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1. Introduction
Sea turtles are large, air-breathing herbivores, inhabit 
tropical and subtropical seas of the world [1]. There are 
7 known species of sea turtles [2] with the beaches of 
Turkey of primary importance for the species Chelonia 
mydas, followed by the beaches of Cyprus, Syria, and Israel 
[3–6]. It has been reported that approximately 70%–80% 
of C. mydas turtles are nested in the Mediterranean coasts 
of Turkey [3–7]. Numerous studies have been conducted 
on monitoring of sea turtles in the Mediterranean and 
determining the importance of beaches as their habitat 
[3–7]. 

Samandağ beach is an important breeding site for 
green sea turtles, whose Mediterranean breeding grounds 
are restricted to the beaches of Eastern Mediterranean. 
The beach is bordered by the Çevlik Town and a rocky area 
(this rocky area forms the border with Syria) in the north 
and the Meydan Village in the south [8,9] Numerous 
studies have been conducted in the Eastern Mediterranean 
beaches, whereas very few studies have been conducted 

on sea turtles nesting at Samandağ beaches and these 
studies are mostly on the number of nests, nest success, 
and partly spatial distributions of nests on the coast 
[10,11]. To ensure the continuity of the generation of 
these creatures, determining their health-disease status is 
of great importance besides protecting their breeding and 
feeding grounds [12–15]. Hormone levels are precise and 
reliable indicators of the health status of turtles and their 
populations, and the impact of environmental factors and 
stress [16–20].

The hormone levels (T4, testosterone, oestrogen, 
progesterone, and corticosterone) in various sea turtle 
species have been measured to reveal the organ and 
reproductive activities in living creatures [16,21,22]. There 
are a few studies on the reference hormone values required 
for determining the health-disease and reproductive 
function status of sea turtles in Turkey [15]. This study 
aimed to collect basic data on the hormonal profile in C. 
mydas turtles located on the Eastern Mediterranean coast 
of Turkey and set the reference limits.
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2. Materials and methods
2.1. Materials
Forty-nine free-ranging C. mydas sea turtles were used in 
the study and were classified into 3 groups according to 
their ages (hatchlings, juvenile, adult) with adult turtles 
being further grouped according to sex (male and female). 
Furthermore, adult females were separated into 3 seasonal 
groups such as summer (June–August), spring (March–
May), and autumn (September–November) dependent on 
the dates of blood sampling. The blood samples taken from 
total 15 females that caught in sea and beach (4 spring, 7 
summer, and 4 autumn), 5 adult males, 9 juveniles, and 20 
hatchlings. 
2.2. Animals and sampling procedures
The head of the caught turtle was restrained by pulling 
to the forward and downwards below the level of the 
plastron to facilitate filling of the sinus with blood by the 
gravitational force [23]. It has been reported that 4%–8% 
the weight of turtles consists of blood [23]. 10 mL of blood 
was taken from adults. However, 0.3–0.5 mL of blood 
was taken from dorso-cervical sinus via insulin needle in 
hatchlings. 

To draw blood from the turtles, the dorsal neckline was 
cleaned with povidone-iodine and the vascular structure 
was determined using vascular ultrasound. After that the 
blood samples were taken directly from dorso-cervical 
sinus into blood tubes with sodium heparin under sterile 
conditions using vacutainer double-ended or normal 
22-gauge needles in adults and juveniles and with the help 
of insulin needles in the hatchlings. These procedures 
carried out both at sea and on the beach. The blood samples 
were kept on ice and brought to the laboratory. Samples 
were then centrifuged at 3000 rpm for 10 min; plasma 
was removed and frozen at –86 °C until the analyses were 
performed.
2.3. Hormone analysis 
While determining plasma hormone levels, the turtles had 
been determined as adult females (based on oestrogen, 
oestradiol, and testosterone levels) were divided into 3 
groups (summer, spring, and autumn) based on the dates 
of sampling. Sex of turtles were determined via analysis 
of the blood testosterone levels. According to Bolton and 
Björndal [24], they assigned young C. mydas turtles as 
females with testosterone hormone values below 10 pg/mL 
whereas those above 20 pg/mL as males in south Bahamas 
study. In our study, sex determination conducted through 
young turtles due to their testosterone levels were found to 
be 15.8 and 17.8 pg/mL, respectively. 

The plasma testosterone (catalogue no: 582601), 
oestradiol (catalogue no: 582251), progesterone (catalogue 
no: 582601), T4 (catalogue no: EIA- 4568), T3 (catalogue 
no: EIA- 4569), TSH (catalogue no: EIA- 4171), cortisol 

(catalogue no: EIA- 1887), corticosterone (catalogue no: 
EIA- 4164) levels were determined by enzyme-linked 
immunosorbent assay (ELISA) using commercially 
available kits (Cayman Medical and DRG, USA) on a 
diagnostic instrument  (BioTek Instruments, USA). 
2.4. Statistical analyses 
The results are expressed as mean ± standard deviation 
(SD). The significance of differences among all steps of the 
groups was analysed by analysis of variance (ANOVA), if 
the F value was found to be significant, differences between 
means were then analysed with the post-hoc (Duncan) 
test. Differences were considered statistically significant 
when the P value was <0.05.  

3. Results
In the present study, we determined the basic data for the 
hormone values of C. mydas that inhabit Turkey’s coasts. 
The results regarding the hormonal profile in C. mydas are 
presented in Table 1. 

Significant differences were observed in oestrogen (P 
< 0.001), progesterone (P < 0.001), cortisol (P < 0.05), 
corticosterone (P < 0.05), T3 (P < 0.05), and T4 (P < 
0.01) levels in the adult turtles. Progesterone, cortisol, 
and corticosterone levels could not be determined in the 
hatchlings group (Table 1). 

There were no significant differences between the 
hatchling, juvenile, and adult male turtles in oestrogen 
levels. The highest levels of oestrogen (280.2 ± 39.34), 
progesterone (274.2 ± 29.4), cortisol (2.26 ± 0.36), and 
corticosterone (2.94 ± 0.53) were determined in adult 
female turtles in the spring season. Also, the lowest 
oestrogen levels were found during the summer months 
at the time of nesting (45.5 pg/mL) and the corticosterone 
levels were found to be age and sex dependent (P < 0.05). 

In addition, adult male turtles had significantly 
higher levels of plasma testosterone (146.3 ± 13.74) when 
compared with hatchlings, juvenile, and adult female 
groups. However, there was a significant difference (P 
< 0.05) among the plasma T4 levels of the hatchling, 
juvenile, and adult turtles, whilst T4 levels increased with 
age. T3 levels did not change significantly depending on 
age or sex.

4. Discussion
There are few studies which have addressed the issues 
related to basic hormonal profiles in different age classes of 
sea turtles in the Mediterranean [15]. Hence, this study was 
undertaken in order to determine physiological hormonal 
levels, which are important for their reproduction and 
establish reference ranges in blood.

Most of the studies conducted on the hormonal profiles 
in sea turtles are about reproductive endocrinology 
of nesting females. Plasma oestradiol, testosterone, 
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progesterone, luteinizing hormone (LH), follicle-
stimulating hormone (FSH), and corticosterone levels 
were measured in female Caretta caretta, Lepidochelys 
kempi, Lepidochelys olivacea, and C. mydas turtles [21]. 
However, there are no studies on plasma hormone levels 
of sea turtles in Turkey.

Oestrogen is a steroidal hormone secreted mainly by 
the ovaries in response to gonadotropin secretion in the 
mammals. It is released from Teka interna and granulosa 
cells of previtellogenic follicles in the mammals. It is essential 
for the development of sexual organs and secondary 
sexual characters and maintenance of development and 
its physiological effects in female mammals. It acts as 
the primary hormone in follicular development [25]. 
In the study, no difference could be found between the 
hatchling, juvenile, and adult male turtles regarding the 
oestrogen levels. The highest concentration of oestrogen 
was found to be 280.2 pg/mL in the adult females during 
spring (Table 1). In Dermochelys coriacea, Rostal et al. [22] 
observed a decrease in oestradiol and testosterone levels 
during the nesting cycle. In this study, the lowest oestrogen 
levels were found in the summer months (45.5 pg/mL), 
during the nesting season. The low summer values may be 
associated with taking the blood samples after the female 
turtle had finished nesting. Another study, Rostal et al. [26] 
determined a decrease in oestradiol levels in the female C. 
caretta turtles from beginning to the end of the nesting 
cycle, they also found a sudden increase in both testosterone 
and oestradiol in the spring. Guillette et al. [27] found the 
average value of oestradiol 17-β in sea turtles to be 255 pg/
mL at beginning of summer. It has been reported that 4–6 
weeks before migration from feeding grounds to mating 
and nesting areas, serum oestradiol-17 beta level increased 
significantly and remained high about 4 weeks, meaning a 

period of increased vitellogenesis [28]. This accounts for 
the increase in the oestrogen level that was observed in 
the autumn in the study. Vitellogenesis is reported to be 
dependent on oestradiol 17-β in the reptiles. Increases in 
calcium and oestrogen levels within 4–6 months (spring 
season) before the reproduction period in L. kempi turtles 
are indicators of vitellogenesis [29]. Oestrogen injections 
administered to young C. mydas turtles that are raised in 
farms have been found to stimulate vitellogenesis [30].  
It is also known that it is secreted from the placenta and 
adrenal glands in some mammalian species, its main 
source is luteal cells that form the corpus luteum. The 
normal physiological effect of progesterone hormone 
can be shaped after the target tissue receives oestrogen 
stimulation for some time [25]. While progesterone level 
could not be determined in the hatchlings and adult males 
in the study, the highest progesterone concentration was 
found in adult female turtles in the spring season (274.2 
pg/mL). In the previously conducted studies, it was 
found that the progesterone hormone levels decreased 
significantly in the females from the beginning to the end 
of the nesting season. It had been reported that this was 
because the progesterone was the primary hormone that 
accompanied ovulation in sea turtles [28,29]. A sharp 
ascent was determined in 24–48 h following the nesting 
in various species of sea turtle (L. olivacea, C. mydas, and 
C. caretta). Regarding the ovulation after egg release and 
mating during the mating season, it was determined that 
the progesterone levels have risen [22]. Because the blood 
sampling was performed immediately after nesting, the 
progesterone levels were found to be low in females during 
the summer. The high progesterone levels found in the 
spring are likely to be due to mating, as reported by Rostal 
et al. [22].

Table 1. Hormonal profile in the Chelonia mydas turtles.

Hatchlings
(n = 20)

Juvenile
(n = 9)

Adult female
Adult Male
(n = 5)Autumn

(n = 4)
Spring
(n = 4)

Summer
(n = 7)

Oestrogen (pg/mL) 29.2 ± 18.57a 34.5 ± 16.04ad 135,7 ± 21.01b 280.2 ± 39.34c 45.5 ± 10.23d 26.9 ± 13.24a

Progesterone (pg/mL) ND 79.1 ± 18.2a 185,7 ± 12.3b 274.2 ± 29.4c 97.5 ±2 1.6a ND
Testosterone (pg/mL) 15.5 ± 2.24a 17.8 ± 2.84a 19.4 ± 3.48a 65.6 ± 9.53b 28.3 ± 4.17c 146.3 ± 13.7d

T3 (ng/mL) 0.55 ± 0.11a 0.89 ± 0.11b 1.08 ± 0.13b 1.02 ± 0.09b 1.07 ± 0.06b 1.14 ± 0.23b

T4  (ng/mL) 2.39 ± 0.36a 4,84 ± 0,68b 12.63 ± 2.11c 8.51 ± 1.17d 6.57 ± 2.09d 6.16 ± 1.86d

TSH (IU/mL) 0.005 ± 0.002 0.005 ± 0.003 0.007 ± 0.003 0.008 ± 0.001 0.005 ± 0.002 0.006 ± 0.01
Cortisol (ng/mL) ND 1.09 ± 0.23a 1.14 ± 0.29a 2.26 ± 0.36b 1.57 ± 0.23c 2.14 ± 0.48b

Corticosterone (ng/mL) ND 0,63 ± 0,32a 1.22 ± 0.46b 2.94 ± 0.53c 1.94 ± 0.56d 2.04 ± 0.62d

a,b,c,d The difference is significant in the columns between the groups, which carries different superscripts (P < 0.05).
ND: nondetected.
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Although testosterone is produced in small amounts in 
female mammals, the group of hormones that are intensely 
specific to males are called androgens. Testosterone is 
the most widely known from this group and has many 
derivatives. Testosterone is produced by the Leydig cells in 
the male gonads, although small amounts are also produced 
by the adrenal glands. It initiates the development of male 
characteristics. The hypothalamus and the pituitary gland 
are important in controlling the amount of testosterone 
[25]. In this study, the highest testosterone levels in the 
male adult turtles were found to be 146.3 pg/mL in the 
study. Licht et al. [31] found that the testosterone levels in 
male C. mydas turtles were highest during mating season 
(27–39 ng/mL). The highest testosterone levels in the adult 
females were 75.6 pg/mL in the spring. It has been found 
that there occurred a significant decrease in the testosterone 
level in female L. kempi sea turtles from the beginning 
(314.7 pg/mL) to the end (22.3 pg/mL) of the nesting 
cycle [29]. Similar decreases were also found in C. mydas 
turtles [30,32]. This accounts for why the testosterone level 
in the females was found to be low in the summer in this 
study. This decrease during the nesting season was also 
observed in C. caretta and D. coriacea turtles [22]. Serum 
testosterone levels increased with the resumption of the 
activities of ovaries during the premating period. Serum 
testosterone levels reached the maximum level with the 
start of the mating period (spring season) [29]. As the 
blood samples of the spring season were collected during 
the months of April and May which is the mating season 
of C. mydas turtles in the Mediterranean, accounts for the 
high levels of testosterone found in both the female and 
male adult turtles in this study.

Cortisol and corticosterone are released from the 
adrenal cortex by adrenocorticotropic hormone (ACTH) 
stimulation and synthesized from cholesterol. In sea turtles, 
corticosterone mediates the body condition, regulates the 
energy required for follicular development, nesting and 
migration, and regulates reproduction in female green 
sea turtles [32]. In the present study, the corticosterone 
levels were found to vary depending on the individuals 
age and/or sex (P < 0.05). In the green sea turtles during 
the nesting period, the high level of plasma corticosterone 
was found to decrease at the end of the period (1.85 ng/
mL) [32]. The values found in the females during the 
summer (nesting period) in this study are similar to those 
reported by Hamann et al. [32]. The plasma corticosterone 
level increases during the emergence from the sea and a 
nest digging phase. It was stated that the increase during 
the nesting period was formed to facilitate lipid transfer 
to prepare the follicles in the ovary or prepare the 
reproductive organs for fertilization [33]. Potential roles 
for corticosterone and catecholamines in the regulation of 
metabolism and lipolysis in seasonally breeding organisms 

are well documented. Specifically, increased corticosterone 
has been correlated with protein catabolism, hyperphagia, 
and lipolysis in migratory and/or fasting birds [34]. In 
C. mydas corticosterone increases glycerol release from 
adipose tissue suggesting that this hormone induces 
the mobilization of triglycerides accumulated in the 
adipocytes. Consequently, it causes the release of free fatty 
acid into the blood during nesting. Since female green 
turtles (C. mydas) are generally thought to be aphagic 
during the nesting season [35]. Corticosterone induces 
free fatty acids release from adipose tissue to compensate 
for the lack of food and the energy demands during 
courtship and nesting activities in sea turtles, indicating 
that corticosterone is an essential steroid hormone for 
energetic homeostasis of sea turtles during reproduction 
[36]. Gregory et al. [37] reported that the corticosterone 
levels in wild loggerhead sea turtles (C. caretta) were 
higher in the summer when compared with the winter, 
this is in line with the results of our study.

Adrenal glucocorticoids, like cortisol and 
corticosterone, are commonly used as an indicator of 
stress in vertebrates. Cortisol is a hormone that is released 
during periods of stress [16]. In this study, the cortisol 
levels were found to be highest in the adult females 
during spring (2.26 ng/mL) and lowest in the juvenile 
turtles (1.09 ng/mL). Recent studies report that there is 
a positive correlation between stress and corticosterone 
levels in C. caretta and C. mydas turtles [37,16], the same 
may be true for cortisol. Although no study on the cortisol 
levels of turtles has been found in the literature, cortisol 
may be responsible for regulating the body condition 
and providing energy source in long-term starvation like 
epinephrine and corticosterone [32].

The main hormones of the thyroid gland are T3 and 
T4 and when TSH stimulates the thyroid gland, T4 and T3 
pass into the blood. The most common of these hormones 
is T4 (90%) with a small portion made up of T3 (10%). 
In the experimental studies conducted on various reptiles, 
thyroid hormones were found to be effective on growth 
and development, reproduction, metabolism, food intake, 
and behaviours [38]. The plasma T4 activity in vertebrates 
is reported to be associated with metabolic status. In many 
species of reptiles, seasonal changes have been observed 
in the plasma T4 levels [39]. In this study, it was found 
that there was a significant difference (P < 0.05) between 
the hatchling, juvenile, and adult turtle plasma T4 levels 
with levels increasing with age. The T4 level that Moon 
et al. [40] found in juvenile green sea turtles (9.4 ng/mL) 
are similar to T4 levels here. Licht et al. [31] found the T4 
level in the male C. mydas turtles to be 9 ng/mL and it 
is higher than the level found in this study. Rostal et al. 
[29] found an increase in T4 concentration in the mating 
season in both male and female L. kempi turtles. Also, they 
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found a significant increase in T4 levels in the females in 
parallel with the increased serum calcium concentrations. 
The increased T4 level was found to be associated with 
mating, ovulation, and vitellogenesis in the reptiles [30]. 
This shows that the high T4 levels found in females in the 
spring may be associated with vitellogenesis and mating 
period.

T4 is deiodinated to T3 in target tissue in many 
vertebrates. Although thyroid gland produces and secretes 
a very little amount of T3, 80% of T3 in circulation is made 
up of the deiodination of T4. T3, which is created in this 
way, is biologically active thyroid hormone in mammals, 
birds, and fish. T3 levels are very low or could not be 
determined in very few reptiles and the desert tortoise 
[38]. In our study, T3 levels did not change significantly 
and were neither age nor sex dependent. The T3 levels 
found in this study are similar to the ones found in the 
study on C. mydas [40].

In conclusion, this study determined the hormonal 
profile in C. mydas turtles found in the Eastern 
Mediterranean region. Hormone reference values are 
important in determining health-disease, nutrition, and 

reproduction cycle in reptiles and sea turtles. For this 
reason, it will be possible to protect the population of 
this endangered species and take precautions against its 
diseases by determining the blood hormone levels of C. 
mydas turtle found in the Eastern Mediterranean coasts 
by age (hatchlings, juvenile, and adult) and sex (male, 
female), separately. The data obtained in this study may 
also be useful for monitoring the other endangered turtle 
species (C. caretta) found in the coasts of Turkey in terms 
of health-disease status.
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