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ABSTRACT. Complete blood counts and hemoglobin isoform data 
were gathered from 36 specimens of the turtle species Phrynops geof-
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froanus from the northwestern region of São Paulo State, Brazil. They 
were collected in an urban area. The hemoglobin profiles were obtained 
after red blood cell lysis and by electrophoretic migration in alkaline pH, 
acid pH, and neutral pH buffer. The hemoglobin components were con-
firmed using high-performance liquid chromatography (HPLC). Eryth-
rogram analysis included hematocrit, total hemoglobin concentration, 
total red blood cell count, and red blood cell indices. The leukogram 
included a total white blood cell count and a calculation of the percent 
values of neutrophils, lymphocytes, monocytes, basophils, eosinophils, 
heterophils, and azurophils. HPLC analysis revealed three hemoglobin 
components; the first with a concentration of 5.5%, the second was a 
major component with an average concentration of 67.1%, and the third 
with a concentration of 28.5%. The hematological profile obtained for 
these specimens allowed us to establish a pattern for P. geoffroanus in 
São Paulo State Northwestern region. The average hematocrit values 
were 22.5% for females and 24.0% for males. For total hemoglobin, we 
found average values of 6.66 g/dL in females and 7.22 g/dL in males. 
The number of white blood cells was 2725 x 103/μL for females and 
2775 x 103/μL for males. There was a predominance of heterophils, eo-
sinophils, and monocytes in both sexes. No significant differences were 
found between males and females for hematological profile. The hema-
tological results were compared to literature data for other Chelonia. 
They were similar to what is known for fresh water turtles.
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INTRODUCTION

Physiological studies of wild animals that are kept in captivity or have been re-
cently captured are very important for obtaining details about the nature of the species in 
question, which can be used as a diagnostic tool. Blood is one of the first systems to be 
studied. It has the ability to transport gases (primarily oxygen) and nutrients, and also to 
eliminate metabolic waste. 

A complete blood count consists of an evaluation of a variety of parameters that al-
low us to obtain information about the general state and health of the animal, and that aid in 
the identification of pathologies, particularly those related to volemia and infections (Garcia-
Navarro and Pachaly, 1994). When compared to other vertebrates, there is little information 
available in the literature about the hematology and the hemoglobin profiles of reptiles (Garcia-
Navarro and Pachaly, 1994; Brites and Rantin, 2004). Phrynops geoffroanus, commonly known 
as Geoffroy’s side-necked turtle, is a small animal, with the male averaging approximately 21 
cm in length and the female averaging 35 cm. They are frequently found in rivers, lakes, and 
ponds with slow currents, and have a wide distribution, including South American countries as 
Colombia, Venezuela, Guyana, the far southern region of Paraguay, and the southeastern, cen-
tral-western, and northeastern regions of Brazil (Pritchard, 1979; Ernest and Barbour, 1989). 
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The aim of this study was to establish the hemoglobin polymorphisms and the hema-
tological profile of P. geoffroanus in the northwestern region of São Paulo State. In this region, 
P. geoffroanus is usually found in rivers and lakes, which affects the method of obtaining data 
on the biology of this animal.

MATERIAL AND METHODS

São José do Rio Preto is located in the southeast region of Brazil, at the following 
geographic coordinates: 20°49’12”S 49°22’44”E. The city is physically divided by the Preto 
River and its tributaries, including the Piedade Stream and the Felicidade Stream. The Preto 
River is approximately 120 km long, and is a tributary of the Turvo River, which flows into the 
Grande River, and is a component of the Turvo-Grande Basin. 

The animals were collected from the Felicidade Stream, which is in an urban area of 
São José do Rio Preto. They were then taken to the animal facility of UNESP-IBILCE, where 
sex, length and weight were determined. The animals were then isolated from the other ani-
mals in the animal facility in order to prevent stress. 

The blood samples of the 36 animals (20 females and 16 males) were obtained using 
cardiocentesis. The samples were then conditioned in tubes containing heparin as an antico-
agulant, and were processed in less than 24 h in order to avoid the formation of cell fragments, 
resulting in a more intense staining of the smear (Canfield, 1998). None of the animals were 
sedated in order to avoid additional stress, and also to avoid the interference of anesthetic 
drugs on the blood parameters, following Brites and Ratin, 2004. The project was approved 
by IBAMA and the National Committee of Ethics in Animal Research. In order to obtain 
hemoglobin components, red blood cells were lysed with water, and the hemoglobin solution 
purified with chloroform. The migration of the components was observed after electrophoresis 
at alkaline pH and neutral pH in cellulose acetate, and at acid pH on agarose gels. The compo-
nents obtained were compared to a human HB AS standard. Afterward, the components were 
confirmed using high-performance liquid chromatography (HPLC; Bonini-Domingos, 2006).

For the hematological profile analysis, the hematocrit was determined using a high 
speed microcentrifuge and microcentrifuge tubes. Hemoglobin was determined using Drab-
kin’s solution and readings were taken with a spectrophotometer in visible light. The red and 
white blood cell counts and the red blood cell indices were determined according to the pro-
tocol established by Garcia-Navarro and Pachaly (1994), which relies on a Neubauer chamber 
and light microscopy. The white blood cell differential count and the thrombocyte count were 
carried out using blood smears, rapid Panoptic staining, and light microscopy analysis.

Statistical data analysis was performed using the BioEstat 3.0 software. The resulting 
values were tested and normalized using the Shapiro-Wilk test and homoscedastic distribution. 
The parametric test used to compare averages was the Student t-test, and the non-parametric 
test used was the Mann-Whitney U-test (Ayres et al., 1998). 

RESULTS

Analysis of hemoglobin polymorphism showed that there were two diffuse compo-
nents at pH 8.5. They were the major components with faster migration, faster than human Hb 
A. The minor component was similar to human Hb S. Under electrophoresis at pH 7.0, two 
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very similar components were observed. They were essentially indistinguishable and migrated 
discretely toward the positive electrode. Two distinct components were observed on phosphate-
agarose gels, pH 6.2, one stayed at origin and the other migrated to the human Hb F position. 
HPLC analysis revealed three hemoglobin components. The first component eluted had a reten-
tion time of 2.6 min and an average concentration of 5.5%. The second was a major component 
with a retention time of 4.7 min and an average concentration of 67.1%. The third component 
had a retention time of 5.02 min and an average concentration of 28.5%. We did not observe 
any differences in hemoglobin profile between males and females of the species.

The average hematocrit values were 22.5% for females and 24.0% for males. For total 
hemoglobin, we found average values of 6.66 g/dL in females and 7.22 g/dL in males. For 
thrombocytes, we found an average of 12.0% for females and 16.5% for males (Table 1). The 
red blood cell count showed average values of 5.9 x 105/μL for females and 7.4 x 105/μL for 
males, with no statistically significant differences between the sexes.

Erythogram                                          Females                                        Males  P

 Mean SD Mean SD

Hematocrit (%) 22.5 3.99 24.0 4.10 0.1197
Hemoglobin (g/dL)     6.66 2.12     7.22 1.92 0.8297
Thrombocytes (%) 12.0 8.23 16.5 6.93 0.0852
Red blood cells (x 105/µL)   5.9     205621   7.4 271716 0.0519
MCV (fL)   32.84 7.66    32.09 7.42 0.1567
MCHC (g/dL)   31.25 8.32    30.19 8.01 0.6615
MCH (pg)     0.60 0.16      0.49 0.19 0.0626

Table 1. Average hematological values in erythrogram of males and females of Phrynops geoffroanus.

MCV = mean corpuscular volume; MCHC = mean cell hemoglobin concentration; MCH = mean cell hemoglobin.

Similar statistical results were found for the red blood cell indices (mean corpuscular 
volume, mean cell hemoglobin concentration and mean cell hemoglobin). When compared to 
the values for P. geoffroanus obtained in this study, hematocrit and total hemoglobin values ob-
tained for Chelonia in the literature were similar to some exclusively aquatic species (Table 2).

Table 2. Hematocrit and hemoglobin values in various species of Chelonia.

Species Hematocrit (%)      Hemoglobin (g/dL) References

P. geoffroanus (female) 22.5     6.66 -
P. geoffroanus (male) 24.0     7.22 -
P. geoffroanus (female)  10.06     8.06 Brites and Rantin, 2004
P. geoffroanus (male)    8.51     7.20 Brites and Rantin, 2004
Trachemys s. elegans 26  - Moon and Foerster, 2001
Chrysemys picta  19.8  - Moon and Foerster, 2001
Caretta caretta 25-40  - Moon and Foerster, 2001
Chelonia mydas 22-45    7.5-12.5 Wood and Ebanks, 1984
Chelonia agassizzi (female) 31  - Moon and Foerster, 2001
Chelonia agassizzi (male) 29  - Moon and Foerster, 2001
Dermochelys coriacea 39  - Moon and Foerster, 2001
Lepidochelys kempi 31-34  - Moon and Foerster, 2001
Chelonoidis c. chilensis (female)  23 10.4 Troiano and Silva, 1998
Chelonoidis c. chilensis (male)  22 10.1 Troiano and Silva, 1998

- = Data not provided by the authors.
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A discrepancy was found in the hemoglobin values when comparing specimens from 
São Paulo and Minas Gerais States (Table 3). The total number of white blood cells was 2725 
x 103/μL for females and 2775 x 103/μL for males. 

There was a predominance of heterophils, eosinophils, and monocytes in both sexes 
(Table 4), which diverged from the results found in the literature for other Chelonia (Table 5).

                                                São Paulo                                                       Minas Gerais*

 Female  Male        Female        Male

Ht (%) 22.5 24.0   10.06     8.51
Hb (g/dL)     6.66     7.22     8.06     7.20
MCV (fL)   32.84   32.09   91.56   92.44
MCHC (g/dL)   31.25   30.19   79.44   84.31
MCH (pg)     0.60     0.49   93.30 113.40
Red blood cells (x 105/µL)   5.9   7.4 109.81   92.13
White blood cells (x 103/µL) 2725 2775              2.24 x 109                 2.13 x 109

Tabela 3. Hematological values of Phrynops geoffroanus from two different geographical areas in Brazil.

*Brites and Rantin, 2004.

White blood cells                                   Females                                   Males  P

 Mean SD Mean SD

Total leukocyte count (x l03/µL)* 2725 712.64 2775 996.82 0.8361
Neutrophils (%)*   2.0     0.91   3.0     1.07 0.2791
Lymphocytes (%)* 13.5     4.86 11.0     3.34 0.1901
Monocytes (%) 11.0     6.44 13.5     5.49 0.7002
Basophils (%)   7.0     2.92   7.0     4.04 0.4437
Eosinophils (%) 16.0     5.30 15.5     8.11 0.7780
Heterophils (%) 42.5     6.30 45.0     7.65 0.4797

Table 4. Average white blood cell values in female and male Phrynops geoffroanus.

Student t-test and Mann-Whitney U-test (*).

 P. geoffroanus P. geoffroanus Chelonia mydas Chelonoidis c. chilensis Chelonoidis c. chilensis
 (female) (male)  (female) (male)

Neutrophils (%)   2.0   3.0   6.0 - -
Lymphocytes (%) 13.5 11.0 69.0 26.0 26.0
Monocytes (%) 11.0 13.5 -   5.0   5.5
Basophils (%)   7.0   7.0   9.0     2.0   1.0
Eosinophils (%) 16.0 15.5 14.0 31.0 32.0
Heterophils (%) 42.5 45.0 - 28.0 27.5
Azurophils (%)   5.0   4.0 -   8.0   7.8

Table 5. Comparison of differential leukocyte counts between three Chelonia  species.

- = Data not provided by the authors (Moon and Foerster, 2001; Troiano and Silva, 1998).

DISCUSSION

The first reports of hemoglobin polymorphism in Testudines described the presence of 
2 of 5 hemoglobin components in various species, and used low-resolution starch gel electro-
phoresis (Sullivan and Riggs, 1967). However, electrophoretic migration at alkaline pH permit-
ted to identify only the components with the highest concentrations, and did not demonstrate the 
separation of minor components. HPLC analysis revealed one major component and two minor 
components in both males and females of P. geoffroanus. There was no evidence of the sexual 
dimorphism that had been observed in other species. 
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The hematocrit values were similar to those observed in freshwater turtles, such as 
Trachemys scripta elegans and Chrysemys picta, which were described by Moon and Foerster 
(2001). Saltwater turtles have a higher average value, which may reflect a physiological adap-
tation to the environment (Moon and Foerster, 2001). The values found for total hemoglobin 
were similar to those described in the literature for Chelonia mydas and Chelonoidis chilensis 
chilensi (Wood and Ebanks, 1984; Troiano and Silva, 1998). Hutchison and Szarski (1965) 
mentioned that geographic location may influence hematological values, particularly red blood 
cell count. We made the same observation in our study when we compared the results obtained 
for this species to those obtained by Brites and Rantin (2004) in another region in Brazil.

The average white blood cell count was similar to that of some turtle species, such 
as Chelonia agassizii and Chelonia mydas, and was higher than those values found for 
Chrysemys picta and Lepidochelys kempi (Moon and Foerster, 2001). Different values were 
found for the different types of leukocytes, which is likely a reflection of environmental 
variations and physiological adaptations.

Although the observed differences in hematological profile between males and females 
of the species in the northwestern region of São Paulo State were not significant, the disparity 
between our data and the data in the literature for animals from other urban areas of Brazil sug-
gests that the animals have adapted to the specific urban environments that they inhabit.
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