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SUMMARY: The structural characteristics of the skin, types and distribution of mucous cells of Yangtze stwcgeEmsér
dabryanu}were studied at the light microscope level, stained with Haematoxylin-eosin (HE) and Alcian blue-periodie acid Schiff (AB-
PAS). The skin of both was composed of epidermis and dermis. The dermis was divided into stratum spongiosum and stratum compact
The stained color of stratum compactum was stained more deeply than that of stratum spongiosum. The skin thicknesdfdigplegsd di
in the fish at different body positions. The thickest of epidermis layer was on the dorsal region for Yangtze sturgedy, treverse
thinnest was the mandibular region; Stratum spongiosum on the mandibular region was the thickest, the stratum spongiosum of the
maxillary region was not obvious. In summary, keratinized spines, a kind of keratin derivative, are widely distributedniaitihgam
ventral, dorsal, and caudal peduncle skin surface for Yangtze sturgeon, and some pit organs mainly present in the skitheurface
maxillary and ventral regions. In short, the small amount of mucous cells in the skin of Yangtze sturgeon and the typs oélnucou
were main Type |V, nevertheless there was a distribution of a few Type III.
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INTRODUCTION

Fish skin differs from other exposed vertebrate skin The River SturgeonAcipenser dabryanygalso
most notably at the surface where living epidermal cells akdown as the Yangtze sturgeon) is endemic to China and
in direct contact with the environment (Henrikson &historically was distributed in the mainstem of the upper
Matoltsy, 1967). The skin and mucous layer of fish providgangtze River and the lower Jinsha River (Zhaig., 2011).
the first line of defense against infection by potentigbresently, the species is rare and classified as a Category |
environmental pathogens and play a critical role iprotected species (highest level of concern). Decline of this
survivability. Fish skin provides defense, protectionsturgeon was caused by overharvest and construction of the
breathing, sensory properties, and maintains the bodyezhouba Dam on the mainstem of the Yangtze RiveréWei
internal environment balance (Hawkes, 1974). The skin @f., 1997). Previous studies aba@utdabryanusvere mainly
extant fishes consists of an epidermis and an underlyifgtused on its hematopoiesis, genome, stress, etc ¢Zlabu
dermis with glands, lateral lines and receptors, howevep14; Wanget al, 2016; Liuet al, 2017), relatively little is
differences occur in the structure and thickness of fish skiihown about their skin.
composition due to the differences of species and their
environments (Jiang, 2012; Let al, 2012; Shi, 2013; The objective of this paper is to compare the histology
Regueirat al, 2016). The epidermis of the skin is equippedf skin, skin type, and distribution of mucous cellAn
with different types of cells which are involved in thedabryanus and it will help to investigate the connection
secretion of surface mucus-mucous cells which are knowetween the mucus immune mechanisms in each species skin
to contain various biologically active macromoleculesand their inhabited environment. This study has important
predominantly glycoproteins. Glycoproteins are implicatefnplications for comparing the relation of biological
in important biological functions at immune reactions (Rdjnctions to evolution and will provide a valuable reference
etal, 2011). for resource protection and biodiversity.
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MATERIAL AND METHOD RESULTS

Live specimens of.dabryanugmeant S.D., stan- The skin ofA.dabryanusvas composed of epider-
dard length, 44.2& 2.16 cm; standard weight, 288.24 mis, dermis and hypodermis (Fig. 2-1).
51.41 g; n = 10) were obtained from the Sichuan Fisheries
Research Institute,. The water temperature was maintairtepidermis of the A.dabryanus The A.dabryanusepider-
at 17+ 1 °C and the pH was maintained 7-8. The DO levehis, obviously are divided into three principal layers: the
varied in the range 1% 1mg/L. The fish in the aquarium superficial layer, the middle layer and the basal layer. The
were acclimated for 2 weeks prior to sampling. main structural component of the epidermis consists of

stratified irregular epithelial cells arranged in several tiers.

All fish were anesthetized with an overdose of MSThe basal layers composed of columnar basal cells covering
222 (100 mg/L). After the skin dk.dabryanuswas taken the basement membrane. Its nucleus, located in the upper
from the maxillary, the mandibular, the dorsal, the ventrghart of basal cells, is columnar (Fig. 2-2). The long axis of
and caudal peduncle regions (Fig 1). The sample sizetle basal cells were perpendicular to the basement
2cm¥1cm¥0.5cm. Tissue samples from the fish were fixedembrane. The middle layer encompasses multilayer
in Bouin’s fluid for a 24h period. Following fixation, eachirregulare pithelial cells and mucus cells. The nucleus of
tissue sample was cut into 1em.5cmx 0.5cm size pieces, epidermis cell is round or oval in the intermediate layer,
soaked in decalcifying fluid, and then dehydrated in awhich is located in the center of the cell. The nuclei of
ethanol series of ascending concentrations. After dryingpithelial cells, which is close to mucus cells, were crescent
samples were cleaned inxylene, embedded in paraffior, irregular. The epidermis and the dermis are separated by
sectioned in a transverse plane at 6 mm, and stained wathelatively thick basement membrane. Some pit organs are
haematoxylin-eosin (H/E) and Alcian blue-periodie acigresent in the skin surface of the maxillary and ventral
Schiff (AB (pH=2.5)-PAS). regions (Fig. 2-3). In addition, the maxillary region had more

pit organs than ventral and mandibular regions, while none

Samples were observed using a Nikon ECLIPSE Twere observed in the dorsal and caudal peduncle regions.
s microscope. The whole mount preparations were utiliz8dhe depth of the pit organ in the maxillary region was (169.71
to count the number of the mucous cells using a stage1.54 mm) and (192.2861.00 mm) in the ventral region.
micrometer (Object micrometer) with a scale graduate difhe structure of the pit organ formed a ‘cave’ due to the
units of 1/100 (1 division = 0.01 mm). Biovis Image Plusgepression from the edges to the center. The pit organ was
an advanced image processing and analysis oftware, veasnposed of willow leaf shape supporting cells and pear-
used for measuring dimensions of the skin. Samples of $Baped receptor cells. The receptor cell was strongly stained,;
randomly selected sites of skin were analyzed for eaahcontrast, the supporting cell was weakly stained (Fig. 2-
estimation. Estimations were based on the data obtained frdmDifferences occurred in the skin thicknesses from samples
a sub-sample of ten fish. Data was pooled separately aa#len at different positions (Table I): from thick to thin on
results were expressed as mean valseandard deviation the epidermis, in order: dorsal with (1338@1.31 mm),
(S.D.) throughout.
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Fig. 1. The schematic diagram of sampling site.
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Fig. 2. Observation of the structure of the skin almipenser dabryanudNote:1-5 forHE staining; 6-8 for AB-PAS staining

Explanation: 1, 2, 6 The ventral skin of A. dabryanus; 3, 7 The maxillary skin of A. dabryanus; 4 The pit organ of A. d&)8yahes
dorsal skin of A. dabryanus. E: Epidermis; D: Dermis; H: Hypodermis; SS: Stratum spongiosum; SC: Stratum compactum;IaC: Epithe
cells; P: Pigment; KS: Keratinized spines; BC: Basal cell; GC: Goblet cell; PT: Pit organ; Su: Supporting cell; RC: Rélcéptor ce

Type? mucus cell; ?: type ? mucus cell.
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maxillary with (98.12+ 39.99 mm), ventral with (74.54&
29.31 mm), caudal peduncle with (53.6114.63 mm),
mandibular with (47.43 18.81 mm).

in order, was the dorsal region with (563#302.53 mm),
the caudal peduncle with (488.97222.58 mm), the
mandibular region with (281.168150.37 mm), the ventral

region with (261.4& 56.41 mm), and the maxillary region
Dermis of theA. dabryanus The epidermis is bonded to awith (90.15+ 33.62 mm) (Table I).
deeper skin layer known as the dermis. The dermis is divided
into stratum spongiosum and stratum compactum (Fig. Rtucous cells.The mucous cells have a typical ‘goblet cell’
5). The stratum spongiosum is a loose connective tissue ampearance and the cells were full of viscous granule. The
contains pigment cells, which are mainly melanophores. Theucous cells of each kind of fish skin were divided into
pigment cells were mainly distributed between epidermisur types by AB-PAS staining: type | mucous cells contained
and dermis or dermis and hypodermis and it is very spaiBAS-positive neutral mucopolysaccharides and were stained
in stratum compactum of dermis. The irregular pigment celted; type Il mucous cells contained PAS-negative acid
were deeply stained by HE (Fig. 2-5). In quantity, there weraucopolysaccharides and were stained blue; type Il mucous
the most pigment cells in the dorsal region, while there wecells contained mainly neutral mucopolysaccharides,
few pigment cells in the maxillary, mandibular, ventral antbgether with small quantities of acid mucopolysaccharides,
caudal peduncle skin. There were sharp keratinized spiritbe cell were stained purple-reddish; type IV mucous cells
stretched out from the stratum spongiosum of dermis to thentained mainly acid mucopolysaccharides, together with
skin surface (Figs. 2-5, 6). The stratum spongiosum of desmall quantities of neutral mucopolysaccharides, the cell
mis was discontinuous, and it presented with keratinizedere stained bluish violet.
spines. Keratinized spines all increase the thickness of the
stratum spongiosum (Table Il). The keratinized spines were In the skin of thé\.dabryanusthere were both types
the most frequent in dorsal skin, in the mandibular and calll and IV mucous cells, with type IV being the most
dal peduncle skin. They were least frequent in ventral skinumerous (partial acid mucopolysaccharides) and only a few
and absent in maxillary skin. From thick to thin on théype Il mucous cells were observed (partial neutral
stratum spongiosum, in order, was the mandibular regiomucopolysaccharides) (Fig. 2-7, 8). The mucous cells
with (38.17+ 6.44 mm), the dorsal region with (33.51 displayed an uneven distribution and quantity in the different
14.99 mm), the caudal peduncle with (17#81.10 mm), sample parts. The quantity of mucous cells was seen in the
and the ventral region with (15.569.32 mm) (Table I). lowest amounts in the caudal peduncle, which contained an
The maxillary region had few keratinized spines and stratunccasional a type IV mucous cell. Mucous cells were less
spongiosum. From thick to thin on the stratum compacturfrequent in ventral skin, but the cells identified were type

Table I. The Thickness of the skin in different parté&.oflabryanugMeantSD).
Thickness of dermis(m)

Parts Thickness of epidermis(m) Stratum spongicsum Stratum compactum
Maxillary 9812+3999 90.15+33.62
Mandibul ar 47.43+1881 3817+644 281.10+150.37
Dorsal 133.30+41.31 3351+14.99 56343+20253
Ventral 7451+29.31 1556+9.32 261.48+56.41
Caudal peduncle 5361+14.63 17.46+£1110 488.97+22258

Table Il. The comparison of stratum spongiosum of each parts &f. tth@bryanus
skin with and without keratinized spines (Me&D).

Thickness of Stratum

Parts spongiosum(_m)
: with keratinized spines 122.60+55.42
Mandibular . L .

without keratinized spines 38.17+6.44

- with keratinized spines 148.25+29.95
Dor without keratinized spines 33.51+14.99
Abdomen W! th kerati nlzle(.j spi ne§ 33.30+16.37
without keratinized spines 15.56+9.32

with keratinized spines 79.02+39.60

Cauds pedinde without keratinized spines 53.61+14.63
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IV mucous cells. Mucous cells were more frequent inontact organs may have some hydrodynamic significance
maxillary region, where there were many type 1V mucousorrelated with adaptation to torrential currents (Wiley &
cells and few type Ill mucous cells. Mucous cells were th@ollette, 1970).
most frequent at the dorsal region, where one type IV mucous
cell was observed at a distance of about 0.18 mm, and one  The skin of fish contains many sensory organs. The
type 1ll mucous cell was observed at a distance of abasttucture of a fishes’ sensory organs were usually constituted
8.46 mm. In addition, there were mucous stores in thm® supportive cells and sensory cells (Mu&aal, 2008;
depression of the pit organ at the maxillary and ventral skiDezfuliet al, 2009), such as the pit organ of ghdabryanus
With an irregular shape and size, these mucous cells’ c@®ensory cells were considered an important part of the sense
were round or oval and some were located in the upper pargjans, because they could convert mechanical stimulation
of epidermis, and some in the bottom of epidermis. into an electrical signal. Nerve fibers connected at the bottom
of the sensory cells could transfer stimulation to the nerve
center. Some pit organs are present in the skin surface of the
DISCUSSION A.dabryanus The pit organ, also known as superficial
neuromasts. The structures of pit organ formed a ‘cave’and
have mechanical, thermal and electrical pain functions
The structure of the skin. The main function of skirfdiang). Superficial neuromasts abundance is higher in fish
covering the external surfaces of vertebrates is to proteébat inhabit still-water or in fish that are not excellent
the organism from its environment and to preserve tlssvimmers (Marshall, 1971). Schellart and Engelmann
consistency (Henrikson & Matoltsy). The main function ohowed that superficial neuromastsdetect the velocity of
the thickness of skin is its protection from infection. Thevater flow and are highly sensitive to a vibrations in still-
teleost skin is where the epidermis is close to the dermiswater (Engelmanet al, 2000).
is practical to subdivide teleost epidermis into basal, mid,
and surface layers. The dermis may be divided into a stratum  Many pit organs were observed in thelabryanus
spongiosum and a stratum compactum (Hawkes). Somestral, and began to appear and develop even in larvae,
adaptations of fish to the stresses that exist in aquabefore initial feeding began (Shi). The pit organ could also
environments are seen in specialized body surface structuiessist in the detection of the velocity of the water flow (Jiang).
such as scaleé. dabryanudiave no scales, but keratinizedLiang (1996) confused ampullary organs with pit organs
spines are present in the skin surfacéafabryanusin  when studying the feeding behavior of Chinese sturgeon.
vertebrates, the epidermis undergoes some degreeStii believed that ampullary organs mainly existed in
keratinization, but this is not true for most fish (Baal). cartilaginous fishes, and there were pit organs at the ventral
A.dabryanusinhabits the shallow water, where it foragepart of the Chinese sturgeon’s aAdiabryanus snout.
upon the algal growth on the rocks and gravel bottom, akanpullary organs were different in structure to other sense
often inhabits in the pebble region. In contrast, thergans. The surface of the ampullary organisvery smooth
A.dabryanusexperiences friction with the faster waters andnd does not have sensory hairs. The nucleus of the Chinese
rocky substrate and has skin that is rough with plenty sfurgeon receptor cells are round in shape are completely
keratinized spines. These fish are also covered with 5 rossrrounded by supporting cells (Shi).
of bone plates, to protect themselves (Zhengl). These
keratinized spines were similar in structure to that of conta€ypes and distribution of mucous cellKitzan & Sweeny
organs. More cells skin cutting derivatives, analogous dernm@l68) were the earliest to research the mucous cells of fish.
structures, known as contact organs, are present on the scBkesed on the difference in PAS staining reaction, the goblet
or fin rays. The main shape of these contact organs wasedls were divided into three types by light microscope and
swept-back hook (Zhang & Shen, 1999a). Xenodexigectron microscope observation: stains bright red (1), stains
ctenolepis has been known to have contact organs all opank (11), stains deep red (lll) (Kitzan & Sweeny). The stan-
the body of males, females, and juveniles (Zhang & Shediard classified types in accordance to PAS-positive degrees
1999b). Trachidermus fasciatus has many protuberancesvas confused, and does not accurately reflect the contents
both male and female. The head, back, body side and caunfaucous cells. Uribe & Sibbing (1984) showed that carp
peduncle skin surface has many keratinized spines in tmeicous cells, when stained with Alcian Blue (AB), Periodie
Yellow River Roughskin Sculpin, but the Luanhe RiveAcid Schiff (PAS) and High Iron Diamin (HID), classified
Roughskin Sculpins had numerous mounds and no shamfo three types I: Sacciform mucous cells, II: Pyriform cells,
keratinized spines (Jiang). Contact organs have thrde Goblet cells. The sacciform mucous cells are all heavily
functions: stimulation of the females in breeding; providstained with HID and thus contain sulfo mucines. Pyriform
tactile stimulation, and as tactile receptors. In additiorcells lining the orobuccal as well as the pharyngeal lumen
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appear to contain sialo mucines as they are almost H&#xternal environmental. It well knew that the structure of
negative. The same applies to the intestinal goblet cettse skin was one of presentation for ambient environment.
(Uribe & Sibbing). The classifications of mucous cells are
defective by the differences in size and shape, irrespective  In general, a higher concentration of the mucous cells
of the contents of mucous cells and their secretion. Tlaee present in the epidermis of the anterior regions than in
function of the mucous cells are closely related tthe posterior regions, because the mucus would tend to
mucopolysaccharides. Mucous cells form different shapesigrate backwards on the fish when they moved forward
at different positions, and are steric, however the paraffihrough the water. The posterior regions of the body would
sections were steric space. Some studies have found thatrgezive mucus not only from the mucous cells in that region
main components of mucus are neutral or acidileut also from more anterior regions (Pickering). The ante-
mucopolysaccharides, while others suggest proteimi®r region of the fish would only receive the mucus from its
(Zaccone, 1973). Through comparison of various methodsyn epithelium and might consequently require a higher
the method which divided mucous cells into four types bgoncentration of mucous cells. étial. (2010) reported that
AB-PAS staining is scientific and practical. the distribution of mucous cells in Silurus asotussk showed
that the density of mucous cells was the highest in the ven-
Each species has differences in the quantity amicl skin and the lowest in the dorsal skin, suggesting that
distribution of mucous cells on different parts of the bodythis density prevents injury to the Silurus asotus ventral skin.
skin. Deep-water fish mucous cells are much more abund@mtother example is in the Anguilla Anguilla, where their
in outer regions of the body. This may be an adaptation amterior regions had fewer mucous cells than posterior
relation to its peculiar bottom-scooping habits, disturbingegions (Linet al., 2008).
bottom mud more frequently in search of food, thus requiring
efficiency in the fish keeping its body surface clean (mucus
has remarkable power to precipitate mud held in suspensicACKNOWLEDGMENTS
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spines to prevent fish body damage commendably. A higlhNG, S.; FU, H. M., XIAQ, Q.; LIU, Q.; WANG, Y; YAN, T.
quantity of mucous cells in dorsal skin had protective effectd:; ZHOU, J.; LIU, Y.; GONG, Q. & ZHAO, L. L . Laestruc-
The thickness of the skin epidermis in each part of the fidgra d_e, la piel, los tiposy la distribucion de las células mucosas del
is consistent with the number of mucous cells, since t@%g;lso;l_\gir;gtzzglgmpenser dabryangs Int. J. Morphol,
thicker epidermis is, the more mucous cells are needed to ' '
secrete mucus to lubricate. There are many keratinized spines  RESUMEN: Se estudiaron las caracteristicas estructura-
and mucous cells on the dorsal skin, but the number |g§ de la piel, los tipos y la distribucion de las células mucosas del
keratinized spines in the rest is inversely proportional to the&turion YangtzeAcipenser dabryanjson microscopio de luz,
number of mucous cells. Therefore, it is speculated that skefiidas con hematoxilina-eosina (HE) y azul alcian-acido de Schiff
fish have important protective effects. The mucous cells 6hB-PAS). La piel estaba compuesta por epidermis y dermis. La
maxillary and ventral skin were observed around the Fﬁiprmis se _dividl’a en e_strato (_asponjoso y estrato c_ompacto. El gro-
organs, even more so for pit organs that contained mucer de la piel mostrd dlferen'mas en los peces en dlfe_rentes posicio-
This suggested that as a part of the pit organs, the mucu nes del cuerpo. La capa mas gruesa de la epidermis se observo en

. . ) . a region dorsal del esturion Yangtze; a la inversa, la méas delgada
maxillary and ventral skin could assist the detection of thg, |5 region mandibular. El estrato esponjoso en la region

vglo_city_of water flow. This indicates_ that_ the type anthandibular era el mas grueso, el estrato esponjoso de la region
distribution of mucous cells were relative with species angaxilar no era visualizado. En resumen, las espinas queratinizadas,
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un tipo derivado de la queratina, estaban ampliamente distribuidegueira, E.; Davila, C. & Hermida, G. N. Morphological changes in skin
en la superficie de la piel del pedtnculo mandibular, ventral, dor- 9lands during developmentRhinella arenarunfAnura: Bufonidae).

sal y caudal en el esturién Yangtze, y algunos érganos en fosasAnat- Rec. (Hoboken), 299(1#1-56, 2016. ,
presentes principalmente en la superficie de la piel de las regiofids, b L- Dévelopment of Sense Organs during Dabry'sstrugeon

. o . P Acipenserdabryanus) Ontogerjluazhong, Huazhong Agricultural
mandibular y ventral. En resumen, la pequefia cantidad de celulasfjni\f)ersity 201%’ ) gerti g 9Ag

mucosas en la piel del esturion Yangtze y el tipo de célula mucasiggn, s. k. & Mittal, A. K. A comparative study of the epidermis of the
eran células principales tipo 1V, sin embargo, se observaron algu- common carp and the three Indian majarp. J. Fish Biol., 36(19-

nas células tipo Ill. 19, 1990.
Uribe, R. & Sibbing, F. A. Regional specializations in the oro-pharyngeal
PALABRAS CLAVE: Esturién Yangtze; Piel; Estruc- wall and food processing in the ca@yprinus carpioL.). Neth. J.

Zool., 35(3)377-422, 1984.

Wang, X.; Jing, H.; Li, J.; Ma, Q.; Liu, K. & Song, Z. Development of 26
SNP markers in dabry's sturgeéwipenser dabryanji®ased on high-
throughput sequencin@onserv. Genet. Resour., 9(2P16.
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