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ABSTRACT

Ultrastructure of the ependymal cells of X-irradiated rats on their head were studied.
Rats weighing 200~250 gm were X-irradiated on their head and neck areas. Total
exposures were 3,000 rads or 6,000 rads depending on experimental groups. And irradiated
rats were sacrificed on 6 hours, 2 days and 6 days following the radiation exposures.
Animals were perfused through the heart with 1% glutaraldehyde-1% paraformaldehyde
solution, under ether-anesthesia. The tissues from the wall of lateral ventricles were
fixed in the 2% osmium tetroxide solution.

The results observed with electron microscope were as follow :

1. In 6 hours group, many ependymal cells were swelled, luminal portions of cytoplasms
of some cells protruded into the ventricular lumen, and many cilia were lost or
irregularly altered.

2. In 2 days group, ependymal cells were swelled more severely and subependymal
edema were pronounced.

3. Protruded cytoplasm contained usually basal bodies of cilia, groups of mitochondria,
endoplasmic reticula, etc.

4. Following X-irradiations, some protruded masses contained neural elements including
the axon terminals with dense coré vesicles, Axons and axon terminals were also
found in the enlarged intercellular spaces among ependymal cells.

From the above results, the heavy irradiation on the head area of the rat induced
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alteration of the ependymal cells lining the lateral ventricle. Hence the ependymal

functions of selective barrier, protective barrier, and metabolic barrier could be altered

following X-irradiation on the head,
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gt vlwd A ke = 295 Axe
ofl oJgkg m|A MELLE WefEr] dEd £d
A =) A} (mitotic death) T =AM Z A} (repro-
ductive death)ell wXx]#A] 3t} (Szekely et al.,
1982). "WkAMAIS] | Fofe] AAH MEZH ojfdw
o2 Az B 3 nAA vEdA =z
A} (non-mitotic death) =¥ ZHMEFA}(imme-
diate death) & ¥27)7]= 3§} (Yau, 1981).

x HRARAE A E4e] EREAA fElejg W
HAIA el Aoz AMErl 7= 3,
weta] A7 A e e Axe g A
71&oll N el xS, AESY Mzar)T
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Wuxdl, olE 7HEHA A -HH{EQ] 2Pt
WhabAdel w17 ke # ohel, A -al7H
A TEE P (Lee et al, 1995), HH-x
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wt=T} (Ahn et al., 1996).

At gko] g 2 Apole AAMEE=E A
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BN E (Lee et al., 1991), AX7IEHM=E
(Chung et al., 1992), £>ZAAZ (Ahn et al.
1994; Ahn et al, 1992), AR 3L £} BE
F2&(Ahn et al, 1994) = ol WS Bl
o},
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E AYEER A8y, AMPTARA = Mitsu
bishi linear accelerator (ML-4MV) & o]-£3|t}.

3 #F = sodium thiopentalZ w}FAAF T ojgle}
ERET 2AF7Y(30cmXx30cm) ol EEF ¥
31, Z=AMAS 80cm, FAMZ o] 1.2cm, ZRAMSGE
200 rad/min®] A2 X-A& ZAAG. A
e ATl mel 3,000 rad 2AFEZ 6,000 rad
FARLO 2 R

WAL ZAAS ButE]e] FF 2 FAElglen I
& 47 617, 29, 6Y Fol HPAZHT. =
22 3AE A  ARFEE v A7) Aol
A AAE B8 FRTA g, AFTAYL 1%
glutaraldehyde-1% paraformaldehyde (0.1 M Mil-
lonig’s phosphate buffer, pH 7.3)8-& Al&-3}¢]
o}.

FRIAASY A F 2AAE FEE IU=
BEST 314 R3 Foll F2Fe] dojuiA] U=
Z gt AFTA F 22170l A oS o
E Aol oA TA R FEA 2 e A F
71ZxAl Y] HAY dRE de| Wgd, dojWl =
2L 2% osmium tetroxide®§olA] 2X17} St o]x}
A A FHer A pAlRE F d3EF of
HEL 2 B4pdle] araldite EFAe] zojg F 1
um F79 AAE wEo] toluidine blue® ¢YAys}
o Jesn)yoz AA3H.

7zt A dHe] HAREES e AxEu]H R 0]
MAHE 9HE<] uranyl acetate? 3} lead citrate
o2 QA3 JEM 100CX-11 HzAtPu]A o=z B3
ahodet.

2 =
1. Ystsold 23

e HATE eyl 447 4w HAY
HNEEZ o]Foiiz, MEzAL FH=E9 AU
& Hgon, feld Hoz: Huge dHF 7}
Aoz wWiX® AYHA ArAwget. HAgUS
(subependymal layer)< v F2 =02 jeht
o sAmEEs 4GS Abofelt uhehute] w3
HA ket HATEEe] Lore AYArt 9A

sz HHE olfel= B2 3ol A9 v
Al A7 1E (neuropil) & °]F 1 3Usl+} (Fig.
1.

3,000 radd ZAME F 6A17F7N M= HATRAE
52 FAsAE By KA 2 A EEo
2 ¥3 ¢ Bgew, AHIEE REGYE B
o] A3 oAl Bodoh, =T Az sy o
B FEAHE Bgon BEAozE ALY
(Fig. 2a). 6,000rad ZAE 6A|7FZ A= x| Adqt
o o] A7\ FEY MNEHY $7) o] gGske
H, AREY zEzAE Aot QAR 3,000
rad+-% v|&q AL Ry (Fig. 2b).

248NN E HAT o] REor A &
ARG, HARSE F3H o] welA Al
o) FEINA T HARM L] $7} ZoE X 319
Axe zEgFC] Asly Arsx Hom HAw
Az #u|E =t Az di7) HAetew g
= A 29 (Fig, 3a, 3b).

HZE 69 AAFNME HANL St AT
Bl B2 AR ¢gront, wAlubMze] FA]
Aol FEI: AR EEFA= SANAH
(Fig. 4a, 4b).
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AR o] HATHNZE v g2 AzaA
g8 HxSo] BIA xAlo]HA (compound inter-
cellular junction) ©2 A= wheks] o} 913, &
g Zozl AHuEo] dANA EEHW )&
Ato]Abe| 2= o ZH mlAFRE0] 4ok glslH.
Aol vlmd g FEEA0E AeFta
uxEl, 53 &% Fo] @ FHdE A £
g AA Lo LAHG, AR HEA o E3F
ARA 7 woka, FEAE Mz Az uig
2AEe) T2A TEIPG. HEE 9+2 PAH
2 3 AYAF2E B Nz Jg U g
< A4 B2 A Qvh(Figs. 5, 7). HATA=E
o] FRE o REAME HEAFo|FFe] HF
e, JATNZE B2 vigTo] glo] & iR 4174
IE-(neuropil)®] E2top} JEX|E7)e] Al Ut
(Fig. 6).
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WAt AL M AW oz WA 9E &
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=Y 2o Hol 27] HAMZAY Holx 7o
AE7t s, A A Fue #x3 Axs

= A+ sl (Fig. 8).
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407 &3 F2Tl: AAAE AEx AGE
EFHEHA, AAHA B3 S5 L] UUT 53
AdaE s TFF Fagde] woke (Fig. 10).
ARAZ Atel9] Al ZAbo]F7be] FolE FEAME
A ZAbelel] Fatoht Fatgwe] 7o) e A7t
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W&ok, ol9} ZE ARz HAH$do| o
Fe A i3 HASpde] AA - e 23
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(Parent, 1996; Scott et al., 1974). Age] 7%
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1996). A=A ZA el AR RTA} Felo]
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webx] AR A Al A 4o sHe] Fvt
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Aoz Hoe =3 WAl IFF e P9 9
gad7lelA HELpde] PAo] ZHaslEE (Ahn et
al,, 1996), HAtelE wl& AXA HadwA 2
E, 25 Y FE2AY Ale] He A 2 =
g Hadde) 7z RRel Qe AAHNZE WA
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(Lee et al, 1991), ZAAME (Bae et al., 1992),



Ahn ET et al. . Ependymal Cells of the Head-Irradiated Rats 15

4] 712 Z (Chung et al, 1992), A¥ZAANE
(Ahn et al,, 1994; Ahn et al., 1992) = A ZA} ] 2}
o8 Az RFHFE M) o9} o] HmA|
Yo EHHSY e} HA 2R Aol af& B
Fa99 72, =HAAAN HAFRZFe =z g
Halol7h o] AdAcz A4S by Al
ZAbe] Fzhe] FAT} HAUMES] MEALA, L

22 HzAe Ay o] A7) Aoz A74dH.

AT 7]A o] ¢l3l HAZeA HAlAZEo
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AME HAE 753 FFelet A4E] o
A= glch(Rapoport, 1976). & xAl&o] gteis)
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Fo] dold 4 glor, AAZ - ARE B3}
A File AR HALe] s xAA
oJ7le g B 4 slok o] A A HAFzt
o2 HARAZ Mz B ohlg} A7A =z
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3 Az
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Aoz Al R 23& 3G 9 =
T 2 wgfor wAEEY, oE
HAY B Sl HHpH] 356 AFFE A
o} (Scott et al., 1974). 3} 2 AFAM = Ax
2] 47t ZolET wsfel 247 el Mz e =
Fx By, ol WM FE-E IE HAleA
t HARNIEY] dRoldozn A 3o xH
A o] BFe] Febd & 9EE FAT = HAY
2] ol HR R E (stellate cell)7} =8 =&
3T, F2 Azd 22 2ol dFEYY
227 T2 93 oz 3H=d (Scott et al.,
1974; Vigh et al, 1973), HAlute] mHo] oJaj
AA EEsIAY ARe] deErst HedzFe] 43
22 1 99 Ux "Rz AAFws PAE
A Hefol Zgel Wl gleid Aoz Ay
HARA ZE o8] 71A] g2 o LGB
&k 8AE Ad ez HER )5 A7) 5A

& B e

N

o9 2AA J¥E 2T Yge FE welsh
(Graff et al., 1993; Kahn and Thomas, 1993;
Lobie et al., 1993; Lopez-Avalos et al., 1993;
Parent, 1996; Scott et al., 1974), xA=}e] )
1 wste] mel Hiul7)- 0471 Akele) 22
719 dREo| E3o] 2A;E & gl& Aok
aelele HARAEE HE79 €719 (raphe
nuclei) ¢ 288 Alzed FEE He Aoz d¥
Az olEe] HAT] EAeolg AR} o}
%253 9)ed (Brodal, 1992), A¥A= w4
AR AR Zatolol] FA43} SAFT Fol
710 o1& ¥ ohelt HALo=w &3 AR vt

" %49 % catecholamine 22 Hol: Zabzul(X)

WAEED) o o Gl Aoz Mo} o|Fo] &)

CAFUT W) e = kT 44 ¥A

Az Al olmAlEe UFo|7] HBo, o
7FA WA Abslel ofs] ol & (astrocyte) ok 7
& Wl e BeN E3) 2RI wAz AP
HAA#9 &4 0] Eolde} (Hirano, 1991).
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AAE el B 4 don, Yo REo) )
A Az dehds Aee bR Hud, ¥4
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HAlnte] 7)5el] ds dubde=s A€ fgr)
3% R3dge Az, 2 sl A
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E (metabolic barrier)o] ¥} (Del, 1994). wahr
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FIGURE LEGENDS

Figs. 1-4. Semithin sections of the lateral ventricular walls of rats, stained with toluidine blue solution,

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

400 x

Control rat. Ependymal cells with cilia lining the ventricle are cuboidal in shape. Ependymal
cells lie directly on the neuropil without any intervening basement membrane.

Irradiated rats 6 hours after irradiations with the dose of 3,000 rads (a) or 6,000 rads (b).
Structural irregularities of ependyma, including deformities of nuclei, swollen cytoplasm,
distorted cilia, etc, are noted. Subependymal edema is pronounced,

Irradiated rats 2 days after irradiations with the doses of 3,000 rads (a) or 6,000 rads (b). Note
partial loss of ependymal cells, folding of epithelium, subependymal edema, some cellular debris
into ventricle, etc.

Irradiated rats 6 days after irradiations with the dose of 3,000 rads (a) or 6,000 rads (b). Note
severely swollen ependymal cells and edematous subependymal layer.

Figs. 5-14. Each bar indicates 1um.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Ependymal cells of normal control rat. The cells are moderately ciliated, and contacted laterally
with neighbouring cells by well-developed junctional complexes (arrowheads). Abundant
mitochondria (m) are distributed in the area between the groups of basal bodies of cilia and the
nucleus. Microvilli (asterisk) are protruded into ventricle between cilia or from cilia-free luminal
border. Numerous filaments (f) are ‘distributed in the lateral cytoplasm.

Ependymal cells and subependymal layer of normal control rat, Intercellglar space (asterisk) are
formed between ependymal cells. Basal portion of ependymal cell cover subependymal neural
tissue without any intervening basal lamina (arrowhead). Many small axons (ax), dendrites (d),
and axon terminals (vacant asterisks) synapsing with dendrites are found in the subependymal
tissue.

Supranuclear cytoplasm of ependymal cells of normal control rat. Many basal bodies (b) of cilia
are found in the uppermost cytoplasm, and well-developed Golgi apparati (g) are located in the
supranuclear area. Arrowhead : junctional complex, arrow : pinocytotic vesicle, asterisk : tunnel
of cilia.

Ependymal cells of the rat, 6 hours following X-irradiation of 6,000 rads. Uppermost cytoplasm
of an ependymal cell is protruding into the ventricular lumen (arrow). The remaining cytoplasm
(asterisk) is relatively clear, and it is contacted tightly to the neighbouring cells with intact
junctional complexes (arrowheads). Note abundant filaments (f) in the ependymal cell.
Ependymal cells of the rat, 2 days following X-irradiation of 6,000 rads. “The upper portion of
an ependymal cell is looked almost truncated from its main body. Expanding intercellular spaces
extend towards upper portions of cells (asterisks), but tight junctional complexes (arrowheads)
are still preserved well. Note numerous lysosomes in the upper cytoplasm.

Fig. 10. Intraventricular ependymal protrusions, 6 days following X-irradiation of 3,000rads, Of various

structures, lysosomes, Golgi apparatus (g), endoplasmic reticula (r), axon terminals (arrow-
heads) with dense core synaptic vesicles or clear synaptic vesicles are noted. Ax: axon

Fig. 11. Subependymal tissue of the rat, 2 days following X-irradiation of 3,000 rads. Subependymal

edema is pronounced with large clear areas (asterisks) and swollen neuronal processes (n). Basal
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plasma membrane (arrowhead) abutting directly on subenendymal tissue is indicated.

Fig. 12. Supranuclear cytoplasm of an ependymal cell of the rat, 6 hours following X-irradiation of
3,000 rads. A pbrtion of cytoplasm (arrow) is burst into ventricular space. Some glycogen
particles and numerous flocculant substances are noted in the cytoplasm near free border.
asterisk: tunnel of cilia

Fig. 13. Upper cytoplasm of an ependymal cell of the rat, 2 days following X-irradiation of 3,000 rads.
Basal bodies of-cilia are hardly found and the uppermost cytoplasm is almost devoid of its
organelles in the right cell. Note the intact junctional complexes (arrowhead) and relatively
well-extended intercellular spaces (asterisks). ‘ )

Fig.14. A ependymal cytoplasmic burst into the ventricular lumen of the rat, 6 days following X-
irradiation of 3,000 rads. Protruded apical portion (arrow) of an ependymal cell is partially
destroyed. The endoplasmic reticula (r) are still connected with those in the main body, even
though they are extended freely into the lumen. Note that junctional complexes (arrowheads),
basal body (b), and mitochondria (m) look intact. Some axon terminals (asterisk) and axons
(ax) are extended into the upper portion of intercellular space.
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