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Histochemical and Electron Microscopic Study
on the Nerve Cells of the Pineal Body of
Catfish, Parasilurus asotus
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ABSTRACT

This study was carried out to clarify the neuronal organization in pineal body of
catfish. The pineal body was observed by acetylcholinesterase histochemistry and electron
microscopy. The neuronal types observed in the pineal body of catfish were bipolar and
multipolar cells. Multipolar cells were found throughout the pineal end vesicle and whole
stalk, but bipolar cells only in the end vesicle and distal stalk, The pineal tract was
formed by the long axons of these neurons. The neuronal clusters(pineal ganglia) were

also observed in the end vesicle,

In summary, the type of neurons in catfish pineal was different from that of other
species, and the neuronal distribution differed depending on the region of pineal body.
These results reflect the interspecific and regional differences of the pineal organization of

fishes.
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35520 $4AE B8 AReS A= AL, ¥
g Fd S e AS ke &, 9FE 4H
FHA o o] W& FoLAEe s FE(photic
information) 2, oA FARE AAAEZE AX =AM
A AAZF(neural impulse) 2.2 W T AAAHZY
A F2h% gl H2 AgEE Aoz A Je 4F
(Wake &, 1974), 449 F54%5< d78l: d
AW AAAZA gt AF7L AeHelet & 4
.

7 4AW AAAE i dFE Wake(1973)
FEol FINAAEY $E 2 FFel g RIold
Korf(1974) 2} McNulty(1976) S $JAl8h we |33k
£ d7437 LEHI Y. o] 3, o §
e 2 gyPeplet AHH T2 Fof el a3
2t Aol & Hol= o2 dejA ¢l

W7le wEelR oJHME 433 (pineal window)
£ , SE3 g9 FX(end vesicle)$
EAH o2 7 W (stalk)E 22 gloj(+, 1994), %
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1. Acetylcholinesterase(AChE) Z=Z| 5|8} Al

2 AN A" £33 Aol 35cm Woe] o
A A7} 48 u)7)(Parasilurus asotus)eA ¢
et =719 FAZE AAR oE $AAE HHE
22 4% paraformaldehyde in 0.1M PB(phos-
phate buffer)el] 24417} 248 % methylbutane®
2 Y25l AEueos 20um SA9 FAL UE
AAREE gAsdT. 2 FFA A43d Karn-
ovsky$} Roots(1964) #W$ 7lgshd o&3t 2.
H]E-o] A cholinesterase® 2F A|3}7] $i3ld, 5ml
0.2M Tris -malate buffer(pH5.7)el 100z 0.01
M tetraisopropyl pyrophos-phoramide® 3} 4%
Ao AL §T Aol 30¥7 VAR BE,
32.5ml 0.2M Tris —malate buffer, 5ml 0.005M
potassium ferricyanide, 2.5ml 0.1M sodium
citrate, 5ml £3%<, 5ml 0.03M cupuric sulfate
9l 25mg acetylthiocholine iodideZ t©l3d mediadi

Yi 147 wAlge. 244 0.1M PBE AAF
glycerine jellyE o4, Eisisidt.

2 FARNAHo|E oE

Z2]% 0.1M cacodylate $+%(pH 7.4)28 =
A8l Karnovsky(1965)de) 2417} AuA iz, 9
gZof o2 wt= 1% osmium tetroxide?el] 2A)7F ¥
zAsge. 2Pd 2L 99348 $ AF Luft
(1961)We] wet epon EFYe] Eojslg i 35°C,
45°C, 60°C oA Zt7} 24X 748 FAANA FHS
gasych. ¥oj® 242 LKBxAHs]2 80nm
99 AAn| A4 w3t 1am oo FeuAL A
HE oo} utAL uranyl acetates} lead citrate2 ¢]
Z94ste] JEOL-1200 EX ZF3AAgn|A o2 33t
el B AL AHL 1% toluidine blue £
2 7t d st A,

2

1.%4¢8 §ojd 4AH
Acetylcholinesterase & A4

1) MM E

"7 A FEY AAAZE o|FH R 5
FAZHH. o] FAEE WEYolglon, FHA Zo
o g 71 &4 W3 glolet. o] ME FYYY:
Z¥(end vesicle) s} 94 ¥(distal stalk)dl] 35
ol et FIUME G522 FHIAY FH o
279 AANEES DS o] F Uk HH A
' dAE A FH T sute] A d5oE &
3 gl FAAel e FAF Aol #
e A42 #REYHFig. 1.

S EL o FH X wig o EstA AFEHAH
AZAY 2ok A, 48, 13 F ks
FEAME o]SHZY vAR, dEoE Fds
At AAFAAM ZES ADE AT D uhl,
Hiel e 3E gxos 2. YA
ZUAAE yEFdY 19 AR doy, E=FAE
HE ZoME FAHG, E3 o8 A fAE7
£ 74 982502 Y3 AKFig. 2 ¥ 3).
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2) SAHH

3 el M 57 W] elFH e AFAMER F
A8 XA 4502 AU, 2704 2 &
2oz qAse] AU /&L F2 FIY Z(lume-
n)¥ A, spgelAl Fatel st Holutgko e 94
3 g, wielME 3 4 g (Fig. 4).

3) sapMER

FHNA2E AAEFAN FHE 9 F3AZY
70 F4te] Be] HAH slddvh. F7F o9 4 HY-
(middle and proximal stalk)e]AE o]n] A Al
A22 AANEE] Fito] FRFL Yk AT FAHY
o}, WREe AAZE wvta dAds] I o
(Fig. 5).

2. Toluidine biue M E&

ARA ZE $HAAE FATHe F54A 20 A4
Eo wls] ¢ Zlom, S¥dEE 4 dU. FE
W EdA4E A R 247 central lumen)al
AR T 9AA s, dEdeME AA FaERoA
o AF fAHG, $HAA 2 QA e
4= ek

Bl MEe Aoz dele A AR
2 749 PHEFAA RS AT #2E £ 99"
v, FXYNE o AAThEE A ol & £
gt $AEE FA AAARY Fel e z7]
b R, E3 AAE A 7 ARFAN Ry
9=}Fig. 6).

dxpgiold 24

ARl A 2 AP EE E3) 3~ B
FEHE B0 A2 A AAHNE E7|(interdigita-
tion of supportive cell processes)el <jsf S8 &
e, 27AL 8um WG d FIPog,
Aol ol ¥ Rgjow, Huo Al 17]9
LA E 2T A AXAL won, o4 ze
ARA, A, FEE, 2dURAE, FA4A 59 &
713& s Adde. AAAEE AEAY w)d
wet A 28FE TEE ¢ dder, FERVdME
249 AAAR AAFH] gl ¥z #AHH
(Fig. 7).

Ao A #2d AAMFE F94F(unmyelin-

ated fiber)3 o, AAMFHAA vidd, ARA 5
o A7)gel RAHY. HEelAM ofF AAMRE
10e47] ojakel FAHo] thi(bundle), & $HAAZ
(pineal tract)Z AT glglch. 9, AAL A=
sty &, AR GA 130949 AAAFE AL 2
AZGEE £ 4 ddd. oF 20974 5434,
vea] g fEE FeAAARRS AedAARE A
Zepite] FHE, 53] A4 7| % sirtelo] g2
asien, AR AL 1.5~3umZ FHA7AA fol
v gk o] F Af= A% A2 AAS e v
2%g FHk2 ddden, AF AeldM Zass)em
A #(oligodendrocyte) 7} F3H ¢ HFig. 8).
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3o EAsh= AANEE SAs) A8 243}
o 2x acetylcholinesterase(AChE) %4 3a}e
Al silver impregnation®, methylene blue A,
rapid Golgi ¥, cobalt chloride iontophoresis
H Fo] AHEHIZ giet, o|F E ATl A" AChE
24 3}5-&, Ueck3} Kobayashi(1972)7 2%¢ 4
Ao B3 ABAEE F97] S8 A7 ol F
5o, A7l (Wake, 1973; Wake ¥, 1974) &, 8
TEY SHNAAEE 73] Y8 Mg 3
2R wgelgt & 4 gl ATe] £3NE AR
horseradish peroxidase(HRP)® 3} cobalt chloride
iontophoresis® o} A|%=% v} ¢Jx|2H(Eldred$} No-
lte, 1981), AChE®(Wake %, 61974)e|A 23 A4
d FRe 94 & ddve ¥lZH7HVigh-Teichm-
ann 5, 1982)% Igjsld, AChE ZAdshye 43
AA2AE dFsted Ao 9& iR g AFE
43 9d & 4 gl

o5 EY fabdeiM HFH AAMEY Y F
29 ¥ wde} g2d, F, o7 $3A4E Yatezg
2 A7 E GSAE f o)A ES B2 § 6
&, kbl ) VEINY 45 Hemigrammus
A GSAES B2FUA(Herwig, 1981), AFE
e A 2 YFTFA Z(pseudounipolar cell) 7}
(Wake ¥, 1974), F2|7} £o](rainbow trout)ei A}
€ OSAEY ADSAZYAE o|SHE/F FHHAG
(Ekstroem®} Korf, 1986). 355%9 £340AAX
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F A $HNAAE FAsE 7B 7R He
A EA¥oletT & Vigh-Teichmann $(1982)¢] 7]
€& Azsid, o7l Hemigrammus®l $3A A
A EL Jehdr] dtd AL Eelsin, ole 43
A Fze £7ka}e)(interspecific difference)& uhed
e ALz Atg g,

2 AFM STAZE $3A9) ARl EAse

d utsl, o]FAMEE= X9l vl FiFo] HaHG]
o}, o) FHxle)(regional difference): o)A
o8] dTETAME AFHAR Aoz, $3449 14
of met AAMEE 2 F3E ohel, =7] ¥ AChE
of et ARES 2, &, FPe}Y £BFTA
Ay FPHEY GHAEE 2= AAMNES Fot B
& GARe AAAZ Yehte | wg, WieH:
A3 B JAZE ke A Ege] FAFH YK Wake,
1973). FAN $9) AS FEAME 5~10em 27
o] AAAES, HYME 5~8:me AE7}F FFHI
ovj(Korf,1974), oM FXEAA 273 10~20#m
o] & &3, olF ¢ oFAREs FAHINL2, W
ANy 70279 542 FAHAS(Ekstrom,
1986). 19, ¥oJ(Carassius gibelio)|M= 25¢m
o) 2 MEE ZTN, 12im AEY F& HI:
WHo|A F259cH(Ohba 5, 1979). o5 4743}
o TEAHL, $HNAAEE FEANM o 3T, AR
$e TR F He 7hE £5 o golzltle Ao
t}. Ohba 5(1979)2, %9 £AFIelA: g
o] & AAME} 100979 FegAE dAHHe )
Eoubd, HRME Y AL AANII) B3 4~5
1ol FEAEd A U FHL, o F
27} AR vdl o 22 4SS 2L Ad5E s
= &FAog} s

7] £342 FEXYAMNE 57 el AAAES
2o HEFGE] FHF o, oF AdEe F4
of o4 AzdZAH] AUk o= €59 RN B
79 uh 9l 43473 (pineal ganglion)Z 75 E
Hoolch, U#7] Korf(1974)= A4 £24 2
A& (rostromedial portion)d|Al & YA EE F
J8 AAEE A, 71estdA o] AN AFAE
S} FpBA Eabol AHFRE £3A9 2 9 elA
s} g2, FANEe] $HAAM FAY AL
2 AFAF A ME Y £ e FE 72
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Eolgt vt 19 o) MEL, 8o £aAY 4
A Xl A3 Wake(1973)9] EIoXe Al7ZA6] o
& odgo] §d7] AEeld. olF, Vigh-Teichmann
5(1982) & o)o] 4£3la) Exol AAHM(rostrovent-
ral portion)el| A, Ueck £(1989)& Fugnu niphobl-
es?] £HANM AAAHY £ R B v 9o
a8, @2 dF RIM $HAAA HE 7)o
A dd TS, $HAN AAEE 232 Se o
Fe B4 ¢S Aoz AeEg, A4 E, Matsuurad
Herwig(1981) & ##ols} $Ael NAAS 44T
£ 9o} 89F, Ueck 5(1989)2 $ai4A4L A
5 e g 2y AFE 21 v} gled, &S
Fugu pardale, Scomber japonica, #1549 He-
licolenus hilgendorfi @ 318 9%FQ Triakis scy-
lligolc}. '

7] $349 BRAA 22D £IAHRE o F
9 SSANAAEY 71 &4 o5 FAH
AARE &3 AA 85 Ao A X3z
Ao,  Fxo AAHEY 71 FEe] gHIL 3l
AR IREAY. $341429 A6 A )
T8 3 AA Paul $(1971), Wake 5(1974)
Eldreds} Nolte(1981)7} #jA1& 2o QlRA|gh, o] F
Wakeo} o]2o] sh}e] Hygea whe} x|z g}
2 ATe A e GFAEY SJGFAEs) B
d, 9=3AE: At 42 ojdAdes 243
o, 47329 PAol= SdSHEgle] FAF Aol
sgle}t. 22y Ekstroems} Korf(1985)= #2174 4
o]9] £3}A o4 horseradish peroxidase(HRP) ba-
ckfillingd, & $#49HF& A2 F o] 29| HRPE
A dAAZE wokg ez HRP7F AASAE el &
ZE7A o) FA F F AT 25L& FAN S
o A% AN AAH TE AE, F gF, ofF
9 g2t AZ2E AT sidd. 28 #F
273 & AT7AHY Aol £HA F2 FA
(interspecific difference)Z 8ledsic},

g =
w7l SR AAZAE T A A7ldM

HAE AHZ F, Zoludky d&YFAUE Wi
Karnovsky$} Roots(1964) wi oz AAHEE £3
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3 3, dF AL AAYnRoe A% o, g
T34 2L AES A

W7l S #2D NAAZE kst Hege o
SHES BEHY o FHEYG. GFHEE $3HA9
o Fel Ay HRHAT, o]FHEE FES U4
B Fase] Zdsigd. HFWA ofF AAME
o 71 Fate] AAH $IAAZE YA} AU
B Ne AR E7E AA Fd5 A U
g, FEdeME AAAEIL A glewA 7
Fiog A3dise] ol FHE FEHNUS.

ol el AAA, diy] FA AT AANEE
o] SHES} HIHENL, FEN olF UFMES
AAH $30744E AT &S ¢ A
ol G ofFel M3 Fol a2z, A T2
F743po1 Wedshs A2 Andn.
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FIGURE LEGENDS

Four bipolar cells(arrows) with long axons are arranged in parallel in the distal stalk. .Stained by
acetylcholinesterase histochemistry. x1,600

A multipolar cell with branched dendrites is seen in the distal stalk. Stained by acetylcho-
linesterase histochemistry. x1,600

AChE histochemistry followed by weak eosin staining. Two multipolar cells are shown in the
periphery in the distal stalk. The central lumen(C) and photoreceptor cell layer(P) are seen.

X 1,600

Neuronal clusters(pineal ganglia) are observed in the dorsal part of end vesicle. They are
connected with one another by long axons. Stained by acetylcholinesterase histochemistry. x 800
Several axons are seen to join with the prominent pineal tract(arrow heads) in the middle stalk.
Stained by acetylcholinesterase histochemistry, %800

Longitudinally sectioned pineal stalk shows pineal parenchyme and its surrounding connective
tissue with large blood vessels. A nerve cell(arrow) can be distinguished in the parenchyme. C
indicates the central lumen, in which dark stained outer segments of photoreceptor cells are
seen, Nerve bundles(Nb) are seen near the capsule. Stained by toluidine blue. x1,600

Ganglionic region composed of 4 nerve cells(I, II, IIl and IV) in pineal end vesicle is shown. Two
nerve cells are contacted with each other, and one(Ill) of them has lighter cytoplasm. P
indicates a pinealocyte, and another type of cell with heterochromatic nucleus and light
cytoplasm is seen next to the pinealocyte. x2,550

A nerve tract composed of myelinated(mf) and unmyelinated(uf) fibers runs outside the pineal
stalk. Og indicates oligodendrocyte. x2,400
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