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ABSTRACT Histological examination of an individual of the Korean slender gudgeon Squalidus gra-
cilis majimae having cutaneous albinism produced rarely in the wild was made and compared with a
normal individual. The external body of the albino was colorless, differing from the normal individual,
which has dense brownish black spots over its body surface. To make it clear through histological
study, we observed eight skin regions: dorsal, lateral, ventral, upper caudal peduncle, lower caudal
peduncle, dorsal fin, anal fin, and the eyes. These regional skins were the same in fundamental struc-
ture between albinic and normal gudgeon, but there were significant differences in distribution and
development of pigment cells (melanins). In the normal gudgeon, the pigment cells were well developed
over the regional skins except on the skin from the ventral region. However, it was confirmed in the
albino that the pigment cells were vestigial over the upper regions of the eye and body but absent in the
ventral region, lower caudal peduncle, and anal fin.
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INTRODUCTION

The Korean slender gudgeon, Squalidus gracilis mayji-
mae is an endemic subspecies having wide geographical
distribution in Korea(Kim et al., 2005). During a survey
for fish faunain Nakdong River in May 9, 2008, one albi-
nic gudgeon phenotypically presumed to be cutaneous
albinism was collected. The phenomenon of abinism is
supposed to the negative regulation of pigmentation (Lin
and Fisher, 2007) by deficiency of melanin synthesis
(Koga and Hori, 1997). In general, the pigment cells may
be related with light in biological function (Bolker and
Hill, 2000) and the occurrence of abinism could be ex-
plained by several causes as a genetic disorder (Gron-
skov et al., 2007), a transportable element (Fukamachi
et al., 2001) or an acquired influences including nutrition,
lighting and substrate (Bolker and Hill, 2000; Kang et al.,
2007). Such phenomenon has been well known in many
fishes including medaka Oryzias latipes (Fukamachi et
al., 2001), flatfish Paralichthys olivaceus (Yoo et al.,
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2003; Kang et al., 2007), bitterling Acheilognathus sig-
nifer (Oh et al., 2008), catfish Slurus asotus(Park et al.,
2009), mandarin fish Siniperca scherzeri (Lee et al.,
1997). Most of them, however, occurred in the artificial
environment for aquaculture or emerged from the genetic
recombination for experimental purpose. Previous litera:
tures concerning the slender gudgeon were dealt with
ethology (Park et al., 2005a), embryology (Park et al.,
2005b), taxonomic review (Kim and Lee, 1984) and chro-
mosome analysis(Kim et al., 2004). Since the occurrence
of the albinic gudgeon in the wild was not described until
now, we are going to report it and investigate the histo-
logical differences between the normal and the albinic
slender gudgeon, especialy in the pigmentation from the
body skin, the appendages and the eyes.

MATERIALS AND METHODS

One abinic and two normal specimens of Korean slen-
der gudgeon collected from Nakdong River (Munam-ri,
Eunchuk-myeon, Sangju-si, Gyungsangbuk-do, Korea)
in May 9, 2008, were used in histological analysis to
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Fig. 1. Sampling regions for histological analysis of the Korean slender gudgeon, S gracilis majimae. (1) dorsal region, (2) lateral region, (3)
ventral region, (4) upper cauda peduncle region, (5) lower caudal peduncle region, (6) dorsal fin, (7) ana fin, (8) eyeball.

Fig. 2. Externa appearance of Korean slender gudgeon, S. gracilis majimae. (A) normal gudgeon, (B) albino gudgeon. Bar indicates 1 cm.

compare any differences in morphology and pigmenta-
tion between them. Tissue samples fixed with 10% neu-
tral formalin solution were taken in five regions of the
body (the dorsal, lateral, ventral, upper caudal peduncle
and lower cauda peduncle region), two regions of the
fins(dorsal and and fin) and the eyes(Fig. 1). The tissues
were dehydrated through standard ethanol series, cleared
in xylene and embedded in wax (Paraplast, Oxford). The
5um sectioned preparations were deparaffinized in xyle-
ne and stained with hematoxylin-eosin (Presnell and Sch-
reibman, 1997) for general structure and with Fontana-
Masson (Jegal et al., 2006) for argentaffin melanin cells.

Microstructure of tissues was analyzed under a micros-
cope, Axio imager.Al (Carl Zeiss, Germany) and the
Axio Vision (Ver. 4.5, Germany).

RESULTS AND DISCUSSION

1. External appearance

The normal gudgeon showed white silver when it was
alive, but mostly dark brown in aformalin solution-depo-
sited condition (Fig. 2A). Moreover, the black spots were
scattered over the overall body region, especialy densely
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Fig. 3. Genera morphology on the eight regional skins of Korean slender gudgeon, S gracilis majimae. (A) dorsal region, (B) lateral region, (C)
ventra region, (D) upper cauda peduncle, (E) lower caudal peduncle, (F) dorsal fin, (G) ana fin and (H) the eyes. B: blood capillary, C: club cell,
CB: cartilage bone, CO: cornea, DE: dermis, EC: Epithelium cell, ED: epidermis, F: fibroblast, GCL: ganglion cell layer, |: iris, INL: inner nuclear
layer, L: lens, M: mucus cell, MP: melanophore, MS: muscle, NB: nerve bundle, ONL: outer nuclear layer, R: retina, RPE: retina pigment epi-
thelium, S: scale, SC: sclera, VCL: visua cell layer. Barsindicate 100 um. Hematoxylin-Eosin staining.

distributed along the whole lateral line scales. The appen-
dages of the dorsal, the pelvic, the ventral, the anal, and
the caudal fins were transparent and the eyes were tinged
with absolutely black. However, the albinic gudgeon in
the formalin solution was nearly bright color (Fig. 2B)
and the black spots were very few or absent. All fins
were transparent and the eyes were black which were the
same as the normal one. It means that the abinic gud-
geon may be the cutaneous albinism, differing from the
oculocutaneous albinism of Acheilognathus signifer re-
ported by Oh et al. (2008).

2. General morphology of skin and eye

The skin of the body trunk and the appendages in the
normal and albinic gudgeon was mainly composed of
epidermis and dermis(Fig. 3A ~ G). The epidermis con-
sisted of predominant epithelial cells and comparatively
large and specialized glandular cells, amucus cell and a
club cell. The basophilic mucus cells located at the upper
region of the epidermis were not so enlarged when it
compared with bottom-dwelling fishes such Misgurnus
anguillicaudatus (Park and Kim, 1999; Oh and Park,
2008), M. mizolepis (Park et al., 2001; Oh and Park,
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Fig. 4. Pigmentation of melanin cells on the eight regional skins in the normal Korean slender gudgeon, S. gracilis majimae. (A) dorsal region, (B)
lateral region, (C) ventral region, (D) upper caudal peduncle, (E) lower caudal peduncle, (F) dorsa fin, (G) ana fin, (H) the eyes, (1) reting, (J) iris
and (K) sclera. Arrows represent pigment cells. Barsindicate 100 um. Fontana-Masson staining.

Fig. 5. Pigmentation of melanin cells on the eight regional skinsin the abinic Korean slender gudgeon, S gracilis majimae. (A) dorsal region, (B)
laterd region, (C) ventral region, (D) upper cauda peduncle, (E) lower caudal peduncle, (F) dorsal fin, (G) and fin, (H) the eyes, (1) reting, (J) iris
and (K) sclera. Arrows represent pigment cells. Barsindicate 100 um. Fontana-Masson staining.
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2009) and Slurus asotus(Park et al., 2009). The dermis
consisted of dense connective tissue and numerous fibro-
blast cells. Scales rooted in the connective tissue of the
dermis projected out of the skin. Pigment cells were
abundant in the epidermis and dermis in the normal gud-
geon but in the albinic one, it was much less or absent.
The eyes consisted of central lens, sensory reting, iris,
cornea and sclera(Fig. 3H and 31). The retina consisted
of very elaborate structure of retinal pigment epithelium,
visual cell layer, outer nucleus layer, inner nucleus layer
and ganglion cell layer. These structures were similar to
Korean bitterling A. signifer (Oh et al., 2008). Pigmenta:
tion of melanin granule was active in the retinal pigment
epithelium layer, theiris, and sometimes scleraregion.

3. Distribution of pigment cell

In the normal gudgeon, the melanin pigment cells were
widely distributed over the dorsal and the lateral region,
particularly in the basement membrane of the epidermis
and within connective tissue of dermis region (Fig. 4A
and 4B), while they were not seen in the ventral region
(Fig. 4C). Generally they were much more in the upper
region of caudal peduncle(Fig. 4D) but seldom or vesti-
gia in the lower caudal peduncle region(Fig. 4E). The
dorsal and anal fin have well developed pigment cells
(Fig. 4F and 4G), whereas it was rare or vestigia in the
anal fin. In the eye, the pigment cells were much more
over the retinal pigment epithelium region including the
basement membrane of the retina and the inner region
of theiris(Fig. 41 and 4J). There were pigment cell even
in the sclera(Fig. 4K).

In the albinic gudgeon, the pigment cells were few or
vestigial in the apical regions of the dorsal and lateral
region (Fig. 5A and 5B), the upper caudal peduncle and
the dorsal fin (Fig. 5D and 5F), but there did not existed
over the ventral region, the lower cauda peduncle and
the anal fin region (Fig. 5C, 5E and 5G). Although they
were distributed by a small amount on the retinal pig-
ment epithelium and iris of the eye(Fig, 51 and 5J), it
was not seen at all in the basement membrane of the reti-
na and outer region of the iris, unlike those of the normal
one. They was vestigial or absent on the sclera(Fig. 5K).

Although the melanin pigment cells were less develop-
ed in abinic gudgeon, the melanin cells were mainly
distributed in the upper part of the body, which it might
be responsible for the light (Bolker and Hill, 2000).
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