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Ultrastructure and Histochemistry on the
Integumentary System of the Grass Puffer,
Takifugu niphobles (Teleostei: Tetraodontidae)
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The fine structures and histochemical features on the integumentary system of the grass
puffer, Takifugu niphobles were examined by means of the light and transmission electron mic-
roscopy. Integumentary surface of the grass puffer showed irregular folds in light microscope.
The folds of the ventral region are more pronounced than those in the dorsal region. Integumen-
tary system is composed of outer epidermal layer and inner dermal layer. The stratified epider-
mal layer consists of epithelia, mucous cells, club cells, granular cells and multivacuolar gland.
Epithelial cells are classified into superficial, intermediated and basal cell, and free surface of
superficial cell is covered with microridges. Glands of the epidermal layer are divided into uni-
cellular and multicellular gland. Mucous cells of multicellular gland contains mucosal materials
of neutral glycoprotein. Multivacuolar gland is composed of numerous vacuole cells of about 20
pm in axial diameter. Vacuole cells contains a large central vacuole and are connected to an-
other by many desmosomes. The mucous glands and multivacuolar glands are more abundant
in ventral region than dorsal integument. The thickness of dermis is more three to five times
than epidermis in ventral integument. The collagen fibers, fibrocytes, nerve cells, basal plate of

spine and chromatophore are observed in the dermal layer of compact connective tissue.
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o] 7o I|RAE 7|eH oz A9 AvFe=
A, A3 Sl = AR M 28} MM ZEEe] EA3ta,
)M e vl MM Z2Ee] e AR o) F
o] I HAE AN FHEE Gk A A=
el Ak AEA L A& 7152 73] $15ke] o=
7o AlzEex B4 713HE WA 7A HEd, olE
o Wit 9l WA e F AT T3 o] 52 A
2]2 Al e} w]$ oleFslt} (Banerjee and Mittal,
1975; Smith, 1978; Sato, 1979; Pottinger and Pickering,
1985; ¥} = 19953, b).

o5 T AL mAFE} Astopel A AT
Henrikson and Matoltsy (1968), Hawkes (1974), Pottin-
ger and Pickering (1985), Hertwig et al. (1992), Az} &
(1994), ¥+ 5 (19953, b), ©] 5 (2000a, b)?] RyE &
2 9l

FES (Takifugu) o} F= 919 ol Fel Y3 F9iy
7} 9)e] wjE BEY 47} 9], tetrodotoxing 713 =
o] gom, FFAe] g i I Rel= AR v]Ese]
HgE g RIFe] 5o IR == AA o FEE3 (3
7], 1998).

B AT7E FEE S3e A4S ddez I3
Pt

4 AEE9 FF

R

4

Z]
2% ol RSl ALY 9 4wkl g
BA9] W) Pyl WY AT A2ARE AFHT

A ek

T

ME U w

B T Al&= EA], Takifugu niphobles: o]
el Fel A AAE AT F Sz o R3St
A EAS 7|18 oL, Bouin's solutionel] dA A7t 31
Hajol olrlu] £7 5o F 23w} & peAe A
sk,

getein) ARl sety dHyor £/ 5~6
ume] Bchd o 2 A 2kslel o1, Mayer's hematoxylin}
0.5% eosin (H-E)2] v]w A, Mallory A+=<34 periodic
acid-Schiff (PAS) kg,
(AB-PAS, pH 2.5) ¥}-2, aldehyde fuchsin-alcian blue
(AF-AB) HH-5-& A A] s}t

=aAA R0 (TEM)e] 2Ame Axe 27 3)
Bz215 0.1 M phosphate buffer (pH 7.2)2 <F&A]7]
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2.5% glutaraldehyde &9} © 2 4°CollA] 2~4A]7F Zgt
A 1A skgok 28] 1% osmium tetroxide (0sO,) 2
4°CollA 2A17F 2t F 1A shdoh A o] & =4
£ 0.1 M phosphate buffer2 A3 3}3 ethanolg o] &
slod A2 A 158 7HH o= AR gh43le] Epon
812¢) =uslgddt. Zrj®l F%2 F7 0.5ume] semi-
thin sectionz} 70nm<] ultrathin section &}¢3t}. Ultra-
thin section-2 copper grid (200 mesh)el| €2} uranylac-
etate®} lead citrate go] 02 o|F P sle] FIH A
) 7 (JEM-1200EXI1, JEOL) ¢ 2 #3-3}9ic}.
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B4, Takifugu niphobles®] & 2 3| HA|= 7| A4S
oz uppEe) 433} 4o Avzew T
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<+ delideh A e AAE, HAAM

BAA 2, #2283 multivacuolar glandE

e Sl (Figs. 1, 2).

A 29 AN ZEL ZTEAMNEE B} 4 2o
Aoz vebga(Fig. 1, A), A

0:1?,1 el HAN 2E o
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o] & HAN £E2] /‘ﬂi <12 PAS ¥HS-(Fig. 1, B)Z} AB-
PAS (pH 2.5) ¥+2 A3} (Fig. 1, C), 242 el gl e
v, Mallory Mg Aol A= F24 0 2 k319 31 (Fig.
1, D) AF-AB HF-g-oll M= FE8A 3} FH2M 02 whgale
= 227 BAE v (Fig. 2, D). TEAA = (n=30, &
7] 14.94um=+2.36)52 HYME (n=30, A7 8.06 um
+244)5 Ho IR I, FEAET 4O (5

: n=30, 11.56% +3.49; A M A £: n=30, 1.76% +1.68).
01-‘;— MEEL H-E ‘%g‘/‘l,’, PAS$} AB-PAS (pH 2.5) <,
Mallory AF2d Mol A] B2 A EA o] FAE T3
£ Yeblek(Figs. 1, A-D). F3iAl 2= H-E 94 23,
AzAel fsAbAdel ARE FFstar Aok (Fig. 1,
A).
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Fig. 1. Photomicrographs on the dorsal integument of the grass puffer, Takifugu niphobles. A: Section showing the
stratified epidermal layer (El) and dermal layer (DI) of connective tissue. H-E stain. B: Mucous cells (Mc) of PAS
positive and club cell (Cc) of the epidermal layer. PAS reaction. C: AB-PAS (pH 2.5) reaction. D: Mallory triple
stain. Cp: chromatophores. Gc: granular cell.

Fig. 2. Photomicrographs on the ventral integument of the grass puffer, Takifugu niphobles, A: Section showing the
multivacuolar gland (Mvg) of the epidermal layer. H-E stain. B: PAS reaction. C: Mallory triple stain. D: Section
showing the mucous cells (Mc) of aldehyde fuchsin and alcian blue positive. AF-AB reaction. Cc: club cell, Gc:
granular cell, S: spine, Vc: vacuole cell.

Multivacuolar gland&-2 77 < 20pm =7]¢] vac- A J2]3 AF-AB HESo] 2% SAS Yehe
uole cellE2 FA % A=A 3 o]n, vacuole cell F 239} (Fig. 2, A-D).
E2 H-E §4, PAS 3l AB-PAS (pH 2.5) W+, Mallory A9 FL wIAFEe] BAFH FAE AEET=E
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Azoz FA% il % WRA Agels Az
o 3~5ulich 1A% okl Hrelr AszEC] A%
ol wid=e] glow, A A FFAlS] Z]A g
oo} 2 FAlMALS AEe] dA3HAl wWdE 3l
e} (Figs. 1, 2).

EAe] wf % g 8A L] 74 (Figs. 2, AD)2 5 % ¥
A AR AAAQ] F5o] X372 55
ol Wsl A w3 2 2elx P A vac
uole cellEo] FE|x]o] 3 A%l multivacuolar gland:=
Zol| w3l "yl wEe] il v F I RA A

R ® O 54 Axxse] 714 ool &

& of

Z3pA] o3 A3 THFALoloA AP wi A E o]
Uehe Aelth AuFe] AN ZES ZEANEES
2y 9 zA e EAS HE 9, PAS Y AB-PAS
(pH 2.5) ¥F& Mallory A3 T8]31 AF-AB ¥He 2
5 &3 AR VeRsteh

2. ¥3AEv A (TEM) ¥ 72
TEM 32 Az}, B42] 33 A3 FolM Az

AgHo 2 nE WA E, S, 7IAA 2] A FF
7b #AE A 7P v Sl $AEe mHAze] 3

Fig. 3. Ultrastructure on the integumentary system of the grass puffer, Takifugu niphobles. A: Section showing the
superficial cell (Se) and intermediated cell (le) of stratified epidermal layer. B: Electron micrograph of superficial
cell showing the developed microridges (Mr) and intercellular junctions. C and D: Intermediated cell of epidermal
layer. E: Electron micrograph of basal cell on the basal membrane (Bm). D: desmosome, Mi: membrane inter-
digitation, Mt: mitochondria, N: nucleus, Vc: vacuole cell, Zo: zonula occludens.
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2 A ArEe) H 4o (zonula occludens)$} -2l
(desmosome) o2 AZAE o] lglon, THA ] A}-H
"ol A& ol 200nm W 2]e] w|A|§-7] (microridge)E
o] & wietEe] Qi) A& MEA Fo Y =
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g G A3 Ee] A Yol EoiA AR AR F
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CAEAL] AEzL7RES] B EE 2 HolH,
ZH 253 A AT E (membrane interdigita-
tion)2 A= e SISt} (Fig. 3, B). 7l 2E =HA]
25} 7| EZ] Afolel] EAlekE NZEZA Fe)

ARG olw, o] Felli= kAol 7M7HA} (Fig. 3,
C). Aol AADEs} e wlHE FAR Yol
27 F2I, AAY =T} 22 oJAGAAEL E4F

Axoz etz AN T EY FTHIE Aol o]

e

Fig. 4. Ultrastructure on the integumentary system of the grass puffer, Takifugu niphobles. A: Section of mucous cell
showing the numerous secretory granules (Sg) in the cytoplasm. B: Section of mucous cell showing the well
developed rough endoplasmic reticula (rEr) in the cytoplasm. C: Section of club cell showing the central vacuole
(Cv), developed rough endoplasmic reticula and Golgi complex (Gc). D and E: Sections of granular cell showing the
numerous membrane-bounded granules (G), developed rough endoplasmic reticula and Golgi complex. Mt: mito-

chondria, N: nucleus.
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AL NE FAGRTE Fahe] wksle) 99
t}(Fig. 3, D). 7|AMZE> dE= A8t U, 3
B el ske 7Pl g 9 A=
Al Zolo |5t Qlth e A FMA el Ay
= mRAzoh wsalA Uehge) 799 7] A 2o}
BAna} p e TEsL 2 wdEe] glen, A=
A7) W A v S 28} viRrA] = 1)
oFsted e} (Fig. 3, E).

AU zE Begoz Ao oy —Er—f:— ENER
Eo] AA|3tar ‘Rl—"%l o5 #HAFHLE =
Wele] 99w Blgow ngne gty mlwa gl
e AR 4% =E ARAEAR AYA ddd
(Fig. 4, A). 0] ZAedME= 2 Udd zHLzA
3} #4o) vlezee oo #3505 (Fig. 4, B).
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(Fig. 4, C).

FPAEE BAT BHH oz FE ol Fel 9
A|3p, o] 23l FH O A EZE Aol WEH >
A getF-z27F = 5o (Fig. 4, D). Al 24| o 3¢
& 7P AR =Tt 22 AgEe] AR s, e d
zHaxA, FAA 3 v EZ=e] eyt A2FH S (Fig.
4, E).

Multivacuolar glandZ 43} vacuole cell& A=
Z4e) FATEA AxAe] GEEe AA s (Fig. 5,
A), TATES] FHFANE &3 FHIEE 7=
9], o]& Fx= v}=ZA (multivesicular body) =+ =&
7H 252 FxHef= #AF A (Fig. 5, B). Vacuole
celle] W& 2 Aoz AZe s Fulne &
A, o5 Az Fue] MEEd B wo
= d725]o) 9lsl5H(Fig.5, C).

As) 3o ARAREA oA oA A4t 24
of waEe} glglem, AmZel e AHAE AL,

flo
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Fig. 5. Ultrastructure on the integumentary system of the grass puffer, Takifugu niphobles. A: Electron micrograph of
vacuole cell of multivacuolar gland. B: Section showing the multivesicular body and small peripheral vacuole (Spv)
of vacuole cell. C: Electron micrograph of nucleus (N) and desmosome (D) of the vacuole cell. D: Electron micro-
graph showing the collagen fibers (Cf), fibrocyte (Fc) and reflecting platelets (Rp) of dermal layer. E: Melanin
granules (Mg) of dermal layer. F: Nerve myelins (Nm) of dermal layer. Cv: central vacuole.
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Az 3 B zER FAEY, Ao ZE
He 2 Aol wet mHAdE, S E, A 2R
FH o (Hawkes, 1974). B2 73 o] FollA —LlrﬁH
538 FAsE A Ee) AEAE IARe 4
= Foo] PR, NARE wHAS7L dEE T
F99] AR E F2 AEA7|Fe] B3 5
1995a, b; o] ¢} 7], 1999; o] 5, 2000b; o] 2} Zl, 2001). A+
Mz Mzd AR njMAdfek HEzte] mem-
brane interdigitation 7%+ A 22| 3e]-5-x ¢} FH )
E2 - 3 A5lel digte sEAeE dAE 4+
9l= EA o]t} (Henrikson and Matoltsy, 1968). 12|11
E=HAZE 2] n]A§7] (microridge) S 7HA]=
g, ol & F2= M EAA FulE HAELE o
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Heed, olelat FEuee] T3] YR ¥ =
o wla) u) FolA WA k. olsh B BAL

Ho]HF<ql palembang puffer, Tetraodon steindachnerio]
Mz BaEl Heo| gld], o] HolFe] HH LES
st 93t Fx2x EAo=z 32T} (Hertwig et
al., 1992).

Bol § 3|3A ) A9 Zel A
cottoides (Sato, 1979), =%}, Carassius auratus (A 2}
I, 1994), W] =}x|, Pholis nebulosa (¢] 5, 2000a)x] =
w24 & (goblet cell)2} E2]x= AHAMzEe] A
o}

ol gt HAANx] HAEAL W=t Hgel=
ZFAJoln] (0] 5, 2000b), brown trout, Salmo trutta (Pi-
ckering, 1974), murrel, Channa striata (Mittal and Ban-

cottid, Pseudoblennius

erjee, 1975), Gymnodraco acuticeps (Eastman and Hiki-
da, 1991), 58] (A3} &, 1994), #i =k, Anguilla japo-
nica (¥ 5, 1995b) 28] 3 w]3E], Misgurnus anguilli-
caudatus (¥} 71, 1999)= AlA]o|t}h B A A} =B
49 Aot 3% 432 AN ES] AL A
Agae] e Aol oAz selsgs

Aoz BuMS A FASE AEY S of
2} 3o Ml=z= 3A=El =4 A (unicellular gland)
7] e Bu7lse e AEEz TAE T
Al (multicellular gland)e. 2 xloh SAEEI A%
E IRA L sP 2 Aol SAFES FE HE
Aol FulASE 7R = Wkl A EES A ZEAS
7}#1e} (Hibiya, 1982).

AR THAel H& THAE ofFelA FALS A=A
o2 w3¥E 797} ¢)or}(Whitear, 1986), 23] (A
I, 1994)5 w[RE 7)E£9] @ B3 (Pickering,
1974; Irving, 1996; ©] 5, 2000a)o| A 74 ZFo]F 3|3 A}
9 Ze] IR Al EA o R BaEe] g

SpA|EE 2 Al AR HAo] I A FellA

A 24 GA EA o] EXshe HEjr) FEAE

53] 5 F B ] FelA HzAe] A=

EU o7 J]—rﬁl‘ﬂl*i olg} L T ZAL] EA)
5 ARl olol] A A= o]F o Fo
ZSHE 13 FFo] At 2o low

rEL ox rlf i _g o
2 H
—lo
At -
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Azsh ge swwae wlggel @el A

B] A (holocrine gland)®} X-E-E1]X (merocrine gl-
and)oz ¥ 3 4 gldl, AEuAe 443 Az
B 37 Hu|EHE d3)A] Ao|A|wt HEREP|AHL
ARERD B e A% Aoldk ol A Holx
2] Aoy ofaol BaNE Tyl (37 &, 1004)
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9} ‘]7]—x}U], Lymanda yokohamae (°] 5, 2000a)ei] A
el gerl noHdch B ATl 248 24
o Agole 7k Al WA zaA] HEA =
*“?:

II.

AEARS) 33 G057 ghetenz Fou 29

dlope ypEe) gee ARdz @ 4 Aok

B a7 A% 54 FRANA ZEAH Z (club cell)
Eo WA, A FRAABEE VAol
(Downing and Novales, 1971)¢} H#1=}o] (¥} %, 1995b)
J2]3 3], Lateolablax japonicus (] <} 71, 1999)01]/\3
= waEdde dibhos FedAEEE Hel B 7
ZA Q) ZHoA M EAMY e, X243} membrane
interdigitation®] W&, Avkel ATz, A ExA AR
AA Y AR B 5o EAL 7RI ol & M 2E
ATEA FHUA 24 g1 H2E By 2o 7%
< 7, Rx A9 7 oF 2 AT 2
a1 A6 wel tia 2ol S ®.elt}(Leonard and Sum-
mers, 1976; Suzuki and Kaneko, 1986; Irving, 1996).

A I FACA = F8el (2 & 1994 #2713}
] (o] &, 2000a)¢} whE7bA| 2 9] 5 AbE] el A 254
ZEo] #AFAS ol I E A9 Fe] AFH 2ol o
AAE BI S Hon o] YEpLe £4
Bgold Aan) Felz olFo] A Aclehw 2 B
o]t} (Whitear, 1986).

AT 2R B9 IRANAE F %3} )
% Apolo] WA molA e Aok AdRert =
Fol| Al vacuole cell&¢] F2] Ao ExalE Zlo] &al
k. o]8l3t vacuole cell5-2] =z palembang pu-
fler M2 w7l Aol e, WAL FF A3
o]% vacuole cell5& AAAEGE sl FxE=E
3ol ] 9i v} (Hertwig et al., 1992). wetr] EolfF =3
FAZe] dAHQl W gl o] Ful= AHHo
2 A7AA S e e Aoz JhEt Palembang
puffer®] 7%= vacuole cell5o] 7}AS E34 2 §
O} B A FoA] B2 ALl vacuole cellSo] 7}
AE EAAT Qe AR BAA) skl

Aol FANEES ANA e P AN
W w23 BelA 2] BejE WES
i, 1994)e} | 7kAlA] (o] 5, 2000a)8] 73l = -]
M| M zat Tl A *Jé‘é%—ﬂ Aol FlFgle
B2 AHHoz Al7A 2
Az A

o —roﬂﬂi oA = 54 A M 28] 3 multivac-
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vacuolar gland52 FAEFo oo A zE= =4
A%, S AR R, T A
slA g7z el AN Az AEe A
A5t S Edes Fuseldt Fpae oz
Ao ez AAMEEL $4 b HAgAdE
-8—6_1_ 2)<lT}. Multivacuolar gland&-2 A7 ¢F 20
m<] vacuole cell&2 FAF o] ¢)4io}. Vacuole cell =
Ak 2AFEE 71X, 2 U=l desmosome o
A7) gladch AYEu| Azt multivacuolar gland
B Zoll vl W ZHollA AR WFE ] gl 2]
=9 FAE W F IRAY Al A EZE
3~5ilge A9 2e AUAGEA oz mAMG, A
AE, 79 Z|A R, AL E B 4o AANE B
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ﬂ r_u H:l rﬂ.
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3. 3r=5-E3h3]%|, 38 : 38~47.
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caudatus |57 9 A3 EA. FejFA, 11
109~116.

o] A A . 7333k - wWE =} 2000a. ] 7}AkA], Lymanda yoko-
hamae 3| 3-A1¢] AAAM =z 9 A2 wA Tz A}
& n)7333]%], 30 : 303~ 310.

o] A 4] « 1A Y. 1999. %], Lateolablax japonicus 3]
AN Ze} AN 28] mAF=. =R ) A 53] %], 29
1417 ~426.

o] A 4] . obAw"l - 5] A]3]. 2000b. ¥ ==2}x], Pholis nebulosa
) 5A 9] w4 2. gh=4eAbelE]R], 33 : 148~ 152,

o] 4] . RedL 2001. S7}A}u], Kareius bicoloratus =] 57|
o] WAz 9 A3} AR e s]4], 31 ¢
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