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The similarity of the clinical picture and abnormalities in brain 
catecholamine metabolism in Parkinson’s disease and manganese in
toxication in man (Cotzias et al. 1971; Homykiewicz 1972; Cook et al. 
1974; Banta, Markesbery 1977; Saric et al. 1977) as well as the positive 
reaction of both conditions to levodopa treatment inspired! a great 
number of experimental studies aiming either at explanation of the 
pathomechanism of manganese encephalopathy or at creation of a con
venient model of the extrapyramidal disease. These studies were carried 
out on various experimental animals (from rats to subhuman primates) 
with different manganese compounds in varying doses and ways of ap
plication (Makarczenko 1956; Chandra, Shukla 1961; Pentschew et al. 
1963; Neiff et al. 1969; Chandra 1972; Bonilla 1978; Hietanen et al. 
1981). Pathomorphological observations concerning experimental man
ganese encephalopathy vary to a great extent within the range from no 
abnormalities whatsoever to severe tissue impairment either generaliz
ed in the whole central nervous system or limited to particular brain 
structures (Makarczenko 1956; Pentschew et al. 1963; Neff et al. 1969; 
Chandra, Srivastova 1970; Jonderko 1970; Mustafa, Chandra 1971; Chan
dra 1972; Singh et al. 1974). Most common in all the descriptions is the 
damage of the grey matter structures consisting of neuronal degenerat
ion and/or loss with secondary astrocytic reaction and good preserv
ation of the white matter. In some descriptions glial abnormalities 
could be considered as primary ones (Pentschew et al. 1963).

In the present paper we describe a reverse situation — predomin
ance, if not selectiveness, of white matter damage due to manganese 
intoxication.
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MATERIAL AND METHODSThe experiments were carried out on 6-week-old, male, albino rats (±150 g body weight at the beginning of experiment) given in the course of 4 weeks 7 subsequent intravenous injections of manganese chloride, dissolved in physiological saline solution. The intravenous way of manganese administration was chosen to avoid poor intestinal metal absorption and its dependence on alimentary factors (Aston 1980). Two initial injections, each containing a dosis of 20 mg/kg weight of Mn + were given every third day, the following three injections, with a dosis of 40 mg/kg body weight of Mn++ each, were administered in the course of one week with two-days intervals. The last two injections containing the same doses of metal were applied at one week intervals. Following the last injection the animals were left to survive for 4 weeks, for complete excretion of the metal deposits from the body organs (Hietanen et al. 1981). Control animals were given intravenously physiological saline solution according to the same scheme. During the whole period of experiments the animals did not show any neurological symptoms.Intracardiac perfusion with 10 percent neutral formalin was applied in animals used for light-microscopic studies, while in those for electron-microscope perfusion was performed with 2 percent solution of glutaraldehyde in cacodylate buffer, pH 7.2. The material for both light and electron microscopy was processed in an appropriate routine way. For light microscopy the paraffin sections were stained with he- matoxylin-eosin, Kluver-Barrera and Kanzler-Arendt methods. Ultrathin sections for electron microscopy were counterstained with uranyl acetate and lead citrate.
RESULTSHistological abnormalities in the white matter structures consisted in the appearance of numerous, minute lacunae, occurring in varying density, accumulation of these led to tissue spongiosis. They were present in the white matter of the whole central nervous system, being most numerous in the subcortical white matter (Fig. 1), strio-pallidal bundles, in the medullar substance of the cerebellum (Fig. 2) and in the white matter structures of the brain stem and spinal cord (Fig. 3). They were much less abundant in some grey matter structures rich in myelinated nerve fibers. They were present in deep layers of the cerebral cortex, thalami, inferior olives and anterior horns of the spinal cord. They did not appear in the striatum and cerebellar cortex. Good preservation of myelin within the spongiotic tissue was a very striking feature. Most of the lacunae were empty, only some of them contained small round structures, which could be interpreted as either nuclei or
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transversely cut axon cylinders (Fig. 4). On the longitudinal sections 
of myelinated nerve fibers the lacunae either separated individual 
fibers or disrupted their continuity (Fig. 5). In some structures tissue 
lacunation was accompanied by cellular or fibrous gliosis (Fig. 6). Im-

Fig. 1. Microcavitation of subcortical white matter and striopallidal bundles, 
Klüver—Barrera. X ICO

Rye. 1. Drobnojamkowe zmiany w podkorowej istocie białej i w pęczkach strio- 
palidarnych. Klüver—Barrera. Po w. 100 X

Fig. 2. Microcavitation of cerebellar white matter. Unchanged microscopic ap
pearance of the cortex and dentate nucleus. Klüver—Barrera. X 100

Rye. 2. Drobnojamkowe zmiany w istocie białej móżdżku. Niezmieniona kora 
i jądro zębate. Klüver—Barrera. Pow. 100 X

Fig. 3. Microcavitation of pyramidal fibers and other white matter structures of 
medulla. Klüver—Barrera. X 60

Rye. 3. Drobnojamkowe zmiany w szlakach piramidowych i innych białych struk
turach opuszki. Klüver—Barrera. Pow. 60 X

Fig. 4. Empty microcavities in the striopallidal bundles. In one of them a small 
round structure is visible. Klüver—Barrera. X 400

Rye. 4. Puste jamki w utkaniu pęczków striopalidarnych. W jednej z nich wi
doczny ciemny, okrągły twór. Klüver—Barrera. Pow. 400 X
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pairment of grey structures was minimal. It was manifested by shrin
kage of individual or grouped neurons within the neocortex, Ammon’s 
horn and rhinencephalic cortex (Fig. 7). Unchanged were striatal, thala
mic, cerebellar neurons and most of the brain stem nerve cells. Nigral 
neurons showing severe degeneration, disintegration and loss were ex
ceptional.

Fig. 5. Microcavities interrupting integrity of longitudinal nerve fibers. H—E. 
X 400

Rye. 5. Puste jamki przerywające ciągłość podłużnie przebiegających włókien 
nerwowych. H—E. Pow. 400 X

Fig. 6. Fibrogliosis in subcortical white matter. Kanzler—Arendt. X 400 
Rye. 6. Rozplem włókien glejowych w podkorowej istocie białej. Kanzler—Arendt.

Pow. 400 X
Fig. 7. Dark, shrunken neurons in the pyramidal cell layer of Ammon’s horn. 

Klüver—Barrera. X 400
Rye. 7. Ciemne, obkurczone neurony w warstwie komórek piramidowych rogu 

Amona. Klüver—Barrera. Pow. 400 X
Fig. 8. Numerous swollen axon cylinders in medullar white matter. Semithin 

section. Toluidine blue. X 400
Rye. 8. Liczne obrzmiałe aksony w istocie białej opuszki. Półcienki skrawek, błę

kit toluidyny. Pow. 400 X
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Fig. 9. Tissue fragment of cerebellar white matter. Axon cylinders with axoplasm of varying density: axons with condensed axoplasm, containing abundant filaments (axj, axon with moderate density of axoplasm (ax2). mi — swollen mitochondria, m2 — greatly distended mitochondria filling a great part of axoplasm. Ser — dilated cisternae of smooth endoplasmic reticulum, my — local splitting of myelin lamellae. X 13 650.
Rye. 9. Fragment istoty białej móżdżku. Większość włókien nerwowych z nieprawidłowym obrazem aksonów. axi — aksony z zagęszczoną aksoplazmą zawierającą znaczne ilości neurofilamentów, ax2 — aksony z umiarkowaną gęstością elektronową aksoplazmy. mr — obrzmiałe mitochondria, m2 — mitochondrium balonowato rozdęte zajmujące znaczną część aksoplazmy, ser — poszerzone zbiorniki gładkiej siateczki śródplazmatycznej, my — miejscowe rozwarstwienie osłonki mielinowej. Po w. 13 650 X
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The electron-microscopic abnormalities involved all structural ele
ments of the white matter, those concerning axon cylinders (Fig. 8) and 
astroglia being most prominent. Myelin was less involved. So were oli
godendrocytes and blood vessels.

Axonal changes consisted in the occurrence of abnormal swollen 
and degenerating mitochondria, increased amount of distended canals 
of smooth endoplasmic reticulum and abnormal density of axoplasm. 
Abnormal mitochondria were present in axons with light, unchanged 
and condensed axoplasm (Fig. 9). Mitochondrial changes took the form 
of enlargement, swelling with break-down of cristae, their peripheral

Fig. 10. Nerve fiber from substantia nigra. Swollen mitochondrium with light 
matrix and fragmented tubulo-vesicular cristae. X 13 650

Rye. 10. Włókno nerwowe z istoty czarnej. Mitochondrium (m) o niskiej gęstości 
elektronowej macierzy z fragmentacją i cewkowo-pęcherzykową strukturą grze

bieni. Pow. 13 650 X
Fig. 11. Nerve fiber from cerebellar white matter. Swollen mitochondrium with 
partially condensed configuration and a vacuole (v) within matrix. X 13 350 
Rye. 11. Włókno nerwowe z istoty białej móżdżku. Obrzmiałe mitochondrium 
o częściowo skondensowanej konfiguracji z drobną wakuolą w macierzy. Pow.

13 350 X
Fig. 12. Tissue fragment from putamen. Swollen mitochondrium filling almost 

completely the cross section of an axon. X 13 350
Rye. 12. Fragment tkankowy ze skorupy. Obrzmiałe mitochondrium wypełnia 

niemal całkowicie przekrój aksonu. Pow. 13 350 X
Fig. 13. Tissue fragment from substantia nigra. Axon-terminal with aggregation 
of synaptic vesicles (sv). Dendritic profile containing abnormal mitochondrium 

(m). X 13 350
Rye. 13. Fragment tkankowy z istoty czarnej. Zakończenie aksonalne z agregacją 
pęcherzyków synaptycznych (sv), obok dendryt z przewężonym mitochondrium 

(m). Pow. 13 350 X
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Fig. 14. Nerve fiber from medulla. Axoplasm (ax) with an excess of filaments. 
Local splitting of myelin lamellae. X 13 350

Rye. 14. Włókno nerwowe z opuszki. Aksoplazma ze zwiększoną zawartością neu- 
rofilamentów. Miejscowe rozwarstwienie blaszek osłonki mielinowej. Pow. 13 350 X
Fig. 15. Nerve fiber from medulla. Myelin-like laminary structure within di

stended periaxonal space. X 14 700
Rye. 15. Włókno nerwowe z opuszki. Blaszkowata, mielinopodobna struktura 

w poszerzonej przestrzeni okołoaksonalnej. Pow. 14 700 X

displacement and appearance of tubular and vacuolar formations (Fig. 
10). A condensed configuration of mitochondria was a common feature 
(Fig. 11). In extreme situations giant baloon-like, double membrane- 
-bound structures occupied almost totally the axon cross sections (Fig. 
12). Identical abnormalities concerned the dendrites, axon terminals 
and presynaptic bags. Here they accompanied cytoplasmic swelling and 
disturbances in the distribution of vesicles, which were either dispersed 
or irregularly aggregated (Fig. 13). Myelin abnormalities were less 
conspicuous. They consisted in partial or total lamellar splitting (Fig. 
14). Enlargement of periaxonal spaces and appearance of laminar struc
tures within them were another feature (Fig. 15). There was some en
largement of intercellular spaces (Fig. 16).

Most astrocytes exhibited cytoplasmic swelling involving both peri- 
karya and processes. There was an increase of smooth endoplasmic re
ticulum with severely distended canals and cisternae of the Golgi sy
stem (Fig. 17). Astrocytic mitochondria show all types of the abnormali
ties described in axon cylinders (Fig. 18). A condensed configuration
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Fig. 16. Tissue fragment from medulla. Widened intercellular spaces (ics) and 
splitting of myelin lamellae (myj, my2). Membrane-free aggregation of electron 

dense granular material. X 13 350
Rye. 16. Fragment tkankowy z opuszki. Poszerzone przestrzenie międzykomórko
we (ics) i odcinkowe rozwarstwienie blaszek osłonki mielinowej (myi, my2). Nie- 

obłonione skupienie ziarnistego, elektronowo-gęstego materiału. Pow. 13 350 X
Fig. 17. Tissue fragment from substantia nigra. Swollen astrocytic process with 
distended channel of smooth endoplasmic reticulum (ser) and condensed con
figuration of mitochondrium (m). Identical mitochondrial abnormalities visible 

in axonal terminals (ta). X 13 650
Rye. 17. Fragment istoty czarnej. Obrzmiała wypustka astrocytarna (ast) z roz
dętym kanałem gładkiej siateczki śródplazmatycznej (ser) i mitochondriun 
o skondensowanej konfiguracji (m). Identyczne nieprawidłowości mitochondrialn« 

widoczne w zakończeniach nerwowych (ta). Pow. 13 650 X
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Fig. 18. Fragment of glial cell from cerebellar white matter with various forms 
of mitochondrial abnormalities, mi — swollen mitochondrium, m2 — mitochon- 
drium with condensed configuration, m3 — mitochondrium with a large vacuole 

within the matrix. X 13 350
Rye. 18. Fragment komórki glejowej z istoty białej móżdżku z nieprawidłowymi 
postaciami mitochondrium. m] — obrzmiałe mitochondrium, m2 — mitochon
drium ze skondensowaną konfiguracją, m3 — mitochondrium z dużą wakuołą 

w macierzy. Pow. 13 350 X
Fig. 19. Fragment of astrocytic process from cerebral white matter with cyto
plasm densely filled with gliofilaments. Swollen mitochondrium in lower right 

corner. X 14 700
Rye. 19. Fragment wypustki astrocytarnej z podkorowej istoty białej z cytoplazmą 
gęsto wypełnioną przez gliofilamenty. W dolnym prawym rogu znacznie obrzmia

łe mitochondrium. Pow. 14 700 X
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of mitochondria was a common feature. There was an excess accumu
lation of gliofilamemts both in the astrocytic perikarya and processes 
(Fig. 19). Oligodendrocytic impairment consisted in mitochondrial 
swelling and distention of endoplasmic reticulum. Capillary walls were 
practically unchanged.

DISCUSSION
Basing on our observations we fell anable to state that subchronic 

intoxication with manganese chloride, administered intravenously can 
result in toxic encephalopathy with a predominant, if not selective, 
involvement of the white matter, taking the form of its generalized 
spongiosis. This contrasted with the observations of most investigators, 
who described selective abnormalities of the grey matter, taking the 
form of neuronal degeneration and/or loss, either generalized or limit
ed to the particular brain structures such as cerebral and cerebellar 
cortex, striatum, substantia nigra (Makarczenko 1956; Chandra, Sriva- 
stova 1970; Mustafa, Chandra 1970; Jonderko 1970; Chandra 1972), sub
thalamic nuclei, globus pallidus or substantia innominata (Pentschew et 
al. 1963). The only damage to the grey structures found in our ma
terial, consistent with other descriptions was that of the substantia 
nigra.

It seems that the ultrastructural background of the white matter 
lacunization in our material consists in mitochondrial abnormalities 
taking the form of tremendous swelling and degeneration leading to 
the formation of baloon-like structures damaging the axon cylinders. 
Predominance of the mitochondrial lesions due to manganese intoxicat
ion can be related with the greatest accumulation of the metal in these 
cytoplasmic organelles (Cotzias 1958) and is consistent with the bioche
mical and histochemical data indicating severe impairment of mito
chondrial enzymes activity in experimental manganese intoxication 
(Chandra 1972; Seth, Husain 1974; Singh et al. 1974; Sitaramayya et 
al. 1974; Hietanen et al. 1981).

The question of the molecular mechanism of mitochondrial damage 
remains open. Perhaps, it is connected with the membrane-stabilizing 
function of manganese (Aston 1980). Unanswered is also the problem 
of the selectively severe damage of the mitochondria in the nerve cell 
processes and astrocytes, with remarkably less involvement of oligoden
droglia and neuronal perikarya. It has to be stressed, however, that mi
tochondrial abnormalities in axon terminals and dendrites were found, 
predominantly in the substantia nigra and putamina. This might be 
connected with nigral lesions. The persistence of mitochondrial abnor
malities is also worth mentioning. The above presented changes were 
found 4 weeks after the intoxication was ended. It indicates that les-
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ions continued to occur at the time of decreasing concentration of the 
metal in the nerve tissue (Hietanen et al. 1981).

The brain abnormalities found in our material, although different 
from most of the descriptions of experimental manganese encephalopa
thy, are similar at the light-microscopic level to those described by 
Zelman (1977) in the intoxication with organophosphorus pesticides. 
However, in that case electron-microscopic examination revealed se
vere distension of periaxonal spaces and splitting of the myelin lamel
lae (Zelman, Majdecki 1979). Changes in manganese encephalopathy 
are to some extent similar to tissue damage occurring in cyanide into
xication, however, they lack the demyelinating component (Hirano et 
al. 1967; Wender et al. 1972).

On the basis of light and electron-microscopic examination the de
scribed changes might be considered as morphological exponents of cy
totoxic brain edema. This is supported by the normal electron-micro
scopic picture of the cerebral capillaries. However, the vasogenic com
ponent of the edematous process cannot be ruled out. Enlargement of 
intercellular spaces is suggestive of its presence, at least in early per
iods of intoxication. Its exponents were much more evident in animals 
sacrified immediately and one week after manganese intoxication (Mos
sakowski et al. 1983).

WYBIÓRCZE USZKODZENIE ISTOTY BIAŁEJ W ZATRUCIU MANGANEM

Streszczenie

W większości opracowań neuropatologicznych, dotyczących doświadczalnej 
encefalopatii manganowej, zwraca się uwagę na zróżnicowane w nasileniu i umiej
scowieniu uszkodzenia struktur szarych ośrodkowego układu nerwowego. Brak 
jest natomiast danych na temat zmiatn w istocie białej. Autorzy przedstawiają 
analizę nieprawidłowości morfologicznych istoty białej, dominujących w obrazie 
neuropatologicznym podostrego doświadczalnego zatrucia chlorkiem manganawym 
u szczurów. Chlorek manganawy, w łącznej dawce 240 mg Mn++/kg ciężaru ciała 
podawano w 7 iniekcjach dożylnych w okresie 1 miesiąca. Zwierzęta zabijano 
po upływie 4 tygodni od ostatniej iniekcji. W obrazie mikroskopowym ośrodko
wego układu nerwowego dominowało uszkodzenie struktur białych, wyrażające 
się ich mikrowakuolizacją oraz towarzyszącą glejozą włóknistą. W strukturach 
szarych zmiany patologiczne były nieznaczne i polegały na nieswoistym zwyrod
nieniu ¡nielicznych neuronów kory nowej oraz kory amonalnej. Jedyną strukturą 
z masywnym zwyrodnieniem i ubytkami komórek nerwowych była istota czarna.

W obrazie mikroskopowo-elektronowym istoty białej stwierdzono rozległe 
uszkodzenia wypustek osiowych, wyrażające się zmianami w gęstości elektronowo- 
-optycznej aksoplazmy, zwiększoną zawartością struktur filamentarnych oraz do
minującymi nieprawidłowościami mitochondriów. Najczęstszą zmianą było ma
sywne obrzmienie mitochondriów, które prowadziło w skrajnych przypad
kach do wypełnienia przekroju aksonu przez balonowate struktury otoczone po
dwójną błoną. Analogiczne nieprawidłowości mitochondrialne dotyczyły zakończeń 
nerwowych i części dendrytów. Osłonki mielinowe zachowane były prawidłowo,
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tylko niektóre z nich wykazywały miejscowe rozwarstwienie blaszek mieliny i po
szerzenie przestrzeni okołoaksonalnej. Większość komórek gwiaździstych wykazy
wała obrzmienie, masywny rozplem gliofilamentów oraz nieprawidłowości mito- 
chondrialne analogiczne jak w aksonach. Oligodendrocyty i naczynia włosowate 
były niezmienione. Stwierdzano nieznaczne poszerzenie przestrzeni międzykomór
kowych.

Opisane zmiany autorzy traktują jako wykładniki obrzęku cytotoksycznego 
mózgu, a przewagę uszkodzeń mitochondrialnych wiążą z wybiórczą kumulacją 
metalu w mitochondriach.

CEJIEKTKBHOE TIOBPE^AEHHE BEJIOrO BEIRECTBA
B OTPABJIEHUH MAPrAHLJOM

Pe3K>Me

B óojibniHHCTBe HeBponaTOJiorHHecKHX pa3pa6oTOK OTHOcauinxcH k SKcnepHMeHTaJibHOH 
MapraHąeBoft 3Hge(j)ajionaTHH HCCJieąoBaTejiH oópamaioT BHHMaHHe Ha AHcjMjjepeHijHpoBaHHbie 
B HHTeHCHBHOCTH H JIOKaHH3apHH nOBpeXACHHfl cepbix CTpyKTyp UeHTpajlbHOii HepBHOił CHCTeMbl. 
3aTO HeT AaHHbix b oÓJiacTH n3MeHeHHił b óejiOM BenjecTBe. Abtopbi npeącTaBjiflioT anajin3 Mop- 
(jjoJiorHHecKHX aHOMajiHH Gejioro BemecTBa, AOMHHHpyjonjnx b HeBponaTOJiornHecKoił KapTHHe 
noąocTporo 3KcnepnMeHTajibHoro OTpaBJieHHs xjiophctbim MapraHgoM y xpbic. Xjiophctmh 
MapraHeą b oómeił ąo3e 240 mt Mn++/Kr seca Tena bbojjhjih b 7 BHyTpHBeHHbix HHbeKPHHX b Te- 
HeHHe 1 Mecaąa. 3Khbothbix yÓHBajiH cnycTH 4 HeąejiH ot nocnegHeii hhbckiihh. B MHKpocKoimoii 
KapTHHe peHTpajibHOił HepBHOił chctcmm ąoMHHHpoBajio noBpe)K,neHHe 6ejibix CTpyKTyp, Bbipa- 
»atoiąeeca b hx MHKpoBaKyonn3aij;nn h b conyTCTByiomeM (Jjh6puho3hom rjino3e. B cepbix CTpyK- 
Typax naTOJiorHHecKHe H3MeHeHna 6mjih He3HaHHTejibHbi h aaKjiioHajiHCb b HecneijHcjjHHecKOH 
.ąereHepagHH hcmhothx HeiłpoHOB hoboh Kopbi h aMOHanbHon Kopbi. E/whctbchhoh CTpyKTypoił 
c MaccHBHOii ąereHepaąaeH h yóbiTKaMH HepBHbix kjictok 6bijio nepHoe BeiuecTBo.

B sjieKTpoHHO-MHKpocKonHHecKOK KapTHHe Genoro BemecTBa KOHCTampoBaHO npoTHxeH- 
Hbie noBpeacąeHH« bkcohob, BbipaxaiomnecH b H3MeHeHH«x b ajieKTpoHHO-onraHecKOH rycTOTe 
aKconjia3Mbi, b yBeniweHHOM coąepxaHHH 4>HJiaMeHTO3Hbix CTpyKTyp h b ąoMHHHpyioiUHX aHO- 
MajIHHX MHTOXOHflpHH. CaMbIM HaCTbIM H3MeHeHHeM GbUia MaCCHBHaa Ha6yXJIOCTb mhtoxoh- 
APHił, KOTopaa npHBoąnjia b KpaiiHHX cjiynaax k HanojiHeHHio penoro npocBeTa aKCOHa pa3ąy- 
TblMH CTpyKTypaMH OKpyxeHHbIMH ABOHHOH OÓOJIOHKOił. AHaJIOTHHHbie MHTOXOHflpHaJIbHbie 
HHOMaJIHH OTHOCHJIHCb K HeBpHbIM OKOHiaHHHM H K HaCTHM ąeHąpHTOB. MHCJIHHOBbie OÓOJIOHKH 
coxpaHHHHCb npaBHJibHO, TOJibKo HeKOTopbie H3 hhx npoflBJifljiH MecTHoe paccjioeHHe nnacTHHOK 
MHejiHHa h pacinnpeHHe oKOJioaKCOHanbHoro npocrpaHCTBa. EojibniHHCTBo acrpoiiHTOB npo- 
hbjihjih Ha6yxjiocTb, MaccHBHyio npojiH^epagHio rjiHOfjinjiaMeHTOB h MHToxoHąpHajibHbix aHOMa- 
jihh aHanornHHO KaK b axcoHax. OjiHroąeHąpouHTbi h Kannmuipbi Gbuin Hen3MeHeHbi. KoHcra- 
TnpoBaHo He3Ha'inTejibHoe pacmnpeHHe MexKjieTOHHbix npoerpaHCTB.

OnHcaHHbie n3MeHeHna aBTopbi CHHraioT noKa3aTeneM ixhtotokchhcckoto OTexa tojiobhoto 
MO3ra, a npeoónagaHHe MHTOxoHapHajibHbix noBpexąeHHH CBJBbiBaioT c cejieKTHBHoii KyMyjin- 
pneii MeTajuia b mhtoxohaphhx.
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