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In experimental studies concerning the damaging effect of oxygen in
sufficiency on the central nervous system the assay of its blood supply 
is one of the most important problems. Systemic hypoxia, regardless of 
its origin leads to generalized hemodynamic disorders, which are also 
reflected on the state of the nervous system, despite the autonomic me
chanism controlling brain circulation (Kowada et al., 1968; Mchedli- 
shvili, 1973).

The effects of systemic blood pressure reduction have their patholo
gical manifestations in the central nervous system, the character and 
topography of which depend on the regional vascularisation and meta
bolic properties of particular areas of the brain (Vogt, Vogt, 1922; 
Scholz, 1963; Ridge, 1967; Lampert, 1961; Lindenberg, 1963; Zülch, 1955).

Even more important is the assay of blood supply to the brain in 
those types of experiments in which ischemic factors are the funda
mental elements of the models employed. A great number of very 
sophisticated methods have been elaborated for measurements of blood 
supply and flow in the brain (Lassen, Ingvar, 1961; Walz et al., 1972; 
Mchedlishvili et al., 1972). All these methods offering very precise quan
titative data, give only to a limited extent the insight into the topogra
phy of blood flow disturbances. Morphological, pathological and patho
physiological studies of the cerebral blood vessels in the experimental 
model of circulatory hypoxia have been described in a number of pu
blications originating from the Institute of Physiology of the Georgian 
Academy of Sciences (Mchedlishvili et al., 1965; 1971; Mchedlishvili, Ba
ramidze, 1971; Mchedlishvili, 1972). The majority of^ these studies con
cerned, however, the leptomeningeal vessels and those penetrating the 
cerebral cortex. Therefore, it seemed of interest to evaluate the state of 
the blood vessels network in the brain hemispheres in conditions of cir
culatory hypoxia.
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574 M. J. Mossakowski Nr 4
MATERIAL AND METHODSThe studies were carried out on adult rabbits of both sexes, weighing from 2.5 to 3.5 kg, in which circulatory hypoxia was evoked according to the method described by Mchedlishvili (1972). For morphological studies animals were sacrificed in groups at the following time intervals: group 1 — at the 10th minute of ischemia; group 2 — at time ”0”, what mean the end of 1 5minutes ischemia. This group consisted two variants: a) without blood reinjection, b) with blood reinjection.The other groups consisted of animals sacrificed 15 min., 2, 6, 12, 24 and 48 hrs following ischemia. Exsanguination was controlled by blood pressure measurements, indicating that during ischemia systemic blood pressure was reduced to 20 mm Hg. The reinjection of the blood led to the return of b.h. to the normal level or slightly below the norm. Each group consisted of 3 experimental and 2 control animals. The control animals were submitted to the same surgical procedure as the experimental ones, except exsanguination. The third group consisted of 3 normal animals which were not submitted to any experimental procedures.The brains were fixed in neutral formalin, divided into blocks horizontally at the level of the optic chiasm, infundibulum and interpeduncular fossa. Frozen sections, 40 y- thick were stained according to Pickworth’s method.

RESULTSIn the brain of normal rabbits the cortical vascular system consisted of a dense network of| vessels, varying in caliber and lumen width, arranged in typical layers corresponding to the neuronal stratifications. A varying diameter of vessels representing veins, arteries and capillaries was a striking feature (Fig. 1). Radial arrangement of cortical arteries, and long, wide veins perforating all the neuronal layers was characteristic for all neocortical areas. Vascularisation of the white matter was less dense, and dominated by large veins, showing typical radial arrangement (Fig. 1, 2). The vascular system of the striatum, much more abundant than that of the white matter did not show any characteristic organization (Fig. 2). Abundant vasculature of the hippocampal area, on the contrary, was characterized by typical architectonics, dominated by two vascular plexuses corresponding to nerve cells layers and radially oriented vessels localized between them. Large wide veins were situated in the most central part of Ammon’s horn (Fig. 3).In animals sacrificed at the 10th minute of oligemia a remarkable reduction of blood content in the vascular bed dominated the cortical picture. The typical stratification of cortical angioarchitecture was no more
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Nr 4 Cerebral microcirculation in ischemia 575visible. Visualized was predominantly the network of capillary vessels with only some penetrating arteries (Fig. 4). The rarefaction of the vascular net indicated that, besides reduction of the blood content within the vessels, a great part of them did not contain any elements stainable by the method employed. In the white matter large veins were filled with a considerable amount of erythrocytes. The same situation as in the cortex was seen in Ammon’s horn and in the basal ganglia (Fig. 5). However, even at that time some areas of the cerebral cortex showed a relatively better blood supply (Fig .6). These were predominantly the gyri situated in these parts of the brain, which were vascularized by branches of posterior cerebral arteries. It should be noted, that even here the blood supply was diminished to a great extent, as compared with that of normal, intact animals. The small areas of reduced vascularization »intermingled with those of relatively better blood supply, were very characteristic for these brain parts.At time ”0” without blood reinjection, the morphological picture showed no significant differences from that observed at the 10th minute of oligemia. The reduction of blood content in the vascular bed all over the brain seemed even more significant.The blood reinjection brought about a significant amelioration of blood supply on the side with no permanent ligation of the carotid artery, and a less pronounced improvement on the side of the ligated one. It is worth mentioning that time ”0” following blood reinjection was the only time with an evident difference in blood supply to both hemispheres, this being most significant in the Ammon’s horn structures.At the 15th min. following blood reinjection the most striking feature to be noted was the widespread cerebral hyperemia of high degree, involving practically all structures of the brain hemispheres (Figs. 7, 8). The vessels of all types and calibers were remarkably widened, however, some regional differences were evident. In the white matter distended large veins dominated the morphological picture. In the hippocampal gyrus against the background of venous hyperemia, poor filling of arterial plexus in the layer of bipyramidal nerve cells was seen. Uneven distribution of blood content within the vessels of the same area and caliber was also a significant feature.Two hours after oligemia, all structures of the cerebral hemispheres were still hyperemic, but in the majority of animals widenning of venous vessels prevailed over that of arterial ones. Widespread patches of vessels with reduced erythrocyte content were very characteristic; this being' dominant in the cerebral cortex (Fig. 9). In the 6th hr the number of these areas of reduced blood supply against the background of
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576 M. J. Mossakowski Nr 4

hyperemic tissue was even slightly increased (Fig. 10). The opposite si
tuation was observed at the 12th hr of the experiment. The blood supply 
to the majority of cortical areas seemed to be significantly reduced as 
compared both with the immediately preceding stage of observations 
(6 hrs) and with normal animals. This phenomenon was entirely limited 
to cortical structures (Fig. 11); the basal ganglia blood supply remained 
at the level observed in animals sacrificed at the 6th hr.

Normalization of the blood supply started 24 hrs following the oli
gemic episode. However, even at that time, patchy foci of reduced blood 
supply were present within the cerebral cortex (Fig. 12). They predo
minated in the areas of the frontal lobes. Full normalization of the mor
phological picture of the cerebral vascular network was observed in 
animals sacrificed 48 hrs following oligemia.

Despite the common pattern of blood supply abnormalities descri
bed above, significant differences in their intensity and distribution 
were noted. In all experimental animals the pathological changes were

Fig. 1. Cerebral ccrtex with aboundant vascular network; perpendicularly arran
ged radial arteries are visible. Less rich vascular net of the white matter (right 

corner) is dominated by large veins. Pickworth’s méth. X 60.
Rye. 1. Kora mózgu charakteryzująca się bogatą siecią naczyniową; widoczne pro
stopadle przebiegające tętnice promieniowe. Sieć naczyń w istocie białej uboższa, 

dominują w niej duże naczynia żylne. Met. Pickwortha. Pow. 60 X.
Fig. 2. Vascular network of basal ganglia and internal capsule. Note the diffe
rence in the character and amount of vessels between white and grey matter for

mations. Pickworth’s meth. X 60.
Rye. 2. Sieć naczyniowa jąder podstawy i torebki wewnętrznej. Zwraca uwagę 
różnica charakteru naczyń i ich bogactwa w formacjach szarych i białej. Met. 

Pickwortha. Pow. 60 X.
Fig. 3. Vascular network of normal Ammon’s horn of the rabbit brain, with' 
a characteristic arrangement dependent of its cellular stratification. Pickworth’s 

meth X 60.
Rye. 3. Sieć naczyniowa rogu Amona, z charakterystycznym układem uwarunko
wanym warstwową budową tej struktury anatomicznej. Met. Pickwortha. Pow. 60 X.
Fig. 4. Poor erythrocyte filling of the cortical vascular network with complete 
loss of its ncrmal arrangement; 10th min of ischemia. Pickworth’s meth. X 60.
Rye. 4. Skąpe wypełnienie sieci naczyniowej kory mózgu. Zatarty prawidłowy obraz 

unaczynienia kory; 10-min. niedokrwienie. Met. Pickwortha. Pow. 60 X.
Fig. 5. Poverty of the visualized vascular network of basal ganglia and internal 

capsule; 10th min of brain ischemia. Pickworth’s meth. X 60.
Rye. 5. Zubożenie uwidaczniającej się sieci naczyniowej jąder podstawy i torebki 

wewnętrznej w 10 minucie niedokrwienia. Met. Pickwortha. Pow. 60 X.
Fig. 6. Relatively better visualized vascular network of the cerebral cortex in the 
area of posterior cerebral artery vascularization; 10th min of brain ischemia 

(compare with Fig. 4). Pickworth’s meth. X 60.
Rye. 6. Stosunkowo lepiej uwidoczniona sieć naczyń krwionośnych kory mózgu 
w obszarze unaczynienia przez tętnicę mózgu tylną; 10 min. niedokrwienia (por. 

ryc. 4). Met. Pickwortha. Pow. 60 X.
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Nr 4 Cerebral microcirculation in ischemia 577

most significant in what is called borderline zones between areas vascu
larized by different large cerebral arteries, this being most pronounced 
in the frontal cortical areas and the thalamus.

The control animals did not show any essential differences in the 
morphological picture of the brain vascular network as compared with 
normal animals, which were not submitted to any experimental pro
cedure.

DISCUSSION
X

Our morphological observations, concerning the period of generalized 
oligemia and early stages of postischemic recovery show full concomi
tance with Kapuscinski’s results (1973) dealing with cerebral blood flow 
in the same experimental model of circulatory hypoxia. The significant 
brain ischemia involving all structures of cerebral hemispheres, during 
systemic oligemia (leading to blood pressure reduction to the level of 
20 mm Hg), corresponds well with the essential blood flow reduction 
observed at the same period of the experiment. However, at the mor
phological level, even at this time, the cerebral cortex situated in the 
areas of posterior cerebral artery vascularization, in spite of reduced

Fig. 7. Postischemic hyperemia of the cerebral cortex at the 15th min following 
blood retransfusion. Pickworth’s meth. X 60.

Rye. 7. Przekrwienie kory mózgu w 15 min. po niedokrwieniu. Met. Pickwortha. 
Pow. 60 X.

i
Fig. 8. Hyperemia of basal ganglia and internal capsule at 15th min following 

brain ischemia. Pickworth’s meth. X 60.
Rye. 8. Przekrwienie jąder podstawy i torebki wewnętrznej w 15 min. po niedo

krwieniu. Met. Pickwortha. Pow. 60 X.
Fig. 9. Uneven filling of the cortical blood vessels at the 2nd hour fS-llowing blood 

retransfusion. Pickworth’s meth. X 100.
Rye. 9. Nierównomierne wypełnienie naczyń kory mózgu w 2 godz. po niedokrwie

niu. Met. Pickwortha. Pow 100 X.
Fig. 10. Area of poor filling of cortical vessels, laying on the background of en
gorged vascular network, 6 hrs following blood retransfusion. Piskworth’s meth. 

X 160.
Rye. 10. Pole ubogiego wypełnienia sieci naczyń kory mózgu położone na tle jej 

przekrwienia w 6 godz. po niedokrwieniu. Met. Pickwortha. Pow. 160 X.
Fig. 11. Poor filling of the cortical vascular network at the 12th hr following blood 

retransfusion. Pickworth’s meth. X 60.
Rye. 11. Skąpe wypełnienie sieci naczyń w korze mózgu w 12 godz. po niedokrwie

niu. Met Pickwortha. Pow. 60 X.
Fig. 12. Cortical vascular network at the 24th hr following blood retransfusion. 

Note uneven filling of blood vessels (compare Fig. 1). Pickworth’s meth. X 60.
Rye. 12. Sieć naczyń kory mózgu w 24 godz. po niedokrwieniu. Zwraca uwagę 
utrzymujące się nierównomierne wypełnienie sieci naczyniowej (patrz rye. 1). Med. 

Pickwortha. Pow. 60 X
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578 M. J. Mossakowski Nr 4blood supply shows significantly better irrigation than that vascularized by anterior and middle cerebral arteries. This might be indicative of a relatively good efficiency of thé vertebral arterial system in the case of bilateral ligation of carotid arteries in rabbits (Kapuściński, unpublished data). Reinjection of blood into the arterial system, with return of the blood pressure to normal level brings about an immediate amelioration of blood supply to the brain hemispheres, the phenomenon being for a short period of time limited to the side of the non ligated carotid artery. The short-lasting deterioration of the blood supply to the hemisphere on the ligated side seems to be a phenomenon quite different in nature from the no-reflow phenomenon, described by Ames et al. (1968).Cerebral ischemia is followed by considerable hyperemia, involving all types of blood vessels. This again corresponds to a significant cerebral blood flow increase, found by Kapuściński (1973) in the period following immediatelly generalized oligemia and lasting from the 15th to 90th minute of the recovery phase. These observations support also the data presented by Mchedlishvili et al. (1974). The prevalence of nervous tissue engorgement, observed at the 2nd and 6th hours following ischemia as compared with the relative decrease of cerebral blood flow in the 2nd hour of the postischemic period, noticed by Kapuściński (1974) might indicate that passive hyperemia and venous stasis are a phenomenon following active hyperemia.The disturbances of cerebral microcirculation during later phases of the recovery period form a separate and very important problem from the standpoint of the pathogenesis of morphological, histochemical and biochemical changes occurring in the brain following circulatory hypoxia (Albrecht, 1974; Sikorska et al., 1974; Zelman, 1974). They consist in generalized ischemic features of the cerebral cortex, following the period of brain hyperemia (being seemingly reflex in their nature) and in the occurrence of patchy areas of reduced blood supply in the cerebral cortex during the whole period of hyperemia and normalization. Their presence is concordant with the observations made by Ko- wada et al. (1968), who noted the presence of cerebral circulation disturbances in the period following other types of hypoxic and/or ischemic accidents. The nature of focal circulation abnormalities is unknown, it seems, however, that they may be somehow related with structural and functional abnormalities, concerning pial and cortical arteries, found by Mchedlishvili et Baramidze (1971) in circulatory hypoxia. The focal character of blood-brain barrier disturbances and their localization confined to the cerebral cortex (Gadamski, Szumańska, 1974) are also suggestive of a close relation of this phenomenon with the above described abnor-
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Nr 4 Cerebral microcirculation in ischemia 579malities in cortical circulation. Their occurrence in the postischemic period in the presence of full normalization of the systemic blood pressure indicates that the structural abnormalities found in the brain tissues depend not only on the reduced blood supply to the brain during systemic oligemia, but also on supply disturbances taking place during the whole period of recovery. They are also strongly suggestive of abnormalities in the autonomic regulation of brain circulation, which are not visualized by global isotope measurements.
M. J. Mossakowski

ZABURZENIA MIKROKRĄŻENIA MÓZGOWEGO W HIPOKSJI KRĄŻENIOWEJ 

Streszczenie

Przy pomocy techniki benzydynowej Pickwortha oceniono stan sieci naczynio
wej mózgu w hipoksji krążeniowej, zarówno w okresie ogólnoustrojowej oligemii 
jak i w czasie 48 godzin po epizodzie niedokrwiennym.

Stwierdzono, że w okresie wykrwawienia zwierzęcia, związanego ze spadkiem 
ciśnienia układowego do wartości 20 mm Hg — dochodzi do wybitnie nasilonych 
cech niedokrwienia mózgu, wyraźniejszych w obszarze unaczynienia tętnic przed
niej i środkowej mózgu i mniej nasilonych w polach zaopatrywanych przez tętni
cę mózgu tylną.

Retransfuzja krwi prowadząca do wzrostu ciśnienia układowego do wartości 
zbliżonych do normy wywołała znacznego stopnia przekrwienie wszystkich struk
tur półkul mózgowych, utrzymując się do 6 godziny po zabiegu doświadczalnym, 
z tym jednak, że w okresie drugiej i szóstej godziny dominował obraz przekrwie
nia żylnego tkanki. Na tle uogólnionego przekrwienia mózgu, początkowo tętnicze
go a następnie żylnego w korze półkul występowały przez cały okres zdrowienia, 
aż do 24 godziny rozsiane ogniska upośledzonego ukrwienia tkanki. W 12 godzinie 
po zabiegu stwierdzono ponownie uogólnione niedokrwienie kory. Zapoczątkowana 
w 24 godzinie normalizacja ukrwienia mózgu następowała po 48 godzinach od za
biegu.

Zwrócono uwagę na występowanie „późnych” zaburzeń krążenia mózgowego 
w okresie zdrowienia poniedokrwiennego, podkreślając w szczególności występo
wanie rozsianych, plackowatych ognisk niedokrwienia kory. Zaburzenia ukrwienia 
w okresie zdrowienia mogą, obok krótkotrwałego epizodu niedokrwiennego odgry
wać istotną rolę w patogenezie metabolicznych i morfologicznych uszkodzeń 
tkanki.

M. H. MoccaKOBCKM

HAPyiHEHMH MO3rOBOÏÏ MMKPOIfllPKyjIRIl,M14 IIPK UWPKyJIHUMOHHOH 
rwnoKCiiK

P e 3 to m e

C noMOujbio 6eii3MAHHOBOü tcxhmkm lIwKBOpTa opeHiiBajin cocToaiiue cocyancTOM 
ceTM M03ra npn mipKyjiHijnOHHOM rnnoKcnn khk b nepno^ ojinreMnu Bcero opra- 
nn3Ma, TaK u nepe3 48 Bacon nocjie momchtu huicmuk.
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580 M. J. Mossakowski Nr 4

Bbijio yCTaHOBJieno, hto b nepno^ oSecKpoBjiwBaHMH jkubotboi-o, CBH3aHHOro 
c na^eHweM cncTeMHOro ¿jaBjieHMH ¿jo BejinnnHbi 20 mm pTyTHOro croaba, ^oxo^ht 
¿jo ncKjiiO'inTejibHO cujibho BbipajKCHHOfi nuieMMH M03ra, ocobeHiio b objiacrw sac- 
KyjiHpM3apnw nepe^iieñ n cpe^neii apTepnw MO3ra m Menee HHTencwBHOfi b objiacinx, 
CHaOjKaeMbix 3a^Hefi apTepwen MO3ra.

PeTpaHce£>y3PíH xpoBn, Be^yman k yBejinnemiJO cncTeMHOro flasjierniH 30 bcjihhiih, 
6jim3khx k nopMe, Bbi3biBa.na 3HanwTejibHyio rwnepeMMio Bcex cTpyKTyp MO3roBbix 
nojiyuiapnfi, y,zjep>KHBaioiJnyiocH 30 6-ro naca nocjie 3KcnepwńieiiTaJibHOfi npone^ypbi, 
npnneM b nepwo/i BToporo n mecTOro naca npeo6jia/¡ajia KapTuna bphO3hoíí rnne- 
peMww TKaHM. Ha dpOHe o6m,eM mnepeMnii MO3ra, CHanajia apTepua jib noil, a saTem 
BeHO3HOñ, b Kope HOJiymapnfi b Tenenne Bcero nepnojia BO3BpamenwH k nopMe, 
BnjiOTb ^0 24 sacón, BbiCTynajiw pa36pocaHiibie onarn napymeHiioro KpoBOcna6?KeHWH 
TKaiiM. Hepe3 12 nacoB nocjie npopejjypbi chobb naBjiio/iajiacb oBiubh nmeMna Kopbi. 
HanaBinaHCH na 24-om nacy HOpMajin3amiH KpoBOCHa6jKeHHH MO3ra iiacTynajia 
nepe3 48 nacoB nocjie nponeaypbi.

Ebijio o6panjeHO BHWManne Ha npoHBjieHne ,,rio3flHMx” HapyinennM MO3rOBOro 
KpoBOo6paipeHMH b nepnofl nocTnuieMnnecKow HopMajui3aijni4, npn 3tom ocobenno 
iiojmepKnBaeTCfi nOHBjieHwe pa36pocanHbix mcjikmx onarOB MiueMnn Kopbi. Hapy- 
LuenKH KpoBOcna6?KeHHH b nepno^ BO3Bpam,enMH k HopMe MoryT, napany c xpaTKO- 
BpeMeHHbiM MOMenTOM HineMMH, nrpaTb BajKuyio pojib b naTOreHe3e MeTaGojiwnecKwx 
m Mopf^ojiornnecKnx napymeHwii TKaHM.
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