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ABSTRACT

Hydrocephalus is induced experimentally in prenatal and suckling animals following an
injection of 6-aminonicotinamide (6-AN). The most remarkable characteristic of these
animals is aqueduct stenosis caused by swellings of the ependymal cells and subependymal
cells in the periaqueductal gray matter and the central canal of the spinal cord. The
present study was undertaken to investigate the morphological changes of the ependymal
cells in the central canal of the spinal cord of 3.5 months old hamster after treatment
with 6-AN,

Intraperitoneal administrations of 6-AN (10 mg/kg body weight) every two days gave
rise to partial central canal stenosis of the spinal cord after 27-29 days (13-14th injection),
but cilia and microvilli were located in the strictural area of the central canal. The
vacuolations in the ependymal cells were not observed and degenerating change;s of
intracellular organelles of the ependymal cells did not occur, so that the ependymal cells
lining the central canal of the hamster spinal cord were not affected by 6-AN. But the
present study demonstrate that 6-AN causes to create numerous vacuoles in the
subependymal area of the central canal. Although the vacuoles were well developed in the
neuroglial cells and the neuropils of the subependymal area, the neurons were not affected
by 6-AN.

These results strongly suggests that partial central canal stenosis occurred by 6-AN was
due to vacuolations and swellings of the neuroglial cells and nueropils in the subependymal
area.
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B AHE-2 ¢l 6-aminonicotinamide (6-AN)= 2]
AEAAA R g, T334 5 dg 6-ANY
gk e} Ao Ayt Foof abgsle] FEO
AL Q3 AEXA 3} S sy, AELF

A B3] AlFotmME Ad HadAL Joegig
(Wolf and Cowen, 1959; Horita et al., 1980;
Aikawa and Suzuki, 1986a; Kaur ef al., 1993;

Yang et al., 1994). 4174 o} M E% Yol M 9} 3]
7)ot 2o Hywshe o8 dFAEY FFH
F7o|m (Aikawa ef al., 1984; Politis, 1989), &
3| B|E7|otaM 2o i slo] fulsle] 2o B
HPAo] Yol }7| = 8} (Blakemore, 1978; Miyo-
shi et al., 1978). A7 o}mM oA LA 3= o]k
et AxAY FARARe] ¢ 9 439 $2
2 AR A 5 o AEav|ae] gtz A
A3} (Horita ef al., 1980; Aikawa and Suzuki,
1986a; Yang et al., 1994). ‘HolwM E ¢} 3 E7]o}
HAE o] 9o} mlH ol M EE 6-ANo]| o3 =P
32 Belvh= ¥uE 9o} (Aikawa ef al., 1984;
Politis, 1989), <d&Fe] @lm= 739} (Schaarsch-
midt and Lierse, 1975) o3|y $AstgEo= A
(Tseng et al., 1984) & tldt A So] AA|He]
At M ASFABE A AL o1
t 6-ANY <o Hgt A7 F2 EAAIY 7
F9) AYBES AYo2 o Tl Y WS
Tl 6-ANS Fofdtdd dlote] FryER 95
A AT sl HARAR} 2o B e
Hol]7l= 3|3t (Aikawa and Suzuki, 1986b),
H4ERe] AR ES} AEY TE} WA 2
PAsh, FUFEAFS H920) TE) o2

oz qd) FHSEDe FHAUG. webd NH4
A FHgelz o) £FEZo] WAL (Alkawa ef
al., 1984; Aikawa and Suzuki, 1985; Yamada et

al 1991). olul HLEZFAVE FHFEAAY o4
W4e Bol3 A5 FAFE e AN EE

AZA FE

3 puksls EHP e wolg (Aika

wa and Suzuki, 1986a; Aikawa et al., 1986). 6

AN2Z 29 AUFE U2 £33 92 A
A #FFL AR e AFE glolM Yama

5 (199) 2 6-AN2E fr=d AYFTE BA
F%Zo] 27k Dandy-Walker syndrom3 $-A}3}
B2 o FFzel B4 A Bolo] FE A 4
E etz FEF vl glen Aikawa®l Suzuki
(1985)% 24 F 594 AN 6-AN Fof F
A FEFe) Q9] MUY £EETH $AREE of
Ao} Hul HFol EA3F EA]EA o rZgo] A
A2 R A% Y $E UL L A
whogleh 2Eiv 37 HARAEe] SR 6-
AN®] ofgel] Hfg AT F A} HFo
ARTES WASR o) Feoizlen, 24 F A7
o] A TF HARAHE wisel HaMe A9
AT o] FeIA A ebske wEtd £ dFe 24 F
3.5/04 A= AAd Y2HE JALE 6-ANS F
oA F dAsE HeEFAT Y o Exe HA
A ES WS kot A} Alsalgin).

ME o wy

E2E &4 F 3579 A= A A%
120~140 g A X9} #A Golden hamster (Mesocri-
cetus auratus Water)E A3l @282 A
T3 dxees Fi3tn AYEE 0.9% NaCl 49
o] 88)Alz] 6-aminonicotinamide (Sigma A0630,
USA; 10 mg/kg body wight)& W27 A3+
Eo] 0.9% NaCl 44S 27 ZYs 2735 5
dow pellet AR ¢} E2 03] ZF3ksch.

6-AN £A3} 0.9% NaCl 442 7z 13~145
Folgh F AdEa d2Fs SHAAEY, o 9 A
TL 30~40% AE A2FAY. AdEH gaxes
747+ ethyl etherZ wiHAIZ]l ¥ 748 943 A4
< 53t 0.9% NaClg £sl= 0.1M <laksigs
o (pH 7.4, 4°C)22 AFYHA7 & 4°CH 2%
paraformaldehyde-2.5% glutaraldehyde 1A} 2
2 st o] F HPE HE3le AFPAR
2 ARl
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£ FeEn|A fAS 4
T4 %"-‘M]H 247k o] 2A7
M35l alcohol EE&+2 2 283}
. 24" AFE chloroforme® %3
3l sbeldlel Evidt ¥ microtomed o] 43t £
7ume| AAL AL, fel Eetel=e] o F
A el uie wel HE 94& Aldstden, o %3
AHL fe] £efo] = Eo|al Kliver-Berrerra 9
AS A F s

&g A4 229 = A0 #3AS 93}
o] 4°C2] 2% paraformaldehyde-2.5% glutaralde-
hyde $doflA 2412t of 3T F 1% 0sOs ol
A 1AZE FeE FuAstm FAAQL dhie] abe)
epon EgHol Eefstgict. oje}A 1um FAS HH
S ez FEEn|g ez FAo A FAE
goldt & xubdA & AAstal JEM 1200 EX 1T F
Az ] o8 asl o),

<

7 o

BgauAlA dog gz A4 AW
AR HANEE 95 32 s §2E
23 ¢glgem, AL glYyor AiHy)l FEste
9 Fu¥e) 944 Hejd2 2T 9o (Figs,
1A, 2A). A$ FAR] WA F3 452 2
3L olF 1 glglch(arrows in Figs. 1A, 2B).
6-ANE o|Eof 3 WH F7Fosle] 27~29% )
Aist F A7 B AeFAT FH=
B2 FE/ RAsGeH, FASS e AT
= FEHLE o] FAFA & MEAT ¢k
Rolx= ASLE gldlly (arrowheads in Figs. 1B,
B), waHd dz27o MEs ZA H24 42 A
2 #2399} (Figs. 1B, 2B). FA#L HALGANZE
o frEez HAHHEAE Ry ov, s #HHrt o
Folzl HE ohelM FEAo=z Wrte] RAHIE
3}4d e} (arrows in Figs. 1B, 2B).

Brdoz A48 H4FYRE AN H o2
At A3 ddE FATe] WAele Axs nlAd4
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7t BE3G L, HADAE Afolol= A EAY ] &
werbE o) gldoh (Figs. 3-7). 4" F99 nlA§
BE AlololM #ARE= HEE 9+2 AFY wAL
Hoz o]Foizl AYHel FuMF T2E Holow,
A2z A9E ARAM FA oML -7—"4—‘?" m] A
a3te] HRS Zo|E wet ‘%E]L 5 A
A=t (Figs. 6, 7). ¥l2d E733 _‘?_J‘°i %
e AT 22 *ﬂix“’ﬂ“ A A 7E 53] "a“’"ﬂ
o g, oL TR} T2 eplovt T
& s gisieh olgo = M EA e AR RS,
FAA, FHFARAR] £ Fol A A,
AEA WAFNME AR Ao Fedl= AL
2 gejal ZIAA s FEle] #AHI = v Bl
o) #E FFo] o2k sl ok I glxlew,
G4 deigrp de] FFe FEIT YAUH
(Figs. 3-8). ¥ATAE ool = F-2nte g Hol:=
A EApo]ld o] 2 MdF o] 9J9lt}(double arrows
in Figs. 3, 5, 7, 8). HAIHANZ MEAA A}
A9 Q5o S sel YA 28 TEE A
a7 eg¥dte B4 BBIA @aket (Figs.
3-8), HATAEE oflFAoNE = BB} WA
S 3 240 24 £4AEE ¢ 4 AAH(Fig.
5). 2P HAPAE o} T BEeF AL
L ERANE T 9, weD BAR, A
A, ARl BE, AHGAAE, 2R AaHF
Sol Fglo| %%ﬂh 5 ks HdlE A3 6-
ANel 93] gk WA o Aoz eyt (Fig.
8). 6-ANe] 23 Hwe] dolid F-HeflA dF 417
ol ;A *ﬂix‘c’l 718 sl 9, F=5d
# g Ry} delits ZoE FAHHE AAlvte] #
ZEE 5 AT 53w deldiol FAHAAH
(Fig. 9).

o #

AAENERC 6-ANo| FZ2AAA A7l uAME
o] YU EE frdve *HJ_— ojg] dFAtEe] 9
3 wagon, ol#g Wi MEAL FE3 9
8 o] FeA 3, E3) ARAY T, HF x4
FAWA L F22] W] 23 FE] FHLE =
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Ao Aae o dFAEe oo BHR
(Horita et al., 1980; Aikawa and Suzuki, 1986a;
Yang et al., 1994). wlelwl B E3hAe] £
nicotinic acid¢} FZHoZ A} 6-AN2 nicotin-
amide®] ZFA2ZA AEY F28 2ELQ NADH
Tx NADP+sl ZAgsle]l 6-amino-NAD (6-
ANAD) =& 6-amino-NADP (6-ANAe||) &5
£ 3Ast22 (Johnson and McColl, 1955; Kohler
et al., 1970) MEW A4 H2hgoM NAD =&
NADP7} 2842 A £292E Aojsle 7S W)
gch. atebx] NADP9} NADPE Hezshe dfAhut
S0 6-ANAD == 6-ANADP7} AAA AAA =
A5S 3ol Aol 4 AYHA RAEE W
(Dietrich et al., 1958; Herken and Lange, 1969;
Kohler ef al., 1970). 53] NAD: AelM E42|
AbsHAlel] Rpagad] LR LS dle] 7]Al
A F2F o]9A7IM, NADPE: 7|Ae] 45 7}
e AN EAGA N F2 T3t 7]ANA
ojg® 4 (NAD+HY)&= AFIA 2] A2 ol A
AbstEe] ATPE AASHA €. wetA NAD (P)7}
FEetd -] AR FaFHe AN 4%
3P o] Felx]A] Edlw], ATPS ¥Fo2 Agi:
AHHq &4 4A Dok

FFA7AA L] A7t EF HoluA T 3] E7
of A £ gl njA| ol WA E Fof 3t 6-AN| I
AA SEE WALz B2 437t oz, 2 2
o] By ot AR Eed| 3 6-ANS
F FE A A5 AFFES dA2E o FolA
gt A ARFE Gl 6-ANS Fojshd
ATAE 9 Aol 7o A Z N EAY FEI}
Wy, AzAe AL Ul FHLEd o
o) FATe AHEHE2 £FFo] FiEgy 4
A 9lvh (Aikawa et al., 1984; Aikawa and Suzuki,
1986b; Yamada ef al., 1991; Lu et al., 1996). &
3 AF 5d€ 2AF o] 6-ANE Foidt A} AT
Eu} AAet@M EL] F4 gle] HAA xS HEA
o FE7} gt HARAE A P}, HAT
okt 7o) FF Fo o3 FHSERI 4 2
Ho] s HAHHAGR 2™ (Aikawa ef al,
1986), WAF eiAtel M 53] HAUAES} 6-AN

of b4 w7kdt WbS-g Holv: Myl gl dlid
(Aikawa ef al., 1984), YAl1a o] 6-ANL F
o3t At Bt M RS dhAEg o) HA
zo WEE= gdvtE 23¥E ¢l (Chamberlain,
1970).

+ A3 Aa 24 F 3.5/MYe] A3 PYAE| 9
4% 6-AN Fo] F pFEZ2 HbgslR] ekghon
TEATE] HATRAE A 6-ANel| 93] gL
2 & ALr gy A4 FASY W 2
Aoz FAHd4s vyvh Beu sl Yy
o] FHd Aoz FAY FHL HAAvAH LR )
2 A% JAPAE Afolol ARG Bl Fol
ol Bzt dden, nA§E9} HEe] wjdubgtol
i S AL Mol WS FALER wigdt
HARAZEe] w4 LA F3" AR YA
d, AF 5949 F ] 6-ANS T3 A3 79 F
FHCETR F ASFARE e HAGAES) 9
Atgen, 2% 9 AR WL Sy o A
2o} v gRE EEH Qe Rix g9
(Aikawa ef al., 1986). 2 A& A3} Fstsdn|Hy
oA HpFA R HAGAE ol FHd: T2}
WatEe] glslem, HMzlHn) o gl Ax HA
ol 7-o{ 9] AlA AN E o A7 3Eo U TE
2 Qs of 7o HAYPANE By, HAuyEE
E4E A g2 Aoz Vel ng REAq 4
o] A= Aol 7] FFo og Ao 4}
290 YATAE Apolo] Wty AEAo|dA o)
6-ANo| |3} shal=o] W uTel T Yske]
Aol iAoz EFF9cE RX (Aikawa and
Suzuki, 1986b) ¥ 6-ANe| 23 ¥AIH 3o
w2} &xAel| ameboid macrophage® f¢o2 ol
3 AN EZAFo] F7HEeE 23 (L ef al., 1996)
o= gl Y28 He FATRY HATHE Ale)

B

AZAIAAL % HESo] Gl o5 Washe

Aro) a7 6-ANol o}s] JsF wha] Qkoreg of 2
U= 24 A5 Y2H (Turbow ef al, 1971),
317 (Yamada ef al., 1991), 437 (Aikawa and
Suzuki, 1985) &9 APEFESL HAHLE 6-ANS
Foi3t A FEFo] whlsig o, AAE YAlow
Blo] PFEZE BT o= glon, B dFer 24
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F dA7|zke] AHg P2EQ AFdE FFES T
Al kkx HpFAT HAA L] wale #F
A ket =3 FHpER FAHPge] TA3A
FneH, ol & FeidE HARAEE WA st
&5 B Aage] #qld v} e '

o9} o] EFAAHFY FENM HALAME} 6-
ANe| o8] &AL Wtde dTEAER} %‘g F
3.5/ 90 A FAEHE QJACZ 6-ANS i
Fol| A ZeA WL Qs Hes L}E}‘;} B
AFAANE dzsle] & W, 6-ANZ HARA L7}
sl Al7ld) £3 s dds uAn ol
obet AR Ao FEIAM AN 2 HF
2 H i EE frste] $FFo] WA Ao A}
2389 539 A AN E FHFERS
= A Ee} Aol Fq o] FEel o3 o=
#e) HHZ o] FoiAnE Fieolnt,
Yamada % (1991)2 941 13g4Ael 27 43l 6-
ANE B7353 A3 SHPERE LT EE ¥
Aol HAstgl ey, epAle T+ (foramen of Magen-
die)o] d)A] kol $FFo] WAL sy
A ol Az AT EAA 7] e} 6-AN9
FeAof d 3t odgko] wHES ov|gteta F53 vt
olvh. =d AFFE diztA 6-ANe| A2 W
o] AL Walste 4% % (micromelia) & i3}
% 3l=d (Seegmiller ef al., 1972), o|= 6-AN?]
WA Fh AFHE AA AFE FUIEGE IR
N Ze] FIAAF o= & Al7|d S v dF
HAL et A5 E E 4 9lew (Caplan, 1972),
o] H$o% 6-ANo|] HE| F3pisl: A7
FE £ ez AlREHY, 6-ANe| HE9 FHA o
o] Fojdle= 7122 4R ornithine decarbo-
xylase?] FAE A= B (Morris ef al.,
1985) §o] #19 #&& LAz,

B350l

2 B

6-ANS 24 Aot AFe) WYFE) Foistn
FHSERE A HADIE} SEBTY A9
o TES) BE RO A3 SFEFe] WA,
o) W APFURE AT HAFAEE AL FT
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ol w2 WAHAbe] MAEI HPFARE HH4Y
gy 4A 9ok 2 dFe AF 3.57de] A
PAHE A2 6-ANS T F Ae-FAH o
o] Z ENE HALANEY FeHl HIHE dotr
A} A skt

o] Eof] & 4 6-AN (10 mg/kg body weight)&
E}Fea 27~299 Ag F JAYA ‘""H’\Fﬂ
He FAFE FEAHOZ w$ FolA o,
obal 919l ARt E] Ao AR vA %
7} 2 BEE glgdrl. HAGHNEE AxA %‘iﬂ
7} o] Fol XA ggkow, MEAV|HE WIS
3 4 glo]A 6-ANY o5 g2 WA 42 Ao
stelElgl o}, Aol Fdel AsiA FE7}F LA
stded, AP ALz g A Aol
o] AAoluAE Y AATEAN FE LS &
st £ o, AAMEE oS wA &2 AL
2 vepdel. B Ade] A3}z wfe] 6-ANSE
9 24 F A7) AAE P28 A FAR
o] HAAFE A=A 2] WS HAdTtely 1

qo) FEslo) ulE YA 3 o] Fi7 He A}
R
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FIGURE LEGENDS

Figs. 1, 2. Light microscopic photographs of the cervical (Fig. 1) and lumbar (Fig. 2) spinal cords of the
hamsters. In contrast to the control groups (Figs. 1A, 2A), well developed vacuoles (V) are
observed in the central region around the central canal of the 6-AN treated hamsters(Figs. 1B,
2B). The spinal central canal is narrow and slender in shape in the control groups(arrows in
Figs. 1A, 2A), but the central canal is partially closed and some ependymal cells are observed
in flat shapes in the 6-AN treated hamsters(arrowheads in Figs. 1B, 2B). HE stain. x200.

Figs. 3-5. Electronmicrographs of the central region around the closed central canal (CC) of the
experimental groups. Ependymal cells (EC) do not show cytoplasmic vacuolations. Intercellular
junctions between neighboring ependymal cells are well observed(double arrows)., Vacuoles (V)
and degenerating neuropils (asterisk) are observed in the subependymal layer. M, mitochondria.
N, nucleus. Bar indicates 1um.

Figs. 6,7. Electronmicrographs of closed central canals (CC). Microvili (Mv) and cilia (Ci) are well
preserved in the strictural central canal of the spinal cord. M, mitochondria. Bar indicates 1
pm, .

Fig. 8. Electronmicrograph of the subependymal neurons (NC). Intercellular junctions (double arrows)
are well observed between neighboring ependymal cells (EC). Nerve cells (NC) located in the
subependymal area is not affected by 6-AN. G, Golgi complex. N, nucleus. Bar indicates 1um.

Fig. 9. Electronmicrograph of severely damaged neuroglial cells by 6-AN. Pyknotic nucleus (N) and
some small bodies like lysosome are observed. Bar indicates 1um,
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