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Abstract. In this study, some biochemical parameters (glucose, urea, calcium, triglyceride, cholesterol,
creatinine, uric acid, total protein, iron, albumin, phosphorus, H.D.L., magnesium) hemoglobin and
hematocrit depending on the pre-reproductive and reproductive periods and sex were determined in a total
of 20 Testudo graeca specimens in the Canakkale (Turkey). For the biochemical parameters, 0,5 ml of
blood was collected from the scale in the lateral ligament of the neck with a 5-ml aspirating syringe. The
blood was transferred into the biochemical tubes and centrifuged; the plasma part was separated and was
measured by spectrophotometer. In conclusion, plasma biochemistry parameters were determined on sex-
related pre-reproduction and reproduction periods in T. graeca. When comparing the pre-reproductive
and the reproductive period in terms of glucose, uric acid and iron values, statistical differences were
found in the females. It was determined that cholesterol values of males were significantly different
between periods. In the females, glucose value was found high in the pre-reproductive period and uric
acid and iron values were high in the reproductive period. Cholesterol values of males were found high in
the pre-reproductive period. Iron levels in the pre-reproductive period were significantly different
between males and females.
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Introduction

Reptiles have different adaptations to terrestrial life that are not usually found in
other animal species. The turtle group, which includes species living on land, in
freshwater, and in marine ecosystems and also has varying morphological and
physiological characteristics is one of the important groups among reptiles (Godfrey and
Campbell, 2002). Plasma biochemistry studies have been used to support and extend the
results of studies in the field of hematology, as animal populations, physiology, guide
the determination of the environmental status of the habitat in which they live (Jacobson
et al., 1991; Raphael et al., 1994; Lopez-Olvera et al., 2003).

For all these reasons, biochemical analyses of blood plasma are an important method
for finalizing the health of many animal species and in recent years, reptile-related
hematology and plasma biochemistry studies have been increasing rapidly.

There are many studies on blood cells and clinical hematology (Marks and Citino,
1990; Dickinson et al., 2002; Lopez-Olvera et al., 2003; Tosunoglu et al., 2005;
Hamooda et al., 2014; Bielli et al., 2015) and plasma biochemistry associated with
Testudo species (Gilles-Baillien, 1969, Lopez-Olvera et al., 2003, Dickinson et al.,
2002, Marks and Citino, 1990, Scope et al., 2013, Hamooda et al., 2014; Ozdamar,
2014, Hetenyi et al., 2016). Mediterranean Spurred Tortoise, T. graeca is classified in
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the vulnerable species category according to IUCN (Red list) criteria. It is spread in all
suitable habitats (areas with less vegetation) in Canakkale province (Tosunoglu et al.,
2017). Since T. graeca is an endothermic species, it may be affected by environmental
conditions and external factors, as well as many internal and external factors affecting
its blood parameters. Studies on hematology (Tosunoglu et al., 2005), and plasma
biochemistry (Hamooda et al., 2014) are very limited in T. graeca species. Tosunoglu et
al. (2005) have established reference intervals for blood cell measurements and clinical
hematology parameters in Testudo hermanni and T. graeca species. Hamooda et al.
(2014) conducted a study to determine sexually and seasonally related changes in
plasma biochemical values of T. graeca species, which are spread in Libya.

There is no study about plasma biochemistry related to sex and different periods on
T. graeca species which can be found around our country.

The purpose of this study is the determination of parameters of plasma biochemistry
(glucose, urea, creatinine, calcium, albumin, cholesterol, total protein, uric acid,
phosphorus triglycerides, magnesium, iron, HDL-cholesterol, hemoglobin and
hematocrit) related to the sex (female-male) and different periods (pre-reproduction and
reproduction period) of T. graeca, and the determination of reference intervals. It is also
aimed to determine whether all parameters differ between pre-reproduction and
reproduction period and between male and female individuals.

Materials and Methods

Canakkale region is located in northwestern Turkey, and T. graeca samples used in
this study were collected from mountainous areas around Bayrami¢ (39° 46' 33.2" K,
26° 46' 24.4" D, Altitude: 239 m), Lapseki (40° 14'50.8" N, 26° 47' 13.9" E, Altitude:
315m), Ezine (39° 47' 15.30" N, 26° 14' 53.45" E, Altitude: 140m), Can (40° 07' 31.8"
N, 26°31'22.9" E, Altitude: 60m) and city center (40° 06" 55.0" N, 26° 25' 28.4" E,
Altitude: 117m) (Fig. 1). In all of these localities, species were observed in open areas
with low vegetation.
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Figure 1. Map of study area. 1- City Center, 2- Lapseki, 3- Can, 4- Ezine, 5-Bayramig
(source: https://maps.google.com)
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A total of 20 specimens were collected manually in two different periods; 11 (7 3,
4 99) in the pre-reproduction period (March and April 2016) and 9 (5 33, 4 29) in
reproduction period (June and July 2016) in forested areas, through the bushes and the
open areas. All the procedures on the samples were made with the permission of
Canakkale Onsekiz Mart University, Animal Experiments Ethics Committee with the
decision numbered 2015/108. Morphological measurements were made with digital
caliper and tortometer. After the samples were brought to the laboratory and the
necessary blood samples were taken, the tortoises were left behind in the habitats from
which they were collected.

For plasma biochemistry analysis, 0.5 ml blood was taken with a 5 ml scaled syringe
on the right or left side of the ligament in the jugular vein on the neck (Wright, 2008).
Blood samples were transferred to biochemical tubes containing lithium heparin (BD
Vacutainer, Becton Dickinson, Plymouth, UK). The blood was centrifuged at 4000 rpm
for 10 minutes in a centrifuge, and the plasma part was separated. Biochemical
parameters (glucose, urea, calcium, cholesterol, triglyceride, creatinine, uric acid, total
protein, iron, aloumin, phosphorus, H.D.L. and magnesium) to be studied were obtained
by measuring with ELIMAT brand auto analyzer using commercial kit in the obtained
plasma. For hematocrit analysis, blood was taken into micro hematocrit tubes and
centrifuged at 1000 rpm for 5 minutes in a micro hematocrit centrifuge and micro
hematocrit tubes were calculated with hematocrit paper and the result was found as %.
Total hemoglobin concentration was measured colorimetrically with a sahli
hemoglobinometer (Tanyer, 1985).

Descriptive statistics of plasma biochemistry parameters were evaluated using SPSS
(20.0 for Windows Student Version) statistical program. Statistical comparison was
made using the Mann Whitney U test in the SPSS program.

Results

In this study, morphological measurements were taken from the samples and similar
sized samples were used. The carapace lengths of specimens were measured as about
16.14 cm in male individuals and about 20.37 cm in female individuals. In this study,
plasma biochemical values were examined separately in female and male individuals in
pre-reproduction and reproduction period, and the data pertaining to a total of 15
parameters are given in Table 1.

Table 1. Plasma biochemical values of T. graeca species pre-reproduction and reproduction
periods. N: sample number, Min-Max: minimum-maximum values, SD: standard deviation

PRE-REPRODUCTION PERIOD REPRODUCTION PERIOD

PARAMETERS Sex N Min-Max Mean SD N Min-Max Mean SD
Glucose * 348 7 24.87-198 134.02 55.90 5 61.7-143.3 82.63 34.34
mg/dL e 3 121.3-166.7 144.86 22.74 3 71.39-86.01 79.35 6.05
33+29 | 10 24.87-198 137.27 47.18 8 61.70-143.3 81.17 24.62
Urea 348 7 9.7-46.12 21.36 11.93 5 11.5-81.40 32.40 28.49
mg/dL o1e) 4 15.00-85.6 50.57 30.61 4 12.9-86.70 32.92 35.90
33+99 | 11 9.70-85.60 31.98 24.16 9 11.5-86.7 32.63 29.82
Cholesterol * a3 166.3-386 266.13 83.03 5 22.35-130.1 76.69 45.37
mg/dL o1e) 4 94.2-623.7 247.6 252.57 4 79.49-208.6 136.75 64.77
33+99 | 10 94.2-623.7 258.72 158.7 9 22.35-208.6 103.38 60.03
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Creatinine 33 7 0.1-0.6 0.43 0.16 5 0.24-0.49 0.34 0.098
mg/dL 09 4 0.2-0.73 0.45 0.24 4 0.1-0.38 0.23 0.12
34+00 | 11 0.1-0.73 0.44 0.18 9 0.1-0.49 0.29 0.11
Uric Acid * 33 5 0.35-1.07 0.68 035 5 0.25-6.31 3.29 2.59
mg/dL 00 4 0.55-1.30 0.83 0.12 4 1.28-7.82 4.38 3.30
33+99 | 9 0.35-1.07 0.68 0.27 9 0.25-7.82 378 2.79
Albumin 33 7 1.25-2.8 1.59 0.56 4 0.85-1.59 1.22 033
g/dL 09 4 0.45-2.14 131 0.83 4 0.4-2.06 133 0.69
34+00 | 11 0.45-2.8 1.49 0.65 8 0.4-2.06 127 0.50
Calcium 338 6 3.6-9.91 7.02 2.45 5 6.96-30.20 15.16 10.38
mg/dL 00 4 | 2633861 15 1626 | 4 1.07-25.13 16.29 10.87
33+99 | 10 | 2.63-38.61 10.21 10.41 9 1.07-30.20 15.66 9.93
Triglyceride 33 6 111-673.5 36655 | 20333 | 4 | 121.30-743.7 | 38475 | 278.14
mg/dL 00 4 | 10562767 | 18547 | 7024 | 4 84.10-309.3 | 20270 | 92.20
33+99 | 10 | 1056-6735 | 29412 | 18264 | 8 84.10-7437 | 29372 | 215.10
T Protein 33 6 2.27-8.64 6.21 2.39 5 0.22-12.31 6.29 3.83
g/dL 09 4 1.02-7.76 4.68 3.45 4 4.82-10.80 6.75 277
33+99 | 10 | 102864 575 2.65 9 0.22-12.31 6.49 321
Phosphorus 33 7 0.37-10.33 2.80 3.46 5 0.19-2.19 1.40 0.88
mg/dL 09 4 0.3-4.88 2.44 1.94 4 0.17-4.20 2.05 1.65
33+99 | 11 | 03-10.33 2.67 2.89 9 0.17-14.20 1.69 1.23
Magnesium 33 6 0.07-5.27 1.30 1.98 5 0.2-0.83 0.45 0.27
mg/dL 09 0.91-1.13 0.98 0.1 4 0.1-1.19 0.68 0.50
33+99 | 10 | 007527 1.20 157 9 0.1-1.19 0.55 0.38
HD.L 33 7 31.52-207 86.94 59.71 5 5.03-52.17 32.59 20.49
mg/dL Q9 4 39.75-148 88.24 51.37 4 24.31-106.2 6473 | 4359
33+99 | 11 | 3152-207 87.41 54.14 9 5.03-106.2 46.88 34.78
Iron * 33 6 | 69.8-346.7 17953 | 10646 | 5 87.6-244.8 17628 | 60.06
a/dL Q9 4 15.2-89.7 45.92 3316 | 4 94.9-288.9 15075 | 92.58
33+9% | 10 | 15.2-3467 1269 | 10688 | 9 87.6-288.9 16493 | 72.10
Hemoglobin 33 5-11 7.36 2.20 5 5-8.4 7.24 1.39
g/dL QQ 6-6.8 6.47 0.35 4 6-8 71 0.84
33+99 | 10 5-11 7.01 1.72 9 5-8.4 717 111
Hematocrit 33 7 0.15-0.35 0.22 0.08 5 0.13-0.3 0.24 0.069
(PCV) Q9 4 0.16-0.33 021 0076 | 4 0.18-0.25 0.23 0.035
% 33+9% | 11 | 015035 0.22 0.07 9 0.13-0.3 0.24 0.054

* P value of less than 0.05 indicates significant difference between the compared means.

When comparing the pre-reproductive period and the reproductive period in terms of
glucose, uric acid and iron values, statistical differences were found in the females. It
was determined that cholesterol values of males were significantly different between
periods. In the females, glucose value was found high in the pre-reproductive period and
uric acid and iron values were high in the reproductive period. Cholesterol values of
males were found high in the pre-reproductive period. In addition, there was statistical
difference between iron values of males and females in the pre-reproductive period.
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Discussion
Glucose

In our glucose values, when females were compared, it was found that there was a
statistically significant difference in glucose between pre-reproduction period and
reproduction period (P: 0.034; U: 0.000; Z: -2.121). When male and female individuals
were evaluated together, there were significant differences between the two periods (P:
0.007; U: 12.00; Z: -2.694). In both sexes, glucose levels were found to be higher in the
pre-reproduction period than in the reproduction period. It is thought that there is an
increase after hibernation because the animal that is wakened from winter sleep fed too
much to be prepared for the reproduction period. Hamooda et al. (2014) found that
glucose values in the T. graeca specimens were close to each other in females and males.

Urea

In our urea values, no statistically significant difference was found between the sexes
in the periods. Gilles-Baillien (1969) determined the urea value of T. hermanni as 2.46
mg/dL and found that the urea concentration increased when preparing for winter sleep.

Cholesterol

In our cholesterol values for males, when pre-reproduction and reproduction period
were compared, it was determined that there is a significant difference (P: 0.006; U:
0.000; Z: -2.739). When male and female individuals are evaluated together, there are
significant differences between the two periods (P: 0.007; U: 12.00; Z: -2.694). The
cholesterol values obtained in both genders in the pre-reproduction period are higher than
in the reproduction period. Hamooda et al. (2014) reported that cholesterol in T. graeca
was significantly higher in females during the season in which they were active, and
varied by season. These observations and analyzes have shown that there is a close
relationship between egg development and vitellogenesis (Christopher et al., 1999,
Hidalgo-Vila et al., 2007). And they have shown that testosterone hormone has a negative
correlation with cholesterol.

Albumin

In our albumin values, there were no significant differences in pre-reproduction period
and reproduction period, and similar values were determined. Dickinson et al. (2002)
found that sex, location, and period cause significant differences in hematology and blood
biochemistry in the desert turtle Gopherus agassizii, they found that there was no
difference between the male and female individuals in albumin values. In our values, no
statistically significant difference was found between the sexes in both periods.

Calcium

There was no statistic difference between the sex and periods in terms of the calcium
parameter. Marks and Citino (1990) found that plasma vitelline causes an increase in the
amount of calcium present during the reproduction period in the Testudo radiata
specimens. And they found that calcium levels were not significantly different between
males and females.
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Creatinine

In our creatinine values, there were no significant differences in pre-reproduction
period and reproduction period, and close values were determined. There was no
difference between the sexes in both periods. Hamooda et al. (2014) reported that
creatinine values of T. graeca were found close to each other in males and females. There
was no statistically significant difference in the creatinine values of T. hermanni,
periodically in both sexes (Ozdamar, 2014).

Total protein

There was no significant difference in pre-reproduction period and reproduction
period, and close values were determined. There was no statistic difference between the
sexes in both periods. In G. polyphemus, serum total protein levels were found to be
higher in females compared to males (Taylor and Jacobson, 1982). Ozdamar (2014)
reported that the pre-reproduction period in T. hermanni species was shorter in females
than in males.

Uric acid

There was no statistic difference between the sexes in both periods. It was determined
that uric acid value in females was statistically different when pre-reproduction period
and reproduction period were compared (P: 0.034; U: 0.000; Z: -2.121). When male and
female individuals were evaluated together, there were significant differences between the
two periods (P: 0.007; U: 8.000; Z: -2.694). It was determined that the uric acid levels in
both sexes were lower in the pre-reproduction period than in the reproductive period.
Scope et al. (2013) found that the concentration of uric acid in the T. hermanni specimens
was the highest after winter hibernation. The lowest values were found to be 0.9 mg / dL
in October and the highest value was found to be 5.4 mg / dL after winter sleep.

Phosphorus

In our phosphorus values, there were no significant statistical differences in the pre-
reproduction period and reproduction period, but they were observed to be lower in
reproduction period. Phosphorus was found to have no effect on sex. By Scope et al.
(2013), phosphorus values of T. hermanni were found to be higher in females than in
males and the maximum value for phosphorus was seen at the earliest in June.

Magnesium

There were no statistical differences between the sexes and the periods. Hamooda et al.
(2014) found magnesium in T. graeca as 5.33 mg/dL in females and 5.64 mg/dL in males.

Triglycerides

In our triglyceride values, there was no statistical difference. Hamooda et al. (2014)
observed that the concentration of triglycerides in female T. graeca showed a significant
increase when compared to males.
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Iron

In our iron values, a significant difference was found between males and females in
pre-reproduction period (P: 0.019; U: 1.000; Z: -2.345). When the female individuals
were compared between the pre-reproduction and the reproduction period, the statistical
difference was observed (P: 0.021; U: 0.000; Z: -2.309). A detailed study on the reference
intervals of the iron values of tortoises has not been found.

HDL cholesterol

There was no statistical difference between the sexes and the periods. Sex and size
were found to influence the biochemical parameters of HDL-cholesterol (Whiting et al.,
2007; Anderson et al., 2011). Mader and Divers (2013) reported that in reptiles; females
had high cholesterol during active laying period.

Hematocrit

In our hematocrit values, there was no statistical difference between the two periods
and sexes. Hamooda et al. (2014) suggested that low levels of hematocrit in the T. graeca
species are related to sexual affect. Tosunoglu et al. (2005) found hematocrit values
between 21-34% for T. hermanni and 24-36% for T. graeca species. They noted that
hematocrit value is potentially informative about the state and physiology of the tortoises.

Hemoglobin

In our hemoglobin parameters, there was no statistical difference between the two
periods and sexes. Tosunoglu et al. (2005) reported hemoglobin levels of 4.9-7.4 g/dL for
T. hermanni and 5.2-9.7 g/dL for T. graeca. Hamooda et al. (2014) found that the
concentration of hemoglobin in the T. graeca species was characterized by low average
values in both males and females, which have a significant effect in favor of male
tortoises.

Conclusion

Biochemical analyses of blood plasma are an important method for assessing the
health of many animal species. For this reason, comparative hematological results of T.
graeca, which is on the Red List of the IJUCN in the Vulnerable category, are given in this
study. The data of this study will be useful for evaluating future health problems and for
species conservation studies.
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