods 69 

Twenty healthy, intact male Hermann’s (Testudo hermanni sp., n=12) and Greek (Testudo graeca sp., n=8) 70 

adult tortoises belonging to the Wildlife Recovery Centre (CRAS, Bernezzo, Italy) were enrolled. The study 71 

was performed during the active period amidst the hibernation periods, indicated as from April to October by 72 

Mazzotti et al (2002). Normal morphology of carapace, absence of current/previous pathologies, and negativity 73 

to parasitosis were adopted as selection criteria. Age ranged from 10 to 25 years. First, each subject was 74 

weighted, marked on the carapace, and randomly assigned to a treatment (D, n = 10) or control (C, n = 10) 75 

group. The random assignment to group D or C was performed separately for each species (Hermann’s and 76 

Greek) so that in the end, both D and C groups consisted of 6 male Hermann’s and 4 male Greek tortoises. The 77 



males were randomly housed in two large outdoor enclosures, with free access to a sheltered and sunny area; 78 

the areas were placed side by side and far from female tortoises. 79 

Starting from May (before the beginning of the breeding season) and immediately before inserting the 80 

device, a blood sample (S0-May) was taken from the jugular vein into 3,5 mL plain tubes (Vacuette® Greiner 81 

Bio-One) from all 20 subjects for T analysis. A 4.7 mg deslorelin acetate implant (Suprelorin® Virbac, Carros, 82 

France) was then introduced in the femoral muscle of the tortoises randomly assigned to the D group (n = 10). 83 

Throughout the procedure, the animals were restrained in a calm environment without stress sources. Each 84 

tortoise was weighed, and blood was collected at 15 days and two and five months after the device's application 85 

(S1-June, S2-July, and S3-October, respectively). All the above-described procedure, except for device 86 

application, was also performed in subjects of the C group (n = 10). Blood samples were immediately 87 

centrifuged (1000g for 20 minutes), and the obtained sera were stored at -20°C until analysis. 88 

Serum testosterone was measured at the MYLAV laboratory in Milan (Italy) through a solid-phase, 89 

enzyme-labeled, competitive chemiluminescent immunoassay (IMMULITE®2000 Total Testosterone, 90 

Siemens Medical Solutions – Diagnostics - USA). The functional sensitivity for the T assay on this system 91 

was 0.15 ng/mL, and the intra- and inter-assay CV were 5.1% and 7.2%, respectively. Serum T concentrations 92 

are expressed as ng/mL. 93 

Statistical analysis was performed using the Analyze-it software (Analyze-it software ltd, Leeds, UK). A 94 

T-test for independent samples was used to compare body weight between the two groups (C vs. D). The 95 

median T values of the two groups were analyzed by a two-way ANOVA with interaction. The model was 96 

testosteroneijk= treatmenti + timej +treatment x timeij + errork. A p<0.05 was considered statistically 97 

significant. 98 

 99 

Results 100 

No differences were detected between the median body weight of C (0.487 kg) and the D group (0.441 kg). 101 

Median concentrations of serum T ranged between a minimum of 5.3 ng/mL at S0 (May) to a maximum of 30 102 

ng/mL at S2 (July), both registered in the C group. The D group's minimum and maximum median values were 103 



9.3 ng/mL and 21.1 ng/mL, respectively. Neither time nor treatment or their interaction affected T levels in all 104 

sampling times. Median T levels in the two groups in the different sampling times are reported in Figure 1. 105 

 106 

Fig. 1 Variation of serum testosterone concentrations in adult males Testudo hermanni and Testudo graeca in control (C) 107 

and treatment (D) groups. The boxes indicate the I-III interquartile range (IQR), the horizontal line the median value, and 108 

the whiskers extend to further observation within quartile I minus 1.5 x IQR or to further observation within quartile III 109 

plus 1.5 x IQR 110 

 111 

Discussion 112 

The pattern of T serum concentrations variations registered in the C group was similar to those previously 113 

reported in Testudo greca and T. hermanni (Kuchling 1981; Huot-Daubremont et al. 2003; Sereau et al. 2010; 114 



Bonnet et al. 2016), with lower levels at the emergence from hibernation and increases during summer 115 

associated with the main mating period. Nevertheless, the increasing trend of serum T in the C group of the 116 

present study was not significant, maybe due to inter-individual variability and the small sample size. In the 117 

present study, median T concentrations in the C group at S0 and S1 (5.8 ng/mL and 14.7 ng/mL, respectively) 118 

appeared consistent with those reported by Huot-Daubremont et al. (2003) in April/June (10 ng/mL), while the 119 

peak registered in S2-July (30 ng/mL) was lower than the one reported by the same authors (50 ng/mL). 120 

Regarding the D group, the median T concentrations at S1 were superimposable to those at S0 (9.9 ng/mL and 121 

9.3 ng/mL, respectively). 122 

 According to these results, an effect of a synthetic GnRH agonist on circulating T concentrations in males 123 

of two tortoise species could not be demonstrated. These findings showed no stimulatory effect on T 124 

concentrations soon after implantation, and no suppressive effect throughout the study, consistently with other 125 

researches on reptiles. In green iguanas, no effects on testosteronaemia were found in males treated with GnRH 126 

agonist (Kirchgessner et al. 2009; Grundmann et al. 2013, ), although GnRH implants were successful to stop 127 

the ovarian activity in a group of captive female green iguanas (Knotek et al. 2009). In Trachemis scripta, 128 

subcutaneous deslorelin implant produced no differences in serum hormonal concentration or reproductive 129 

activity between case and control groups, both in male and female (Grundmann et al. 2018), and the same was 130 

found for female leopard geckos (Cermakova et al. 2019). Several individual green sea turtles showed a rise 131 

in immunoreactive LH following an injection of mammalian GnRH (Kuchling 1999), but without changes in 132 

sexual steroids. Another study (Licht et al. 1984) tested the ability of mammalian and chicken GnRH and their 133 

agonistic analogs in stimulating gonadotropin release in the cobra and musked turtle; neither of the GnRH 134 

preparations or their agonists produced significant changes in circulating hormones in either of the reptiles 135 

(Licht et al. 1984).  136 

 Some authors investigated the molecular features of GnRH receptors (GnRHR) in a leopard gecko (Ikemoto 137 

et al. 2004), revealing that it has a distinct genomic organization compared with all the other GnRHR genes. 138 

The low-expression level in the pituitary gland indicates the possibility that multiple types of GnRHR are 139 

expressed in this reptile and, possibly, also in other reptiles. One hypothesis is, therefore, that the 140 

unresponsiveness to a GnRH agonist in reptiles may be due to a species specificity of the reptilian GnRHR. 141 

Nevertheless, discrepancies in T secretion response to a controlled release deslorelin implant were also found 142 



among mammalian species, like in the bovine (Aspden et al. 1998; D’Occhio et al. 2000); those authors 143 

speculated that the pulsatile release of LH in bulls is not required to stimulate the synthesis of steroidogenic 144 

enzymes that sustain elevated T secretion (D’Occhio et al. 2000). A similar mechanism may also occur in other 145 

species, thus explaining the lack of efficacy of deslorelin implant. 146 

GnRH agonists have two distinguishing features compared with the natural GnRH: a higher affinity for 147 

GnRH receptors and a longer half-life in circulation (Karten and Rivier 1986). While the mammalian response 148 

to long-term GnRH agonists has been widely described, the release rate and pharmacokinetics of these implants 149 

in reptiles are unknown. Regarding the present study, it is possible that a flare-up effect on T levels may have 150 

preceded sampling S1, as Potier et al. (2017) showed a transient flare-up effect on T concentrations in yellow-151 

bellied sliders around 12 days after implant. Also, a suppressive effect on T concentrations may have occurred 152 

after the last blood sample (S3) performed 5 months after device application. A deeper knowledge of 153 

pharmacokinetic response in these two tortoise species would allow better scheduling of blood sampling times.  154 

The unresponsiveness to treatment may also be related to the dosage employed. Potier et al. (2017) 155 

registered only a transient stimulatory effect of a single 4.7-mg deslorelin implant on the anterior pituitary in 156 

yellow-bellied sliders without negative feedback on T production. These authors suggested further studies with 157 

the employment of a higher deslorelin dosage to support the obtained results. Still, recently Bardi et al. (2021) 158 

demonstrated that neither single nor double deslorelin implant successfully suppresses gonadal activity and 159 

prevents reproduction during a one-season follow-up in adult female pond sliders. The same authors stated 160 

that since a partial effect was noted in the double-implant group, failure to suppress gonadal activity in these 161 

animals is unlikely due to differences in the hormonal regulation of the reproductive cycle (Bardi et al. 2021). 162 

Gonadotropin response in reptiles is also highly temperature dependent (Pang and Schreibman 1991), and even 163 

prolonged treatment may have no measurable effect under certain conditions (Licht et al. 1985). Seasonal 164 

fluctuations in body temperature complicate the interpretation of seasonal hormonal patterns, especially in 165 

terrestrial tortoises, where temperature variations are more marked than in sea chelonians, as it largely depends 166 

on air temperature fluctuations.  167 

In conclusion, the present study suggests that a 4.7-mg deslorelin acetate implant does not affect circulating 168 

T concentrations in male Hermann’s and Greek tortoises during the following 5 months. Interpretation of these 169 



data is hindered by scarce information on the physiological pattern of T secretion in this species, 170 

pharmacokinetic response, and the degree of species specificity of the reptilian GnRH receptors, which may 171 

have limited treatment effectiveness. 172 

 173 
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