AeWLEME A22d A23
The Seoul Journal of Medicine
Vol. 22, No. 2, June 1981

att—BRLUKEMER MY RE2N
witell #3 HERry WA

An Experimental Study on the Pathological Changes
of Brain in Acute Carbon Monoxide Poisoning
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8hr/day)

Group E 10
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Table 3. Histopathologic findings of brain in Group A (I week after acute CO poisoning)
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Table 4. Histopathologic findings of brain in group B (2 weeks after acute CO poisoning)

Animal

B-26 B-27
§ o .°>§ =
s & & * 3 5 E & 7 3
2 = PR ] 2 = G 5 g
Pathologic findings o —[—'ﬁ A =3 S 3 f' & & S
Vascular congestion + =+ + + + + + + + +
Perivascular edema =+ + =+ + + + — - — +
Perineuronal edema #+ o+ H H A #+ 0+ o+ H#
Perivascular hemorrhage =+ — - — + + — — — +
Perivascular cuffings — - — — — — -
Neuronal swelling + + + + + + -+ =+ T +
Shrunken homogeneous cell + H + 4t + H + -+ =+ +
Vascuoles in cells + 4 + + + + 4 + + _
Chromatolysis =+ + + + +# + 4+ + + i+
Neuronophagy + 4+ o+ o+ + 4+ A+ H
Gliosis x + + + + * + + + +
Focal softening 4 — - + + + - + — RN
Astrocyte swelling + + + + + -+ 4 -+ - +
Satellitosis — -+ + + + -+ + €
Focal necrosis — - — - — — — — _ _
Round cell infiltration — — — — — - — — — -
Ependymal cell proliferation - — — — — — — — —
Ghost cell + + - — -+ o+ + - +

Note: — negative, + mild (and focal),
# moderate to severe

22 U4 BHAAA 5B BEEA ek

DERERSES BE 18 2 2847 S
A B B W) 9o sEEel L A
22 8% WA T 5BKel = BHE BE 9 9
.
RS PES W27 FEHeR BT
oA ESEY BLE eue ddes mEH
B e RE LM WS Ee BES no
o sy HE A9 EEEA g

PR WEARS 1) M A e
Wit 9o 28, 3 s A Aot WOs
9 suel = 7% HEME WA Qe Lolgith

MEREERDS BE LB & 8ol 24 =
T B BLE dehivt 2BETHE Ho
A4 @

+ mild (and diffuse),

4+ mild to moderate,

ERFAEEARE BEEE BEHA pEEY 8
b7k slemA o #eE #FEs it 5E®R o
Wi #EE 2Ah

MR ke LERSFH s@E#k7A R BME
Bolx glod FMHRE 1BEYE BES HEm
o s BEWA pEEE Rt Al

AR, A, BN Eh, W ke
HOEA 9 BT 2BEEC A RiBk BEY #t=2
Hmsy Y KA E A BESA S B
L@l et Bk e 2 FEs ]l

HR MRS, % AN RATEEEE & KR
e #std Ad BEHA @3

e 2+ ofF EEMLD o = FEsbsr o
ik gk Efe] Bl e ReE fURd o
s 2 5 A9

— 210 —




Table 5. Histopathologic findings of brain in group C (3 weeks after acute CO poisoning)
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Table 6. Histopathologic findings of brain in group D (5 weeks after

acute CO poisoning)

Animal

— 212 —

D-40 D-41 D-42 D-43 D-44

§ 9 § < ; o ; k] § o
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Pathologic findings

Vascular congestion @~ @~ = 0— — — — — — — — — — — — — — — — — — — — . — + —
Perivascular edema + + + + + &+ + + -4+ *+x+ + + *+ + £ £~ —
Perineuronal edema + +*++t++ Etx+xx+ x££+ + 2+ + =+ + +
Perivascular hemorrthage @ — - — — — — — — — — — — — — — - - — = - - -
Perivascular cuffings = — — — — — — — — — — — — — — — — — — — — — — — — .
Neuronal swelling + +r++ + 4+ - ——+ 4+ -+ +++ £ - — 4+ = = - —
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Vacucles in nerve cell -+ ++tE+rF+x+ -+ + 4+ - === — 4+t -+ =+
Chromatolysis +++++F - EF -+t —F -t F - -+ +
Cells ¢ spike-like processes + 4+ -+ 4+ + =+ 4+ 4+ + ++ -+ 4+ 4+ + - + +
Gliosis —E— ek ke e — — — o — —
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Vacuoles in nerve cell @~ @ — — — — — — — — — — — — — — o - - — - =
Chromatolysis +—t —F bbb A=+ o+ o+
Cells ¢ spike processes + - - + + + +++++ -+ +-—=—-4+ - = - +
Gliosis —E— — - — — - = - — k- = =~ — — — — ¢
Focal softening e = — + — — — e m — 4 A — g - -+
Microglial proliferation + 4+ -ttt --—++ 4+ -—=—4+ - = — =~ 4+ + — — —
Satellitosis -+ -+ -+ + - =+ - - — —+ - — — — 4+ — 4+ - —
Focal necrosis = = — — — — — — — — — — — — — — — — — — — — — — — — —
Round cell infiltration @ @ — — — — — — — — — — — — — — — — — e —
Ependymal cell proliferation — — — — — = = 0 wm —m s e e
Ghost cell o+ b b — B — oo — + — — 4 o —
Note: — negative, &= mild (and focal), + mild (and diffuse), # mild to moderate, #f moderate to severe.
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Table 7. Histopathologic findings of brain

Brain pathology in acute CO poisoning—

in E group (chronic CO exposure for 4 days in pregnant rats)

Animal

Site

Pathologic findings

E-62 E-74

E-77 E-78 E-87

Thalamus
Bas. ganglia
Cerebellum
Cereb. Cortex
Thalamus
Bas. ganglia
Brain stem
Cerebellum

Cereb. Cortex
Thalamus

Bas. ganglia
Cereb. Cortex

Thalamus
Cereb. Cortex

Brain stem
Cerebellum
Bas. ganglia
Brain stem
Cerebellum
Thalamus
Bas. ganglia
Brain stem
Cerebellum

Vascular congestion
Perivascular edema
Perineuronal edema
Perivascular hemorrhage
Perivascular cuffings
Neuronal swelling
Shrunken homogeneous cells
Vacuoles in cells
Chromatolysis
Neurcnophagy

Gliosis

Focal softening
Astrocyte swelling
Satellitosis

Focal necrosis

Round cell infiltration

Ependymal cell proliferation
Ghost cell

4+ + H 1 Cereb. Cortex
+ [+ 4+ | Brain stem

Animal

Site

Pathologic findings

Thalamus
Thalamus
Brain stem
Cerebellum

Cerebellum
Cerebellum

Thalamus

Ghost cell

Vascular congestion
Perivascular edema
Perineuronal edema
Perivascular hemorrhage
Perivascular cuffings
Neuronal swelling
Shrunken homogenecus ells
Vacuoles in cells
Chromatolysis
Neuronophagy

Gliosis

Focal softening

Astrocyte swelling
Satellitosis

Focal necrosis

Round cell infiltration
Ependymal cell proliferation

Note: — negative, = mild (and focal), + mild (and diffuse), # mild to moderate, # moderate to severe
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Fkey o 2 COFEmol © IRiHel LA, LHEE R
RES MBRR BB, RAEES o TR, WwRER
MEESRE BER%EC] vehie oh-ge mRmR

Bike) BlEgd (&%, 1969; Meigs et al, 1952
Ginsberg et al., 1974; Beeson et al., 1979).
WEREE.ZE B K4 2 PEME RE B

% o9 ERER, EEER, S0, SEF U M
el RERR S0 dor HMRERL EHIER
BRe BRy 8, BE =% B¥ £R%(apathy)
& pUEkEIE ol o (Walton, 1977; Koelb, 1979).

22} 19363 Shillito%e] 104H 21,0004 CO
hES BEst 9 0.2%% 39804 WK R
MRS QoA WEA A& & o' BE
S BLol FolA et

Zp COREY 15~40%0 A e ol & Wikl
#5384E (delayed sequela) & (Smith et al., 1970; Gins-
berg et al., 1976) 7% Wt E @Il = eyt
Se A BE A BERR oFF ERRKY fEMkelel [
H5 = HH (lucid interval) 7 L& #% A ¥ EED
5%, 4% (incontinence), FEEJEAtE T Chypok-
snetic mutism), 1SfE7 44k, SN EK FEHEEE (Park-
insonism) % FEMITRER S Rigde Aol H#old
A (Garland et al., 1967; Smith et al., 1970) °1 & f&
H [E1 (pseudorecovery) o} 2t 2 & 2 vh(Meigs et al.,
1952).

Garland (1967) = #53 BR%LEE, THEMNER
S SeEES JHIREY &5 (parietal disturbance)
2 HHEY o0 o T HEMEE Yebi T BE ZiEM
B 1~2EAH% oA BESE ASE geodt T
o ol2AY} kAT HiEfEY 2o|7l% &} (Garland
et al., 1967; Smith et al.,, 1970; Ginsberg et al,
1976).

ERE el 2ol ARE A% BEHE RelE AS
Fo] BAW ARE T kel gledAs BHRAA
o3 B R ek 3 (cognition) ] BTl #H
HAote #4455 9ot Jefferson, 1976). FE el A=
o2l BENG W HESBES Y&% A4 F
Z gltu B M & XBREE PG
1961; #b 1968 H, 1969; =, 1977; %, 1978).

Ze COTHRY RESR e Bmel 2 MR
o 9= B3 el AN E #iks BMOE BEE A2
BEgk el 9low EEs EIEEAEE ] TR o

(Blackwood et al., 1976).

v Be HEEe HMEES Bele
§ BLE T

McConnell#} Spiller(1912) & & CO FHik 389
WS A3 ER PREE AR gz SRER
< 39l 2l A Fflite: Wl =428 SEBMES 22
Wizl mAREEA GREE BB mES 7

L o] X MR BB o HREELE: FUA
on ks ETH R BERSC] YLz
A=t

Dutra (1952) = 4{9] COFg EHolA v=d fF
B¢ v4g on Hillst Semerak (1918) % Fii, RHE,
BLR M KRB A HEE £ —fie FiRel K8
By GHEdA o FeAz dz2 5 RERY
B ko]l fppuolstx Yo EEFE JER]
Anee Zm#eizstz Yot B Az Hiry o
el A MREES BZel WHIBN mES b B
[Ee] o8l fEol .2 ool HBEMRE HEFTHZ
M.

Hiller (1924)%& $%&EK 9 ¢EMH14 Hme =3
@ BEs (pyknosis) =+ BRBFMESME NS e HE
stz 94 MRS B B3 LEMEER L 0
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A A Ele] deidetbm At

Grinker (1925)% B'E HMEol COFE o HMET
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—ABSTRACT—

An Experimental Study on the
Pathological Changes of Brain in
Acute COQ Poisoning

Hyun Woo Kim, Je G. Chi*
and Dork Ro Yun

Department of Preventive Medicine and
*Department of Pathology, College
of Medicine, Seoul National
University

There is a wide spectrum of clinical manifestations
in acute or chronic carbon monoxide poisoning. Al-
though it is well known that bilateral pallidal necrosis
in acute CO poisoning, we know very little about the
diffuse cortical cell damage or subsequent effects of
the acute bouts of cell injuries by CO exposure.

This experiment was carried out to elucidate the
changes at various time intervals after recovery from
acute CO intoxication. Using rats, experimental groups

were divided into control, acute exposure and chronic
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exposure groups.

Acute groups were exposed to the concentration of
5,000 ppm of CO for 20 min. and were examined
microscopically after 1 week, 2 weeks, and 5 weeks,
respectively. Chronic group was cxposed to the
concentration of 400 ppm of CO 8 hours per day
for 4 days. They were sacrificed after 5 days and
studied histologically.

Light microscopic examination was particularly
concentrated on cellular alteration and its subsequent
changes in various areas of the brain.

Following findings were observed:

1. Vascular congestion, perivascular edema, peri-
neuronal edema, neuronal swellings were ohserved
diffuscly with mild degree at 1 week after acute CO
exposure, and decreased the severity at 2 weeks or 3
weeks after.

2. Perivascular hemorrhage was observed diffuscly
with mild degree at 1 week after acute CO exposure,

and was not observed thereafter.

3. Shrunken homogeneous cells were constantly
observed with mild to moderate degree diffusely.
Maximum was at 5 weeks after acute CO exposure.

4. Vacuoles in cells were constantly and diffusely
observed with mild degree, together with ghost cells
with mild to moderate degree.

5. Round cell infiltrations and cpendymal cell
proliferation were not observed in any case.

6. Chronic exposure group was showing only mildly
diffuse perivascular edema and perineuronal edema.

Generally the pathological changes didnot show any
specific site predilection although gray matter was
predominantly involved rather than white matter.

Histopathological changes immediately after acute
CO exposure were not characteristic, and were only
apparent after 1 week of exposure. Findings after
one week were characterized by acute neuronal de-
generation, i.e., shrunken homogeneous cells, vacuola-
ted cells and neuronal swelling. Cell death and cell
loss reached the maximum at 3 weeks after exposure.
Ghost cells represented coagulated dead cell and
increased in number considerably after certain period
of exposure.

In summary it appears that certain time interval

Is necessary to have recognizable changes in the brain
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in acute CO intoxication. After this interval, usually
one to two weeks after CO exposure, there is a sign-
ificant loss of neuronal population in many different
areas of the brain, particularly in the cerebral cortex.
This neuronal injury often represented as ghost cell
or complete disappearance of cells without replacement

gliosis.
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LEGENDS FOR FIGURES
Cerebellar Purkinje cells that are undergoing vacuolar degeneration in group A (One week after
CO exposure). H&E x 350.
Pyknosis and cytoplasmic vacuolation of the large nerve cells in cortex in group B (Two weeks
after CO exposure). H&E x 350.
Acute neuronal swelling and vacuolation seen in the cortex (One week after CO exposure). H&E
CO % 350.
Acute neuronal swelling and microglial proliferation in basal ganglia in group A (One week after

exposure). H&E x350.
Cerebellum. Loss of Purkinje cells and increased glial cells in molecular layer (Two weeks after

CO exposure). H&E x100.

Ghost cells (1) seen in the cortex 5 weeks after CO exposure. Also a degenerating cefl (A)-is seen
in the center. H&E x 350.
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