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Abstract 

Despite the large distribution of the Yellow-chevroned Parakeet in Cerrado biome, there are 

few studies on biological parameters in this species. The lack of information on free-living 

parakeets is a limiting factor for establishing data on the health and conservation status of 

these species. The aim of this study was to standardize hemogram and blood biochemistry 

values for specimens of Brotogeris chiriri. Blood samples were collected from 21 young, 

clinically healthy and free-living specimens from the Cerrado biome. The mean, median, 

standard deviation and intervals were calculated for the following hematological parameters: 

packed cell volume (PCV), red blood cells, hemoglobin, mean corpuscular volume (MCV), 

mean corpuscular hemoglobin concentration (MCHC), leukocytes, heterophils, eosinophils, 

lymphocytes, monocytes and thrombocytes; and blood biochemistry parameters: uric acid, 

aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl transferase, alkaline 

phosphatase, total protein and albumin. Lower values of hemoglobin, MCV and MCHC when 

compared to the erythrogram interval of species belonging to the same genus and family, as 

well as a lymphocytic leukogram. The parameters related to blood biochemistry showed 

differences for alkaline phosphatase, presenting higher means values; and alanine 

aminotransferase, total protein and albumin, presenting lower means values when compared 

to other psittacids. This is a pioneer study to establish hematological and biochemical values 

for Brotogeris chiriri in the Cerrado biome. The importance of developing further studies to 

determine specific parameters for psittacid species is emphasized, with special regards to the 

effects of different stages of development, habitats and condition. 

Keywords: avian hematology, cerrado, conservation, psittaciformes 

1. Introduction  

The Yellow-chevroned parakeet (Brotogeris chiriri Vieillot 1818) is one of the most 

widespread small psittacid species in South America (del Hoyo et al., 1997; IUCN, 2018). Its 

geographic range includes most of Brazil, being abundant in the Cerrado biome and in urban 

environments. 

Several species of the Psittacidae family occur in the Brazilian biomes, however, the 

availability of studies characterizing the biological data of free living specimens and 
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individuals kept in captivity is still limited. This becomes relevant in a scenario in which 28% 

of psittacid species are being threatened. The lack of information, especially when 

considering clinical and laboratorial parameters, can be justified by the difficulty in obtaining 

samples and the innumerable variables (habitat, diet, age, sex) that may influence the results 

(Vaz et al., 2015; 2016). 

The establishment and standardization of biological parameters facilitates the gathering of 

information concerning the health status and physiological conditions of the individuals. 

Additionally, simple and minimally invasive methods, such as laboratory evaluations, allow 

for an effective monitoring of the physiological, therapeutic, pathological, ecological and 

environmental dynamics of a given population (Vaz et al., 2016). 

Demand for more specific biological data for several avian species has become a growing 

necessity for both wildlife medicine and in situ conservation programs, justifying the need for 

the development of further studies in this area. The aim of the present study was to describe 

the reference values for hemogram and blood biochemistry parameters of young, free living 

Brotogeris chiriri specimens from the Cerrado biome. 

2. Materials and Methods 

This study was authorized by the Biodiversity Authorization and Information System 

(SISBIO/IBAMA), under registration no. 62647-1, and approved by the Ethics Committee on 

the Use of Animals (CEUA) of the University of Brasília (UnB) number 57/2018.  

Twenty-one young, healthy specimens of B. chiriri (Figure 1), aged ten to 12 weeks, without 

defined sex, were used in this study. The animals were screened in the Wild Animals 

Department of the Veterinary Hospital of UnB (HVet-UnB). 

 

Figure 1. Yellow-chevroned Parakeet (Brotogeris chiriri) specimen 
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The parakeets were submitted to individual physical evaluation and weighing, in order to 

verify their healthiness. Before the collections, they were kept without food for four hours, 

and were then physically and chemically restrained for blood collection. After physical 

immobilization, the animals were sedated with inhalation anesthesia, using isoflurane, by 

means of a universal vaporizer equipped with a mask. 

The venipuncture site chosen was the right jugular vein (Figure 2), due to the large caliber 

and flow of this vessel. Antisepsis was performed with 70% alcohol and the blood collection 

was made with 1 mL syringes rinsed with 0.04 mL ethylenediamine tetraacetic acid (EDTA), 

with the samples then being stored into eppendorf flasks. The blood sample collected 

corresponded to 1% of the body weight of the animals. 
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Figure 2. Blood collection in right jugular vein in a Yellow-chevroned Parakeet 

(Brotogeris chiriri) 
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The blood samples for hemogram and biochemistry were processed at the Laboratory of 

Veterinary Clinical Pathology of HVet-UnB. For blood cell counting, each sample was diluted 

in 2 mL of Natt and Herrick isotonic solution. After 15 minutes, a counting of red blood cells, 

leukocytes and thrombocytes were made in a Neubauer chamber.  

For the hemoglobin measurement, 10 μL of blood sample were diluted in 2.5 mL of Drabkin 

reagent and, after 5 minutes, that dilution was centrifuged at 3500 rpm during 5 minutes for 

nuclei sedimentation, and processed in a semiautomatic biochemical analyzer. In addition, a 

microcapillary tube filled with blood was centrifuged for determination of packed cell 

volume (PCV) and total plasma proteins were measured by refractometry. A blood film 

stained with a kit for fast staining was used for differential leukocyte counting, cell 

morphology evaluation and hemoparasite screening. 

For blood biochemical parameters, uric acid, alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), 

total proteins (TP) and albumin were analyzed. After the hemogram analysis, the sample was 

centrifuged at 3500 rpm for 5 minutes for red blood cell sedimentation and then the plasma 

was retrieved for biochemical analyses. All analyses were performed by the Cobas C-111 

automatic analyzer (Roche Diagnostics do Brasil, São Paulo, SP). 

The results were tabled and descriptive statistics were determined with the establishment of 

the mean, median, standard deviation, minimum and maximum values being made with the 

Microsoft Excel 2007 software. Data were previously tested for normality with a 

Shapiro-Wilk test, and for the presence of extreme values by observing the deviation, with 

the Bioestat 5.3 software (Ayres et al., 2007). 

3. Results 

The mean, median, standard deviation and interval (minimum and maximum) values of the 

hemogram and blood biochemical parameters for B. chiriri are shown in Tables 1 and 2, 

respectively. 
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Table 1. Reference values of mean, median, standard deviation and interval (minimum and 

maximum) for the hemogram of young Brotogeris chiriri specimens 

Variable SI Units Mean Median SD Min Max 

PCV % 46.2 47.0 4.1 42.1 50.3 

RBC 10
6
/µL 4.2 4.2 0.7 3.5 4.9 

Hemoglobin g/dL 10.1 10.4 1.5 8.6 11.6 

MCV Fl 112.4 111.0 19.1 93.3 131.6 

MCHC g/dL 21.2 21.0 2.1 19.1 23.3 

WBCs 10
3
 /µL 15.6 15.0 6.0 9.7 21.6 

Heterophils 10
3
 /µL 5.44 5.10 2.73 2.70 8.18 

Lymphocytes 10
3
 /µL 8.87 8.46 3.58 5.28 12.4 

Monocytes 10
3
 /µL 0.95 0.91 0.59 0.40 1.44 

Eosinophils  10
3
 /µL 0.31 0.25 0.36 0 0.68 

Heterophils  % 34.71 34 12.26 22.4 47.0 

Lymphocytes % 57.4 55.5 11.07 46.4 68.5 

Monocytes % 5.95 6.0 2.54 3.4 8.5 

Eosinophils % 1.86 1.50 1.93 0 3.8 

Thrombocytes  26150 24000 8707.38 17442.62 34857.4 

SD (standard deviation), PVC (packed cell volume), RBC (red blood cells), MCV (mean 

corpuscular volume), MCHC (mean corpuscular hemoglobin concentration), WBC (white 

blood cells), SD (standard deviation), min (minimum), max (maximum). 
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Table 2. Reference values of mean, median, standard deviation and interval (minimum and 

maximum) for blood biochemical parameters of young Brotogeris chiriri specimens 

Variable SI Units Mean Median SD Min Max 

Uric acid mg/dL 4.00 3.65 1.92 2.1 5.9 

ALT U/L 2.79 3.00 0.71 2.1 3.5 

AST U/L 229 227.0 25.90 203.2 255.0 

ALP U/L 350.4 359.0 119.17 231.3 469.6 

GGT U/L 1.43 1.0 1.12 0.3 2.5 

TP g/dL 2.15 2.2 0.41 1.7 2.6 

Albumin g/dL 0.91 0.9 0.19 0.7 1.1 

ALT (alanine aminotransferase), AST (aspartate aminotransferase), ALP (alkaline 

phosphatase), GGT (gamma glutamyl transferase), TP (total proteins), SD (standard 

deviation), min (minimum), max (maximum). 

4. Discussion 

In the erythrogram evaluation, the reference range presented in this study, regarding the 

packed cell volume (PCV) and red blood cells (RBC) count, resemble the values described 

for species of the same genus, such as Brotogeris tirica (Silva, 2010) and Brotogeris 

pyrrhoptera (Hawkins et al., 2018). Conversely, for parameters such as hemoglobin, mean 

corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC), the 

means and interval values were different from those cited in the literature for the genus (Silva, 

2010; Hawkins et al., 2018), with lower values being reported in the present study. This 

emphasizes the need for more studies with different species, since there are significant 

variations within the same genus. 

Additionally, several physiological variables can influence the determination of 

hematological parameters in a species, such as age, seasonality, reproductive period and 

habitat. However, it is important to emphasize that such factors affect only the concentration 

of hematological constituents and not the cellular morphology (Clark et al., 2009; Capitelli, 

2013; Schimitd, 2014). The results found in this study can be considered a physiological 

aspect of the species, since there were no clinical alterations and no changes in cellular 

morphology, evidencing the absence of influence from possible pathological alterations. 

Age is one of the most studied variables when concerning the standardization of biological 

parameters, and its influence is well documented for some species. It has been demonstrated 
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that the progressive increase of hematological values occurs according to aging, with young 

birds typically exhibiting lower values than adults, which may justify the discrepancy of 

results between this and other studies (Clark et al., 2009).  

Samour (2006) determined hemogram values for young specimens of Ardeotis kori during 

their development, with collections during the first ten months of the animal’s lives. The 

results found for juveniles aged up to four months showed lower values of hemoglobin (7.5 ± 

0.2 g/dL), which corroborates the findings of the present study, in which age may have 

influenced the determination of the parameters. Other species in which smaller values were 

also reported for younger animals were Chilean flamingos (Phoenicopterus chilensis) 

(Hawkey et al., 1984), White storks (Ciconia ciconia) (Montesinos et al., 1997) and 

Pheasants (Phasianus colchicus) (dos Santos Schmidt et al., 2007). 

For the leukogram, the only parameter that exhibited lower values when compared to other 

Brotogeris species were the heterophil relative values (Table 2). The number of absolute 

lymphocytes was higher than the reference values reported for psittacids of the same genus 

(Silva, 2010; Hawkins et al., 2018). 

In most species, the heterophils are the predominant leukocyte type. However, there are 

species in which the standard physiological conditions correspond to a predominance of 

lymphocytes. Psittacids of the genera Amazona and Melopsitaccus were cited as examples of 

this predominantly lymphocytic leukogram pattern (Harper, 1998; Mitchell & Johns, 2008; 

Capitelli, 2013; Schimidt, 2014). Similar to mammals, young birds may experience a 

moderate increase in lymphocytes in response to an antigenic stimulation that occurs at this 

stage of life (Erf, 2008). However, additional studies may obtain different results according 

with to the animal’s particularities and geographic occurrence. 

The eosinophil values for B. chiriri also exhibited results above the mean and range described 

for other species of the same genus (Harrison, 2006; Silva, 2010; Hawkins et al., 2018). 

Eosinophilia in birds has been sporadically associated to gastrointestinal parasitism. However, 

several studies show that this pattern is inconsistent when experimental inductions of these 

parasite antigens are attempted. Other studies suggest that eosinophilia in these animals may 

occur in delayed-type hypersensitivity reactions, or even due to idiopathic causes (Campbell, 

1994; Mitchel & Johns, 2008; Doneley, 2010). In the present study, the animals were clinically 

healthy, without any gastrointestinal parasitism symptomatology. Therefore, the values reported 

here can be considered as physiological parameters for this species in the Cerrado.  

Concerning the thrombocytes, the values found for B. chiriri fall within the range established 

for species of the genera Amazona, Psittacus and Cacatua (Samour, 2006; Capitelli, 2013). 

The mean and range values for uric acid, ALT, AST, ALP, GGT, TP and albumin showed 

similarity when compared to analyses carried out in young specimens of other psittacid 

species, such as Cacatua alba, Ara ararauna and Eclectus roratus (Hawkins et al., 2018). 

When comparing the parameters from adult specimens, including B. pyrrhoptera, Aratinga 

spp. and Pyrrhura spp., it is possible to observe differences regarding ALT, TP and albumin, 

which are lower for B. chiriri (Hawkins et al., 2018). 
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Contrastingly, the values of ALP are higher when compared to the parameters of adults of 

other species (Harrison, 2006; Hawkins et al., 2018). It is expected that the parameters found 

for ALP in the individuals in this study could exhibit high values, since production of this 

isozyme increases during osteoblast multiplication, resulting in high concentrations in the 

bones of developing animals (Schimitd, 2014; Hawkins et al., 2018). 

Physiological factors such as age and stage of development are also significant in 

determining PT and albumin concentrations in birds (Harr, 2006). Maturity has been 

associated with increased TP values in several species. Lower values of total protein were 

found by Allgayer (2009) in young Anodorhynchus hyacinthinus. It is suggested that such 

decrease may be due to the rapid growth and increase of muscle mass, or to protein 

deficiency in the bird’s diet during this phase (Allgayer, 2009). In addition, the progressive 

increase in total protein levels may be associated with elevated antibody concentrations 

(Lanzarot et al., 2005). Body temperature is another physiological variable that may be 

associated with nitrogen loss, increased adrenal activity and increased protein turnover, which 

results in a TP decrease (Hochleithner, 1994). 

In relation to the lower values found for ALT when compared to adults of the same genus, it 

is known that this parameter is also influenced by age and increases in with the animal’s 

maturity (Schimitd, 2014). This parameter is not considered particularly reliable for 

evaluation of pathological changes in birds, since it may increase because of any kind of 

tissue damage. Moreover, in some species, normal ALT activity values fall below the 

sensitivity threshold of many of the methods used (Doneley, 2010; Schimitd, 2014). 

5. Conclusion 

The results of the present study, when compared to the literature available for parakeets of the 

genus Brotogeris, report divergences for some hematological and biochemical parameters. It 

is suggested that these differences are physiological and mostly attributed to the individuals’ 

age. Another characteristic inherent to the species diagnosed in the study was the 

predominantly lymphocytic leukogram pattern. The importance of the development of more 

studies with aiming to establish more specific parameters for psittacid species is emphasized, 

especially when concerning the effects different stages of development, different habitat and 

conditions. 
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