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Changes in blood-serum proteins, erythrocyte count,
and size of Pelophylax bedriagae (CAMERANO, 1882)
during metamorphosis

(Anura: Ranidae)

Verdnderungen an den Serumproteinen des Blutes, sowie an der Erythrozytenzahl
und -gréBe bei Pelophylax bedriagae (CAMERANO, 1882) wihrend der Metamorphose
(Anura: Ranidae)

HUSEYIN ARIKAN & KERIM CiCEK

KURZFASSUNG

Die vorliegende Untersuchung an Tieren aus Menemen (izmir, Tiirkei) weist eine Zunahme der Albumin-
und Globulinfraktionen am Gesamteiweifl des Blutserums von Pelophylax bedriagae (CAMERANO, 1882) im
Verlauf der Metamorphose nach. Nach Abschlufl der Metamorphose verdnderten sich die Anteile der Protein-
fraktionen nicht mehr. Zusétzlich war feststellbar, dafl die in der Larvalperiode deutlich elliptischen Erythrozyten
wihrend der Metamorphose durch Breitenzunahme rundlicher wurden und daf} die Erythrozytendichte mit zuneh-
mender Erythrozytengrofe abnahm.

ABSTRACT

In the present study, an increase was found in both albumin and globulin fractions relative to the total
amount of blood-serum proteins during metamorphosis of Pelophylax bedriagae (CAMERANO, 1882), from
Menemen (Izmir, Turkey). The concentration of the protein fractions remained stable after the completion of meta-
morphosis. In addition, it was observed that the following processes happened during metamorphosis: the ery-
throcytes, which had been more oval in the larval period, became less ellipsoid upon a gradual increase in their
widths, and the erythrocyte concentration decreased with increasing erythrocyte size.
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INTRODUCTION

There are many studies on the changes
in soluble proteins (HERNER & FRIEDEN
1960; DENIS 1961; BROWN & CASTON 1962;
INABA & FRIEDEN 1967; CHARLEMAGNE
1967a, 1967b; CHEN 1968, 1970; RAKOTO-
ARIVONY & GASSER 1973) and the ontoge-
netic changes in erythropoiesis and erythro-
cyte morphology (HOLLYFIELD 1966; BEN-
BASSAT 1970; BROYLES et al. 1981; WAKA-
HARA & YAMAGUCHI 2001; DAvis 2008) dur-
ing the metamorphosis of various urodelan
and anuran species.

Despite the availability of numerous
studies on both the electrophoretic analysis
of blood-serum proteins (e.g., OZETI & ATA-
TUR 1979; ARIKAN 1990, 1991; ARIKAN et

al. 2001; TosuNOGLU & ARIKAN 2007) and
the morphology, count and size of blood
cells (e.g., ARIKAN 1989; ATATUR et al.
1998, 1999; ARIKAN et al. 2001, 2003,
2010) in adult amphibians, we still have
inadequate knowledge about the changes
both in the blood-serum proteins and in
erythrocyte count and size during larval
development of urodelan and anuran
species (HOLLYFIELD 1966; BENBASSAT
1970; Davis 2008; GRENAT et al. 2009).
This study aims to acquire information
about the changes in blood-serum proteins
and in erythrocyte counts and sizes of
Pelophylax bedriagae (CAMERANO, 1882)
during metamorphosis.
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MATERIALS AND METHODS

A total of 15 larvae of GOSNER (1960)
stages 38 [n=5],41 [n=5],and 43 [n= 5],
and 10 adult individuals of P. bedriagae [5
males, 5 females] were captured from tem-
porary ponds in June 2010 in Menemen,
[zmir (Turkey) [38.583035° N, 26.999625°
E, 4 m a.s.1.] then brought to the laboratory.
Blood samples were taken from etherized
tadpoles and frogs by means of cardiac ven-
tricular puncture with heparinized hemat-
ocrit capillaries.

The electrophoretic separation of
blood-serum_proteins was performed ac-
cording to OZETI & ATATUR (1979), who
slightly modified and applied the polyacry-
lamide gel electrophoresis method by DAvis
(1964). The blood obtained was centrifuged
for 5 min at 600 g and preserved at -20°C.
Electrophoretic separations were run using a
Canalco Model 1200 electrophoresis appa-
ratus (Canalco Inc., Rockville, Md., USA)
at room temperature (20-25°C). Gels con-
taining separated proteins were stained with
0.5% Amido Black (Naphtol Blue Black 10-
B), and excess stain was passively dis-
charged in 7% acetic acid baths. The den-
sitometric curves of the separations were
obtained at 500 nm by means of a Gelman
ACD-15 39430 densitometer (Gelman
Instrument Co., Ann Arbor, Mi., USA), and

they were photographed. The qualitative
evaluation of the gels was made directly
from the electropherograms.

The erythrocytes counts were done
utilizing a Neubauer hemocytometer. As
diluting solution for erythrocytes, the stan-
dard Hayem'’s solution was used. The blood
smear preparations prepared using Wright’s
stain were utilized to measure the morphol-
ogy and size of erythrocytes. The erythro-
cytes were measured using a MOB-1-15x
ocular micrometer. On each blood smear
preparation, the length (L) and width (W) of
40 random erythrocytes and their nuclear
length (NL) and nuclear width (NW) were
measured. The erythrocyte cytoplasm (C)
and nuclear (N) sizes were calculated
according to the formulae C = (L-W-n)/4
and N = (NL-NW-n)/4. The cellular and
nuclear shapes were compared using the
L/W and NL/NW ratios, while the compari-
son of the nucleuo-cytoplasatic ratio was
made on the basis of the N/C ratio. The
photographs of the erythrocytes were taken
with an Olympus CX31-Altra 20 Soft
Imaging system. One-way ANOVA was
used to compare the larvae and adults,
whereas Pearson’s correlation was used to
determine the relationship between erythro-
cyte count and size. Alpha was set at 0.05.

RESULTS

Electrophoretic analysis: The
gel photographs of the electrophoretic analy-
ses of the blood-serum proteins of the larvae
at stages 38, 41 and 43 and of an adult male
of P. bedriagae are presented in Figure 1;
Figures 2, 3, 4 and 5 show the gel photo-
graphs of the electrophoretic analysis of the
blood-serum proteins from each of the lar-
val stages studied and from an adult male,
along with their densito-metric curves.

In the electrophoretic analysis of P.
bedriagae, the blood-serum proteins could
be divided into a total of 12 fractions or
fraction groups in the larvae at stage 38 — 2
in the albumin region and 10 (1-10) in the
globulins region (Figure 2); into a total of
12 fractions or fraction groups in the larvae

at stage 41 — 1 in the albumin region and 11
(1-11) in the globulins region (Figure 3);
into a total of 13 fractions or fraction groups
in the larvae at stage 43 — 1 in the albumin
region and 12 (1-12) in the globulins region
(Figure 4); and into a total of 13 fractions or
fraction groups in the adult individuals — 1
in the albumin region and 12 (1-12) in the
globulins region (Figure 5). According to
the results of the electrophoretic analysis, a
gradual increase was observed in the con-
centrations of both albumin and globulin
fractions in the total number of blood-serum
protein fractions during metamorphosis
(Figure 1).

Erythrocyte count and size:
The characteristic erythrocyte and nuclear
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Fig. 1: Photograph of the gel showing the electrophoretic separation of the blood-serum protein sample
of adult and larval Pelophylax bedriagae (CAMERANO, 1882).
A - larvae of stage 38, B - larvae of stage 41, C - larvae of stage 43 (according to GOSNER 1960),
D - adult male, S - start, junction between the stacking and separation gels.

Abb. 1: Photo des Gels mit Darstellung der elektrophoretischen Auftrennung der
Blutserum-Proteine larvaler und adulter Pelophylax bedriagae (CAMERANO, 1882).
A - Larven im Stadium 38, B - Larven im Stadium 41, C - Larven im Stadium 43 (nach GOSNER 1960),
D - adultes Ménnchen, S - Start, Grenze von Sammelgel und Trenngel.

Fig. 2: Gel photograph showing the electrophoretic separation of the blood-serum protein sample of Pelophylax
bedriagae (CAMERANO, 1882) larval stage 38 (GOSNER 1960), together with its densitometric curve.

ADb. 2: Photo des Gels mit Darstellung der elektrophoretischen Auftrennung der Blutserum-Proteine von Larven
von Pelophylax bedriagae (CAMERANO, 1882) des Stadiums 38 (GOSNER 1960) und densitometrische Kurve.
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shapes both in the larval period and in adults
are oval in P. bedriagae, as in vertebrates
other than mammalians. On the pre-
parations prepared using Wright’s stain, the
cytoplasm was light yellowish-pink, where-
as the chromophilic nucleus was dark pur-
plish-blue. The erythrocytes were more
ellipsoid in the larval period (Figure 6a),
whereas, they turned into a less ellipsoid
form in adults (Figure 6b).

In 1 mm3 of blood, the mean erythro-
cyte counts were 305,500 in the larvae at
stage 38 [n = 3], 310,000 in the larvae at
stage 41 [n = 3], 315,000 in the larvae at
stage 43 [n = 4] and 300,000 in adults [n =
3 males, 2 females], respectively.

The erythrocyte and nuclear lengths,
widths, sizes, L/'W and NL/NW ratios and
the nucleocytoplasmic ratios are presented
in Table 1. As can also be seen in Table 1,
the mean erythrocyte length was calculated
as 20.14 pm at stage 38, 18.59 um at stage
41, 18.45 um at stage 43 and 20.98 um in
adults (F3 156 = 56.29; P = 0.000); the mean

erythrocyte width as 11.10 pm at stage 38,
11.03 pm at stage 41, 11.29 pm at stage 43
and 13.39 pm in adults (F3 156 = 220.04; P
0.000); the mean erythrocyte size as
175.63 um2 at stage 38, 160.92 pm? at stage
41, 163.38 um2 at stage 43 and 220.63 pm?
in adults (F5.156 = 177.61; P = 0.000); and
L/W ratio as l 82 at stage 38, 1.69 at stage
41, 1.64 at stage 43 and 1,57 in adults
(F3 156 = 39.30; P = 0.000). It was found
thaf ‘the erythrocyte width gradually in-
creased with metamorphosis and that the
more ellipsoid erythrocyte form in the larval
period turned into a less ellipsoid form in
adults, as also seen in the L/W ratios (Table
1). Some variation in nucleus size was
observed in the larval period. There were
differences between the larvae at stages 38,
41 and 43 and the adults in terms of NL
(F3156 = 3.88; P = 0.010), NW (F3 156 =
136 79 P=0. 000) and NS (F3 156 = 15.74;
0. OOO) values, as well as NL/NW
(F3 156 = 29.74; P = 0.000) and NS/ES
(F3.156 = 171.17; P = 0.000) ratios.

DISCUSSION

Electrophoretic analysis: There
are many studies on the changes in soluble
proteins during larval development (meta-
morphosis) in amphibians. HERNER &
FRrRIEDEN (1960) stated that an increase oc-
curred in the concentration of serum pro-
tein fractions in anurans upon metamor-
phosis and that when metamorphosis was
completed, the variation ceased. CHEN
(1968) reported that the embryo proteins of
Bombina variegata (LINNAEUS, 1758),
Lithobates pipiens (SCHREBER, 1782) and
Ichthyosaura alpestris (LAURENTI, 1768)
increased at the HARRISON (1969) stages 28
to 36. Similar results were shown by
BrROWN & CASTON (1962) in L. pipiens and
by DeNis (1961) in Pleurodeles waltl
MICHAHELLES, 1830. BROWN & CASTON
(1962) revealed that in L. pipiens, the cyto-
plasmic ribosomes, in which protein syn-
thesis takes place, also increased in num-
ber, with an increase in concentration of
proteins. According to CHEN (1968), the
new protein fractions occurring during
metamorphosis supposedly are involved in

the synthesis of new proteins. Significant
increases were observed by CHARLEMAGNE
(1967a, 1967b) in the concentrations of
serum proteins from the larval to the adult
condition with completed metamorphosis
in Ambystoma mexicanum (SHAW &
NODDER, 1798) and /. alpestris that were
electrophoretically examined. RAKOTO-
ARIVONY & GASSER (1973) found an in-
crease in the concentration of soluble pro-
teins in the course of metamorphosis of P
waltl. INABA & FRIEDEN (1967) observed a
great change in the plasma oxydase activi-
ty of the anuran species Lithobates grylio
(STEINEGER, 1901), L. catesbeianus (SHAW,
1802), and L. pipiens during metamorpho-
sis. As a result of the analysis of the blood-
serum proteins of P. bedriagae by means of
polyacrylamide gel electrophoresis, a grad-
ual increase was observed in the number of
protein fractions and, especially in the con-
centrations of albumin and globulin frac-
tions. This finding is compatible with the
results found in different urodele and anu-
ran species by various researchers.
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Fig. 3: Gel photograph showing the electrophoretic separation of the blood-serum protein sample of Pelophylax
bedriagae (CAMERANO, 1882) larval stage 41 (GOSNER 1960), together with its densitometric curve.

ADb. 3: Photo des Gels mit Darstellung der elektrophoretischen Auftrennung der Blutserum-Proteine von Larven
von Pelophylax bedriagae (CAMERANO, 1882) des Stadiums 41 (GOSNER 1960) und densitometrische Kurve.

Fig. 4: Gel photograph showing the electrophoretic separation of the blood-serum protein sample of Pelophylax
bedriagae (CAMERANO, 1882) larval stage 43 (GOSNER 1960), together with its densitometric curve.

ADb. 4: Photo des Gels mit Darstellung der elektrophoretischen Auftrennung der Blutserum-Proteine von Larven
von Pelophylax bedriagae (CAMERANO, 1882) des Stadiums 43 (GOSNER 1960) und densitometrische Kurve.
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Fig. 5: Gel photograph showing the electrophoretic separation of the blood-serum protein sample
of adult male Pelophylax bedriagae (CAMERANO, 1882), together with its densitometric curve.

Abb. 5: Photo des Gels mit Darstellung der elektrophoretischen Auftrennung der Blutserum-Proteine
adulter Méannchen von Pelophylax bedriagae (CAMERANO, 1882) und densitometrische Kurve.

Fig. 6: Photomicrographs of erythrocytes of larval (a) and adult (b) Pelophylax bedriagae (CAMERANO, 1882).
Horizontal bar represents 20 pm.
Abb. 6: Mikrophotographien der Erythrozyten von Larven (a) und erwachsenen Exemplaren (b)
von Pelophylax bedriagae (CAMERANO, 1882). Die Balkenlénge entspricht 20 um.
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Erythrocyte count and size: The
determination of erythrocyte sizes has been
an essential point in standard hematological
studies (ARIKAN et al. 2003, 2010), inter-
species comparisons (ATATUR et al. 1998,
1999; ARIKAN et al. 2001a, 2001b) and envi-
ronmental, seasonal and altitude-related
studies (Ruiz et al. 1989; PAGEs et al. 1992;
Ruiz et al. 2004). The knowledge of ery-
throcyte morphology of an animal provides
important clues for genome size (KURA-
MOTO 1981; GRAGORY 2001), correlation
between erythrocyte size and metabolic rate
(SMITH 1925; VERNBERG 1955; MONNICKEN-
DAM & BALLS 1973), and exposure to pollu-
tion (LLACUNA et al. 1996). In larval am-
phibians, two general types of erythrocytes,
different from each other in terms of size
and morphology are mentioned, namely lar-
val and adult forms (HOLLYFIELD 1966;
BENBASSAT 1970; BROYLES et al. 1981). BEN-
BASSAT (1970) stated that erythrocytes of
larval amphibians were large and extended,
whereas, the erythrocytes of adults were

smaller and more spherical. HOLLYFIED
(1966) and HASEBE et al. (1999) reported
that transitions from larval cells to adult
cells started at the beginning of metamor-
phosis. Davis (2008) highlighted the posi-
tive correlation between the body size and
erythrocyte width of Ambystoma talpoide-
um (HOLBROOK, 1838). Two different types
of erythrocytes, i.c., larval and adult forms,
were not observed in the blood of P. bedria-
gae during its larval development. Never-
theless, as Davis (2008) suggested, it is pos-
sible to speak of a correlation between body
size and erythrocyte width in P. bedriagae.
The erythrocyte width was observed to
gradually increase from stage 38 to the adult
form [mean value: 11.10 pm at stage 38;
13.29 pm in adults, Table 1]. Furthermore,
as in adults, it is possible to speak of a par-
tially inverse (negative) correlation between
erythrocyte count and size (Pearson’s corre-
lation, » = -0.85, P =0.153) during metamor-
phosis in that the erythrocyte concentration
decreased with increasing erythrocyte size.
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