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Ultrastructural Changes of the Spinal Cord after
Treatment with 6- Aminonicotinamide

Yang, Young Chul
Department of Anatomy, Yonsei University Wonju College of Medicine
(Received August 2, 1997)

ABSTRACT

The effects of antimetabolite, 6-aminonicotinamide (6-AN), on ultrastruetural changes
in the spinal cord of golden hamster were investigated. Intraperitoneal administration of
6-AN (10 mg/kg body weight) every two days gave rise to a marked reduction of about
30~40% in body weight after 26~28 days (13~14th injection).

In the lesions of the spinal cord, neuroglial cells such as astrocytes and oligodendrocytes
were severely damaged, but neurons and blood vessels were not affected by 6-AN, The
myelin sheath was also affected by 6-AN.

Vacuoles observed in the lesions were produced by the swelling and degenerating
changes of neuropils and neuroglial cells. Numerous swollen mitochondria and cisterns of
rough endoplasmic reticulum were observed in the watery cytoplasm of damaged neuroglial
cells, but intermediate filaments were well preserved. Especially in the damaged
astrocytes, the outer nuclear membrane were partially swollen and formed a halfmoon-
like structure. It is suggested that as well as the multivesicular bodies protruding from the
swollen dendrites, the conjugation of adjacent vacuoles also participated in the formation

of large vacuoles.

Key words : 6-AN, Spinal cord, Vacuoles, Astrocytes, Oligodendrocytes

5}A4) 2 2+8-8 2 (Johnson and McColl, 1955) A%

N2 W %88 ZHE2e NAD L} NADP+8 Zshed

. 6-amino-NAD(6-ANAD) =¥ 6-amino-NADP
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AE AL £ g st ATP &4& A=
(Dietrich et al., 1958; Mayanil et al., 1984). 3t
NAD* = NADP+E 2§42 93 3e T49)
AL A5 (Dietrich ef al., 1958; Kdohler et
al., 1970), NAD+ == NADP+ A#AS& Al
o} (Hunting et al., 1985). 6~AN-2 E3] 58idelAl
32 #e8l= 6-phosphogluconate dehydrogen-
ased FAL AAA)A (Desphande ef al., 1978) =
AW 6-phosphogluconate?] &4& ZHA7|B2A
(Kauffman and Johnson, 1974; Herken et al.,
1976; Griffiths et al., 1981; Sudo ef al., 1984,
Gaitonde et a/., 1987; Carmona and Freedland,
1990), A glucose ¥EES A3 Z7MA7
(Ammon and Steinke, 1972; Baba et al., 1978;
Park et al., 1990).

6-ANLS 53] F3AAA ) 2A FFgE 9=
RAERAZ A gher, old dgt Y4
galA A AAE dou 4, zd, Wd
HE7] 9 A3 Fof| S Fol T “;_}%i
Qg AZA 3} FAE 23} (Wolf and Cowen,
1959; and Cervos—Navaro, 1974,
Desphande ef al., 1978; Horita ef a/., 1980;
Aikawa and Suzuki, 1986). 3217 A A 6-AN
o Gz Q3 Yodd WHe Jehle TE
F2 AAzAL] NE 9 A7 %%(Schnelder
and Cervos—Navarro, 1974; Horita et al., 1980;
Aikawa et al., 1984), ME8| F7re] B3 Fo ¢
8 A"ty dalx 9lc} (Schneider and Cervos-
Navarro, 1974). AE $FA 6-AN2 F=2 Yo}
M| X (Griffiths ef al., 1981; Horita ef al., 1981;
Aikawa ef al., 1984; Ishiguri et al., 1987; Politis,
1989), 3]E7)o}:M E (Schaarschmidt and Lierse,
1975; Blakemore, 1978)9} & A7 oA %2 §
BT fmobsl, §9) DD)hALsl sopas)
o fustel 429 3HHAE s E BT
(Blakemore, 1978; Miyoshi et al., 1978). Al7°}
TAZAN dole o] Wik HEAY ZHA
A £z 9 A5 £2 59 A4S ARA F 3
2 AE47)1259) sl A o420 (Schneider
1974; Horita et al., 1980;

rlo
o
L

Schneider

and Cervos—Navarro,

Aikawa and Suzuki, 1986). o}¢Jelx 6-AN2]
goz HAwEr} FEIZ Q& FFsL FHF
EHE wto} £EFo] AR R37} 9+ (Aika
wa and Suzuki, 1985). FFAIZA Y FiLsl:= 8
#o] WM Eo] A 6-ANS =g HHAsS
Ishiguri % (1987)- d&Fe| gletal s, o]
M Z2] u|H &2t (micropinocytosis)e] A F713

r F4% 9lor (Sasaki, 1982), H|E HIF9 |
Exse AlZFotaM E7} 6-ANell o5 FHAHI}E
JdoFitty = DA FEEHE L douA
dom uiebd AP e JANIH 2 o) 2
g2 fFX¥gs 231% ¢lv} (Krum and Rosen-
stein, 1993). 6-AN2 AR Eellx JFE FA o
o= By}l o) o} (Griffiths ef «f., 1981; Ishi-
guri ¢f al., 1987), AAAHE HA] YL Yo7
o= X3 (Herken et al., 1976; Horita ef al., 1981)
= glon, 6-ANS| Fojzfo] upet AFMEe v]A
L+ ko] r}Zr}t: 78 (Schneider and Cervos-
Navarro, 1974)% gle|, A7 Ee| o3t 6-AN9]
g2 o4 Jatsl AUso) A g,

AR FHEEY FAHE AYFER olE3ly
6-ANS 7] Foitt ¥ ASFYRE L WY
A Z7} AR L] Baele 2] 6-ANel| 23] o3
2 HA dskES Bxd ub ok (kA 5, 1997).
B dAFE 6-ANS A7) F3 P28 Ao AA
FAA dojup= AAAE, AAtTME Y I
o HIES AAANAE o] 43le #3|A A
st

Mz o d
1. AExz

APFTE2E 24 F 35709 A= Ads AF
120~140 g A X9 £A Golden hamster (Mesocri-
cetus auratus Water) S AH&slglet. f2EE A9
Z(34mE) s g2 (15vpE) ez FeEn Ay
L 0.9% NaCl 49 £3sA7] 6-aminonicotina-
mide (Sigma A0630, USA; 10 mg/kg body wight)

, HEFL2 AlgE3 T2 0.9% NaCl $94& 7
7—]’ AR B3R slglon, A} Algd 2 FE
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3 FFtdt

6-AN L83 0.9% NaCl &4 77 13~143)
S8 F AR A2 YR, o 9 A
FL 30~40% AE F4HAE AEEH HE2FE
77} ethyl etherZ w}HAIR ¥ F74E 943 344
S Z3bo] 0.9% NaCle E33h= 0.1 M dardgs
A (pH 7.4, 4£°C)22 FFuHAR o 4°CY 2%
paraformaldehyde-2,5% glutaraldehyde A<}
2 FFIANET. o] F H4E HEdle AR
=AM

2. dEYY

AFTAY F A2 A5 24S RIS F
At Rl M 2412 o IAF F, 1% O0sOs £l
A 17 F¢ FIAST TAH whge we
epon Eiel Eejatsitt. olojA 1um FA2 A
L AT P es FE PR AR
2 93 F ZutAdH S AASLT uranyl acetate
4 lead citrate® o]F G 3}e] Joel 1200 EX 1T +
FAA R A o2 B}

il

2

6-ANe| &3] & ¥ H4 oA 53] A
FE7} vl Udstgod (Figs. 1-4), FTEd=
ARA 5o HEwsE Rolx AZARE &5 &
A8 L (Figs. 1, 2), +XF =88 AATZ7L
FEAeR 2AF QA T2 dAFH e ¥
Aoz AAHE ATE Y[ (Fig. 1), 327} %
2H FHeA FEel QAT 2 Y AE T2
Folle F2AA BHe] dojut FENE 53 BF
o] HAF o, o9} e FEeM HAE (Y34}
E) F2E YA e A FEE(IF
AztE) Fz71 B4R sl AE AF #EY
4 slsieh (Figs. 1, 4). Hysle ARHAE 713l 4%
ARE A E77F FAHRLH, Fude vy &
Ag FAFEH JMAE7] Fol EAEL, oF A
ojel o] Fojxl A HEE AldAe]l A= oH
(Fig. 2), 434 7IAE7|25 8 F99 X2 X4
EA s} 2L T2 EEFH 3, o] 27} vt

+ o (Figs. 14, 15),

A FERR P
4 Auet (Fig. 3).
6-ANell 93] Mol = A3 JFe ke Ao
2 a9} (Figs. 5-8). &AM Hh Holan
2] Ble] 9le ZAEY Holx AEA (watery cyto-
Hyste AAY F3E 2HAEA Y
A8, S e vlad 2 BEE
o 3sie}k (Figs. 5-8). WolaMEZo)x= e ot

AAY Holx At= HAH

plasm) ol &

2z Zo

o B AU U Aolo] SHG FITEE
A AT ggon o33l FFRe= iR

BlaY 2 AR FAY 242 A} dgou
(Figs. 7, 8), old 24& 448 2= Y}

AX GA| AR} &4 Cﬁv}(Flg. 8).

BT ol E HA] AlsHA eapikes] A xA
o EHysl= AA} AT W 2 2Es)
gEo] glem, FE} FEALolQ] AA 7} FEAC
2 A w3 o3 FE7|E §¥E= HAAMH
Rolx A= vehdet (Figs. 9, 10).

3 FHoE FEI} o) il FEe 99
o] A3 F7 A e AANH Hol: A=

Aget. cleg FEE XS 9 A 44D A
% g saastol o8l o] %olx A 01%1 o} 3]
ME7F A3 FE =FHE AL A FEHA

dsken, AWM EE HxmH Aol (Figs.
11, 12).

ARAL Tl = FEE dd=e] glglor}, A7
HEE 6-ANel| o8] JaS WA g2 Hloz By
o} (Figs. 13-16). AAAZ AZAdd= 24 §dS
ol EAE ¥, LA, ARA, Hany, zHA
EA, ARGRE F IFAAA] Fo] dFEe] gleH
AYHQ AAMEY] P FANL QLS &
sl (Figs. 13-16), 53] IAAXE AFHE
upel WgEe] 919l (Figs. 13-16), AAAE ZF‘—‘H
oA FEHeE iiﬂ AR ¢ FH M
AbETTe] Alole] FA-MEA AAQAHE Jr%'ﬂ‘ﬁ
AT AAAZAN FH9 FX
2 229 Ax4dE = #3284 9o (Fig. 15).
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s A F FFAAA
otz Zo w3 6-ANY]
< WolwH £9 5]AE7o}
Z9 Ak HeME o8 d7aEe] dxd
, AAAZ YN E S t‘lzp

oﬂi
2,

Ay

O’Sullivan and Blakemore, 1980; Horita ef al.,,
1981; Aikawa and Suzuki, 1986), 13k wbz] ¢
vohe F4e ol M2 ARER 9w (Griffiths et
al., 1981; Ishiguri et al., 1987). 2 Ao Az} 3
2F Z ] 6-ANe| o7t &Rl X Fol i Z,
STl TAE 59 AAJTAZE A% Hyu S
Bglouh AAMEE vuA AAA 25 fA5
Aoz Hep ARM I MR JFS FA £}
ALz 445U, 6-ANS °§?{}£i ATPS
=7l #9384 243 (Kauffman and Johnson,
1974; Bielicki and Krieglstein, 1976; Sudo et al.,
1984), <Al ek (Zeits ef al., 1978) % purine,
pyrimidine nucleotide 2|3 poly ADP-ribose2]
FAE @Al Fo] 53 (Hunting ef al., 1985),
=9} 2ol M RNA FAE Astdoiz 4= gl
o} (Knoll-K&hler ef al., 1980). #2E]e] AL 6-
AN o3 <aFg Hb2 HelwM E9l 3| 4aE7|oki
HAEL AxAele 53] ARIAZLE sl SleiA
ATP g5 A4S zdsdxz 4=,
224 9 A9 5 A Fed R AL
%3171 A EA7)Ee] el wste] ofsf =hiAd
P tad Aoz ARHT, o]: 6-AN9 ¥
o2 Yehie AAobAEe) sAFE W) o
o2 Buxtse] Al dAE= A oleh (Schneider
and Cervos-Navaro, 1974; O'Sullivan and Blake-
more, 1980; Aikawa and Suzuki, 1986).
6-AN-S NAD+ 32 NADP+9} Asted 77
6-ANADS%} 6-ANADPE 3Asl=d, o]= 58Fgal
A3 2.0 Fe]d}= 6-phosphogluconate dehydro-
genase?] AL AAAF|H (Kauffman and John-
son, 1974; Bielicki and Krieglstein, 1976; Desph-

ol2g AL 6-ANS F
o) 5 9] A o] o] FoJ 2} (Herken ef al., 1976).
a3 FFAAA A B Aol 2 A ZA
9} N EAE7] Z4A4E= 6-phosphogluconate dehy-
drogenase® #-2 NADP-dependent dehydrogen-
aseol) &t A3 whgo] vepten, AAME
AME ol ubgo| vehtA] sttt B3 (Sims
et al., 1974) 5 2 3sHA L A3abAql A Al
ZotuM E7} 6~ANe| oj&f A £445 e A
AL AAlste] 1 Zolvh, w3 A3 9 A3
st el g9 e AFHEH 6-ANo| o3 AAANEE
L A gL o et B AYY ARE F

File] £ o, 6-ANZ AAA Zell= AAHA A

ande et al., 1978),

& n)AE AL opld, W AFAE} AE P
gl ol AlFolaEe] &4l o3 244e A3
= 23 4 3ldh

ol 6-AN®] Heat 472 e g

Hh= glovt, EAAM|Fo| dfste] SelHoz oJis
Z% Pele o1 A Ee) AFto] 6-ANe| HE 54
=7] o Folgt 23 A3 (Schotland et al.,
1965)2} 6-ANol| ojs] M E=e] FAde] WHatm
(Herken et al., 1966), Eel w3t F55Yo F
Arh= B3 (Sasaki, 1982) So| glvh. whebd 6-
ANel AAo}mAES Azate] dsl AAHeE 2
D4 HEe FLAY AFE FAF 5 govt 8
ol WAl E g BAFT|otwMESL M Eqte] 6-ANe]
et 840 Fom, o]z qla FAAe] WA F
of dgt ¥l FHg A3 AEE Pgo] dof
gn, AFHoE AER FERS FEeE T A9
o2 4% Ao ARY

6-ANS| cjgoz <lse] Fejdel WeaA e
TEE F2 AARL o2 T2 Y 2 Ha
sto} Aot E N EANA HF9 F2vt xd
2% £z 9 ARAY 2 MELV)IHe] B3
gtz os PAAGT A e (Schneider
and Cervos—Navarro, 1974; Horita ef al., 1980;
Aikawa ef af., 1984). P2E] HpL] Hfx Wo}
ZA 2} 3] E7)obuM E F Al ofaH Ee] M EA|
A ZHAEA $28] JAH duF g YRos
A A9 +29 YY S olB st QA

[

g

[



Yang YC . Ultrastructure of the spinal cord 285

t AL2 Rath 6-AN9 gL & AAolwA
2o b o] YHr} FA YA EEg F
H2E A3t (Figs. 22-25), Schneider <}t
Cervos—Navarro (1974)% o] & ¥l A} FZ (half
moon-like structure)z} 8lgied, 6-ANo|| oJafS
< FH9 AARe FEo} wlS wdsigon, oF
F AN Hgse AFA Fo] ABHE A$E
UNLEE AA T sl TEE= AZAE7]9) 3
A 2 EHgustel o3 AU AL & 5 A
o} PAE S 6-ANej J3kg whe Hejo A
AeA FER YAHARNE Ao FEHE 72
2} olel| o gt FEL Abelo] EA| sl AA TR}
FEHLE 2AE glsew, £ Aol £ A
EA FE3= FEQ Ao o] 27 FE Alo]g
AAZ iz SHEHE 4 52 X7 ARHE
HAolv} AE Folx FE Aol Fo] o}
2 ITXE PYAEHE Aoz ajaxd,

6-ANS Feigt F Y2E] PN 7IAE7 2 £
3 TEEFH Xaxde A2 727 FIYE
ol ATE HEY £ o, ole XY A
A RAste] w4 Fv|2 S Aol F FEe 9
A& 7WAE7)EHE o] TRES dYv) g5 &
gy 7201 NEE FE 3“%]‘4 SE2 AVNE
FHA 7 T fh. 6-ANS o
oz FYANE FEF AActmAEL] MEAY |
PAE TEE A3, @5’“]"]’ AAMEA FH
2 AAYeA e = g X7} e

2 78 Ao gl o7 Hol G—AN"ﬂ o8 49
TEE AEe 7Y BFeR A FAHE AL
ol]gl ALREH, o] Horita 5 (1980)9] X119}
YA 3= Aot} Schneiderst Cervos-Navarro
(1974) = Az F7bo] HAsle] ¥ FA o &
A oAS AN st wey FEe)
AT & AYAANE S¢std £ 9, 6-ANol 93
dgo e YA FEE AAYH AAolmAxz
B3 9 B3t AAAE 7A=Y FEH &
g Foll o3 o]FojAgy 2 4 9lon, FE}
FTEA| Y §8 A FE YA WAHY AAS
23 P AtmHe).

& AAARIF 6-ANS o3FS wom &4z

new &

PR P

9} (inner mesaxon)# 34t Apolo) H-EAje]l Ra|d

A g BAS Bt veldda dejx glew

(Schneider and Cervos—Navarro, 1974; Friede
and Bischausen, 1978; Miyoshi et al., 1978;
OSullivan and Blakemore, 1980), *3F 422 7}

A RS AA] BAZ e dF2 37 Ao (Schnei-
der and Cervos-Navarro, 1974; O'Sullivan and
Blakemore, 1980). 2 AT Az sAE H$ =
At pxatele] FEF JAHT, WE 2o AR
% Hywl A sgod, FEo A
S0 wpgZel FEEOZ A3 AR
He doE vehten, FRH0s YA 9%
o2 oloAE LE ZA Wi}l BRAYS wet
N 6-ANE 29 Wsld BE F99) JaE A
+ 7oz dagd $2x F2 A4 gz 7
AEo} Qlem, 53] AAle] o] XX 9o} 6-
ANell o] of7]H = 229 Hywshl w2 A
%) W3} st YelA 243 A Aeel
W37l glddote= Barb 9l (Desphande ef al.,
1978). EF 6-AN Fof F X% 2|3l A&
o W3t gddvs Bar) g)evt (Carmona and
Freedland, 1990), 6-ANZ} 7]%Ho=2 fAHg 3-
acetylpyridine & Fo8 A3} oA FA)2ge wa}
2] kot £xo AAY A A2 oA cerebroside
(Nonaka and Kishimoto, 1979)% #43}gcis= B
3% gJu} (Nakashima and Suzue, 1984), u}e}r]
£ AR 23 6-AN Fol F oH HRHE 52
of HAMNE xR oED 42 A2 Yoo W
2 44% 4 o), 0T Bl AdAE 6-AN
7o ¥ FAA%F Y cerebroside #F W 3o] Fgh
477} 9 ashva Az

6-ANS| Jsroz clgh ejel wse] Sy
W W 3le) AL thiamine AR L2 2 EHE= A7)
fAE A2 o83 glo} (Schneider and Cervos-
Navarro, 1974; O’Sullivan and Blakemore, 1980).
2} thiamine AHo] o3 WA =27l Yue
e A7 otuA| o] NZEAEY|} sl He] ¥
WA Ee] 7| A3} A AAajeld] FEAL 2AF
o} 73 (Robertson et al., 1968)8}= o}=7] 6-
ANell 9jaf &4 w2 P2E Al A AT
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o TEE HEH ddeod, 3 I ES A F
Zoll 2FHo] gl At =8, Wi 4%
ojufuf A otmA £ M EA E7| 3 Ko YA
oh. YubH oz WHolwA x| HEAE ) ¥ AR
Hel| Hdste Aoz AAEA fon, oo EX
e Y WM EE S8l BiElx dox ¢
22 9ley (Junqueira et al., 1992), 6-ANS F
3l YHA9 o] Mt (Wolf and Cowen, 1959), &
A9 AA kI 2 A ZAEZ 7} FEojR T A X
2o SEFEel ol A7, AT 23}
4ol S ol & Bl Y 2 Dol
o] AAR o)FEg= HTE 9lv}(Sasaki, 1982).
=3} Herken = (1976)2 6-AN $o 27| Y3
< E8 A AAEZAEI}F 6-ANdl Hg A 4
& s, Azte]l AAs F AA oM Ee] AEA
E717F B3 sta H o] wet Aoz das
& 5 a3 FAr) e dgid. 2y 2 6-AN
& FoAsd FFAAANN FRAFHE E2 A Al
7ot 2| E7)7F HIET 3} W Es HF
F¥| xZF7]%x 31A9 horse raddish peroxidase
(HRP)E Feiste] zAlgt A FFAAA 0N g3
92 %9 HRP7} HAHA g Hog Ho} 4
7oA FA el BT HIH L Alooff o] Fof
Ae Aol s HFAgE o] FAA 7)5E
g 3% 9o (Krum and Rosenstein, 1993),
=3 B AYPAME 6-ANel| oJt 3oz u)E
T FHel FTE7} o] YAHIE st 7 WA
E7b A X xEHE At =E9oH, g3
WIAE 94 Wzt gl AL= Eel 6-ANo] 9
3 "ol FExFe] gl WA AL} 9
2 FE2HAe g& Ae2 Aladd.

2 £

6-ANS] oz FEFHL AANZ, AAoluA
E W% 59 0AFEA 95E 2] sAskel
6-ANE 47] Fei%t F 452 £4¥AT FHAA
WAL ol fstel HABRYTE

6-ANel| oJ3) o3& W2 AP FHe)M WelaA
Z 9 HAEI|O}AAE L Ash &AL wgten

Sz QA gEg ok AAMEE 3L A
dgron, dAFHAE FxE wdsigo IR
v@y A JhE KA AUk &4 B
el gt FExE 2174, HolmAE 9 3AE7)
ol E T HA 3 HyPusle o JAHE A
22 LA, 6-ANe| & £ahE2 A7 ot
o AzANE A 2 HPwsE Bolx 2HAY
A szek AGA So] HEAHGon, 53] A
SAE ol WA X9} HIEE siuto] REHOR I
Asle] EE3) halfmoon-like structure® o] %9} ¢},
ZHAE7) FEAQ "] FEo =) 7t
A3 ez Jeigen, FE789 §§ 94
TE Z27F VM ALE ebgh

A D& d
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FIGURE LEGENDS

Figs. 1-4. Neuropils affected by 6-AN. .

Fig. 1. Partial destructions of boundaries between the adjacent two vacuoles (V1 and V2) are
observed. Some myelin sheaths are collapsed into the vacuoles (arrow). M, mitochondria. Bar
idicates 1pum. 2

Fig. 2. Degenerating swollen mitochondria (M) and neurofilaments (asterisk) are observed in the
dendrites (D). Near these dendrites, intact axon terminals and dendrites existed and the axo-
dendritic synapses (arrow heads) are observed. Bar indicates 1um,

Fig. 3. The multivesicular body like structure is projecting from the dendrites into the vacuoles. Bar
indicates 1um,.

Fig. 4. Swollen myelin sheath (arrow) are collapsed into the vacuole. Bar indicates 1um.

Figs. 5-8. Astrocytes affected by 6-AN.
Swollen cisterns of rough endoplasmic reticulum (arrowheads) and degenerating mitochondria (M)
are observed in the watery cytoplasm of the astrocytes (As). Outer nuclear membranes are
swollen and are forming the semilunar-like structure filled with homogeneous electron dense
materials (double arrows in Figs. 7, 8), but loss of these electron dense materials are also
observed in some astrocytes (double arrows in Fig. 5). Intermediate filaments (asterisk) are well
preserved in the damaged astrocvtes. Some myelin sheath facing the severely damaged
astrocytes are swollen and collapsed into the astroglial cytoplasm (arrow in Fig. 5), but neurons
(NC) adjacent to the damaged astrocytes are not affected by 6-AN (Fig. 8). N, nucleus. Bar
indicates 2 pum.

Figs. 9, 10. Oligodendrocytes affected by 6-AN.
Well developed vacuoles (V) and degenerating mitochondria (M) are observed in the damaged
oligodendrocytes (Ol). The boundary between the adjacent two vacuoles is partially collapsed
(double arrows in Fig. 10). N, nucleus. Bar indicates 2um.

Figs. 11, 12. Blood vessels in the lesions of the spinal cord,
Well developed vacuoles (V) are observed around the blood vessels (BV), but endothelial cells
(En) of the blood vessels are well preserved. Bar indicates 2pm,

Figs. 13-16. Neurons in the lesions of the spinal cord.
Well developed vacuoles (V) are observed around the neurons (NC), but the neurons are not
damaged by 6-AN. Indented nucleus (N), prominent nucleolus (No), mitochondria (M), lipofus-
chin pigment granules (PG), rough endoplasmic reticulum and free ribosomes are well preserved
in the neurons. Axo-somatic synapses (arrow heads) are seen, and a cytoplasmic process
(arrow) protruding into the vacuoles is also observed. Bar indicates 2um.
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