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Ozet: Uludag Milli Parkrnda uludad kurbagasi, Rana macrocnemis Boulenger, 1885'in hematolojisi (Bursa, Tiirkiye).
Uludag Milli Parki'indan, 30 (15 33, 15 @) ergin Rana macrocnemis 6rmeginde bazi hematolojik parametreler ve periferal kan
hticrelerinin (eritrosit, 16kosit, trombosit) morfolojisindeki mevsimsel degisimler istatistiksel ve histolojik yontemlerle incelenmistir. 1
mm?3 kandaki eritrosit sayisi, 514,839 (280,000 — 940,000); lokosit sayisi, 3,527 (2,600 — 5,200); trombosit sayisi, 31,069 (20,000 —
50,000); hemoglobin miktari (Hb), 8.10 (5.60 — 12.10) g/dI; hematokrit degeri (HCT), 0.34 (0.16 — 0.46) L/I; ortalama hiicre hacmi
(MCV), 694.54 (420.45 — 1105.26) fl; ortalama hiicre hemoglobini (MCHb), 167.88 (87.78 — 257.89) pg; ortalama hiicre hemoglobin
konsantrasyonu (MCHbC), 251.43 (160.87 — 387.50) g/l olarak hesaplanmigtir. Eritrosit sayisi ile ilgili parametreler agisindan (Hb,
HCT, MCV, MCHb ve MCHbC) mevsimsel degisimler saptanmistir. Bu degerler agisindan cinsiyetler arasinda da kugik farkliliklar
olsa da istatistiki agindan énemsizdir. Buna karsin, 16késit ve trombosit sayisi degerleri agisindan gerek mevsimsel ve gerekse
cinsiyete bagli varyasyonlar gozlenmemistir. Hiicre biytiklikleri agisindan kigiik mevsimsel farkliliklar tespit edilmistir. Fakat
bunlarin bireysel varyasyonlar oldugu sonucuna varilmigtir.

Anahtar Kelimeler: Uludag Milli Parki, Turkiye, Rana macrocnemis, Hematoloji, Kan Hucreleri.

Abstract: Seasonal change of some hematological parameters and cytomorphometry of blood cells (erythrocyte, leukocyte and
thrombocyte) were studied statistically and histologically in a total of 30 (15 3&, 15 9 Q) adult individuals of Rana macrocnemis
from Uludag National Park. In 1 mm3 of blood, erythrocyte count was estimated as 514,839 (280,000 — 940,000), leukocyte count
as 3,527 (2,600 — 5,200), thrombocyte count as 31,069 (20,000 — 50,000), hemoglobin amount (Hb) as 8.10 (5.60 — 12.10) g/dl,
hematocrit value (HCT) as 0.34 (0.16 — 0.46) L/I, mean cell volume (MCV) as 694.54 (420.45 - 1105.26) [, mean cell hemoglobin
(MCHb) as 167.88 (87.78 — 257.89) pg and mean cell hemoglobin concentration (MCHbC) as 251.43 (160.87 - 387.50) g/l.
Seasonal changes were detected in erythrocyte count and related parameters (Hb, HCT, MCV, MCHb, and MCHbC). There are
small differences between sexes in terms of these values although they are statistically insignificant. Nevertheless, neither seasonal
nor sex-based variations were observed in leukocyte and thrombocyte count values. Small seasonal differences are observed in

terms of cell sizes although they are concluded to be individual variations.
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Introduction

Erythrocyte counts in blood circulation of amphibians are
varied significantly among species and individuals of same
species (Hutchinson and Szarski 1965, Szarski and Czopek
1966, Rouf 1969, Kaloustian and Dulac 1982, Sinha 1983).
These differences were depended on body mass, age, sex
(Arvy 1947, Goniakowska 1973, Sinha 1983, Choubey et al.
1986, Banarjee 1988), environmental conditions (Ruiz et al.
1983, 1989) and season (Zhukova and Kubantsev 1979,
Sinha 1983, Samantaray 1985, Wojtaszek et al. 1997). In
addition, some variations are occured in cell morphometry,
chemistry and ultrastructure (Sinha 1983, Barni et al. 1992,
Wojtaszek et al. 1997). It is stated that similar differences
were distinguished also in leukocytes, but investigations that
carried on this subject were not in detail when compared to
the studies focused on the erythrocytes (Schermer 1954,
Foxon 1964, Nano et al. 1991).

The hematological studies were carried out on various
Rana species are also limited and mostly performed on the
blood cell counts (e.g. Alder and Huber 1923, Klieneberger
1927, Arvy 1947, Kaplan 1951, 1952, Schermer 1954, Stephan

1954, Hutchinson and Szarski 1965, Arikan 1989) and
measurements (Atatir et al. 1999, Arikan et al. 2001). Only a
few researchers have examined hematological parameters such
as the blood volume, hematocrit value (Prosser and Weinstein
1950), fragility and pH value (Rouf 1969).

Uludag frog, Rana macrocnemis, is distributed in forest
and subalpine belt at high altitudes in Caucasus, Turkey and
Iran (Basoglu and Ozeti 1973, Tarkhnishvili and Gokhelashvili
1999). There is still a lack of sufficient information about
hematology of R. macrocnemis. The only on this subject is
carried out by Arikan et al. (2001) about the erythrocyte
morphology in Anatolian mountain frogs (R. macrocnemis, R.
holtzi and R. camerani). The objectives of this study were to
determine  some  hematological  parameters  and
cytomorphometry of circulating blood in Uludag frog, Rana
macrocnemis, related to season.

Materials and Methods

The study was conducted in Sarialan creek in fir (Abies
bornmuelleriana), forest Uludag National Park, Bursa (40° 07’
964" N, 29° 06’ 753" E, 1617 m). A total of 30 (15 &J, 15
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Q<) adult individuals were captured in May, July and
September 2006. The specimens reached sexual maturity,
which were similar to each other in terms of size and weight
are prefered. The Ethics Board for Experimental Animals,
Faculty of Pharmacy, Ege University approved the animal
handling and laboratory methodology.

The specimens were studied within 4 hours at the latest
after having been caught. Snout-vent length and weight were
measured initially in living specimens caught. Blood samples
were sampled from heart ventricle of individuals after
anesthetized in ether and were counted manually by
Neubauer hemocytometer. As diluting solution, Hayem’s
solution was used for erythrocytes, Turck's solution for
leukocytes and Rees and Ecker’s solution for thrombocytes.
Dilution was carried out for 200 times for erythrocyte count
and for 20 times for leukocyte count. Thrombocyte count was
done using the erythrocyte dilution pipette according to Rees
and Ecker's method (Seiverd 1964).

In measuring morphology and size of blood cells, blood
smears, which were prepared by Wright's stain, were used.
Blood cells were measured using MOB-1-15x micrometric
ocular. Length (L) and width (W) of 40 randomly-chosen
erythrocytes as well as nucleus length (NL) and nucleus width
(NW) were measured on each blood smear. Erythrocytes (S)
and their nucleus sizes (NS) were calculated according to
formula of LWm/4 and NLNWm/4. Cell and nucleus shapes
were compared according to L/W and NL/NW ratios while
nucleus/cytoplasm comparison was made according to
nucleocytoplasmic ratio (N/C). Moreover, leukocytes and
thrombocytes (TL, TW) on blood smears of each individual
were measured and their sizes were detected.

Sahli device (Satake et al. 1986, Reddy and
Bashamohideen 1989), based on the acid hematine method,
was used for detecting hemoglobin amount (Hb). 5 % of HCI
solution was put in sahli tube until 2 line, 20 pl of blood sample
obtained by sahli pipette was added in this solution and it was
homogenized by a glass mixing stick. Distilled water was
added until filter color was achieved and the value obtained
was read from the scale on the tube and recorded in g/dl
(Kocabatmaz and Ekingen 1984, Satake et al. 1986, Reddy
and Bashamohideen 1989). Microhematocrit pipettes of 1.1
mm in diameter and 75 mm in length were utilized in detecting
hematocrit (HCT) (Conroy 1972, Sniezsko 1960). Blood was
centrifuged for 5 minutes using a 3000 rpm constant-rotation
centrifuge in thin-walled capillary tubes and the value obtained
was read from the scale and recorded in L/l (Blaxhall and
Daisley 1973, Jones and Pearson 1976). The mean cell
volume (MCV), mean cell hemoglobin (MCHb) and mean cell
hemoglobin  concentration (MCHbC) were calculated
according to the Wintrobe’s formula (1933).

Statistical analyses were performed by SPSS (vers.
10.00) statistical package program. Since the distribution of
data was not significantly different from the normal distribution
(Kolmogorov-Smirnov test, P>0.05), averages were compared
with parametric ¢ test and one-way ANOVA. The significance
level was P<0.05.

Results

In the specimens examined, snout-vent length was measured
to be an average of 57.96+1.11 (51.43 - 62.87) mm in males
and 61.461.83 (53.79 — 76.24) mm in females. The weight of
the experimental animals was measured to be 20.35+1.22
(14.20 — 28.30) g in males and 21.94+1.87 (14.70 - 33.10) g
in females.

The mean erythrocyte count in 1 mm?3 of blood was
514,839+33.63 (280,000 — 940,000) (Table 1). Although small
differences were observed between males and females in
terms of erythrocyte count, this difference was statistically
insignificant (= 0.260, df= 29, P= 0.797). However, some
differences were recorded according to the studied months
(F= 13.446, df= 28, P= 0.000). Erythrocyte count was
increased especially in May (Table 2). Moreover, the mean
erythrocyte count of females (810,000) was higher than that of
the males (636,000) also in May.

The mean leukocyte count in 1 mm3 of blood was found
to be 3,527+11.10 (2,600 - 5,200) (Table 1). Although the
leukocyte count is less in females than in males, it is not
statistically significant (&= 0.747, df= 29, P=0.461). No
seasonal variations were observed in terms of leukocyte count
(F=1.036, df= 28, P= 0.368) (Table 2).

The mean thrombocyte count in 1 mm3 of blood was
31,069+15.62 (20,000 — 50,000) (Table 1). No sex-based
variations were detected in terms of thrombocyte count (t=
1.474, df= 29, P= 0.151). The highest thrombocyte count was
detected in July (Table 2). No seasonal variations were
observed in terms of thrombocyte count (F= 0.490, df= 28, P=
0.618).

Hemoglobin amount was detected to be 8.10+0.30 (5.60
-12.10) g/dI (Table 1). No differences occurred between male
and female individuals in terms of hemoglobin amount (t=
0.073, df= 29, P=0.942). Due to the hemoglobin amount was
higher in May and July (Table 2), a seasonal variation was
detected (F= 4.858, df= 28, P= 0.015).

The mean hematocrit value was 0.34+1.35 (0.16 — 0.46)
L/l (Table 1). No differences were observed between sexes in
terms of hematocrit value (= 1.139, df= 29, P= 0.264).
However, some differences were observed among the periods
studied (F= 8.598, df= 28, P= 0.001). The hematocrit value
was found to be higher in May and July than in September
(Table 2).

The mean cell volume was estimated to be 694.54+35.01
(420.45 - 1105.26) I (Table 1). No sex-based differences
existed in terms of mean cell volume (= 0.598, df= 29, P=
0.555). However, a seasonal difference was observed (F=
6.019, df= 28, P= 0.007). The mean cell volume was observed
to be higher in July than in the other months (Table 2).

The mean cell hemoglobin was 167.88+7.01 (87.78 —
257.89) pg (Table 1). No differences were detected between
male and female individuals in terms of mean cell hemoglobin
(= 0.378, df= 29, P= 0.708). A seasonal difference was
observed (F= 3.975, df= 28, P= 0.030). The amount was
higher in July and September (Table 2).
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The mean cell hemoglobin concentration was calculated
to be 251.43+11.14 (160.87 - 387.50) g/l (Table 1). No
differences were observed between sexes in terms of the
mean cell hemoglobin concentration (= 0.778, df= 29, P=
0.443). A seasonal difference was detected (F= 3.970, df= 28,
P=0.032). The mean cell hemoglobin concentration was high
in September (Table 2).

The shape of the erythrocytes of R. macrocnemis is

ovoid, like the other amphibians. The nuclei are also ovoid
and oriented centrally. Their long axis is located in parallel to
long cell axis. The erythrocytes are stained as pinkish while
the nucleus is stained as dark purple with Wright's stain
(Figure 1a). The mean erythrocyte length was measured as
22.66+0.05 (16.50 — 28.50) um, width as 14.22+0.03 (12.00 —
17.50) um and size as 278.23+0.90 (184.57 - 419.98) um?
(Table 3).

Figure 1. Blood cells of Rana macrocnemis. a) erythrocytes, b) a cluster of thrombocytes, c) small lymphocyte, d) large lymphocyte, ) monocyte, f) neutrophil,

g) eosinophil, h) basophil. [scale bar is 20 pm].
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Table 1. Hematological parameters of circulating blood of Rana macrocnemis. [EC: erythrocyte count, LC: leukocyte count, TC: thrombocytes count, Hb:
hemoglobin, HCT: hematocrit, MCV: mean cell volume, MCHb: mean cell hemoglobin, MCHbC: mean cell hemoglobin concentration, n: sample size, SEM:

standard errors of means].

Parameter Sex n Mean SEM Range
33 15 506,250 45.63 280,000 - 940,000
EC (x108/pl) ¢ 15 524,000 51.16 320,000 - 900,000
a3Q 30 514,839 33.63 280,000 — 940,000
a8 15 3,445 13.2 2,600 - 4,200
LC (x108/l) P 15 3,613 18.4 2,800 - 5,200
392 30 3,527 11.10 2,600 - 5,200
a8 15 33,257 21.74 20,000 - 50,000
TC (x108/pl) ] 15 28,735 21.57 20,000 - 40,000
32 30 31,069 15.62 20,000 - 50,000
a8 15 8.12 0.44 5.60-12.10
Hb (g/dl) QR 15 8.07 0.43 6.20-11.00
32 30 8.10 0.30 5.60 - 12.10
348 15 0.32 1.65 0.19-0.42
HCT (L) ] 15 0.35 215 0.16 - 0.46
3Q 30 0.34 1.35 0.16 - 0.46
a4 15 674.07 44.72 425.53 - 1000.00
MCV (fl) ¢ 15 716.39 55.44 420.45-1105.26
a3Q 30 694.54 35.01 420.45 - 1105.26
a4 15 170.48 9.64 91.49-229.41
MCHb (pg) ¢ 15 165.10 10.51 87.78 - 257.89
a3Q 30 167.88 7.01 87.78 — 257.89
a8 15 259.88 14.02 170.59 - 355.88
MCHbC (g/l) ¢ 15 24243 17.72 160.87 - 387.50
39 30 251.43 11.14 160.87 — 387.50

Table 2. Seasonal change on hematological parameters of circulating blood of Rana macrocnemis (3319 Q).

Parameter Season n Mean SEM Range
Spring 10 713,333 73.18 340,000 - 940,000
EC (x108/pl) Summer 10 450,000 20.66 340,000 - 620,000
Autumn 10 390,000 40.24 280,000 - 520,000
Spring 10 3,592 12.93 3,000 - 4,200
LC (x108/l) Summer 10 3,613 19.53 2,600 - 5,200
Autumn 10 3,200 11.54 2,800 - 3,600
Spring 10 29,123 26.28 20,000 - 40,000
TC (x108/ul) Summer 10 32,565 23.23 20,000 - 50,000
Autumn 10 30,000 36.51 20,000 - 40,000
Spring 10 9.10 0.45 7.60-11.00
Hb (g/dl) Summer 10 8.09 0.44 5.80-12.10
Autumn 10 6.62 0.29 5.60-7.40
Spring 10 0.37 0.01 0.33-0.42
HCT (L) Summer 10 0.35 0.01 0.24 -0.42
Autumn 10 0.24 0.05 0.16-0.46
Spring 10 569.00 14.43 420.45 - 970.59
MCV (fl) Summer 10 795.20 38.78 521.74 - 1105.26
Autumn 10 614.62 67.52 470.59 - 884.62
Spring 10 140.00 15.72 87.78 - 229.41
MCHb (pg) Summer 10 180.97 7.73 140.91 -257.89
Autumn 10 174.99 10.75 142.31 - 206.25
Spring 10 247.00 13.57 195.24 - 291.89
MCHbC (g/l) Summer 10 234.97 14.15 165.00 - 355.88
Autumn 10 301.40 33.94 160.87 - 387.50

Lymphocytes are spherical cells. Their cytoplasm is
stained as dark grayish blue while the nuclei stained dark
purple with Wright's stain. The nucleus is as large as to fill
almost the whole cell whereas the cytoplasm is observed as a
thin ring. Small and large lymphocytes are encountered on the
blood smears (Figures 1c and 1d). Although large

lymphocytes look like monocytes in shape, they are
distinguished easily due to their nucleus shapes and staining
properties. The mean diameter is 9.75+0.18 (8.75 — 11.25)
pm in small lymphocytes while it is 13.41£0.23 (11.50 -
18.50) um in large lymphocytes (Table 4). Monocytes are also
spherical in shape and their cytoplasm is stained as light
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grayish blue while the nuclei as purple. The chromatin
structure is not as dense as that of the lymphocytes. Kidney
shaped nuclei is located on one side of the cell (Figure 1e).
The mean diameter in monocytes has been measured to be
14.30+0.19 (10.00 — 18.50) um (Table 4).

Neutrophilles are spherical, large and the most
encountered cell type. They are easily distinguished from
other cells due to their lobular or segmental nuclei shape and
staining properties. The cytoplasm is stained as lightest blue,
while the nuclei as light purple with Wright's stain (Figure 1f).
Neutrophilles have a mean diameter of 16.98+0.22 (12.75 -
21.50) pm.

Eosinophilles are also spherical and have some large,
reddish and shiny granules in their cyloplasm that can be seen
easily with Wright's stain. Their nucleus has segments or
lobes, like in neutrophilles, and they are purplish red with
Wright's stain (Figure 1g). The mean diameter in eosinophilles
is 16.304£0.21 (11.75 - 19.75) um.

Basophiles are also small and spherical cells. Quite
large and dark purplish black granules are masked in their
cytoplasm with Wright's stain. The nucleus is slightly stained
and it has larger and fewer segments (Figure 1h). The
diameter was measured to be 13.69+0.15 (10.50 — 16.25) ym
in basophiles (Table 4).

Thrombocytes are spindle-shaped, thin, long and oval
cells. The nucleus is large and ovoid fill almost the whole cell.
Their cytoplasm is stained as light bluish gray and the nucleus
as dark purple with Wright's stain. It has been observed that
the thrombocytes are distributed widely and form clusters on
the blood smears (Figure 1b). The mean length was

measured as 16.14+0.19 (12.50 — 19.75) ym and width as
8.26+0.10 (6.75 - 10.00) um in trombocytes (Table 4).

Discussion

The erythrocyte count in 1 mm? of blood varies between
500,000 and 1,500,000 on average in anurans (Glomski et al.
1997). The highest values were detected in Rana
cyanophlyctis (EC= 2,060,000) and R. tigerina (1,850,000)
during the monsoon season (Samantaray 1985, Pai and
Shanbhag 1988). Alder and Huber (1923) reported the
erythrocyte count in 1 mm3 as 408,000 in R. temporaria and
as 324,000 - 800,000 in R. esculenta. Stephan (1954)
detected the erythrocyte count as 400,000 in R. temporaria.
This figure is between 180,000 and 590,000 among Anatolian
populations of R. ridibunda (Arikan 1989). In present study,
mean erythrocyte count was calculated to be 514,839
(280,000 —940,000) in R. macrocnemis.

Arvy (1947) stated that the erythrocyte count in males in
R. temporaria (450,000) is higher than that of females
(300,000). Besides, Kaplan (1951, 1952) reported that the
erythrocyte count in females in R. pipiens (512,000) is higher
than that of the males (480,000). In R. pipens (Rouf 1969), R.
catesbeiana and R. calamitans (Hutchinson and Szarski
1965) no sexual dimorphism was reported for erythrocyte
count. No noteworthy differences were detected between
sexes also in Uludag frog in terms of the annual mean
erythrocyte count. This finding is in accordance with the report
of Arikan (1989).

Table 3. Erythrocyte and nuclei measurements in the circulating blood of Rana macrocnemis. [L: erythrocyte length, W: erythrocyte width, S: erythrocyte size,
NL: nucleus length NW: nucleus width, NS: nucleus size, N/C: nucleocytoplasmic ratio]

Characters Sex n Mean SEM Range
a4 15 22.32 0.07 16.50 - 28.50
L (um) QQ 15 23.03 0.06 18.75 - 27.50
39 30 22.66 0.05 16.50 - 28.50
348 15 13.65 0.05 12.75-15.25
W (um) QQ 15 14.59 0.04 12.00-17.50
39 30 14.22 0.03 12.00 - 17.50
348 15 143 0.01 1.08-1.92
LW Qe 15 1.48 0.03 1.16 - 2.02
49 30 1.46 0.02 1.08 -2.02
38 15 274.68 1.38 184.57 - 419.98
S (um?) QQ 15 282.03 1.14 188.40 — 382.20
39 30 278.23 0.90 184.57 — 419.98
33 15 9.80 0.04 5.00-12.75
NL (um) Qe 15 10.37 0.04 7.75-12.75
3Q 30 10.08 0.03 5.00-12.75
33 15 5.90 0.03 3.00-8.75
NW (um) Qe 15 5.91 0.03 4.25-8.25
3Q 30 5.91 0.02 3.00-8.75
a3 15 1.68 0.01 0.95-342
NL/NW QQ 15 1.78 0.01 1.14-272
39 30 1.73 0.01 0.95-3.42
348 15 35.51 0.31 15.80 - 47.27
NS (um2) Qe 15 37.09 0.26 28.26 — 44.31
39 30 36.76 0.21 15.80 - 47.27
348 15 0.17 0.01 0.07-0.25
N/C Qe 15 0.17 0.02 0.10-0.25
39 30 0.17 0.01 0.07-0.25
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Table 4. Leucocytes and thrombocytes measurements in the circulating blood of Rana macrocnemis. [TL: thrombocyte length, TW: thrombocyte width]

Characters Sex n Mean SEM Range
348 15 10.13 0.22 8.75-11.00
Small Lymphocytes (um) QQ 15 9.78 0.13 9.25-11.25
32 30 9.75 0.18 8.75-11.25
348 15 13.11 0.36 11.50 - 18.50
Large Lymphocytes (um) P 15 13.71 0.27 11.75-16.25
49 30 13.41 0.23 11.50 - 18.50
44 15 14.18 0.31 10.00-17.75
Monocytes (um) P 15 14.43 0.23 12.25-17.25
42 30 14.30 0.19 10.00-17.75
44 15 16.59 0.29 12.75-20.25
Neutrophis (um) Q 15 17.36 0.32 13.50 - 21.50
42 30 16.98 0.22 12.75-21.50
a4 15 16.44 0.36 11.75-19.75
Eosinophils (um) P 15 16.15 0.23 12.75-18.25
392 30 16.30 0.21 11.75-19.75
348 15 13.50 0.21 11.25-15.75
Basophils (um) QQ 15 13.88 0.21 10.50 - 16.25
392 30 13.69 0.15 10.50 — 16.25
348 15 16.11 0.28 13.50 - 19.25
TL (pm) QQ 15 16.17 0.27 12.50 -19.75
4Q 30 16.14 0.19 12.50-19.75
348 15 8.03 0.13 6.75-9.50
TW (um) Q9 15 8.50 0.14 7.25-10.00
49 30 8.26 0.10 6.75 - 10.00

The erythrocyte count was quite high in Rana
macrocnemis during spring when compared with that of
summer and autumn. The mean erythrocyte count in females
was higher than that of the males especially in spring. The
highest value of the erythrocyte counted in spring is probably
related to the increase of the metabolic activities at the end of
hibernation. The metabolic activity of the females, would have
to increase in order to hatch, consequently, the erythrocyte
count would be reached to its maximum. Variations in the
erythrocyte count and size based on the metabolic activity
were reported in amphibians by various researchers
(Goniakowska 1970, 1973; Kuramoto 1981). Some
histological parameters that recorded in the liver (Barni and
Bernocchi 1991) and bone marrow (Foxon 1964) were
indicated on increase of the erythrocytes at the end of the
hibernation period. This causes the highest erythrocyte count
in the life cycles of individuals to be observed at the end of
hibernation (Wojtaszek and Adamowicz 2003). Shermer
(1954) stated that the erythrocyte count in R. temporaria and
R. esculenta is lower in winter months (280,000 — 626,000 in
winter; 166,000 — 200,000 in summer). It were also reported
that some individual and seasonal differences in the
erythrocyte count in Rana species (Alder and Huber 1923,
Klieneberger 1927, Shermer 1954, Sinha 1983, Wojtaszek et
al. 1997). In addition, some researchers stated that the
differences in the erythrocyte count are caused by
geographical variations (Hutchison and Szarski 1965, Rouf
1969). Arikan (1989) noted that the erythrocyte count in
Anatolian R. ridibunda populations is not affected by the
factors such as elevation and season, but are related to
geographical variation.

The leukocyte count varies depending on species,

season, sex, nutritional conditions and some physiological
conditions (e.g. diseases, breeding) (Arikan 1989, Rouf 1969,
Wojtaszek and Adamowicz 2003). The values in R. temporaria
(25,000) by (Alder and Huber 1923) and in R. pipiens (16,134
in males; 14,134 in females) by (Kaplan 1951, 1952) are quite
higher than the values we have found for R. macrocnemis.
They appear to be similar to the values (1,700 - 5,000) found
in R. ridibunda by Arikan (1989). Shermer (1954) considered
the leukocyte values in R. temporaria and R. esculenta as the
summer period (4,900 — 7,300) and the winter period (1,100 —
2,100) and stated that a considerable decline took place in the
leukocyte count in the winter. Kaplan (1951, 1952) put forth
that the leukocyte count in R. pipiens is higher in males than
in females. It was concluded that the small differences
detected in R. macrocnemis in terms of the leukocyte count
both of the sexes and seasons are statistically insignificant.
Stephan (1954) calculated the ratio of leukocytes to
erythrocytes as 1: 20 — 70. The mean leukocyte count in R.
macrocnemis is 3,527 and this value remains below these
limits.

The thrombocyte count has been examined by a few
researchers. In addition, the use of different methods during
counting and the formation of clusters by thrombocytes have
led to achieving very different results. The thrombocyte count
was found to be 15,270 in R. esculenta (Klieneberger 1927).
Furthermore, Kaplan (1951, 1952) found as 880,000 in R.
pipiens. The value found by Kaplan is almost 28 times higher
than that of the Uludag frog (31,069). Shermer (1954)
reported that it is quite higher in summer (5,500 — 8,500) than
in winter (500 — 1,200) in R. temporaria and R. esculenta. No
sex-based or seasonal differences were detected in the
thrombocyte count in R. macrocnemis.
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The hemoglobin value was reported to be 6.75 g/dl (2.4
-9.6 g/dl) in R. pipiens (Rouf, 1969). In B. bombina, this value
is 7.44 g/dl in males and 6.78 g/dl in females (Wojtaszek and
Adamowicz 2003). These values are quite close to the values
detected for R. macrocnemis.

The hematocrit value was calculated as 0.25 L/l in R.
pipiens, 0.20 L/l in males and 0.19 L/l in females in B.
bombina (Rouf 1969, Wojtaszek and Adamowicz 2003). In his
study on the Lake Sevan population of R. macrocnemis (2000
m a.s.l., Armenia) in July 1973, Ishchenko (1978) reported the
hematocrit value as 0.53 (0.39 — 0.67) L/l in individuals with
vertebral stripe and as 0.43 (0.36 — 0.55) L/l in individuals
without vertebral stripe. These values are also in close to the
values reported in present paper.

The mean cell volume was calculated to be 558.22 [ in
males and 655.77 [ in females in B. bombina (Wojtaszek and
Adamowicz 2003). Although the values are slightly high in R.
macrocnemis (674.07 1 in males; 716.39 [ in females), no
noteworthy differences take place. It is found out that the
hemoglobin value and the mean cell volume in R. esculenta
are higher in males than in females (Sinha 1983). Although
the mean cell volume is a slightly higher in females in R.
macrocnemis, it is not statistically important.

The mean cell hemoglobin was 167.88 pg in R.
macrocnemis. It is stated by Wojtaszek and Adamowicz
(2003) to be 206.49 pg in males and 230.61 pg in females in
B. bombina. These values are a little higher than the values of
R. macrocnemis.

The mean cell hemoglobin concentration was calculated
to be 251.43 g/l in R. macrocnemis. In B. bombina, the mean
cell hemoglobin concentration is given as 367.8 g/l (Wojtaszek
and Adamowicz 2003). This value is slightly higher than that
of the Uludag frog.

It was reported that the erythrocyte size in amphibians
has a relationship with the activity of the individuals and,
depending on this; the erythrocytes of more active species are
while the species characterized with low oxygen consumption
exhibit large ones (Evans, 1939). It was reported by Atatir et
al. (1999) reported that, aquatic species (Rana ridibunda,
Bombina bombina) have larger erythrocytes while terrestrial
species (Bufo bufo, Bufo viridis, Hyla arborea and Pelobates
syriacus) have smaller. It was detected by Arikan et al. (2001)
that among the mountain frogs living in Turkey, the largest
erythrocyte size is in R. macrocnemis while the smallest is in
R. holtzi. The findings obtained in this study are in accordance
with that of Arikan et al. (2001).

In conclusion, hematology of R. macrocnemis appears to
be similar to the other anuran species mentioned in the
literature. The erythrocyte count and the related parameters
(Hb, HCT, MCV, MCHb and MCHbC) vary depending on
season. Although small differences are observed between
sexes in terms of these values, they are statistically
insignificant. No seasonal or sex-based differences have been
observed in terms of the leukocyte and thrombocyte count.
Even though small seasonal differences are observed in terms
of cell sizes, they are concluded to be individual variations.
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