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The struсtчIе and functional characteristics of dаrk hyperchromic and hуреrсhrоmiс shrчйеп neuTons in
the brain have been studied at the light and electron microscopic levels in health and various pathologies.
Нуреrсhrоmiс dark пеuгопs аrе cells with active protein synthesis which, hоwечег, die Ьу apoptosis as а

гesult of prolonged and intense exposure to чпfачоrаЬlе factors оr because of genetic abnoгmalities.
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: :. 
_._,]:> :lnd dark (hуреrсhrоmiс) пеurопs in

- :._ ].. ...!. SLrmetimes also encountering dаrk
| - : -: _ : ].:k печrопs in the Ьrаiп have always
::, :- _ * .-:ssion in clinical and experimental neu-
-- * - -, ,: :eT.:it-ts unclear whether they аrе ап afti-

'--, - _ :, ],., j ei 1dence of pathological changes. What is
: ,__ :-.::ге iпlогрhоfuпсtiопаl features), and fate of

- _ _ -_-_l

rr..рЬоГuпсtiопаl Chaгacteristics and Frеquепсу
,,f Dагk \ечгопs, Dаrk попshrчпkеп Ьrаiп пеuгопs аrе

-: _,. .,, ,:: :l\ оегсhlIоmiс cytoplasm, rvhose sizes аrе по dif-
..:..-.: ::l;: those оГ погmосhrоmiс пеurопS, while shrunk-
;:. ,,::гсh:rlmiс cells аrе small, extended, nffTow, and de-

..,::, ;:1с sometimes have corkscrewing рrосеssеs with
] l,- .,].J nu"lei [-1. 5].

_:l sээ;imепs rvhich have Ьееп collected accurately
.1..: ..].:: r-J.lJ1\- in Саrпоу fluid, the рrороrtiоп of hуреr-
-::_,:-.",- il:::cils in the Гтопtаl согtех of intact adult rаts is
] -] . : ]:]:*retr rr rth -l% iп the сеrеЬеllum and 1 7о in nucleus
i] ,: ::э hr:o:halamus, Dаrk shrunkcn пеurопs аrе rаrеr,
:J-:_],-:.:l,i fэr ierrer than 1% of cells [4] . Duriпg postna-
|;i ,:г-lс_:е:r. Sn oi а11 пеurопs on Nissl-stained sections
oi::э :эо.,опех оf intact rats collected on postnatal da1, 2
аlе dэlk. ссlпрагеd lvith 11% оп da1,,15 and 9.7с оп dar,90,
Hl регсhгопliс shгuпkеп пеuгопs аrе seen onlv frопl post-
пэtаl Car ]0 (]|с). accounting fоr 3% оГ пеuгопs оп сзr -15

and being rirtuэl]r,absent оп dav 90 [8.9]
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The numbers оГdаrk neurons can increase significanb
ly in ехреrimепtаl tleatments апd pathological states. On
modeling of subhepatic cholestasis in rats, the пеосоrtех
showed increases in the numbers of dагk and daтk shгuпkеп
пеurопs to б7о, with increases to 1,6Чс апd 25С/о , respective-
ly, in the ceTebellar cortcx [4]. Collection оf all biie for fil,e
days in rats led to а shаrр increase in the пumЬегs оl dаrk
neurons in the сегеьrаl and сегеьеllаr согtех. Their nuclei
repeated the shape of the сс]1 and the пuсlеаr riп-r t-оrmеd
pleats; the пчпrЬеr оfпчсlеаr роrеs incIeased. and there rvas

nrassive release ofribonucleopIotein cIanules into the cyto-
plasm. The rough endoplasmic rеtiсulum (RER) had dilab
ed cisterns апd decreased пumьеrs of riьоsоmеs. Ноwечеr.
1аrgе пumЬеrs of ribosomes wele ргеsепt in the cl,toplasm.
forming frее poiyribosomes. ]r{itochondгial cristae uете
degraded or completely absent апd Golei соmрlех cisteгns
rvere dilated. Shruпkеп пеurопs had аrеаs oi cl-toplasmic
degeneration with r,acuoles [J. 5].

Тrеаtmепt rvith ar-ninezine at а dose ol 1 ng kg iгlduсеd
а significant increiise iп the пumЬеr of hr-реr;hrо:llL; пзu:опs
in the somatclsenson со]lе\ t]i 1,цi:. io i 1c,,el эl ::с;: _:]l :-:

of a]l cells counted. Сhап*еs l] пз,.]t]-,i,,i;.: _,._,_^::.:_.l
bv decreirses in the nunlbels о: .,, г.:::,; :з:]:__a.:_.. . ...-
ing. and Cepletion :1-1 ]-] Е:i]з::.; ._.-,l _..__: . _],__-:-
hr ,р,.:.;-.:.. l: .:--з.]-,, .', -,-- - ] ...,. ., *,_ ; ] _ - :
--:,,-_L, \..*_..] .,,J 
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Dагk Nеuгопs of the Вгаiп

bral соrtех at all postnatal time points. The extents of these
changes аrе different at different time points of postnatal
development. Thus, оп day 45, the пumЬЪr of hуреrсhгоmiс
shrunken neurons was increased Ьу 66Vа compared with
controls. Нуреrсhrоmiс shrunken пеurопs almost disap-
peared from control animals оп days 45 and 90, while in rais
subjected to antenatal alcoholization, conversely, the пum-
Ьеr of these cells increased shаrрlу [8, 9].

The cytoplasm of nonshrunken dark пеurопs in the се-
rеьrаl соrtех of rats subjected to antenatal alcoholization
showed significantly smaller numbers of mitochondria реrunit аrеа of cytoplasm on postnatal days 20 and 45 than that
in controls. Mitochonфia Ьесаmе mоrе spherical and less
extended, and the пumЬеr and lengths of ciistae реr pm2 in
these mitochondria wеrе lower on postnatal day 20 and es-
pecially day 45. Тhе total пumЬеr of riЬоsоmеs реr unit аrеа
and the ribonucleoprotein content in hyperchTobic пеurопs
in the cytoplasm in these animals wеrе significantly grеаtеr
than in поrmосhrоmiс neurons. The relative пumьег of frее
гiЬоsоmеs in these cells increased progressively duгiпg
poýtnatal ontogeny, while the relative пumьег of bound ri-
bosomes decreased. Тhеrе was а significant reduction in the
extent of RER cisterns реr unit аrеа of cytoplasm, along
with dilation of cisterns, especially on Оау +j of postnata'i
development [11,12].

Dark shrunken пеurопs on postnatal development days
20 and 45 in rats after antenatal alcoholization had dark cv-
toplasm and folded nuclei. The cytoplasm showed disorgi-
nization and destruction of organellei. квк canals Ьоrе few
ribosomes, Golgi cisterns wеrе dilated, and mitochondria
wеrе swollen, lacked cristae, and had an osmiophilic ma-
tгiх. Frее ribosomes forming extensive grоuрs dominated.
The cytoplasm contained hyperosmiopЁilic Ъоmоgепеоus
агеаs, determining the dark coloration of these пеurопs on
electron microscopy photographs tll, l21,

The sensorimotor cortex of the offspring of rats with
diffeгent pathological states showed, at the еtеъtrоп miсrоs-
со_ру level, thTee types of dark neuron.Type 1 hуреrсhrоmiс
cells contained nuclei which wеrе less osmiophilic than the
cy-toplasm, while the cytoplasm contained dilated endo-
plasmic rеtiсulum cistems, Golgi соmрlех cisterns Ыоkеп
up into vacuoles, and mitochondria with degraded cristae.
Туре 2 hуреrсhrоmiс cells had increased cytoplasmic os-
miophilia, due to the accumulation of miciogianular mа-
tегiаl; flattened nuclei acquired irrеgulаr outlines. Туре 3
hуреrсhrоmiс пеurопs had dark, irregularly shaped nuclei;
their cytoplasm showed cleftlike densities and damaged оr-
ganelles [|9,20,26].

After chronic alcohol consumption Ьу rats at а dose of
3.5 g/(kg.day), the рrороrtiоп of hyperchiomic neurons iп
histamineгgic hypothalamic nucleus Е2 increased fuоm lyо
to 1,0Vо . The cytoplasm of these neurons underwent changes
evidencing activation of the nuclear apparatus (hypertrophy
and displacement of nucleoli towards the пuсlеаr envelope,
condensation of гiьоsоmаl subunits close to the iппеr mеm-

Ьrапе, dilation of the реriпuсlеаr space. эil.. _ ] . -:
folding of the пuсlеаг envelope) und d.rt..--,, -
trорhу of various organelles (endoplasmic гс:-: _

соmрlех, lysosomes, and mitochondria). геflес: -
changes to the netlronS uпdег srutJ1, I I 3].

Dark пеurопs аrе tl,pical of сегеЬrа1 l.,
аrе evaluated as ischemically altered shruпkеп cei_: -]]
Occlusion of the middle сеrеЬrаl аrtеry in rаБ led to rjt:.=-
tion of hуреrсhrоmiС пеurопS in the пеосоrtех, hiрръ;д1-
pus, lateral striatum, thalamic nuclei, and amygdalar L.r,
[З5]. After 30-min subtoиl сеrеЬrа1 isсhеmiаЪу bila;е::_
ligation of the соmmоп carotid аrtегiеs, the пumьеrs of d::i
and dark shruпkеп пеurопý in the frontal соrtех of the Ьга-:
increased significantly [29]. Нурегсhrоmiс пеurопs mаiе
up the grеаtеr раrt of al пеuгопs in histaminergic nuc]eus
Е2. The nuclei of hуреrсhrоmiс neurons аrе апgulаr/оl,аl.
with convoluted envelopes. The пuсlеаr реrimеtеr in these
neurons was 45Чо grеаtеr апd sphericity was 107о less фап
in сопtrоls. The пчmьеr of ribosomes реr рm of the оutег
mеmЬrапе of the пuсlеаr envelope wis воЕо grеаtеr. The
integrity of this mеmЬrапе is often impaired iп-hурегсfuо-
mic пеurопs. Chromatin in these cells is miсrоgrапulаr and
uniformly distributed, ацd only small regions Бf hеtеrосh-
romatin аrе found; пuсlеоlаr area was 44Vо greatu than in
controls. Displacement of the nucleoli to thеЪеriрhеrу and
massive release of ribonucleoprotein granules frоm them
occur. The пumЬеr of frее гiЬоsоmеs реr pm2 of the су-
toplasm of hуреrсhrоmiе пеurопs in histaminergic nucleus
Е2 was 46Чо greater than in сопtгоls. Mitochond'ria in these
пеurопs wеrе distributed irгеgulаrlу thrоugh the cytoplasm;
their cristae and iппеr and outer mеmьrапеs often showed
destrцction. The total пumьеr of lysosomes in these пеurопs
was 25Vо glеаtеr than in animals of the сопtrоl grоuр [23].
Analogous ultrastructural changes also developed in the се-
rеЬrа1 cortex in hypoxia I20,З21.

The Origin of Dark Nеurопs. The question of the оr-
igin of dark печrопs is controversial. Do ihey constifute ап
artifact оr а pathological state? Increases in ihe time iпtеr-
vals from collecting а brain specimen to fixation have Ьееп
shown to lead to increases in the пumьеr of dark пеurопs:
while the numbers showed no significant increases at 10 and
30 min, all neurons Ьесаmе dark Ьу 12_24 h |з,71.

Even after intracardiac perfusion with glutaraldehyde
solution, transient mechanical damage to the Ьrаiп using а
rod induced the арреаrапсе of large пumьеrs of dark пеu-
rons in the surrounding zone. Analogous damage ргоduсеd
Ьу microwave heating of the brain rмu, not ассЙрапiеd Ьу
the арреагапсе of dark neurons [40]. Dark and shrunken
пеurопs Were Seen iп areas of mechanical damage to the
соrtех in rats when collecting samples for study. Rough со1-
lection of brain samples could lаtег lead to аrtifасtйt fo.-
mation of dark neurons. This artifact can Ье avoided Ьу
careful collection of study material.

Light and electron microscopic data from animal ехреr-
iments led to the suggestion that dark пеurопs арреаr as а rе-
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sult оf impairment to the functioning of encrgv-storing gel-
iike structures occupying tlre spaces betrveen ultrastructural
elements (tlrc author is probablT referriпg to ll7.aLoplasпt),
The mechanism of fоrmаtiоп of dark пеurопs consists of uп-

рrоgrаmmеd initiation оГ а phase transition Ьеtц,ееп tlrese
structures Qlerhaps the lrulsitiotl oJ hтаlорlusпt fiоtп а sol
to а gel), which mа1, Ье reversible (in sorrre phr,siologica1
states) оr irTeversible. leading to се1l death Ь1, а route diifeг-
ing frоm necrosis and aptlptosis [_]7. __1S]

Adtninistl,ation oi a;ll-tllzille аt з dose оi _5 ms,ks into
the сегеЬrаl соItе\.1гJ:r.l.сul;г iLr::-]nl-L]n lei to а рrеdоп-r-
iпапсе of the ,lр:загзl.-е L]i h\:з:a..rо:l-_.; slаtпtпg ol пеu-
rопs due to:;-,,;il;,..t'.::,..: R_\.{;пс;l;.-,;;rп.. rr;th а si-
multatleo;s сiJгс;:з ^i-. :,,.] _,l,-.:;,*:*.e ..:t_rit,.. rrhicil i_c

rеgагсiс.i li) ;:] э \l:e>:-,]i] ci !]a--ie;:eJ ;цil.,iloIlr. *.,tir rtr
in сопl;:1 ;е]],l ,.{ сс.е с, 1_.l пlg ыg tnсu"ec l;-ie ;;реагаtlсе
ol s:, ;::,i :l,, ; : :; ;l-.l :l-L;; lieuIoils ei]d оaa as1oI]i:] shrunken
ечап-ll.:s , 1' Plc.ollge; ,]U da),s r аdrпiпistrцtiоп tli апrt-
l-t:zil;: .п.,:,з"_t; j :лэ.l:-сп hr регсhгопliа and srr elling il J],

I: ,,,, 
'^_l .-_:_:з.:е ; tлаt precedillg (in litЪl pathoIogical

ct]dn]-!,.:--,, .l;rезsе ttle sensitiYitr,of печrопs to аrtifасtч-
а} is;:.:::-,-" ;:]] :ile ;erei9plligr1 of dark neurons [37].

Tl-e -;:::,..:l;i: oi cjark (squeezed, slrrunken) пеurопs
hils эээi :-,:_.:Sii.] lo Ье accompanied Ьу lшge-scale excre-
tion с_ ,,,,;::.:. ,,,,h.ch оссurs in mапу neurological diseases
:L;i];: ]:J;,ei]li:r. \'1а llonenzymatic mechanisms [39]. Dаrk
siг_:.. il :-.. L]-ans аIе thought to arise as а result of the rapid
]о:: .: ::-._-:е tllan hаll the чоlumе of cytoplasmic Iluid (wa-
i;:. l:lo:S;.tlic iопs. апd metabolites), which очеr а пumЬеr
.l п]lпutеs leave the cell Ьу passive diffusion, without апу
elpenditure of епеrgу. This process is strengthened Ьу de-
h1 dratiorr оf the body (usirrg diuretics) [З8].

The Nlоrрhоfuпсtiопаl State of Dаrk Nеurопs. Ein-
аrsоп апd Кrоgh [36] defined cellular hyperchromatophilia
aS а State of inhibition with tеmроrаrу terminatiol1 of activi-
ty. The accumulation of basophilic subýtance in пеurопs and
their hуреrсhrоmiс staining аrе геgаrdеd as morphological
expressions of the ргосеss of protective inhibition [24,27J.
Klosovskii and Kosrnarskaya [21] identified several stages
in changes in сеrеЬrаl cofiex псчrопs in the inhibited state
frоm initia1 swellirrg оf реrikаrуа and hуреrсhrоmiа to hy-
реrсhrоmiс coloration. Нуреrсhrоmiс staining, with the
exception of slrrinkage, аrе related to furrctional changes.
Нуреrсhrоmiа sometimes affects only а рrороrtiоп of neu-
rопs, leading to the lhought that individrral zones оf а cell
сап Ье in diffeTent furrctional states [27]. Сопfirmаtiоп of
the low functional activity of dark shruпkеп пеurопs is рrо-
vided Ьу rеsults frоm electron microscopic and аutоrасliо-
graphic studies demonstrating dесrеаsеs in the rаtе ofrelease
оf neи,ly svnthesized RNA frоm the nucleus into the cyto-
plasm [28]. Irr addition, thеrе are data indicating that dark
uпshrчп]iеп печгопs аrе cells with intense рrоtеiп synthesis
due to overexpression оf aпrplified genes [16].

Kalinichenko апd lr{atl,eel,a rе_чаrd hl,рсгсhrоmiс shru-
Ilken cclls as cclls in the state ol prkTiosis апd ltrophr, ,,lith

zimatkin and Воп'

signs of coaguiative necrosis [17] . Ноrчеr,ег. \Ъп_qrп цtt,]

Yаrуgiп [3З] excluded hyperchromic staining of cells rvitlr
signs of shrinkage fTom the category of dl,strophic change:
and regarded thезе changes as functionally adaptive,

llyperclrromatophilia of печrопs can Ье charactelizetj
Ьу а pTedominance of рrоtеiп synthesis oveI degladation
[26], while shrinkage is associated with dehydration of the
cytoplasm, possibly in association и,ith imраirmепt то the
water-salt balance of пеurопs.

оur data indicate that hуреrсhrоmiс пеurопs iп the
сеrеьrаl cortex have а пumьеr of characteristic features in
tегms of thc development of olganelles during postnata1 on-
togen},. Thus, thеrе аrе reductions in the relative пumЬеr
of tnrtocholldria and the пumЬеr and lengths of their cris-
tae. rr,l-tich аге accompaliied Ьу, dесrеаsеs in the activities
of плtосhопdгiа1 mаrkеr enzymes succinate dehydrogenase
ап.j NADH deh1 dгоgепаsе in the cytoplasm of these neu-
rопs [10]. This is er,idetlce of dесгеаsеs in the tunctional
acti\itv ol mitochondria and the provision оГ епеrgу t<;

пеulоlls, As сопlратеd lr,ith noTmochTomic пеurопs. hуреr-
сI-irопuс neuIons have mап1, mоrе bound and рагtiсчlаrlу
tiee ribosomes. ensuring thеir hуреrсhrоmiс Nissl staining,
Decreases in the quantit1, of RER-bound ribosomes and in-
cleases in the пumЬеr of frее гiЬоsоmеs provide evidence
of switching of protein biosynthesis to the пеurоп's оwп
needs, which is required fоr their surчiчаi in unfavorable
conditions. However, because of the decrease in the syn-
thesis of proteins fоr ехроrt to terminals, the iпчоlчепrепt
of these пеurопs in сеrеЬrаl cortical activity will evidently
Ье decreased. Shrinkage оfа рrороrtiоп of hурегсhrоmiс
пеurопS сап рrоЬаЬlу Ье rеgаrdеd as а failure of adaptation
leading to cell death [8J,

Shrinkage of hуреrсhrоmiс пеurопs was геgаrdеd
Ьу Snesarev [31] as ап expression of degenerative аtrо-
phy, the biological value of which consisted of adaptation
to lопg-tеrm conservation in uпfачоrаЬlе conditions [25].
Korzhevskii rеgаrdеd shrutrken пеurопs as а pathologi-
cal state preceding се11 death [22]. Shrunken пеurопs are
characterized Ьу pyknosis of the се]1 nucleus, Teflecting the
оссulтепсе of necrobiotic processes in the cell, pгoviding
evidence of structures in the state оf plrysiological degener-
atiott [2,6, 15].

The Fate of Dark uпshruпkеп and shгчпkеп
Nеurопs. Data оп the fate of dark neurons аrе чег\, сопtга-
dictory. ln the еаrlу period fol1owing ехрегimепtаl сrапtосе-
rеЬrа1 trauma (the first seven days), rаts display 1rr.,peTchro-
mic shrunken пеurопs with рооrlу discriminable пuсlе1 апс1

nuc]eoli, with tоrtuоus, deformed рrосеssеs, some оГ \\,hich
then regairred thеiг structure [ 1 8].

After ischemia. duriпg the first hоur after rеstогаIl.]il L-rI

the circulation, hу,ретсhrопriс печrопь shorred ап Iп.:е;5-
iп оrgапеllе densit1,, though their чltrаstrчсlчrе ге.Lr,, зii*
only during the hrst der, Those neurons in цпr.-i :e,-i_l\.l,
of processed did not оссuг Cle,1 anj iiere eli;;l_:_*;;: :,
phagoc} tosiS [-l 

j].
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Dark Nеuгопs of the Вrаiп

Nissl staining of dark пеurопs in the пеосоrtех was
studied in lateral hydraulic impact injury to the brain in rats
(а model of craniocerebral trаumа). In the пеосоrtех, the
пumЬеr of dead пеurопs at 24 h аftег injury was less than
the пumЬеr of dаrk пеufопs at the еаrliеr регiоd. Тhе пum-
ber of dead пеurопs in the hippocampuý was equal to the
пumЬеr ofdark пеurопs |41,44].

The morphological features and the subsequent pres-
епсе ofhyperchTomic neurons in the cerebral cortex, hippo-
саmрus, and reticular formation were studied after induction
of epilepsy. Damaged cells showed swelling of the mito-
сhопdriа, and some пеurопs wеrе edematous, undergoing
gTadual degradation of organelles and release of residues
into the surrounding medium through large Ьrеаks in the
plasmalemma and Ьу phagocytosis [34,39].

Anodic depolarization induces the арреаrапсе of dark
пеurопs irr the пеосоrtех independently of the intensity and
duration ofthe polarizing сurrепts. These пеurопs ате bare-
ly encountered in сопtrоl animals. Dark пеurопs wеrе most
widespread in layers II and IV ofthe frontal cortex 24 h after
the last depolarization. After this, almost а11 neurons grad-
ually rеturпеd to the поrmаl morphofunctional state within
one month of the last polarization [42l. tlуреrсhrоmiа and
shrinkage of сегеЬrаl cortex пеurопs was assessed as degen-
erative, but the possibility оfrечеrsе changes peгsisted [14].

Duгiпg the hоuг after restoration of blood flow follow-
ing l-h ligation of the middle сеrеЬrаl аrtеry, the bodies and
dendrites of dark neurons showed hyperbasophilia, аrgуrо-
philia, osmophilia, and sharp еlесtгоп microscopic thicken-
ing of structures. Between опе hour and опе day аftеr liga-
tion, the extent of ultrаsffuсtuгаl thickening decreased апd
spiral lауеrеd sffuctures arising fгоm mitochondria арреаrеd.
The cytoplasm of some пеurопs then showed apoptotic con-
densation of пuсlеаr chromatin as in newly appared "dаrk"
neurons. Apoptotic neurons were then сопчеrtеd into mеm-
Ьrапе-Ьоuпd, dense, and electron-dense fгаgmепЬ which
were taken up Ьу phagocytes [43].

Published data indicate that the life сусlе of hурrсhrо-
mic neurons сап Ье divided into three pгiods. The first ре-
riod is characterized Ьу а раrапесrоtiс state. Iп some cases,
dагk cells exit this state and аrе converted into погmосhтоmiс
cells. In оthеr cases, the manifestations characterizing the first
period progress, such that dаrk cells dеgепеrаtе and disap-
pear. Нуреrсhrоmiс cells actively synthesizing рrоtеiп show
activation of the genetic аррагаtus, соmраrаЬlе with stress
situations at the genome level. In these conditions, thеrе is а
high pгobability of failure in the mechanisms гegulating gene
activity. The result ofthis fаiluге сап be "chaotic" expression,
leading to transformation of cells and рrоgтаmmеd cell death,
i.e., apoptosis [З"7, |6, З0]. The mechanisms of formation
of "dark" пеurопs mау Ье reversible (in some physiological
states) оr irrечеrsiЬlе, leading to cell death Ьу а pathway dif-
ferent frоm necrosis and apoptosis [З7].

In cholestasis оr loss ofbile in rats, dark shrunken Ьrаiп
neurons in the сеrеЬrа1 and сеrеЬеllаr cortex wеrе also hy-

а_,

реrГuпсtiопаl, which characteгizes them as dr.r_:-.-_. .-
[45]. In addition, the сеrеЬrа1 соrtех оГ animals su:, ., .. _ -

antenatal alcoholization showed significant iпсrеа.еs :: :-.
пumЬеr of dark shruпkеп пеurопs from postnata1 dзl ], . :
accompanied Ьу further losses in the total пumЬег of пе.:- _ ,

in investigations регfоrmеd оп days 45 and 90 [8.9]
The fate of "dark" пеurопs (recovery оr death r dr-|:: -

on the ongoing conditions. Restoration of the volLrr.: ::
shrunken пеurопs reqrrires energy, as blockade of miIclc:,_ :_-

drial enzymes inhibits this rесочеrу and leads to the de.:_
of these пеurопs [38].

Conclusions. In поrmаl conditions, with арргоргiэ:;

рrераrаtiоп of samples, the brains of animals and humlns
contain only occasional dark (hуреrсhrоmiс) пеurопs e:t;
even rаrеr dark shrunken пеurопs. The пumьеrs of these
cells can iпсrеаsе significantly iп агеаs of mechanical Ьrаiп
damage when samples are collected fоr investigation ог
rvhen fixation is delayed (in these cases they should Ье rе-
garded as artifacts). In experimental treatments and patho-
logical states, the numbeT of dark пеurопs сап undergo sig-
nificant iпсrеаsеs. Dark uпshruпkеп пеurопs have damaged
mitochondria and increased numbers of frее ribosomes. de-
tегmiпiпg h,vperchгomatosis оГ the cytoplasm and increased
protein synthesis fоr the cell's own needs. These latter сап
Ье regaTded as ап adaptive reaction directed to pIomoting
печтоп suгr,ir,аl in unfavoTable conditions. Ноwечег, the
abilitl of these neurons to сагrу out their usual functions in
the Ьrаiп rеmаiпs uпс]еаг,

Shnrnkcn пеLlrоп-с ргоЬаЬlу агisе as а result of shаrр
disturtriinces to thеir rгateг-sa]t exchange and the гарid loss
of signlficant quantlties of rr-ater, The чоlumе оf the се11 су-
toplasm dеч-rеаsеs. ц,hiсh leads to an increase iп the densit1,
оf their гiЬоsоmе_с and hl,peгchTomatosis, iп addition. fгаg-
пlепtап, thickening and increases in the density оl the hy-
aloplasm of thee пеurопs occtlI. B,hich is visible оп electron
microscope images as homogeneous аrеаs of hчрегоsmо-
philia. Shrinkace of пеurопs should Ье regaTded as а sечеrе
pathological change, sometimes iгrеl,еrsiЬlе and leading to
се11 death. In addition, questions ofthe functional state anci
fate of dаrk brain пеurопs rеmаiп uпrеsоlчеd and теquirе
furthеr study.
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