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Immunohistochemical Study on the Cerebral Ganglion of African Giant
Snail, Achatina fulica

Nam-Sub Chang and Jong-Min Han

Department of Biology, Mokwon University, Taejon 302-729, Korea

ABSTRACT

An immunohistochemical study on the cerebral
ganglion of the African giant snail, Achatina fulica.
was conducted by applying the ABJAY staining and
the  avidin-bovine-peroxidase = complex  staining
methods.

The followings are the results obtained throughout
the study.

The cerebral ganglion of Achatina fulica is an
ellipsoidal body of 2 x 1 mm in size, which is
connected by the cerebral commissure of 1 mm in
diameter.

The cross-section through the cerebral ganglion,
shaped like a butterfly, is divided into the
medio-dorsal parts, the latero-dorsal parts, the
caudo-dorsal parts, and the lateral lobes.

In the medio-dorsal and latero-dorsal parts, the
LG cells and the DG cells are found mixed,
although the LG cells are dominant. In lateral lobe,
however, the Y cells are quite dominant, while the
LG cells and the DG cells are seldom found.

The LG cells are 20-70 pym in sizes and circular
or ellipsoidal in shapes. They are stained light
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green with the ABJAY. 1 - 3 nucleoli are found in
karyolymph, where granular chromatins are evenly
distributed. In cytoplasm, it is found that the
secretory granules are evenly developed.
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related peptide® ¥4d3lz, /A9 A& 447l Ho
33 9)-2o] EelsglcHMinnen and Schallig, 1990).
au o8} 4 AT £49 55 F(Gastropoda)el
g FaEz A Re s BEsa Qe AZAEHAAA
A, BupdAA, AEAAE a2la YyAAAdd 5 59
Auba gl Fzs} old] w2 AGEnA TS BIFFS
#3olA AFE =g g = AA . o] & 4
FollAe 53 Agoz de o451 St of=est &
gdo|, Achatina fulica® MEZ, AB/AY 944
(alcian blue-alcian yellow double staining)® H¥ &
z]5l8k ¢l rabbit anti-somatostatin antibody® ©| 4§
2744 F 714 F4e] H¢ 4174 (cerebral ganglion)
2R A PuAxe FF 2 AAz2E AN Fo3t
€ Axe] x4 dysuz £ d7E A=A Hd
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1. AdA =

19984 109 7A7= 29 &9 AN 42
#o](Achatina fulica)E A¥A2 A 534 T A
ez AHg3tdd

2. A3y

1) =% 33t A9

ofze|7} stdslo|F 30% ethanol2 mHHAZ o5 F
zh ofg wRsE Al HAAAES HE o,
Ay A48 4 UAEF AP 2= e F, 10%
buffered neutral formalin®® 197F wA ¢} o] ¢f
0.2 M phosphate buffer(pH 7.3)2 33 A3z
ethanol ¥ % #22 9447 F FAHd o= A4 =
23l (58C)ez zvsigch. & AB/AY g4& HdlA
ethanol® amyl-acetate ¥ E+22 €5 3 X FHA|H .
atg}sl EE-2 rotary microtome(Leica Jung histocut
820)% AH4std 7 ym FA=Z ¢ wEE Egled,
A7l xe ek JB g 984 o7 7hA 9
A sy, 48 A=t JideErt $3€ BHS
Olympus AH§xF 43 do|AE A4 Fdsigd, =3
A7 a2 e AR s o5 & g4
W& Ab$slglch. Harris hematoxylin-eosin  double
staining(dubAFx9 34 EA #<l), methylene
blue-basic fuchsin double staining(£g7|4=4 &
¢l), Peute et al(1967)% Romeis(1968)2 alcian
blue-alcian yellow double staining(4l7d #ul4x ¥

.

2) A3 44

sedd TujzzE 5 um FAE s gelatin-
coated slided] %27 o5 xylene2 2 stehH g A7
3}t 100%2F 95% ethanol® 44171 off A&
4] 0.5 M Tris-HCl buffer(pH 7.2-7.6)°] 5#7F 3 2}3}
At} 3% HyOp §e] A4 582k Ajsle] v Kol
A uheg 4AAZ] F 3F4(somatostatin)d] f3 U3}
FA & 229 dojmelz AelA 147k 30%3 E
Al#th. Somatostatin®] @& 4zt 3}al+= polyclonal
antibody¢! rabbit anti-rat somatostatin(BioGenex,
San Ramon, CA 94583, USA)& AH8-3tach A 94
& 97 ML Ay Hsid AMNEES A4
2, 349 = 10, 50, 100, 200, 50022 3|43}
7t7] d4As}¢lch. Somatostatin® 5048 HAHe|A zt7|
HA o] AHAHEE Ro| o uEz 4o AE3}gd
w2233 dA4e LSAB2 Kit(DAKO Co., CA
K0677, USA)E AH4-3le ABC(avidin-biotin-peroxidase
complex) o= ¢A3¢d. Link antibody &<
A7bete AL 2087 whSAIZich 7 ohA|sh &4 A
o]dl= 0.5M Tris-HCI buffer(pH 7.2-7.6)2 234 4
Hate] 7k AN o 2] FAHE A A

olxluto 2 ABC substrate-chromogen $1& #7}
ste] A4 10827 AAT F FHFE AHsdd 9
Aol £ F hematoxylinAlof& AHgste] e o
3 g zdNe Agstgc =3 7zt dojc YAEA dA
2427 £ (antibody negative control)& AM-4-3}
A4e WAssic. 2oy F2Mez d4d AEE
4oz #AAsdd.

d o

olxg|7} ghdslo] A7 A (cerebral ganglion) 2]
o Aol e F 4e F7sidelA T 4o T A
Az o)A gz I FU4L oI F(cerebral
commissure)°l] &3] dA=H gl

ol 5o Foiwl e YAE H Jn| BFI Agen, oof
3+ 3jej e} =7)e] A7 ¥4 E(neurosecretory cell)E°]
A7dAel k& F| ¢ (medio-dorsal parts), "] F4|
(caudo-dorsal parts), Z¥|%$|(latero-dorsal parts) 1
23 %44 4l(lateral lobes) T AT o] FHA EX
stged, olE9 Fokd de ZEEc FE AR
e o] RojA, HAAA JFAEE dAsHT AU
(Figs. 1, 10).

H21744S H-E ©|% %4 (hematoxylin-eosin double
staining)¢ A& Z 3} hematoxylinell 73 ¥g& 4



Fig. 1. A diagrammatic representation of the cerebral ganglion
of Achatina fulica shaped like a butterfly.
MD, medio-dorsal parts; LD, latero-dorsal parts; LL,
lateral lobe; CD, caudo-dorsal parts; Co, cerebral
commissure.

s 273% dee g e AXB-7 ymEH F
S5 S Y+ vzd 23 F A E(30-50 zm)
S=2 o|FeA 9lon(Figs. 2, 3, 17), A%l e+
o) 34 £(250 x 150 pm)EE 44 ks gl oH(Fig. 20).

53 4% FojEslel §x¥ Al E(medio-dorsal cell,
o]k MD #l¥; Fig. 1152 Jul¥Hdl HAE A=
(latero-dorsal cell, LD A &) ojufi¢e] $jxg A=
(caudo-dorsal cell, CD A X; Figs 14, 16)5° M]3
a3 2= F$3AY ¥ Ex E4%0 A4 A
=3 Az wla nlxA a3z *w{- hematoxylin
of FEE2 ¥5-& deld do(Fig. 2).

ok Ful R Abelel, SRS A= TR S
wole|4 Ae FaAHA %t F4H (eosinophilia)d] 2
T 23RS o A EEo] n2A HAH UAU(Fig
12), 3-5714 #4& o) FHA HAH = Yed, e
o ¥ £ hematoxylinell Z3iAl 448 & HEs}x
AdchFig. 3). 538 FYHs AxsL i*“d A LR
e AxEz ATAA7 hematoxylindl 4% Wg&
wel W (Fig. 13) 745 FulEdelA £ & e %
= A2y} thEo g A= s cHFig. 17).

Zuj9le] LD MEES F3o EET AXE HH
7b 234 <ebd 454 Jebde SR MD A
Eo}= o7k o & okAto|Yith(Figs. 14, 16) & &%
LD A£5& 2B an 5ok E}-‘-’:_laﬂ‘ﬂﬁll[ﬂgs. 14,
15) 8], 9% LD AlEEL ulwA 2z gyl
2733 2 45E v oHFig. 16).

274 <& alcian blue-alcian yellow °|%444H%
(Peute and van de Kamer, 1967)% %38 323 Az

=
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FE Fouj oo} Zuj RS a3 v Y FolA oI
kS-S Hol: 4% 79 AXEo Uetith F, 45
Zuj 9o 29 A s vl2H 231(20-70 pm) ¥
=4 A £(light green cell, °|3 LG A|¥; Fig. 6)% ©|
End <7k ZHLEA 20-50 gm) AT FAAHEE
(dark green cell, °|8} DG Al ¥; Fig. 7)to] @4 o
v)3), %& =93¢ (lateral lobe)slA= LG Al EY DG
AxEs A AHx 43, HE oFH94dMc
eosinophilia®, AB/AY HAdAE kahd& el
vlzd AU 989 A 25 umAE) A2 AEE
wte] 3-5704 Fejxo] Yehus 5AE RAH(Figs. 7,
17).

Zuj 9o F=2 go] #3E LG AEE m-b °|FY
Al (methylene blue-basic fuchsin double staining)<l
Ae wA ks BleE =5 A8 A2 s
E’r"?:"ad EE 9439 92 -"t"l"f}l’- dgtd dA43L 3

2 Agae deila & ) =& gy e 52 dEE
4—7‘15}; Adgich =& o5 %H‘I-.L o= AlEALE v
A =visiAd #2E 3, methylenophiliad ¢l cheFst e
o] sl Ento] Fejx]e] JelFoH(Fig. 19).

DG AEE m-b o|FgA 4 73 methylenophilia
B Jehdle] ulad AA #H3E Axresd F2AY HY
32 33 ggich o] 5L LG Al=xel wsl #z, AxAe
el e ok =v], FHAre A ”J"‘-i% WA Lo
= <lo] HAH7 = BgchFigs. 18, 19). °] T
AB/AY HHSolA @ Aoz whggon LG AEst
A5 e Yebdoh(Figs. 6, 7). =¥ °]F2 somato-
statin A2 o] &3 dubos Al EA | EA A
o] FAureg ey wh, LG AlEE 8 g Yl
Uz shskek(Figs. 4, 5).

BG A EE AB/AY iH3dllA AE4E 9 AEERA
HAAAe 7 B9 FHRAA =FA FAH U4 (Fig.
16). ©]52 m-b °|FgM |4 73 methylenophilias
Yeldon zn B7A% Y& stz U =T 39
w45 B335z 7% methylenophiliag Yetde] of
A wAHgen L & A H=rp =24 e
(Figs. 20, 21).

Y A EE AB/AY dHgellA %A zhatd Az o
by zde ofd FFI 2 EEE stz alslch
m-b ¢|Fd M)A o5& FuslA FAHI W o)A
dAlzlgke] methylenophilia® YebdlslchFig. 21). °I
So BEE okE FujRgsh v R9jate] 2R 4F
Z2que| AlololA] o] FAFHsIEH 277t HE F F
B71 g4k Z, FHEse s AbelellA #3
2 AxEd vsFig 12) SYFHeA #22 *ﬂi-?}
o 33, 2s FZFUd(Fig. 3). o] AEE HE °|F
Al o) 4 eosinophilia® epule] Baule|glor], ABK
AY WA e c@ag Jehd sich(Fig. 9). °l¥< 3-5
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Fig. 2. High magnification of the medio-dorsal parts in Fig. 11. arrow, LG cell; arrowhead, DG cell.
H-E double stain. Scale bar= 50 um.

Fig. 3. High magnification of the right latero-dorsal part. arrow, eosinophilia cell; arrowhead, nerve
cell. H-E double stain. Scale bar= 50 um.

Figs. 4, 5. Light micrographs showing the positive reaction(red color, arrow) to anti-somatostatin
serum. Scale bars= 50 pm.
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Figs. 6-9. Light micrographs showing the LG cells (arrow), DG cells (arrowhead), BG cells
(open-arrow) and Y cells (open-arrowhead) in each different part of the
cerebral ganglion. AB/AY double stain. Sale bars= 50 pm.
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Fig. 10.

Fig. 11.
Fig. 12.

Fig. 13.

Cross-section of the cerebral ganglion, shaped like a butterfly. hematoxylin-eosin double
stain (hence, H-E double stain). Scale bar= 200 uxm.

Light micrograph showing the medio-dorsal parts. H-E double stain. Scale bar= 100 pm.
Light micrograph showing the eosinophilic cells between medio-dorsal parts. arrow,
eosinophilia cell. H-E double stain. Scale bar= 50 um.

Light micrograph showing the latero-dorsal part. H-E double stain. Scale bar= 50 pm.
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Fig. 14. Light micrograph showing various cells of the caudo-dorsal part. H-E double stain. Scale
bar= 100 gm.

Fig. 15. High magnification of the DG cells in Fig. 7. H-E double stain. Scale bar= 20 xm.

Fig. 16. Light micrograph showing various cells in the left latero-dorsal part. H-E double stain . Scale
bar= 100 pm.

Fig. 17. Light micrograph showing the Canopy cell (arrow) in the lateral lobe. H-E double stain.
Scale bar= 50 wum.
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Light micrograph showing various cells in the medio-dorsal part. methylene blue-basic
fuchsin double stain (hence, M-B double stain). Scale bar= 50 zm. '
High magnification of Fig. 18. arrow, LG cell; arrowhead, DG cell; M-B double stain. Scale
bar= 20 um.

Light micrograph showing the large cells in the cerebral ganglion. M-B double stain. Scale
bar= 50 um.

Light micrograph showing various cells between the medio-dorsal parts. arrow, Y cells (clear
cells); arrowhead, DG cells; Ne, neuropile. M-B double stain. Scale bar= 20 xm.
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Mu =elze] BatEr)E stgot LG AE Fwe i
o] EAsE ASE Wol o] vhA AARY #L B
& o7l & s d(Fig. 21).

] &t

d3lo|F Lymnaea stagnalis® =A17A-E& AB/AY
dA-e Fa) P33 43 light green celllG A )3}
caudo-dorsal cell(CD 4] 222 ¢F7+e| dark green
cellDG A X)5 3F79 AESe] T2 ¥ ded, o
So HAAHE Fu)E9(medio-dorsal part), 3]
(latero-dorsal part), v]®*-$](caudo-dorsal part) 12|
2 %919 (lateral lobe)s 4¥H2 Yr XA F2 #
a5 o) ch(Wendelaar-Bonga, 1970). AB/AY A )4
e sdez dAd LG AEs AAd A+ 50-75704
= a8 o s, ofd AAdAE 20-407 HEgle]
HAE g ov, F mEYed= CD Ax7} 5 4
25 HA7ANA 247 70709 307474 #AE wp gloh
x3 AdxMoz QAEHE DG AEs A3E F F=
zt - 92 FupalzdAd(pleural ganglion)olA 2072k 15
A, 22z # - $35F A7 (pleural ganglion) ¢14]
= 4-10 7ek 2-578 A=7p 7tz #FAdd3 ey
(Joosse, 1964; Wendelaar-Bonga, 1970; Roubos,
1973; Swindale and Benjamin, 1976), %$¥%9|
(Achatina fulica)® B2 3 £ APH= 7449
zb BoelA LG A Es LD A E J2lx DG AlZ7F 747
10072 1507 z2lx 307 A=t #EEe] Lymnaea
stagnalis(Wendelaar-Bonga, 1970) $t& o2 4%
Bod.

LG AESS age] o8] Az Uise] 3o
(Benjamin and Rose, 1984; Vlieger and Lodder,
1985), °|E-2 neuropeptide® F%T% A7 (median
lip nerve)® %3l 1417 94 monsynaptic) A&l &9
gl 3l ch(Joosse, 1988; Roubos and van der
Wal-Divendal, 1980; Buma et al., 1984; Heumen
and Roubos, 1990). &y & AYPelAE LG HEE
of A= 7l $lAstae sdgdod das A ok
o HAAAY AE F /M g2 AEYEE B

Canopy cellC Al ¥)& w$ ax =4 FAH= A
EH7 100 pm)EA %F SYFH F A4 EAz
glenl LG AEAdel £ slgdch(Brink and
Boer, 1967; Wendelaar-Bonga, 1970). =3 o|&E2
LG Axg HEo 4FFY 4= o insulin-like
neuropeptides & A4Hshe (Smit et al., 1988, 1993a,
b; Geraerts et al., 1989), Az = Fefdcia 7
% t}(Wijdenes and Runham, 1977). 234 HF5E
ol #$dl+ insulin®lt} insulin-related peptide’} 4
ks A Al 3telstz 9] om (Froesch and Zapf,
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1985; Steiner et al, 1985; Joosse, 1988; Minnen
and Schallig, 1990), °|$& A7 xz o] ofd Aol
b FAA #HH= A2z 4A 3oH(Froesch and
Zapf, 1985). 234 FHFFE¢ ZF°l= insulin-
related peptide7} 417 Z2|dA FAH=H, 53 F
%  Fel(Bombyx mori)dl 7Z$el+= prothoracico-
tropic(PTTH)7} insulin-related peptideel| 3} @] =,
HAAAANA PG stglch(Nagasawa et
al., 1986).

E£3] LG Al X giant neuron o592 Sl 9] oA
ot 507 A =7} ¥35 3, CanopyH E= A ZE 3
g & sl 9129, molluscan insulin-related peptides
(MIPs)¢] #A}7} neuroendocrine cerebral light green
cellLG AlE)olA w3 Fddcx 33 chGeraerts
1976; Smit et al., 1988). 2 AYJAHE Canopy AlE
7} ZQE4A & A% FEHAd oY AA ol 60 ym A
224 Lymnaea stagnalisfWendelaar-Bonga, 1970)
oA FAd MAxErcs o7k FAgd. o|§& DG Ax%
tHo] somatostatin |5 o] 43 @ Aol fgnt
& Rold AAFAEA | E JAsc Axz
o], BulZalxz o2l LG AlEgEs 2 7]Fe] A=
g8 Aoz F55Hgd.

LD Al E= ofxe|7t gdsloldd A HAAAY s
Hol ol MR F= SIA3 dod, &2 F=2
LG Al =F3 of7te] BG AlxFez FAH Ui 2
% BG A E£5E H-E 95944 hematoxylinel %3}
A gAsz, AB/AY H3dAe AT Moz g9
vl glch, o] A EE =77} 50 X 25 ym HER 5-67
Hx7b Fe2]2e] yeldAd  Wendelaar-Bonga(1970),
Roubos(1973) 23 Swindale and Benjamin(1976)
o A% A3st g,

Swindale and Benjamin(1976)> BG A X9 F4&
717} () 39} o Futelztz] We] glon] HHA F
E7b e SuelA = &5 0 Ho, W2 Fx7} 5
= ul@F2 e At He AE FEEAS T
38 vl glch(Wendelaar-Bonga, 1972; Soffe et al,
1979).

Ei Y A Z(yellow cell)x= DG A E4Y YG A E(yellow
green cell)?} & F2 AHA17 A (parietal ganglion)©]
v WA A (visceral ganglion)ellAd wo] A=z 1
A7)+ 40-70 um HEZA 40-50704) Fe|z|e i
t}3 319 o} (Wendelaar-Bonga, 1970).

o] HMa|Ao] Y fujel A5 FAsEo] A2 9
EY4H(exocytosis)e] F7tetaL, AFdEAdE F8T o
#2 $335l= SIS(sodium influx stimulating) HE=
2 ¥w|sl A7 2|4 Z(neurosecretory cel)2t 3%
o B A4 g Y HEE I F77F 12 um
Axz ¢ zta xAlzAe] A7 ¥ FHneurohemal) 4]

o] g2
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dA m2A HAFH3, H-E g4+ eosinophiliad
Hehy A AlER el o] &L m-b °]FH4
A uhgo] §igle, AB/AY ¥HeA = =i oz P4
9l 2y} Wendelaar-Bonga(1970)7} 333 n} gl&= Y 4l
Tohe 37|89 Bgo] wj$- ¥ ol¢g T AL F
o zpolo A o= AR, =& AB/AYHAA] Fo o
2 Ao BolA wjElA ¢z A gl A7) o F
oA of & Zo|r.

2 o

ofxzzl7}  gddlo|(Achatina fulica)® HAAHE
AB/AY 94¥ 3 Az sehyS o4, A¥T A3 o
>3 72 AES dAdd.

olza]7} gddlole] HMAAHL 2 x 1 mm A= 27
o A gld¥AR FoU2 2H 1 mm HE di¥ud
H(cerebral commissure)e] 23] dA=e gl4ch

x| 4174 A (cerebral ganglion)] Fxhsl& vumekow
AxEe] Exyee] oz} Ful-$](medio-dorsal part),
Zuj 2] (latero-dorsal  part), 9 ¥ 4#¢|(caudo-dorsal
part) 18] &3¢ (lateral lobe) S22 Y& & 94
c}.

ol ook Fu RS e T dEEY HEE LG
A xst F7te] DG M ERA, o5 EAFH Yelyt
2y F4EYelA = LG A xS} DG AEE A 3z
HA 93, F2 Y AZEgke] 3bE e},

LG Al¥E+ 27]7} 20-70 pm AE2 938 == g4
3o AlER4 AB/AY 944 ¥ SAoz JAHa 3
Aol = g4 dAAe] n2A Al glon, 1-3
Ao le] aEG. A=A Keol= EudHP S0l T
24 dads] 9l

DG AlE djfE Aeplye] Axes LG Axe v
g ez zRgkth o]EE m-b o]FdAeA sl
methylenophilia® R 43, AB/AY gAleA= e =
Aoz AlE et o HEE rabbit anti-somatostatin
antibody& |43 @ gAeA Aoz uh-galglc)

YA EE AB/AY gMdA =dNow dA=ET H-E
Ao A= eosinophiliad 2o T4 E=2 F9lF g,

aejy BG AlZ= $9 AxEE 2 HAAHe F
W5 Adzalda FAE ol =F HExgc o5
AB/AY @44 Ax4ez dAET, H-E g+
hematoxylin ° 78 9h22& meic)

HA2 2

B =52 19994 E4idEim

el Ade o

ste] £35S

2 A8 Y5t A Syl s A¥d FA HA A
g oAy AAdA FHAE =Y. I =30 YL
7172 =otE AAUEH 0|43 delAx zoksE AR

Y.
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