An Experimental Study of the Effect of Active
Oxygen on Cultured Glial Cells from Fetal Mouse
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Fig.1. Changes of the xanthine oxidase activity in
the xanthine-xanthine oxidase system incubated
at 37°C in 5% CO, -humidified air. Each point
represents mean+S.D. (n=5).
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Fig.2. Effect of the xanthine-xanthine oxidase
system in different concentrations of xanthine
oxidase on the release of *Cr from 5'Cr-labelled
glial cells. Release of *’Cr was measured after
the incubation for 8 hours. Each point
represents mean=S.D. (n=5).
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Fig. 3. Changes of the per cent *!Cr release from
siCr-labeled glial cells in the xanthine-xanthine
oxidase system. The concentration of xanthine

oxidase was fixed at 0.8 unit/ml. Each point
represents mean=+S.D. (n=25).
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Fig. 4. Changes of the malon dialdehide produced
within cultured glial cells in the xanthine-
xanthine oxidase system. The concentration of
xanthine oxidase was fixed at 0.08 unit/ml.
Each point represents mean+S.D. (n=5).
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Fig.5. Changes of the ACP-ase activity in the
medium (closed circle) and in the cultured glial
cells (open circle) during incubation with the
xanthine-xanthine oxidase system. FEach point
represents mean=+S.D. (n=5).

BT 2 Bz ko THEBET 5 5'Cr & B KMREER S 68
ELT, UTFoick ke,

oo e 1R cpm— B SRERAE cpm o
ARSI = SRR com — 2 om0

Cr @ W& 88 @ # & 12 13 sintilation counter
(ALOKA TDC-601) %Mz,

Xa-XOD R B 2 EHEBEREEIXOD O &
WIRET 5. 22T, XOD & L {ifeEEE0BIg % &
57 HREERIml H 7 H XOD % 0.02 unit~0.10
unit DEX OB EFNL, EMA 8RBRIC BT 2 5E%
MRROEEE 2 WE L 12, £, XOD HRlGOREEE
MMl EEORRE 42 BT, 58K 1ml H7:
D XOD 0.08unit #¥NL, #&E1, 2, 4, 6, 8
BLU 12 FEEOMEEEOREL2ZhEhIlEL
7z,

IV. BELIEE S S CERAOER

BRECKEEOEEINAKRIOFHICELTBI
W, FANNLEY — LB RIET % malon dialdehyde
(MDA) & L THIEL 7. W 1ml 72 0 0.08 unit
O XOD %@L, 1, 2, 4, 6, 8B XU 12 R
BB 3 EEERPICER, TR CABLIEEER
EEEL, £/, MEHER Lowry IO L DR
BEREH ) OBMCIEEERHE L.

V. BE7 4+ 27 7 2 —HEEEORE

HERTS L UCHENOBE 7+ R 775 ¥
(acid phosphatase, ACP-ase) 1% Bessey-Lowry
BN, p-= b a7 2= V) VERRER L L, 37°C
T 1RO RES 410 nm ORAEEREL THKD
72.1mM @ Xa ¥ 0.05 ml/ml-3E&E¥%K & XOD 0.08
unit/ml-SEEWEEETME, 1, 2, 4, 6, 8, 128
g i, BERICH VL T L BEE 2B LD
BELZzhZzho ACP-ase IBHEZHIE L 72, MlEx5
mt D 1% Triton X-100 (Fk) ThEYF 4 X LE
FUEAOELE L L,

VI. EFEREIC L 5 HE

IEREERS X CEEEBRIERGROBESEIE
DLW TERBE FHEME X 2 EENEE LT
7o, IEEMIgS X U 2 B oBEEM 0 BE
HAMEBR LT OREC L o7, Thbb, 577y
JeF4Va— e FriN—s AF54 R EIZRELL
HR %, 2.5% 7L F L7 L7 BT 1R, 1 %IEs
A2 2w 4T 1EM, BERELL0E, Boa< R
KLTz, WoTZRAEIERH-LIE—ah 7
BEATA AT A ECEISIE | T 80°C w2 T 24 BFHEE
&L, TRUBBCAES S MiEE o AEL D&
MU, EEIRFE2ERLL, ERSBHCIIEEAL
OifIFEE S NEERER L VBN TEET 272



826 v 1t

b, ZEEEEELRECS DL, BERKENCLVE
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Fig.6. Left: Electron micrograph of cultured untreated glial cells showing numerous lysosomes and
microvillous projections. X6,000. Right: Electron micrograph of cultured glial cells 2 hours
after the effect of the xanthine-xanthine oxidase system showing a remarkable decrease of
lysosomes and microvillous projections. % 6,000.
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Fig. 7. Electron micrograph of cultured glial cells 8 hours after the experiment showing a marked
vacuolation of the cytoplasm. X 13,700.
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BRI T 0.195+0. 006 unit, 8, 12 RFfRICIZENE
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Wk b EHii & 13 Xa-XOD ROMBEEIC B JiEy
BEEYRT, ANV r—EIRM T3 86.8+£4.4%
(n=5, UTRL) DMLEEE 2R T DL, SOD
30unit/ml, # ¥ 7 —+ 10 ug/ml, SOD 30 unit/mi+
AYZ—+% 10 ug/ml, == hr— 1mM, DABCO 1
mM A7 BEDBOBOOMMBEERE IE,
71.5+2.3, 23.8+3.1, 20.7+1.8, 54.1+2.9, 66.1%
3.2% TH -7, MlEEENHIZIRE SOD+A4 57—
¥, ¥ 35—+, = r—, DABCO, SOD DJEiz

Fig. 8. Electron micrograph of cultured glial cells 8 hours after the experiment showing a cellular
disintegration with the disruption of plasma membranes. X 13,700.
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R oL (AR

#1TEE, 21 EROBR I0FREOSEA I~
Y —OEEETY. SOD 300 unit/ml, #55—+
100 zg/ml, SOD 300 unit/ml+# % 5 —¥ 100 g/
ml, = b= 10 mM, DABCO 10 mM O#IITIE %
nENT2.545.5 (n=5, LLFRE L), 12.5+2.8,
10.7+1.6, 63.2%2.1, 70.6+6.6%DMEEEE T

Holz, HEEMSISEIZ SOD+ A5 5 —¥, # 4
7—+%, == b=, DABCO, SOD HIHEDIETH -
AR

TBE L I2SOD+4 % 5 —¥IRINE TR b ZH
LR EMEEIR S A 5, 55— EMRMmE
BTRUCIRGTZ, THEBEE b2, ZoWFEF0MiakEs
EOfElk<=t—n, DABCO, & ¢ SOD BiNgo

Table 1. Cultured glial cell damage by Xa-XOD system and the effect of scavengers

Experiment system Percent specific release of %Cr

No scavenger n=>5 86.8+4.4
= C
SOD 30 u/ml n=35 N T1.5+£2.3 '—I
EE
Catalase 10 g/ml n=5 L— 23.8+31°—
v |
SOD + 30u/ml + - [_ ok o—
Catalase 10 4 g/ml n=% X L 20.7+18 _*‘ —1
*%
Mannitol 1 mM n=>5 L 54.1 £2.9— *xx
DABCO 1 mM n=5 86.1+3.2¢ —J
= -+ 24
SOD 300 u/ml n=5 N 72.5+55 j
Kook
Catalase 100 ¢ g/ml n=5 I— 12542.8°% —J
NS
SOD + 300u/ml + -5 [;*L:— a1 go==]
Catalase 100 g/ml n *rx L 10.716 e _}
Mannitol 10 mM n=>5 \‘ 63.2+2.16—] X%
DABCO 10 mM n=5 — 70.6+6.6° —J

Each value represents mean = S. D.. * NS; e, p<0.05

0, P<0.001 vs. no scavenger ; #*x% P<0.001 ; NS, not significant by ANOVA
followed by Scheffé’s multiple comparison.

Xa-XOD, xanthine-xanthine oxidase ; SOD, superoxide dismutase ;

DABCO, 1, 4-diazabicyclo [2, 2, 2] octane.

Table.2 Dose dependency of each scavenger

Scavenger Percent specific release of *Cr
High dose Low dose
SOD n=>5 72.5£55 —— NS —— 715423
Catalase n=5 12.5+2.8 * %k 23.8+3.1
oD+ n=5 10.7£1.6 ok 207£18
Mannitol n=5 63.2+21 —— NS — 54.1+29
DABCO n=>5 706+£6.6 —— NS ——— 66.1+3.2

Each value represents mean + S. D.. #%% p<0.001 ; NS, not significant by t-test ;
SOD, superoxide dismutase ; DABCO, 1, 4-diazabicyclo [2, 2, 2] octane.
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Abstract

A series of experiments was performed to study the biochemical and morphological aspects of
cell damage induced by active oxygen, using cultured cells derived from fetal mouse brain. A
xanthine-xanthine oxidase (Xa-XOD) system was used as the source for generating active oxygen.
The degree of cell damage was calculated by measuring the release of *'Cr from the cultured cells
labeled with 5:Cr.  After administration of the Xa-XOD system, cell damage gradually increased
over time for four hours, and rapidly increased thereafter. Intracellular lipid peroxide gradually
increased over time and rapidly increased after eight hours. ACP-ase activity in the cells
decreased over time, while it increased in the medium. The time course of ACP-ase activity in
the medium was similar to that of !Cr release. On transmission electron microscopy, the
vacuolation of cytoplasm, a remarkable decrease of intracellular lysosomal granules, and the
swelling of mitochondria were seen in the cultured cells exposed to the Xa-XOD system. Partial
disruption of the plasma membranes was also seen in severely damaged cells. In addition, the
inhibitory effects of specific scavengers against four types of active oxygen were examined. The
combination of superoxide dismutase and catalase exhibited the most potent inhibitory effect,
while the second was catalase alone. It is suggested that the disruption of plasma membranes and
the subsequent breakdown of lysosomes developed as a result of lipid peroxidation within
membranes provoked by active oxgen, particularly hydrogen peroxide. The sequential release of
hydrolytic enzymes conceivably accelerates the destruction of cells.




