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ABSTRACT: Blood samples were obtained from the dorsal coceygeal vein and the brachial vein
of five adult (four females and one male) and two subadult males of marginated tortoise (Testudo
marginata) and hematologic and biochemical parameters were compared. Significant differences
were found for red blood cell count, hematocrit, hemoglobin concentration, totql proteins, uric
acid, aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, alkaline phos-
phatase, calcium, and phosphorus, which were greater in the brachial vein samples. Hemodilution
due to lymph was observed when collecting blood from the dorsal coccygeal vein, and it is thought
to be the cause of the differences found. This research documented that the brachial vein is a
more reliable and consistent venipuncture site than dorsal coccygeal vein in marginated tortoise.
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INTRODUCTION

Hematologic and blood biochemical pa-
rameters are essential to assess health and
clinical status of reptiles, and particularly
in tortoises, due to the fact that these an-
imals demonstrate few observable clinical
signs and the diagnostic challenges of eval-
uating them (Gottdenker and Jacobson,
1995). Establishment of hematologic and
blood biochemical reference values and
standardization of sample collection meth-
ods in reptiles may be useful in many
fields, ranging from exotic animal practice
to wildlife rehabilitation centers (Muro et

al., 1994; Raphael et al., 1994). Also, mon-
1tormg reptile blood parameters can be a
way to manage and evaluate the physiolog-
ic and health status of their populations,
and may be a useful indicator of the en-
vironmental status, because these species
are very sensitive to habitat changes (Ja-
cobson et al., 1991; Raphael et al., 1994;
Dickinson et al., 2002).

However, many factors (both intrinsic
and extrinsic) make it difficult to establish
reference blood values for a species. Some
of the most important intrinsic factors are
species, sex, age, and physiologic status.

Chelonians, hematology, marginated tortoise, serum chemistry, Testudo margin-

Among the extrinsic factors are season,
temperature, habitat, diet, and captivity
(Lawrence and Hawkey, 1986; Gottdenker
and Jacobson, 1995). The site and method
of blood sample collection are also extrin-
sic factors that may influence hematologic

-and serum biochemical values. Standardi-

zation of blood collection techniques and
sites will improve accuracy of blood data
measurement and comparison (Gottdenk-
er and Jacobson, 1995).

Blood collection sites and methods in
tortoises described included the jugular
vein, dorsal coccygeal vein, brachial vein,
lateral coccygeal vein, postoccipital venous
plexus, femoral venous plexus, orbital si-
nus, heart, and nail-clipping (Samour et
al., 1984; Marks and Citino, 1990; Gott-
denker and Jacobson, 1995; Murray,
2000). The jugular vein, especially the
right one, has been reported as the pre-
ferred site for venipuncture in some tor-
toise species (Gottdenker and Jacobson,
1995; Jenkins, 1996; Lloyd and Morris,
1999), but according to other authors the
dorsal coccygeal vein and the brachial vein
are preferred, particularly in Testudo (Sa-
mour et al., 1984;: Marks and Citino, 1990:
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]ac]{son, 1991; Gobel and Sporle, 1991;
Muro et al., 1994; Murray, 2000). How-
ever, risk of contamination of blood sam-
ples with lymph due to proximity of lym-
phatic and blood vessels has been de-
scribed for the brachial vein (Jacobson et
al., 1992; Gottdenker and Jacobson, 1995;
Murray, 2000) and the dorsal coccygeal
vein (Marks and Citino, 1990; Jacobson et
al., 1992: Muro et al., 1994).

The objective of this study was to ana-
lyze the effect of sample collection site
from the dorsal cocecygeal vein and the
brachial vein on hematologic and serum
biochemical parameters in the marginated
tortoise (Testudo marginata).

MATERIALS AND METHODS

Paired blood samples were collected from
the dorsal coccygeal vein and the brachial vein
of five adult (four females and one male) and
two subadult male marginated tortoises. Ani-
mals were physically restrained to permit blood
collection. Body weight ranged from 1,085 to
4,844 ¢, and -;h-:JI] length measured along the
mld ine nmged rom 199 to 326 mm. Tortoises
were Lept in Ldphwty I open dir enc losures at
the Catalonian Reptile and Amphibians Reha-
bilitation Center (CRARC) in Masquefa (Bar-
celona, Spain, 41°30'N 1°48'E), receiving 14 hr
of Ilé}]t and 10 hr of darkness a day. Tortoises
were fed a diet of fruit and vegetables and had
access to spontaneous autochthonous plants.
All blood samples were obtained between May
and June of 2001, to avoid the effect of season
and physiologic status on blood parameters.
Mean temperature was 20.6 C, with a daily os-
cillation of 13.6 C and mean humidity oscillated
hetween 52% and 59%.

Blood samples were collected in 2 ml dis-
posable plastic syringes with 23 gauge needles.
One milliliter of blood was placed immediately
in lithium heparin tubes for hematologic anal-
ysis, whereas the remaining was placed in an-
other tube without anticoagulant and allowed
to clot at room temperature, then centrifuged
at 1,200 X G for 10 min and serum frozen at
—20 C until used for biochemical determina-
tions. '

Hematologic analysis included red blood cell
count (RBC}, hematocrit (PCV}), hemoglobin
concentration, mean corpuscular volume (MCYV),
mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC),
white blood cell count (WBC) and leukocyte dif-
ferential count. Hematocerit was determined with

a microhematocrit centrifuge (Hawksley, Lane-
ing, UK) at 14,000 X G for 5 min; hemoglobin
concentration was determined by a semiautomat-
ic hematulugic analyzer (Sysn_nex F-8500, Toa
Medical Electronics Co. Litd, Japan) after centri-
fugation of lysates. Blood cell counts were deter-
mined in a Neubauer hemocytometer chamber
with Natt & Herrick’s solution as described (Ras-
kin, 2000). Differential leukoeyte count was per-
formed on a total of 100 WBC on blood smears
with a Dif-Quick-like stain (Quimica Clinica
Aplicada S.A., Amposta, Spain).

Biochemical parameters included total pro-
tein, glucose, triglycerides, urea, creatinine,
uric acid, calcium, phosphorus, creatine kinase
(CK), aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), lactate dehydro-
genase (LDH), and alkaline phosphatase
(ALP), and were determined by means of an
automated analyzer (COBAS MIRA, Roche,
Nutley, New Jersey, USA). Sodium was deter-
mined with a flame spectrophotometer (Corn-
ing 410C, Corning Medical, Medficld, Massa-
chusetts, USA).

Complete hematologic data from all the an-
imals were available, whereas biochemical data
for both venipuncture sites were available from
only three to six animals, due to the lack of
enough serum. Mean, standard deviation, co-
efficient of variation, and bias percentage were
determined for each venipuncture site. A Sha-
piro-Wilk test was used to assess normality of
the data. Hematologic and biochemical param-
eters were compared using a paired Student’s
t-test and a Wilcoxon’s test, depending on the
distribution of the values for each parameter.
Statistical and distribution analyses were per-
formed using a software program (SAS, SAS
[nstitute Inc., Cary, USA).

RESULTS

Significant ditferences (P=0.05) were
found between dorsal coceygeal vein and
brachial vein values for RBC, PCV, and
hemoglobin concentration, which were
higher in the samples collected from the
brachial vein. Coefficient of variation was
greater in dorsal coccvgeal vein samples
for these three paramefers. The relative
bias of dorsal coccygeal vein samples was
at least 30% for all the hematologic param-
eters, except percentage leukocyte differ-
ential count and MCV, MCH, and MCHC
(Table 1).

Total protein, uric acid, calcium, phos-
phorus, AST, ALT, LDH, and ALP were
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greater in the brachial vein samples than
in the dorsal coceygeal vein samples
(P=0.05). Coefficient of variation was also
greater in dorsal coccygeal vein samples
for all the biochemical parameters where
significant differences were found, except
calcium. Urea, creatinine, and CK, which
were not significantly ditferent between
both venipuncture sites, showed also a
greater variability (coefficient of variation)
in dorsal coceygeal vein samples. The rel-
ative bias of dorsal coceygeal vein samples
was at least 20% for all the biochemical
parameters, except sodium (Table 2).

DISCUSSION

Blood samples from different venipunc-
ture sites have been used to establish ref-
erence values in different species of tor-
toises, without finding any significant dif-
ference in the parameters studied: dorsal
coceygeal vein and nail-clipping (Lawr-
ence and Hawkey, 1986); jugular vein and
brachial vein (Marks and Citino, 1990):
and dorsal coccygeal vein and brachial vein
(Gobel and Sporle, 1992). Venipuncture or
blood collection site is important to con-
sider when interpreting blood analysis re-
sults to assess health status and to establish
relerence values, because blood values can
vary considerably (Gottdenker and Jacob-
son, 1995). In chelonians and other ecto-
therms, it is particularly ditficult to estab-
lish reference intervals, because they are
capable of protound physiologic adapta-
tion to different habitats, seasons, and en-
vironmental changes. Different reference
intervals must be considered depending
on age, sex, geographic location, season,
and other environmental factors (Christo-
pher et al., 1999). Minimum information
about the reference population must be
provided when establishing a reference in-
terval, in order to ensure that physiologic
data are obtained in the same circumstanc-
es. Even then, up to 97 samples from a
population are required to develop statis-
tically meaningful intervals (Walton, 2001).
Reference values for hematologic and bio-
chemical parameters have been previously

established for marginated tortoise from
brachial vein blood 5;11]‘11)](-*.5 (Martinez-Sil-
vestre et al., 2001).

Differences in the values of bload sani-
ples collected from different venipuncture
sites have been described in desert tor-
toises (Gophlerus agassizii). Lymph con-
tamination of the blood samples collected
from the postoccipital venous plexus, in
contrast to samples obtained from the jug-
ular vein, was found to be a causal factor
(Gottdenker and Jacobson, 1995). Blood
sampling in a vessel other than the jugular
vein or the carotid artery (the only periph-
eral vessels that can be visualized through
the skin in medium-sized tortoises) is al-
ways blind and may result in lymph con-
tamination (Jacobson et al., 1992 Lloyd
and Morris, 1999). Such contamination
has been described when collecting blood
samples from the brachial vein in desert
tortoises (Gottdenker and Jacobson, 1995).
Nevertheless, the brachial vein has been
preferred to jugular venipuncture to col-
lect blood samples in the radiated tortoise
(CGeochelone radiata), since the axi]];.lx}-’ ap-
proach was more consistent and less in-
vasive and stressful (Marks and Citino.
1990). Collecting blood samples from the
j llgu|ar vein or the carotid artery requires
a cooperating animal or manual extension
and restraint of the head, and may be dif-
ficult or even impossible in some individ-
uals (Jacobson et al., 1992; Lloyd and Mor-
ris, 1999). Overall, it is easier to sample
from the brachial vein than from the ca-
rotid artery or the jugular vein.

Differences in values obtained in our
study between the brachial vein and dorsal
coceygeal vein can also be explained by
lymph contamination of the samples col-
lected from the dorsal coceygeal vein.
Lymph contamination of the samples was
clearly seen in five of the seven animals
when collecting blood from this vessel. We
observed a transparent fluid coming first
into the syringe, mixing after a few sec-
onds with blood inside the syringe. How-
ever, we did not observe this macroscopic
contamination in any of the samples ob-
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tained from the brachial vein. Although
minor contamination of brachial vein sam-
ples could have happened, the normal and
narrow distribution of blood
these samples indicates lack of lymph con-
tamination.

Lymph composition is different from
blood and serum,
blood samples with lymph may affect the
values of hematologic and biochemical pa-
rameters. Volume percentages of cellular
components are lower in lymph than in
blood, and enzyme activities and concen-
tration ol total protein are lower in lymph
than in serum, whereas chloride values are
higher (Jacobson et al., 1992; Gottdenker
and Jacobson, 1995).

Differences observed between samples
collected from the dorsal coceygeal vein
and from the brachial vein for RBC, PCV.
hemoglobin concentration, total protein,
uric acid, AST, ALP, calcium, and phos-
phorus,
lymph contamination similar to that de-
scribed in desert tortoises {Gottdenker and
Jacobson, 1995). We also found differenc-
es in LDH, which was not analyzed in the
aforementioned study. In contrast with
their results, we detected significantly dif-
ferent values for ALT, but not for leuko-
cytes (WBC, heterophils, and monoeytes)
or glucose. The high interindividual vari-
ability in total and differential leukocyte
counts could explain the absence of blé__"ﬂlf—
icant difference in these parameters.

The values of brachial vein samples
were not only greater, but also less variable
for most of the hematologic and serum
biochemical parameters analyzed. This
probably reflects the effect of lymph he-
modilution in dorsal coccygeal samples,
since lymph contamination of these blood
samples varied considerably. The elevated
bias of dorsal coceygeal vein samples for
most hematologic and biochemical param-
eters also 11‘1115,! be due to lymph hemodi-
lution. The only parameters that showed
less bias from this vessel were those which
are not atfected by lymph hemodilution:

values of

so contamination of

can be explained as a results of

MCV, MCH, MCHC, percentage leuko-
cyte differential count, and sodium.

The results obtained in our study indi-
cated that venipuncture site has an impm'—
tant influence on hematologic and bio-
chemical values in the n‘m.rdlmlted tortoise.
According to our results, Lhe brachial vein
is a more reliable and consistent veni-
puncture site than the dorsal coccygeal
vein in marginated tortoise, although dor-

“sal coceygeal vein has been considered the

site of choice for venipuncture in tortoises
of the Genus Testudo (Jackson, 1991;
Muro et al., 1994 Murray, 2000). Inter-
pretation of hematologic and serum bio-
chemical analysis requires the existence of
reference v:llues and the standardization of
sample collection and analysis techniques
(including venipuncture site), so results of
different origin can be compared. Further
studies comparing hematologic and bio-
chemical values of marginated tortoise at
different collection sites (jugular vein, ven-
tral coccygeal vein, postoccipital venous
plexus, subcaparacial vein, femoral area,
lateral coccygeal vein) would serve to de-
termine suitability and effects on the he-
matologic and biochemical parameters of
each venipuncture site, to establish sepa-
rate reference intervals, and to standardize
blood sample collection and handling
techniques. |
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