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kurzFassung

Die vorliegende arbeit berichtet über hämatologische untersuchungen [erythrozyten- und Leukozytenzahl,
Hämoglobingehalt, Hämatokrit, mittleres zellvolumen, mittlere zell-Hämoglobinkonzentration und gesamt -
eiweiß] an vier in der türkei beheimateten agamenarten, Laudakia caucasia (eicHWaLD, 1831), Laudakia stellio
(Linnaeus, 1758), Phrynocephalus horvathi rostoMbekov, 1938 und Trapelus lessonae (De FiLippi, 1865). an
blutausstrichen der vier arten wurden die Länge, breite und Fläche der erythrozyten sowie die Durchmesser der
Lymphozyen, Monozyten, eosinophilen, Heterophilen und basophilen Leukozyten gemessen und ihre prozentuel-
le verteilung berechnet. Die erythrozytenzahlen lagen bei L. caucasia höher als bei L. stellio und P. horvathi.  Die
größe der erythrozyten von L. stellio übertraf jene von L. caucasia, P. horvathi und T. lessonae.  Die Werte für die
Hämoglobinkonzentration, den Hämatokrit und die mittlere zell-Hämoglobinkonzentration unterschieden sich bei
L. caucasia, L. stellio und P. horvathi.

abstract

Four agamid species, Laudakia caucasia (eicHWaLD, 1831), Laudakia stellio (Linnaeus, 1758), Phryno -
cephalus horvathi rostoMbekov, 1938 and Trapelus lessonae (De FiLippi, 1865), occurring in turkey, were hema-
tologically examined [erythrocyte and leukocyte count, total hemoglobin, hematocrit value, mean cell volume,
mean cell hemoglobin, mean cell hemoglobin concentration and total protein values].  in addition, blood smears
were prepared from the specimens and erythrocyte length, width, size and leukocyte diameters (lymphocyte, mono-
cyte, eosinophil, heterophil, basophil) were measured and the percentage values of leukocyte types were calculat-
ed.  the erythrocyte count in L. caucasia was found out to be higher than those of L. stellio and P. horvathi.  the
erythrocyte size in L. stellio was larger than those of L. caucasia, P. horvathi and T. lessonae, respectively.  the
hemoglobin concentration, hematocrit percentage and mean cell hemoglobin parameters are different among L.
caucasia, L. stellio and P. horvathi.

key WorDs

reptilia: squamata: sauria: agamidae, Laudakia caucasia, Laudakia stellio, Trapelus lessonae, Phryno -
cephalus horvathi, hematological values, hematology, physiology, turkey

introDuction

Herpetozoa  24 (1/2): 51 - 59                                                                                                                  51
Wien, 30. Juli 2011

Most studies on hematology in saurian
species dealt mainly with blood cell counts
and cell sizes (HartMan & LesLer 1964;
HutcHison & szarski 1965; szarski &
czopek 1966; Duguy 1970; MerMer 1999;
sevinç et al. 2000; sevinç & uğurtaş
2001; atatür et al. 2001; tosunoğLu et al.
2004; sevinç et al. 2004; saccHi et al.
2007; ponsen et al. 2008; troiano et al.
2008).  other hematological parameters,
such as hematocrit value, total hemoglobin

concentration, mean cell volume, mean cell
hemoglobin and mean cell hemoglobin con-
centration, were rarely studied (Harr et al.
2001; cuaDraDo et al. 2002; ponsen et al.
2008; troiano et al. 2008).

erythrocytes are morphologically
similar among the various lizard species.
However, it was reported that red blood cell
count and size displayed significant individ-
ual and interspecies variation, and that this
variation was also related to body weight,
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age, sex and altitudinal distribution (saint
girons 1970; sevinç et al. 2000, 2004;
sevinç & uğurtaş 2001; atatür et al.
2001; paL et al. 2008; ponsen et al. 2008).
Differences in further hematological param-
eters were reported by Harr et al. (2001),
cuaDraDo et al. (2002) and ponsen et al.
(2008).

the comparative scarcity of informa-
tion on the hematology of agamid species
(pienaar 1962; soDeinDe & ogunJobi
1994; eLiMan 1997; paL et al. 2008) does
not fully correspond to the importance of
the family.  agamidae are the fourth largest
lizard family, comprising more than 330
species and 54 genera, among which the

morphological and ecological differences
are conspicuous (rastegar-pouyani &
niLson 2002).  representatives of this
genus colonized a wide range of old World
habitats such as dry, tropical and subtropical
regions (MooDy 1980).  

the purpose of this study was to deter-
mine reference intervals of blood cell counts
and sizes and some additional hematologi-
cal parameters of four agamid species from
three genera found in turkey (başoğLu &
baran 1977; baran & atatür 1998), viz.
Laudakia caucasia (eicHWaLD, 1831), Lau -
dakia stellio (Linnaeus, 1758), Phryno -
cephalus horvathi rostoMbekov, 1938 and
Trapelus lessonae (De FiLippi, 1865). 

Ma te r i a l s . -   ten male and ten
female mature Laudakia stellio from Muğla
(36°46’n, 28°40’e, 105 m a.s.l), 2008.07.
02; five male and five female mature
Laudakia caucasia from iğdır (39°58’n,
44°13’e; 838 m a.s.l), 2008.06.26; five
male and five female mature Phryno -
cephalus horvathi from iğdır, 2008.06.27;
and two male and three female mature
Trapelus lessonae from Mardin (37°23’n,
40°56’e; 950 m a.s.l), 2002.04.22.

blood analysis . -   blood samples
of the live specimens obtained in the labora-
tory within one day of their capture were
taken from the postorbital sinus via
heparinized hematocrit capillaries (Mac
Lean et al. 1973).  after taking of the blood,
specimens were released at the places from
where they were collected.  red (rbc) and
white blood cell counts were made utilizing
a neubauer hemocytometer.  as a diluting
solution, the standard Hayem’s solution was
used for erythrocytes, while the method of
Jerrett & Mays (1973) was utilized for
leukocytes; i.e., a 1:1 mixture of (i) neutral
red diluted to 1/5000 with 0.07% physiolog-
ical saline and, (ii) 12% formaline prepared
with 0.07% physiological saline.

blood smears stained with Wright’s
stain were used in measuring the blood cells
(erythrocytes, leukocytes and thrombo-
cytes).  cell measurements were performed
under a microscope with an ocular micro -

meter.  Fourty erythrocytes were randomly
chosen on each blood smear; cell lengths
(eL) and widths (eW), together with the
lengths (nL) and widths (nW) of their
nuclei, were measured (μm).  cell (es) and
nucleus (ns) sizes (μm2) were computed
according to the formulas (eL•eW•π)/4 and
(nL•nW•π)/4, respectively.  Leukocyte di -
ameters, thrombocyte lengths (tL) and
thrombocyte widths (tW) (μm) were meas-
ured as well.  cell photomicrographs were
taken with an olympus and Hitachi pho-
tomicroscope.

blood from each specimen was placed
in a heparinized tube for determining the fol -
lowing hematological parameters.  Hemato -
crit was determined using the micro-hemato -
crit method (tanyer 1985).  the tubes were
spun in a micro-hematocrit centrifuge for 5
minutes at 12000 rpm and the hematocrit
[Hct (%)] was calculated from the propor-
tion of the blood cell volume in the total
blood volume.  total hemoglobin concentra-
tion [tHb (g/dl)] was measured colorimetri-
cally with a sahli hemoglobinometer
(tanyer 1985).  the derived erythrocyte
values ‘Mean cell volume’ (Mcv = Hct/
(100•rbc) [µm3]), ‘Mean cell Hemo -
globin’ (McH = tHb/rbc [pg]) and ‘Mean
cell Hemoglobin concentration’ (McHc =
(tHb•100)/Hct [%]) were calculated
mathematically from the results of the
above-mentioned analyses (tanyer 1985).
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Fig. 1:  blood cells as observed in the four agamid species studied (Wright’s stain). 
abb. 1:  blutzellen wie sie bei den vier untersuchten agamenarten beobachtet wurden (Wright-Färbung).
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blood cell morphology

erythrocytes   -  oval-shaped cells
with centrally located oval nuclei in all spe-
cies studied (Fig. 1 a).  

Lymphocytes   -  cells of spherical
shape. using Wright’s stain, their cyto-
plasms were stained in pale blue and their
nuclei in violet-blue; the most abundant
leukocytes in all species studied (Fig. 1
b).

Monocytes   -   the largest among
the leukocytes in all species studied.  their
cytoplasms were stained in light pink and
the nuclei in violet (Fig. 1 c1).

basophi ls   -   the smallest leuko-
cytes in all species studied.  their cytoplasm
appeared light blue, with dark purplish-to-
bluish granules partly obscuring the dark
blue nucleus (Fig. 1 c2).

Heterophi ls   -   cells characterized
by a reniform to lobulated nucleus, often in

54                                                           ç. güL &  M. tosunoğLu

Data analysis . -   non-parametric
tests (kruskal Wallis) and descriptive statis-
tics were conducted using spss (v10.0).
kruskal Wallis test was applied to test for

differences between males and females.
the confidence interval was set at 95% for
all tests.

table 1:  Hematological parameters in Laudakia caucasia (eicHWaLD, 1831). n - number of specimens;
sD - standard Deviation; Min-Max: Minimum-Maximum values.

tab. 1:  Hämatologische Werte von Laudakia caucasia (eicHWaLD, 1831). n – anzahl der exemplare; 
sD - standardabweichung; Min-Max: Minimum-Maximum.

parameter n Mean / Mittel sD Minimum - Maximum

rbc (red blood cell count) (1/mm3) 10 1023000 118701 800000 - 1200000
Wbc (White blood cell count (1/mm3) 10 6007.00 2641.26 2000 - 9450
tHb (total Hemoglobin concentration) (g/dl) 10 10.54 1.32 08.00 - 13.00
Hematocrit (%) 10 37.70 4.83 29.00 - 44.00
erythrocyte Mean cell volume (µm3) 10 370.95 49.33 284.31 - 453.61
erythrocyte Mean cell Hemoglobin (pg) 10 103.69 13.21 78.43 - 124.44
erythrocyte Mean cell Hemoglobin concentration (%) 10 28.17 3.44 21.36 - 33.33
Lymphocytes (%) 9 53.55 6.72 44.00 - 62.00
Monocytes (%) 9 11.00 2.00 8.00 - 14.00
Heterophils (%) 9 11.44 3.08 8.00 - 15.00
eosinophils (%) 9 14.77 3.30 11.00 - 21.00
basophils (%) 9 9.44 3.46 4.00 - 15.00
total protein (g/dl) 10 4.52 0.41 4.00 - 5.25
erythrocyte Lenght (eL) (µm) 10 17.02 0.39 16.43 - 17.53
erythrocyte Width (eW) (µm) 10 9.54 0.27 9.07 - 9.90
erythrocyte size (es) (µm2) 10 127.64 5.37 121.45 - 135.90
eL/eW 10 1.78 0.05 1.73 - 1.88
erythrocyte nucleus Lenght (nL) (µm) 10 7.57 0.71 6.80 - 9.45
erythrocyte nucleus Width (nW) (µm) 10 3.85 0.26 3.52 - 4.31
erythrocyte nucleus size (ns) (µm2) 10 22.87 2.20 20.33 - 28.29
nL/nW 10 1.98 0.25 1.63 - 2.48
ns/es 10 0.18 0.02 0.16 - 0.24
thrombocyte Lenght (µm) 10 6.75 0.21 6.45 - 7.10
thrombocyte Width (µm) 10 4.57 0.28 3.90 - 4.87
Lymphocyte size (µm2) 10 8.99 0.59 8.20 - 10.05
Monocyte size (µm2) 10 14.83 0.73 13.70 - 15.70
Heterophil size (µm2) 10 12.71 0.64 11.96 - 13.66
eosinophil size (µm2) 10 12.69 0.52 12.10 - 13.32
basophil size (µm2) 10 9.11 0.66 8.00 - 10.00

resuLts
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table 2:  Hematological parameters in Laudakia stellio (Linnaeus, 1758).  n - number of specimens; 
sD - standard Deviation; Min-Max: Minimum-Maximum values.

tab. 2:  Hämatologische Werte von Laudakia stellio (Linnaeus, 1758).  n – anzahl der exemplare; 
sD - standardabweichung; Min-Max: Minimum-Maximum.

parameter n Mean / Mittel sD Minimum - Maximum

rbc (red blood cell count) (1/mm3) 20 883166.55 1.27 660000 - 1173333
Wbc (White blood cell count (1/mm3) 20 5326.65 2329.56 1666 - 9800
tHb (total Hemoglobin concentration) (g/dl) 20 9.00 1.42 5.80 - 12.00
Hematocrit (%) 20 34.55 4.08 27.00 - 41.00
erythrocyte Mean cell volume (µm3) 20 395.76 54.24 325.65 - 550.72
erythrocyte Mean cell Hemoglobin (pg) 20 102.60 13.81 79.12 - 127.90
erythrocyte Mean cell Hemoglobin concentration (%) 20 26.24 4.31 18.12 - 36.66
Lymphocytes (%) 9 43.30 7.02 32.00 - 52.00
Monocytes (%) 9 13.10 5.27 6.00 - 23.00
Heterophils (%) 9 16.80 4.34 13.00 - 27.00
eosinophils (%) 9 16.15 2.02 12.50 - 19.00
basophils (%) 9 10.00 3.16 6.00 - 15.00
total protein (g/dl) 20 4.25 0.65 3.50 - 5.35
erythrocyte Lenght (eL) (µm) 10 17.91 0.73 16.60 - 19.41
erythrocyte Width (eW) (µm) 10 9.89 0.16 9.66 - 10.22
erythrocyte size (es) (µm2) 10 139.32 7.61 125.94 - 155.89
eL/eW 10 1.81 0.05 1.72 - 1.90
erythrocyte nucleus Lenght (nL) (µm) 10 7.23 0.43 6.40 - 8.01
erythrocyte nucleus Width (nW) (µm) 10 3.98 0.30 3.18 - 4.28
erythrocyte nucleus size (ns) (µm2) 10 22.70 2.67 17.45 - 26.94
nL/nW 10 1.82 0.14 1.63 - 2.19
ns/es 10 0.16 0.01 0.13 - 0.19
thrombocyte Lenght (µm) 10 7.01 0.39 6.37 - 7.60
thrombocyte Width (µm) 10 4.68 0.31 4.30 - 5.17
Lymphocyte size (µm2) 10 8.52 0.68 7.50 - 9.60
Monocyte size (µm2) 10 14.73 0.66 13.90 - 16.10
Heterophil size (µm2) 10 12.85 0.77 11.90 - 14.10
eosinophil size (µm2) 10 13.53 0.85 12.00 - 15.00
basophil size (µm2) 10 9.13 0.68 8.45 - 10.60

excentrical position.  the cytoplasm con-
tained numerous stick-shaped granules,
which were stained in bright pink to orange
by Wright stain (Fig. 1 D).

eosinophi ls   -  cells containing a
usually bilobed nucleus stained in dark blue.
the cytoplasm, characterized by large,
roundish and bright reddish granules, was
stained in light blue (Fig. 1 e). 

thrombocytes   -  spindle-shaped
cells harboring a darkly stained large oval
nucleus  which leaves a narrow, irregular
cytoplasmic area.  thrombocytes tended
to clump together in blood smears (Fig. 1
F). 

in the blood smears of four agamid
species examined, lymphocytes were the
most numerous blood cells whereas
basophils and monocytes were the rarest.
among leukocytes, in all specimens, mono-

cytes had the largest diameter whereas
basophils were the smallest cells. 

Further hematological parameters

there were significant hematological
differences between males and females in L.
stellio and L. caucasia.  such differences
found in L. stellio refer to (i) total hemoglo-
bin concentration (kruskal Wallis test, χ2 =
7.18, df = 1, P < 0.05), (ii) Mean cell
Hemoglobin (kruskal Wallis test, χ2 =
11.07, df = 1, P < 0.05) and, (iii) Mean cell
Hemoglobin concentration (kruskal Wallis
test, χ 2 = 5.14, df = 1, P < 0.05).  in L. cau-
casia, the sexes were different in terms of
their total hemoglobin values (kruskal
Wallis test, χ2 = 4.84, df = 1, P < 0.05).  For
hematological reference intervals of four
agamid species studied see tables 1-4.
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several authors (saint girons 1970;
sevinç et al. 2000; sevinç & uğurtaş
2001; atatür et al. 2001; ponsen et al.
2008), who studied the blood of lizards,
reported species-specific variations con-
cerning both erythrocyte and leukocyte
counts.  sevinç et al. (2004) and MerMer
(1999) reported no sexual dimorphism in
blood cell counts in the gecko and scincid
species studied.  our results did not show
any sexual differences in terms of erythro-
cyte counts; however, the erythrocyte count
in L. caucasia was higher than those of L.
stellio and P. horvathi (table 5).

generally, lymphocytes and het-
erophils are the most common leukocytes in
the blood, while basophils and monocytes
are the rarest (saint girons 1970; Frye

1991; caMpbeLL 1996; MaDer 2000).
Lymphocytes were found to be the most
numerous leukocytes, basophils and mono-
cytes the fewest in four agamid species.
these results are in agreement with previ-
ous studies. 

according to some authors (HutcHi -
son & szarski 1965; szarski & czopek
1966; saint girons 1970; sevinç et al.
2000; sevinç & uğurtaş 2001; atatür et
al. 2001), erythrocyte sizes vary among
lizard families, sometimes even between
species within a family.  our results demon-
strate the presence of some differences in
erythrocyte sizes among four agamid
species from turkey.  the erythrocyte size
in L. stellio was larger that of L. caucasia, P.
horvathi and T. lessonae, respectively
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table 3:  Hematological parameters in Phrynocephalus horvathi rostoMbekov, 1938.  n - number of
specimens; sD - standard Deviation; Min-Max: Minimum-Maximum values.

tab. 3:  Hämatologische Werte von Phrynocephalus horvathi rostoMbekov, 1938.  n – anzahl der
exemplare; sD - standardabweichung; Min-Max: Minimum-Maximum.

parameter n Mean / Mittel sD Minimum - Maximum

rbc (red blood cell count) (1/mm3) 10 729400 183198.3 447000 - 1000000
Wbc (White blood cell count) (1/mm3) 9 5155.55 864.74 3800 - 6600
tHb (total Hemoglobin concentration) (g/dl) 8 8.03 1.02 5.70 - 8.80
Hematocrit (%) 10 25.10 4.50 20.00 - 35.00
erythrocyte Mean cell volume (µm3) 10 358.01 78.82 250.00 - 466.67
erythrocyte Mean cell Hemoglobin (pg) 8 106.92 14.49 84.00 - 126.67
erythrocyte Mean cell Hemoglobin concentration (%) 8 30.84 4.83 24.29 - 38.26
Lymphocytes (%) 9 35.00 4.87 29.00 - 43.00
Monocytes (%) 9 12.22 4.26 8.00 - 18.00
Heterophils (%) 9 25.33 5.93 18.00 - 35.00
eosinophils (%) 9 15.22 5.86 9.00 - 27.00
basophils (%) 9 12.22 2.22 8.00 - 15.00
total protein (g/dl) 9 3.27 0.42 2.50 - 4.00
erythrocyte Lenght (eL) (µm) 10 16.12 0.45 15.38 - 16.92
erythrocyte Width (eW) (µm) 10 8.89 0.32 8.26 - 9.25
erythrocyte size (es) (µm2) 10 112.77 5.75 103.86 - 122.94
eL/eW 10 1.81 0.74 1.68 - 1.95
erythrocyte nucleus Lenght (nL) (µm) 10 6.77 0.26 6.26 - 7.11
erythrocyte nucleus Width (nW) (µm) 10 4.11 0.43 3.78 - 5.31
erythrocyte nucleus size (ns) (µm2) 10 22.01 3.07 19.26 - 30.19
nL/nW 10 1.70 0.08 1.60 - 1.89
ns/es 10 0.18 0.01 0.17 - 0.21
thrombocyte Lenght (µm) 9 8.80 0.73 7.57 - 9.62
thrombocyte Width (µm) 9 5.18 0.58 4.56 - 6.12
Lymphocyte size (µm2) 9 9.48 0.53 9.00 - 10.29
Monocyte size (µm2) 9 14.80 0.61 14.00 - 15.87
Heterophil size (µm2) 9 13.32 0.56 12.25 - 14.00
eosinophil size (µm2) 9 13.39 0.79 12.43 - 14.87
basophil size (µm2) 9 10.59 0.65 9.75 - 12.00

Discussion

Gül_Tosunoglu_agamid_hematology_TR_HERPETOZOA.qxd  01.08.2011  11:37  Seite 6



(table 5).  erythrocytes play an important
role in oxygen and carbon dioxide transport.
the erythrocytes’ surface-area-to-volume
ratio is a determining factor in their capaci-
ty of oxygen and carbon dioxide exchange
in the tissues in that a small erythrocyte is
relatively more efficient in gas exchange
than a larger one (HartMan & LessLer
1964; sevinç et al. 2000).  our results are
not in agreement with HartMan & LessLer
1964, sevinç et al. 2000 and paL et al. 2008. 

according to our observations, and
not yet described in detail, physiological
activity was much higher in L. stellio and L.
caucasia, which have larger erythrocyte
sizes than P. horvathi and T. lessonae which
appeared less energized.

szarski & czopek (1984) found no
differences in the total hemoglobin between
male and female lizards.  However, the re -

sults of the present study showed that total
hemoglobin, Mean cell Hemoglobin and
Mean cell Hemoglobin concentration were
different between males and females of L.
stellio.  in L. caucasia a difference between
males and females was detected only in the
total hemoglobin value.  in terms of other
hematological parameters, there were some
clear differences between L. caucasia, L.
stellio and P. persicus.  the total hemoglo-
bin concentration, hematocrit percentage
and erythrocyte mean cell volume in L. cau-
casia and L. stellio were higher than of P.
horvathi.  on the contrary, the mean cell
hemoglobin concentration value in P. hor-
vathi was higher than of L. caucasia and L.
stellio.  We think that these differences are
sufficiently explained by the  extremely
high activity of L. stellio and L. caucasia
during the day. 
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table 4:  Hematological parameters in Trapelus lessonae (De FiLippi, 1865). n - number of specimens; 
sD - standard Deviation; Min-Max: Minimum-Maximum values.

tab. 4:  Hämatologische Werte von Trapelus lessonae (De FiLippi, 1865).  n – anzahl der exemplare; 
sD - standardabweichung; Min-Max: Minimum-Maximum.

parameter n Mean / Mittel sD Minimum - Maximum

rbc (red blood cell count) (1/mm3) ┐
Wbc (White blood cell count) (1/mm3) │
tHb (total Hemoglobin concentration) (g/dl) │ not analyzed due to insufficient sample size.
Hematocrit (%) ├ Wegen zu geringer probenmenge nicht untersucht.
erythrocyte Mean cell volume (µm3) │
erythrocyte Mean cell Hemoglobin (pg) │
erythrocyte Mean cell Hemoglobin concentration (%) ┘
Lymphocytes (%) 5 43.00 3.46 40.00 - 48.00
Monocytes (%) 5 12.60 1.81 10.00 - 15.00
Heterophils (%) 5 13.00 2.64 10.00 - 17.00
eosinophils (%) 5 16.20 1.64 14.00 - 18.00
basophils (%) 5 16.60 2.60 13.00 - 20.00
total protein (g/dl) - - - -
erythrocyte Lenght (eL) (µm) 5 15.89 1.01 15.08 - 17.04
erythrocyte Width (eW) (µm) 5 8.33 0,23 8.02 - 8.60
erythrocyte size (es) (µm2) 5 104.16 9.46 94.97 - 114.93
eL/eW 5 1.91 0.07 1.84 - 1.99
erythrocyte nucleus Lenght (nL) (µm) 5 7.03 0.28 6.78 - 7.34
erythrocyte nucleus Width (nW) (µm) 5 3.40 0.13 3.14 - 3.54
erythrocyte nucleus size (ns) (µm2) 5 18.72 1.16 16.81 - 19.83
nL/nW 5 2.09 0.11 1.93 - 2.19
ns/es 5 0.18 0.01 0.17 - 0.19
thrombocyte Lenght (µm) 5 6.77 0.18 6.58 - 7.00
thrombocyte Width (µm) 5 4.48 0.26 4.20 - 4.60
Lymphocyte size (µm2) 5 9.47 0.27 9.20 - 9.80
Monocyte size (µm2) 5 14.50 0.39 14.20 - 15.10
Heterophil size (µm2) 5 11.50 0.25 11.20 - 11.90
eosinophil size (µm2) 5 13.74 0.66 12.90 - 14.60
basophil size (µm2) 5 8.50 0.30 8.20 - 8.80
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