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Morphology, Histology, and Histochemistry of the Olfactory Organ in Korean Endemic Fish, Rhodeus
uyekii (Pices, Cyprinidae) by Hyun Tae Kim', Seung Woon Yun', Yong Joo Lee' and Jong Young Park*
(Department of Biological Science and Institute for Biodiversity Research, College of Natural Sciences, Chonbuk National
University, Jeonju 54896, Republic of Korea; 'Jeonju National University of Education, Jeonju 55101, Republic of Korea)

ABSTRACT The olfactory organ of the Korean endemic fish, Rhodeus uyekii, a mussel-spawning
species, was researched anatomically, histologically and histochemically, for looking into a relation to
the physical and chemical condition of its habitat and ecological habit, using stereo microscopy, light
microscopy and scanning electron microscopy. The external structure of the olfactory organ consists
of the semicircular-shaped anterior nostril with arched shape at its forward position, posterior nostrils
and the nasal flap. Within the olfactory chamber, it has the rosette structure with 14 to 15 lamellae which
is largely divided into the sensory and non-sensory regions. The sensory region has the olfactory recep-
tor neurons, the supporting cells, the basal cells, the lymphatic cells, and the plasma cells, while the
non-sensory region has the stratified epithelial cells, the mucous cells with sulfomucin and 1 type of
unidentified cell. In particular, the arched feature in the anterior nostril and the mucous cell of sulfomu-
cin were unique.
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© 2 FU7 (olfactory lumen)= A A ThA] FH|F (posterior
nostril)& ES AT B0 2 W& E| A Frh(Zeiske ef al., 1992).

o] 579] F7Z}(olfaction)> Hol|HA, A2} 3|1], FF <14, webA Eo] FHEHE F2Y vy, FHF, B, Hd 23
A A A, o]}t 3G9 e TRt A FsES

% 2 Y B FAULH, S9TE AHE YA (niche) 5
A7) A W 7"ﬂ%§—9§ A, E&l Zokle setE of wzt et S YEA HH, 5 2 %, B aE
48 TS AT FUED Yamamoto, 1990) K8, SAF TL FUSE A4 942l GIA 2494 201 B
AZARFY Z47|HS v G lfactory chamber) B+ H|Y§ H T} (Hara, 1986; Atta, 2013).

(accessory nasal sac)O] SEAF o Z 7 (oral cavity) D A7} SUYo A EE FdAFFol}t Acheilognathinae o] F= 2%
(branchial cavity)Z 0. 2 JJHE 2] 9k A2 Ha|E o] glo] 11 34 155024 FEY Aoz FAEE ASYEE70] Rho-
T AFFESTE UEA 59 7les A SsHA & deus hondaes ATt 1450] AR #zsta oh(Kim et al.,
£ W49 725 Yebdth(Zeiske er al., 1992). O] T2 2014). £ & HFEO FEL T LRFOZH A4 A v
Z o2 Qlsto], Mu|F (anterior nostril)& S|4 FAE o 271F Well "P% < AYste] 42 ¥e 55 s
B2 o]F 9 233 (digestive tract) & & So7}A] @3 AutE 1} 33t AL B ostT 9ol WA W A 7|7} v

P
o xzE=2 337]—Q.1_ @1t} (Smith and Hartel, 1999; Kim and
AEH, 952 =2 A4 F5A 759 s

= ZFA = ©40 ksl &~%
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A Soll AAshs AR d4~5em (o) £FF22A, 1F
QA3 A E (Suzuki and Jeon, 1988), B A157] (An, 1995), =
A3t A (Kim, 1997), AFd# A% (Chae, 2001), AA%E
(Kim et al., 2010), ©'g=78°] R. notatus 7t Z v A 2] AL
GA3HA BA (Kim et al., 2012), 2] 9143} 971 9] Y
22} A€ (Jeon and Suk, 2012), 7HA| A& (Kim et al., 2015),
A|ZFA| E (Kim and Park, 2016) 5 thFgt dFE50] A5 o]
it 2y A2 Re ERE Fo) ongh 9 248y
EYES FO AL A £40 AT B FASS
AAS 231 QA9 (Hara, 1986; Kasumyan, 2004), oF2 72
ZEAgofol BE At ol Fo|7 vl gih dubEoz Jof
5 o7 47|%e g2 9 $H R £ 2G5t
£ Ao 2 4T A “eye-nose fishes”Z FLEE I §1o] (Ojha and
Kapoor, 1973) 15 ¢t Bo] ZAU &P EA A SHof| 3lof
A Az, w1 ZE, $7bo] 2 E = B A5l AFEHAA &
T} (Bhute and Baile, 2007; Ghosh and Chakrabarti, 2013, 2014;
Samajdar and Mandal, 2016). 1% gR}lZ2o}l3} o] FEL dH
F5o] Hlae WS LEhiAT AAgA0) 94, TR,
SulRo Ao HEE} 217 e AR FeiA ek Kim
and Park, 2002). ZEA| 2ol 1% ¥lw A 71 =3 §40) 5
F4S HEse Ao FPA Utk WA £ dTelAE
o]2|gt A4 A 9] 2o|7} ZtAlFo] FZt7] o] o B A R E]
of A=Al &lsty] AsiA, = 7139 FHf, =22 9 A 23let
A 54 BAREL AAA 84 2 AeA 5470 dudS

B3] Bz} 5hgct.

M2 U

1. A=

oo

20199 347 E 447HA] Aebd = g2 FEE BAYY
23 H (35°16'59"N, 127°03'41"E)ol| A &t (FE 4X4mm)S
0|85t} ZA|Eo] (AF 36.3~45.1 mm) 159+ E A8+
o 1 3 dFA ZA] 0.1% m-aminobenzoic acid ethylester
methanesulfonate =82 (MS222, Sigma, USA)< |83} 7}
ASS A $ 10% 54 Z=2TY 893 25% 54 2
FEEYHEE N4 (pH 74 2.5% G.A.; EMS, USA)o| 13
st 2 d7%e) APe WRTsine “AuEEe Bel
Aol I3t A" (Institutional Animal Care and Use Commit-

tee)] Aatol wheh P H it

2. H3Yy

ZABo] FrITe Aoy EHL W] s A
A @ 1) 7 (Carl Zeiss, Germany) 3ol 4] #EZ (Surgical blade

stainless No. 10, 11, Japan)& o|&3}o] FRZRE A7)t &
t x4 714 2H(TG-3, Olympus, Japan)Z &% 3} t}.

Z2A 9 Az Al EAE dotky] 8l 10% 2=
Ty gdo] 1PH 2 FRERE $47|8E Ak
2ot £skA P & gk Ql ghebd 2o o 2447 A
2|3} block (Parablast, Oxford)& A2}t ZujE block
2 microtome (Leica 820, Germany)< ©]-83}% 5um= Z}+z}
AW Q2™ Harris’s hematoxylin-eosin (H-E)Z tZ G4
(Gurr, 1956) & 33st&u]7 (LM; LE REL 4 4, Carl Zeiss, Ger-
many) 3t A T2 I FF3tH T HYAE (mucous cell)2)
Z22315H4 E4 (pH, 79 /7)< B 98 of<}
e E4FMHS 2712 AASHATH 1) Masson trichrome
(Masson, 1929), 2) periodic acid Schiff (PAS) and diastase/PAS,
3) hematoxylin, Weigert iron and toluidine blue, 4) alcian blue
(AB pH 1.0, pH 2.5), 5) mild methylation, methylation-saponi-
fication and Aldehyde fuchsin-AB.

H)7} W A EFLZE (rosette structure)?] EA I SN EE
Z 9 oA F2E gotR7] {3l 2.5% G.A. & 17
H 247)%s FRERE st 22 &N st
oI % F4 1% 0504 &% (pH 7.4)0 27 174, d2E& 9]
BeE TE «Lo® g, - REE] Ast dAH A=
(VFD-218S; Vaccum Device Co., Ltd., Japan)3}FH o0, @ A5
&) (HPC-1SW; Vacuum Device Co., Ltd.)3F & FAFHAAE 0
7 (SEM; SUPRA40VP, Carl Zeiss, Germany) 2.2 &3} T},

9

o

M

f
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Fig. 1. Anatomical diagram of the front (left) and side (right) views in
the head of Rhodeus uyekii. Above photographs indicate external (left)
and internal (right) structure. AN, anterior nostril; L, lamellae; NF,
nasal flap; OC, olfactory chamber; PN, posterior nostril; R, raphe.



74 !

1. st 2x

5 % ZFA]2-0] 9] F7}7] % (olfctory organ) !
5 & 5}—‘% Ao A3 den, Z+2E A 8]F (anterior

nostril), $H]F (posterior nostril), H] 7 A& (nasal flap) 2.2 F

A= Atk (Fig. 1A and B). AH|F (37 0.57~0.86 mm, Z 0]
04~0.6mm)2 &) DR 2 HE &% o} ¥ (arch-shape)
9] zZo] vttt} Zu|F (A F 0.94~1.17mm) THZH

=294 ge HHF Y FEFEA A ZPolE EH
kB AARE g7 AR 559 or2 Ao R HuFHy
oIS JLESI= Ad o ol 2y YR vt
Y 14~15709 3% (lamella)E53 F45F 9 A (olfactory

Fig. 2. Histology of the olfactory epithelium of Rhodeus uyekii, stained with hematoxylin and eosin (A, C, E), Masson’s trichrome (B, D), and
alcian blue (pH 2.5) - periodic acid Schiff (G). A, B), its rosette structure, and a number of lamellae consisting the sensory and the non-sensory epi-
theliums; C, D), the sensory epithelium having the ORNSs, the SCs, the BCs, the LCs, the PCs, the CNC, and the connective tissue with the FBCs,
the PMCs, and blood capillaries; E~G), the non-sensory epithelium containing the SECs, the LCs, the MCs and the UCs. Arrowhead, mucous
cell; BC, basal cell; CNC, ciliated non-sensory cell; FBC, fibroblast cell; LC, lymphatic cell; ORN, olfactory receptor neuron; PC, plasma cell;
PMC, pigment cell; SC, supporting cell; SEC, stratified epithelial cell; UC, unidentified cell. Bars indicate 200 pm in A, B, and 50 um in C~H,

respectively.



Fig. 3. Scanning electron micrographs of the rosette structure of Rhodeus uyekii. A), the rosette structure with a number of lamellae; B), the sen-
sory epithelium with olfactory receptor neurons; C), the surface of the sensory epithelium. Bars indicate 200 pm in A, 10 pum in B and C, respec-

tively.

F27F 223t (Figs. 1 and 3A).
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H| 7} Y k2 ZHZk(sensory epithelium)¥} ] 7+Z} (non-sen-
sory epithelium)g 922 A=t A4 o= S0 ¢H
of Wdsls W v o 7P F, v%
Welzh 349 AR Wt (Fig. 2A and B). A T+
AR S5FYFA T Z (pseudostratified columnar layer) 2. 24 3
Hol| o MHmEo] BAEH (Fig. 3C), 3742H+H (olfactory
receptor neuron), A X Al|3E (supporting cell), 7] A Al| 3 (basal
cell), Y= (lymphatic cell), & Z A 3E (plasma cell)2} 22 tf
&t SAA|ZEE o] Fo1A It (Fig. 2C and D). 72y
2 A2do] AuZ 2 7|5 Zog Wolle =54 Al
XE 2 X (Fig. 2B), H-E®} Masson’s trichrome GAjof| A &2 A
o MeAS Holm AEAL thEMoR ANH gt A2
2= A4 Rd0E gE2A 258 A2dE YA g= 4
ZAEA AR e HRES Hosh oRe] He
Ay £ g1Y3F o] Masson’s trichrome G oA A& Ha}
Be etk (Fig. 20). 71 AAEL 53 shRe] 9jx3t
Buge QA A2 ARz 14 ke go] s,
HE QUoIAE 2 0Eae Ue Ao 2ETE e 9
Yol MERA B Hs) 25 A B TS HolE
S H-EQ} Masson’s trichrome G0 A 2z} A& =AM
Hepgog At FANEE PEZ7ET F AdF Y Al
Z2 S TR GAY0l Fspl FREUG. 9 A
ZZA=Ho| X5l Masson’s trichrome G oA AL Hz}
o7 AQAE T AZ2FL 23 HAE e STt (Fig. 2D).

A2 S ol Y Az A A= 3~471Y] A7 B
He BAEE, MaAEZ, dRobAz7E EE ik (Fig. 2C
and D). 2N 2= 7| A9} ofefjof] E4f2]5A G E o] gle

Table 1. The mucous cell stainability of the olfactory organ in Rho-
deus uyekii, identified by each technique

Employed techniques Mucous cell

Hematoxylin and eosin -
Weigerts iron -
Hematoxylin

Masson’s trichrome

PAS

PAS after digestion in malt diastase/PAS

Alcian blue (1.0)

Alcian blue (2.5)

Alcian blue/PAS RB
Toluidine blue O

Methylation/saponification/Alcian blue (pH 2.5)

Mild methylation/Alcian blue (pH 2.5)

Aldehyde fuchsin/Alcian blue (pH 2.5)

B, blue; R, red; RB, reddish blue; RN, reddish black; —, no reaction

'WUUIWWII
Z
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o H-EQ} Masson’s trichrome GAo| A= Ao Z eyt
ok Afotd 2= B 71 P o NEZZ4 H-EQF Mas-
son’s trichrome G A= FH7|AE Wojuh= AEZo] T
ZE XA ATt 2 Masson’s trichrome GAjo| A Heto =
FAE 2k A 5o 44 WEEQUTH(Fig. 2C and D).

v A o = SEH P AT S (stratified squamous layer). 2
2 SAAFT A| X (stratified epithelial cell), B XL, YA Z,
H] 2214 BLA)| E (ciliated non-sensory cell), B -1 A4 & (uniden-
tified cel )&= /= At} (Fig. 2E~G). ST A 2= HZH
230 5E FH%e T AZEE 9 £+ B3y
ddAes W& AEzdFte Uedlo 32 Nzd o o
gk 37k YA st=d H-EGM ol A= 23t A2, Masson’s
trichrome G ol A= %13 FA, AB-PAS M- = 25 3
A4S Uetith(Fig. 2E and F). |72 9 o] F = 42H3
oA Holx= Fejet Alxsetd S Aokt ANz
= A5 2ol X8t= DA ZA (unicellular gland) > 24
W AL Higo] FEE FEE UEETh B3 JANZE
o531t Zo] 185 ExAMo|A ohgFet M (F A, PAS, dia-



stase/PAS; A, AB pH 2.5, Methylation/saponification/AB,
Aldehyde fuchsin/AB; A A, 25 0 AB-PAS pH 2.5; 24,
H-E, Weigerts iron, Hematoxylin, Masson’s trichrome, AB pH
1.0, Toluidine blue O, Mild methylation/AB)< UEFHATH
(Table 1). HIAZH RN 2= 4939 71 &< A3
ERF 5~10719] AlZE] A= AR st Al 2F

2 3 A3 o1 H-EQ Masson’s trichrome Mol A Z+z+ &
S Qg wee Gepon aAEo] b Ba
Atk el 8 Ato]o] AZALS H-EQ Masson’s trichrome
Mol A Z+zt AgA T Xgh Ao G E Gt (Fig. 2E
and F). H]ERINZ = H|ZZH4u S 71 ofgjollA e
717 ek vz flo YA Az AR o) 27|17t F
EAA zlon d5 BHES el H-E9F Masson’s
trichrome @A ol A Z+ZF A3} 723t S o2 JAEQL
t} (Fig. 2E~G).

L]

1

2 09 AN TR SR Ge AuF, T
&, LT3 o] F Afolof| AT HBA RO R LY, 14~15
Aol FHER ol2oj ZAE F2E W7 ol By
AZolR vFe) wops} wrg AL B we} A4He B
94 54, 49BF oldd S UIT S5 5H o}
SRR 81 i AE A SRR 2520 13 9%
o #AE= AH3Ao] © Atk (Yamamoto, 1982; Zeiske et al.,
1992). 015, 712 7o} 2E ABolRel BESH ATol
F52 BE 89§93 277 02 VY FYE Tl 9
% E oldZol B4alAw, AARIF (amprey)tt BRo]
5+ (hagfish)®} Z-2 31538t o] FollA+= -‘r:——‘uﬂ— T &N =Y #
Q7 2771 2e A= 14 2L et (Thorn-
hill, 1967). w2hA], ZHA5-019] F=Fo] flof yehd 271 (]
3, 5u]3) 9 v|F £ FobR (agnatha)@t H| T EE AFo]

wrdshs Aoz Azke,

A B0 HFE HAFORH ThE P B o RET A
AH oz vat B4S FHAE 2F AHFE FEof of
Ago) 24 B2 ol glof obA7A HRAF ofFel N &
947 e vhe EEG 724 54 LEth Kim (2018)
& FRA o7 17% T2 FHA BRolA i) IR} %
W AR, i) $%) B2E 22E 2 MY, i) 5 5e}
Has 9%, iv) 558 F8 59 4typed AT v 9ct,

A3e1e) BATE of Tl i) wpedl @l 84 53

FejzH 22 Yol ol 4
Eoba (2 it pe)g}'—rL & 7ol LEhuITt. B Z ol R

=2
N 378 TG 75| Felo) Gy e 22 AABE

°ﬂ A" AEZA YA (ecological niche)?} A2 %] AZ o] nj

S AAHA dFE ALe=Z A Utk (Lauder, 1982; White-
ley, 2007, FE RSl EFE THE 2 AT PRE §
&o] A9 gl 8o AAsHAY EEAdo] ot ojFEl
AX EHE =t (Kasumyan, 2004), 2 Y5 7SI} H|
s ol 2AE = AT 019 AHlFS FEY HEA
w3} A A9 iv) typed} =% FEE YERATE o] et
2 50 AY gle AAAY 814 EA41 540l o
oFet ZHAlgol 9] 854, 1 JA sl ASH 2=

7}
E

ey —’r——t— Tribolodon hakonensis %‘01 307H Pseudogoblo eso-
cinus ZHFA] 1070, Zacco platypus I =tu] 217, Cyprinus
carpio 991 3171, Microphysogobio yaluensis &1tA} 22~2474
2 st €A o Futth B2 3 2polE v
th. Yt o2 Sgho] 4 Frh= H7F W 449 (olfactory
epithelium)®] W BFHFE F7HAA TZ7|He] a4
AZtol MAEE ol Aoz UdHA =d (Zeiske et al.,
1976) Ao APAFLSH vws & o A5l FHS o

POl AAFEETY F2 =5 UYL o] Ay &2+
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77-7]—94 /K]—l'i_]?:‘__g. .?.Aa]
9 7154 74013 oF7| ¥t} (Hara, 1994). ZFA]g-0]
ZgH e Yol =, 72
4, Z]X] J132, 7] A A 5ol $lof 972
9, A9 7IAAAA], Azed A
o2 Bzrem o|2gt 7] & Al 14
I Ut} (Hara, 1986). 1 €] Z+
geldh §=ZF = B- cell&
T-cell, lﬂ_l_ ]—?ﬂ ]:.E(natural killer celDE A &
L1 (Bone and Moore, 2008), 0] 2 = Z4EA U"(mfectlve
resistance), 293 (hypersensitiveness), ©] 2| H A F1H-g-(graft
rejection) 53 22 M EA MY (cell-mediated immunity)<
9] © 71t} (Nakanishi ef al., 2002). FAA| T @ ool 34
£ BHlste @AFAY A Zo|n PR E HIPHT
(Wang et al., 2019). WetA] ZhA]go] 9] o33t 22 HANZ
EAES AAA A Y Ao, dre 2o}, T ¥he] HYuh-ga B
dE AESH aREERE 47| NEZES BT
S ol it Al Zehe A-go g APzhEct
ZFA1 5ol 9 Bzt = S TAIE, HAA 2, v 2
A2, v]gIAEZ 1577 Sl H =, S A Ze HY
Mz g AZoFolAE SelE= gubdQl Alx F4do]
T} (Hara, 1986; Kasumyan, 2004; Kim et al., 2016). 1% A
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=)

8% uEy

=)

Ho
Ho

Ao AE3FsHA A2 PAS, AB (pH 2.5) - PAS, Aldehyde
fuchsin/ABO| A FARHEE B ST} A< - A4 (sul-
fomucin)2 ER1==4], 0|9} 22 e3lE A2 FT(sper-
matic duct) (Lahnsteiner and Patzner, 1990), -7 (Varute and
Jirge, 1971), o}7}0] (Reid, 1995), £3}3 (Fanta and Ribeiro,
2000) & o AA W 718EC] B AsHA A5k, =
AL o] 29] Z7t7| T A= 7| A7) (Kim et al., 2018a)TF Sufa}
(Kim et al.,2018b)oll Al 31 v} qich. 22} o} 717] o] 7
oA FHH AT 752 g vt gloy F2FE
A Al (mucin)Z YREA o= QR 2HE Ee 9 318H4 o
ol 22 A W 22 oA ot AES ste AeE dHA
Qlt} (Frenkel and Ribbeck, 2015).

e G S GRAEEE BE 2
FollA v7F WollA SI=EX T AR W BEFALS
choFsitt 4] A 1tk (Hansen and Zeiske, 2005) AnkA
2 BN ZES B2 HEE Axad 7HA2 9]
AL Y AR AAA 2} H3E 75T FEHE vz
Arg] Yol A WAISHA E Tk (Zeiske et al., 1992; Hansen and
Zeiske, 2005). A2 T Woll A 9] vz BA| 2] A
Holo]| A Ut (Hansen et al., 1999), Yol & o] &5 235t
THE ZAZolfRollA &R vb itk ZHA|5o] 9 vjZH4te

oA WAst= HIAZAAHRA| 2] FEiY BE= OE olRE
oA AP ALZATe}t UX|SH¢UTh(Hara, 1986). |24 &2
Ao &84 AEES A4S 2 T2+ oy 129 ¢
= AY9] o]F =& F=d| (Doving et al., 1977; Zeiske
etal.,1992), |23 EAESLE ZHA] 5019 A Aot & A9
AAE S YAY A E2= 38 EYF EAZ HE
5 opom AlmETh

B A4 oleE 2

i3

2
2 |o 4o 2

O

B
g, 181 g7t Z}*—H% ZZo|u N2 Fet=s L
o}, 4284 B3 EE] HAAS dujF S 0%
df £ A Moyt =9 ZohE eIt 54& =
(Lavis, 2011). T3}, o]-89 @89 pHE A4, 9714, 24,
FPARE Um 5 9o 2F oy A2 pH A3 1T
4 71% shrh(Lavis, 2011). o] 23t HAR ] EAER 3)

ZNgol F2H B AT NZ 249 BAY oIS
Al

Hoxglon 55 54 $4 AEE 44 Solde
013} 2= glglt}.

ZAgo] FA7|H R % 27, AEBE AL &
So| LalAL ZAE AAH Bely B4 & vrgsin,
£3 DA AN T4 EH AT obNP 27, AL
e 23 02 53} vEeE BReHH 5402 088 4
e Aoz metwn

o (o]
pl -

3t 15-F ZHA B9 Rhodeus uyekii® $Z471 33} A2 A
o =9 9 3etd EA 93 A ST A4S &
otr 7] ol AAER A, Ferd ], FAARAENH S &
of S F W A Azt EAS AT S 3
F3H= v Auga $ujg, HB3ARe s A=

AHFo gEol= oA Y 2320 EEH 9»1‘4’

i

jg,o

= 14~15719) oz FHEHE ZAE 72
i —ff—-&% B e} v AN 2 AEE nﬂ”'“]
B AN, A AN, G, FAAER TH
F o ‘317:}7”1]:‘&5 5’“””4*1]:& A Z, v A B
%, oSOl EA 155 SHlEch, AN EY A Eetey
(sulfomucine) 2 UEFGTH.

S92 Y 2 B4 FHAL

Ol
o)

rlI —‘O‘A

2 e orr Ho
H:

ot v

4

Al Al

B =Ro 0179E AR (@SH)9] fPoz dFAFA
9] xS ol £ H 7|2 ATAIY Y (NRF-2017RID1AIB
03028268).
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