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Introduction 
This paper  describes the  h i s topa tho logy  of  cerebra l  ar ter iosclerosis  as reflected 

b y  h i s tochemica l  d a t a  on the  ox ida t ive  enzymes  DPN-d iapho ra se  and  succinic 
dehydrogenase ,  the  hyd ro ly t i c  enzymes  ac id  and  a lkal ine  phospha tase ,  and  d a t a  
on mi tochondr ia .  I t  represents  an  effort to  a p p l y  mapp ings  of the  no rma l  distr i-  
bu t i on  of enzyme a c t i v i t y  in the  h u m a n  b ra in  to  neuropa tho logy .  The  d i s t r ibu t ion  of  
D P N - d i a p h o r a s e  in fiber t r ac t s  (FRIEDE 1961) and  measu remen t s  of the  g rada t ions  
of  th is  enzyme among  mos t  nuclei  of  the  h u m a n  b ra in  are now ava i lab le  as a 
basel ine on norma l  chemoarch i tec tu re  (FRIED~ and  FLWMI~G 1962). Likewise,  
the  d i s t r ibu t ion  of  four  ox ida t ive  enzymes and  capi l la r iza t ion  in the  b ra in  s tem 
of  the  cat  has  been m a p p e d  in a h i s tochemiea l  a t las  (FRIEDE 1961). Other  s tudies  
app l ied  these  d a t a  to  t he  inves t iga t ion  of  mul t ip le  sclerosis (FRIEDE 1961) and  
Alzhe imer ' s  disease (FRIED~ and  MAGEE 1962) p rov id ing  much  new informat ion .  

I t  is recognized t h a t  inves t iga t ion  of  only  four  of the  hundreds  of  enzymes  
work ing  in the  t issue represents  a f r agmen t  of wha t  can be s tudied.  His tochemica l  
me thods  are ava i lab le  for a t  leas t  45 enzymes.  However ,  the  app l i ca t ion  of  these  
techniques  to  neu ropa tho logy  m u s t  be preceded  b y  knowledge  of  the  no rma l  
chemoarch i tec ture .  Such knowledge  is indispensable  for h i s tochemica l  s tudies  of  
pa tho log ica l  m a t e r i a l  j u s t  as n e u r o a n a t o m y  is indispensable  for convent iona l  
neu ropa tho logy .  

Material and Methods 
The data described in the following were obtained from several cases of cerebral arterio- 

sclerosis, selected, for optimal enzyme histoehemical conditions, from the large postmortem 
material of the Laboratory of Neuropathology of the University of Michigan. In each case 
extensive series were cut, using enzyme histochemieal methods, conventional stains, and 
sometimes silver impregnation ia adjacent sections from the same blocks. Further correlation 
of histochemieal and conventional data was facilitated by combinations of stains, such as 
counterstaining of enzyme preparations with chrom alum-gallocyanin and with fat stains. 
The following histochemical techniques were used: 

DPN-diaphorase. Formalin-fixed material was stored in the refrigerator for one to two 
days; 30 # frozen sections were incubated for two hours at 38 ~ C in the medium of F~R~R, 
ST~R~B~RG and DV~LAe (1956). This technique and that of SCARI~ELLI, HESS and P~A~SE (1958) 
were used interchangeably with identical results. Nitro BT was the tetrazolium salt used with 
both methods. Some sections were dehydrated and mounted in Permount and others were 
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mounted in glycerin-gel. Selected sections were eounterstained with Sudan Black, Fettrot, 
or ehrom alum-gallocyanin. 

Succinic dehydrogenase. Frozen sections of unfixed tissue, 60 # thick, were incubated 
in the medium of NAC~LASS and coworkers (1957) using Nitro BT. 

Acid and alkaline phosphatase. Frozen sections of formalin-fixed tissue, 30 # thick, were 
stained with the coupling azo dye methods. 

Mitochondria were stained with Altmann's anilin-fuehsin and Novelli's technique. 
Reliability el the tetrazolium techniques employed. Tetrazolium techniques for DPN- 

diaphorase and succinie dehydrogenase have been standardized in this laboratory for the 
routine measurement of gradations of enzymatic activity among regions of the human brain. 
The procedure involves the extraction of ~NT-formazan from tissue discs punched from the 
sections; the amount of formazan formed in the tissue is measured speetrophotometrically. 
Comparison of data obtained with this method, in addition to comparison with tissue homo- 
genate assays, indicated that the patterns of oxidative enzymes described below reflected the 
true distribution of enzymatic activity and were not distorted by such factors as a nonlinear 
histochemical reaction, changes due to formalin fixation of the tissue, lipid solubility of 
formazan, absorbtion of tetrazolium salts on proteins, or nonspecific reaction products. 
Reference is made, in this regard, to FRIEDE and FLE~I~CG 1962, and also to a forthcoming 
publication. 

Technique/or capillary measurements. The capillarization of cat brain was demonstrated 
by injection with india ink. Small samples were taken from the cerebral cortex and were 
cut at 40 #. The samples were oriented carefully so that the axis of arteries was rectangular 
to the pIane of cutting. The sections were mounted with glycerin-gel to avoid tissue shrinkage. 

These slides were projected on a screen with an attached polar-coordinate engineering 
form (12-187). Such forms show equidistant concentric rings and 36 radial subdivisions. The 
center of the form was centered in a large artery. Any crossing of a capillary with any of the 
36 radial subdivisions was marked. The forms were evaluated by counting the number of 
capillaries and this was expressed as a function of the distance from the center of the artery. 
A total of 1980 capillaries were counted. 

Results 

A. H i s t o c h e m i s t r y  el I n / a r c t i o n  

Normal Distribution o/Oxidative Enzymes. A comple te  descr ip t ion  of  the  no rma l  
d i s t r ibu t ion  of  ox ida t ive  enzymes in b ra in  t issue exceeds the  scope of this  ar t ic le;  
a few references m a y  help  those no t  fami l ia r  wi th  the  normal  pa t t e rn s  of enzyme 
dis t r ibut ion .  W h i t e  ma t t e r ,  in general ,  exh ib i ted  less ac t i v i t y  t h a n  g r ay  ma t t e r .  
DPN-d iapho ra se  has  been demons t r a t ed  in ol igodendrogl ia  cells of  whi te  m a t t e r  
and  in th ick  axons.  Severa l  t ypes  of  ol igodendrogl ia  ceils were d is t inguished b y  
g rada t ions  of  enzyme ac t iv i ty .  The re la t ive  enzyme d i s t r ibu t ion  in glia cells and  
axons  va r ied  g rea t ly  among the  t r ac t s  of  the  h u m a n  bra in  (FnlE])E 1961). l~ormal  
a s t rocy tes  showed ex t r eme ly  l i t t le  a c t i v i t y  of  ox ida t ive  enzymes (FI~IEDE 1962). 

Gray  m a t t e r  exh ib i t ed  more  a c t i v i t y  of  ox ida t ive  enzymes t han  whi te  m a t t e r  
bu t  there  were considerable  g rada t ions  of  a c t i v i t y  among  ind iv idua l  nuclei.  The  
a c t i v i t y  of  a n y  given nucleus was fa i r ly  cons tan t  in the  no rma l  a d u l t  bra in ;  
however,  there  were definite cytological  var ia t ions  of enzyme d i s t r ibu t ion  among 
nuclei. I n  some nuclei,  enzyme ac t i v i t y  p reva i led  in the  p e r i k a r y a  of  nerve ceils, 
and  in others  i t  p reva i led  in the  neuropil .  The t e rm neuropil ,  as used in the  
following, charac ter ized  a diffuse d i s t r ibu t ion  of  enzymat ic  a c t i v i t y  be tween  the  
pe r ika rya .  I t  impl ied  loca l iza t ion  of  enzyme a c t i v i t y  in dendr i tes ,  synapses,  
t e rmina l  axon  branchings,  and  also poss ibly  in gl ial  processes. The re la t ive  
con t r ibu t ion  of  each of  these s t ruc tures  to the  t o t a l  enzyme ac t i v i t y  of  the  neuropi l  
could n o t  be de te rmined  wi th  l ight  microscope techniques .  The  neuropi l ,  under  
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pathological and developmental conditions, responded like a uniform tissue 
structure, its behavior being different from that  of perikarya. 

Enzyme Changes in Incomplete Necrosis. Incomplete tissue necrosis of gray 
mat ter  was characterized by a decrease or loss of oxidative enzyme activity in 
the neuropil. Early slight changes were recognizable only by careful comparison 

Fig. 1 

Fig. 2 

Fig. 1--2. Degrees of cortical damage: Fig. 1 islands of persisting neuropil; Fig.2 complete necrosis. The heavily 
stained cells arc hypertrophic astrocytcs. Note the absence of enzyme activity in the fat ty degenerated 

maerophages in the necrosis in Fig. 2. DPN-diaphorase. 20 • 

with the normal regional enzyme patterns. Advanced changes were quite con- 
spicuously showing an irregular patchy decrease of the enzyme reaction in the 
neuropil. Even these conspicuous changes had to be evaluated carefully, since 
certain thalamic nuclei (e.g., nucl. dorsomedialis) normally showed patchy irreg- 
ular enzyme patterns. Advanced stages showed only residual islands of neuropil 
(Fig. 1 and 2) with persisting enzyme activity; these were separated from each 
other by zones of very little or no enzyme activity. Such changes were observed 
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in the cerebral cortex and also in putamen, pallidum, thalamus and other nuclei 
of the brain. 

Regions normally characterized by strong enzyme activity in the neuropil 
and little, or none, in perikarya (e.g. upper cortical laminae) did not show an 
enzyme reaction in perikarya of nerve cells during any phase of the pathological 
decrease of activity in the neuropil. Regions which normally showed oxidative 
enzymes in the perikarya of nerve cells (e.g. fifth and sixth cortical laminae) often 
suggested some reactive increase of activity following slight damage. This sub- 
jective impression, however, could be due to the contrast resulting from the 
decreased reaction in the neuropil. Severe damage would destroy the nerve cells. 

Fig.3. Hypertrophic  astrocytes showing strong D1)~-diaphorase activity. 250 • 

Early Enzyme Changes in Complete In/arction. The early phase of complete 
tissue necrosis was characterized by a diffuse and complete loss of oxidative 
enzyme activity. However, the capillaries and larger vessels which persisted in 
the necrotic tissue, exhibited marked enzyme reaction. The tissue bordering the 
infarction appeared inert in the early phases. With the demarcation of the in- 
farcted tissue, several histochemical changes appeared in the adjacent tissue, the 
most conspicuous one being the reaction in astrocytes described as follows. 

Histochemistry o] Hypertrophic Astrocytes. Normal astrocytes were charac- 
terized by very little activity of oxidative enzymes, while an excessively strong 
reaction was observed in reactive swollen, hypertrophic astrocytes (Fig.3). The 
capability to increase enzyme activity seemed to represent a particular feature 
of astrocytes; reactive astrocytes often were observed intermingled with oligo- 
dendroglia cells which had a normal reaction. This selective enzyme change seemed 
to indicate a specific metabolic reaction of the astrocytes. 



In the later phases of infarction, the necrotic tissue was surrounded by a 
proliferation of hypertrophic astrocytes (Fig. 4) with very strong enzyme reaction 
(DPN-diaphorase, succinic dehydrogenase). The astroeytes with increased enzyme 
activity formed a zone of darker staining which was readily distinguishable to 
the naked eye (Fig.2). Numerous hypertrophic astrocytes with strong enzyme 
reaction occupied the persisting upper portion of the molecular layer covering the 
cortical defect (Fig. 2). Tb e molecular layer exceeded manifold its normal activity. 

Fig .4 .  Foca l  in fa rc t  in the  cerebral  cortex;  note  the  loss of  enzyme ac t i v i t y  f rom the neuropi l  and  the  increased 
reac t ion  in the  hyper t roph ic  as t rocytes .  DPN-d iaphorase .  95 • 

Hypertrophic astrocytes were also seen in cuffs of persisting tissue around some 
of the larger blood vessels. In  contrast, the macrophages in the defective necrotic 
tissue showed a weak reaction, if any. 

The enzyme activity in hypertrophic astrocytes decreased gradually with the 
distance from the necrosis (Fig. 2). Infarcts in gray or white mat ter  showed the 
same type of astrocytic reaction. In  gray matter,  hypertrophic astrocytes were 
clearly distinguishable from the neuropfl, particularly if the reaction in the latter 
was decreased (Fig. 4). In white matter,  hypertrophic astroeytes were distinguished 
by increased enzyme reaction while the oligodendroglia cells showed either no 
change or disappeared altogether. 

Oxidative Enzymes and Fatty Degeneration. Counterstaining of enzyme histo- 
chemical preparations with Fet t ro t  revealed a clear-cut inverse relationship 
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between the deposition of neutral fat  and activity of oxidative enzymes in cells 
(Fig. 5). Strong oxidative enzyme activity and heavy deposition of fat  excluded 
each other; intermediary stages showed reduced enzyme activity and some depo- 
sition of fat. Hypertrophic astrocytes, thus, never showed deposition of fat, 
while the macrophages in the necrotic tissue were loaded with fat  droplets and 

Fig. 5. Inverse relationship of oxidative enzymatic activity and deposition of fat. DP~T-diaphorasc counterstained 
with Fettro~. l l 0  • 

showed no, or very little, activity of oxidative enzymes (Fig. 5). Areas with depo- 
sits of fat  droplets at  some distance from the infarct, likewise, coincided with 
structures devoid of oxidative enzymatic activity. 

Distribution o] Mitochondria. Stains for mitoehondria have been used for the 
comparison of the distribution of mitochondrial enzymes and mitochondria in 
normal and pathological tissue ( F R I E D ] ~  and PAx 1961; FI~I]~D~E 196/). In  the 
present material, many  mitochondria were seen in portions of normal brain tissue 
showing strong enzyme reaction, while few were found in macrophages. Some 
difficulty was encountered in distinguishing mitochondria in hypertrophic astro- 
cytes, because of a diffuse staining of their cytoplasm. Under favourable conditions 
though, numerous mitochondria were distinguishable in the cytoplasm; this ob- 
servation was in accordance with electron microscopical observations (LusE 1958). 
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Distribution o/ Acid Phosphatase. The distribution of acid phosphatase in 
pathological tissue differed strikingly from that  of oxidative enzymes; it paralleled 
closely the distribution of microglia. A strong reaction for acid phosphatase was 
seen in numerous cells scattered in the tissue bordering the necrosis. These cells, 
as demonstrated by the enzyme reaction, often showed a rod-shaped cell body 
with po]ar processes, suggestive of microglia ceils; their distribution, size and 
shape differed clearly from that  of hypertrophic astrocytes, toward and within 
the area of necrosis, the cells with acid phosphatase activity enlarged gradually, 

Fig.6. Acid phosphatase activity in spherical maerophages within a tissue defect. 170 • 

losing their processes, and forming typical gitter cells (Fig.6). There was no 
inverse relationship between the deposition of fat and acid phosphatase activity. 
On the contrary, the fatloaded necrotic regions, which had little reaction for 
oxidative enzymes, were heavily stained by the reaction for acid phosphatase, 
due to the strong reaction in the macrophages (Fig.6). Microglia cells in the 
adjacent tissue likewise showed strong activity of acid phosphatase in contrast 
to the cytoplasm of hypertrophic astrocytes which showed only weak staining. 
Reactions for oxidative enzymes, on the other hand, were strong in the astrocytes, 
but  did not permit a clear-cut distinction of the microglia. The correlation of 
acid phosphatase activity and microglia was facilitated by comparison with 
silver impregnations. 

Alkaline Phosphatase. Alkaline phosphatase activity in cerebral cortex was 
normally found in the walls of capillaries, in the tissue adjacent to the capillaries, 
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and in the superficial portion of the molecular layer. The enzyme distribution 
in capillaries changed little in complete tissue necrosis. Isolated capillaries with 
strong aLka/ine phosphatase activity were observed in the defect (Fig.7). The 
molecular layer covering necrotic portions of the cortex showed a marked in- 
crease of alkaline phosphatase (Fig. 7) which was distinguishable maeroseopically 
as a dark line on the surface of the cortex, sharply demarcating the necrotic 

Fig. 7. Increased activity of alkaline phosphatase in the molecular layer covering an infarct; strong reaction in 
capillaries; absence of activity in macrophages. 80 • 

regions. Microscopically, the reaction was distributed homogeneously in the 
tissue and cytological localization was not possible. I t  was interesting to note that  
alkaline phosphatase in brain tissue was always found where there were foot- 
plates of astrocytes. 

Interrupted Axons in White Matter. Infarcts of white matter  interrupt the 
aXODS of the affected fiber tracts; accordingly, silver stains often showed the 
typical damming and swelling of interrupted axons (CAzAL 1928). Experimental 
histochemical studies of axonal reaction showed, in such swollen axons, greatly 
increased activity of several oxidative enzymes (F~IEDE 1959). Similar obser- 
vations were made in white mat ter  bordering infarcts. Sections cut parallel to' the 

Aeta 5~europathoIogica, Bd. 2 5 
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course of tracts revealed the typical club-shaped terminal swellings of axons with 
strong activity of oxidative enzymes. Sections cutting axons at random, showed 
the transected swellings as large spherical or ovoid bodies with a strong enzyme 
reaction. 

Neuronophagia. Neuronophagias were readily recognized in regions where 
activity of oxidative enzymes normally predominated in the perikarya of nerve 

Fig. 8 Fig. 9 

Fig. 8 and 9. Neuronophagia. Fig. 8: DPN-diaphorase; the glia cells from an irregular "cloud" of enzyme activity 
around the nerve cell 315 •  Fig.9:  Nerve cells from the same region with chrom alum gallocyanin. 500 • 

cells, but  was low in the neuropil. 
In such regions, neuronophagias 
were identified as "cloudy" spots 
of increased activity of oxidative 
enzymes (Fig. 8). Individual peri- 
karya of glia cells were not 
distinguishable, but  the peri- 
karya of the nerve cells sometimes 
were discernible from the activity 
in the surrounding clusters of 
glia cells. Comparison with ad- 

Fig. 10. Corpus amylaceum outlined by some nPN-diaphorase j a c e n t  conventional sections and 
activi ty at its surface. 560 x 

counterstaining of the enzyme 
reaction with chrom alum-gallocyanin proved that  the areas of increased enzyme 
activity represented clusters of "neuronophagic" glia cells surrounding the nerve 
cells (Fig. 9). These observations were in keeping with the data of RoIzIN (1951) 
demonstrating strong activity of cytochrome oxidase in neuronophagias. Neuro- 
nophagias were not distinguishable by acid phosphatase activity in the glia cells. 

Corpora Amylacea. Corpora amylacea did not exhibit activity of any of the 
enzymes investigated; however, the surface of the corpora amylacea sometimes 
showed some DPN-diaphorase activity (Fig. 10). The presence or absence of such 
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a reaction depended on the extent of enzyme activity in the surrounding tissue. 
Corpora amylacea in the subpial tissue of the spinal cord, for example, (where nor- 
really little oxidative enzyme activity was present) did not exhibit any reaction 
at  their surface. Therefore, act ivi ty at  the surface could not be considered a 
characteristic feature of corpora amylacea. 

Hyaline Change o/Arteries. Arteries with hyaline degeneration of their wall 
were characterized by a complete loss of all the enzymes studied. 

B. Pathogenesis o/Perivaseular Scars 
Absence o/Capillaries in the Peri-Arterial Region. The normal vascularization 

of the peri-arterial brain tissue seemed to represent a key for the understanding 
of the pathogenesis of the periarterial scar formations in arteriosclerotic brains. 

[ 
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F i g . l l .  N u m b e r  of  capillaries (ver t ical  scale) as compared  wi th  the  dis tance f r o m  the center  of  the ar tery .  The 
curves  represent  da ta  for smal l  (S) and  large (iS) ar ter ies .  The presence of  a capil lary-free per iar ter ia l  space is 

ev ident ;  for fu r the r  discussion see t ex t  

P~EII~ElZ (1930) drew attention to the absence of capillaries in the tissue sur- 
rounding cerebral arteries. Pfeiffer's observations were substantiated by counts 
of the capillary density related to the distance from ar tery in india-ink injected 
cat brains. The counts were made in the cerebral cortex, but the periarterial 
absence of capillaries was observed everywhere in the brain. Fig. 11 evidences the 
absence of capillarization in the periarterial tissue, comparing counts for small (S) 
and large (L) arteries selected from the total  material. Zero position on the 
horizontal scale marked the center of the artery and the arrows marked the 
position of the arterial wall. The absence of capillaries in the periarterial tissue 
was clearly visible. Since the arteries were filled with india ink and the sections 
embedded in glycerin-gel, there was only minimal, if  any, shrinkage and dilatation 
of the spaces of Virchow-Robin; the capillary-free area thus truly reflected 
periarterial tissue. Comparison of large (L) and small (S) arteries evidenced a 
fairly uniform distance, from the arterial wall, of tissue without capillaries. At 
greater distance from the artery, the capillary density decreased due to inter- 
ference with the periarterial tissue of other arteries. 

5* 
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Two alternative hypotheses could explain the absence of capillaries in peri- 
arterial tissue: 1. A low metabolic rate of the periarterial tissue could render 
capillarization not necessary. 2. The artery, despite the thickness of its wall, 
could provide a satisfactory supply of oxygen and metabolites to the adjacent 
tissue, thus taking the place of capillaries. These alternative hypotheses could be 
judged on the basis of histochemical data  on the periarterial tissue. 

Fig.12. Loss of enzyme activity in the periarterial tissue (neuropil) in arteriosclerosis (cerebral cortex). 180 • 

Histochemistry o] the Periarterial Tissue. The distribution of oxidative enzymes 
provides a fairly rehable parameter  of the local average oxidative energy meta-  
bolism; this was indicated by  the almost ideal correlation between capillarization 
and gradations of oxidative enzymes : Measurements in 35 nuclei of the cat brain 
stem showed a correlation coefficient of 0.88 between eapillarization and succinic 
dehydrogenase act ivi ty (FlcIEDE and FLEMING 1962). The distribution of oxi- 
dative enzymes in the periarterial tissue, therefore, was studied systematically 
in the various nuclei of the human brain. In  all regions studied, oxidative enzyme 
activity in the neuropil did not change with the distance from the arterial wall. 
Nerve cells with a strong enzyme reaction, equalling the reaction of the rest of 
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the cell population, often were intimately attached to the membrane lining the 
space of Virchow-Robin. 

These observations definitely favoured the second hypothesis which claimed 
that  the arteries, despite their thick wall, provided a sufficient supply of oxygen 
and metabolites to the adjacent tissue, thus rendering capillaries superfluous. 

Histochemistry o/ the Periarterial Tissue in Arteriosclerotic Brains. Brains with 
cerebral arteriosclerosis showed a pathological decrease of the activity of oxi- 
dative enzymes in the periarterial tissue, particularly in the basal ganglia and the 
deep white mat ter  but also in cerebral cortex. In white matter,  the normal enzyme 
reaction of oligodendroglia cells disappeared; in gray matter, the periarterial 
tissue showed a loss, or a marked decrease, of the enzyme activity in the neuropil 
(Fig. 12). The nerve cells with strong enzyme activity disappeared from the peri- 
arterial tissue. These enzyme changes induced the formation of the typical peri- 
vascular glial scars (etat crible), which represent a common feature of cerebral 
arteriosclerosis. 

This data suggested that  one of the earliest, changes in cerebral arterio- 
sclerosis seemed to be an impairment of transport through the arteriai wall; 
resulting in an insufficient nutrition and thus damage of the periarterial tissue. 
The distant tissue, which derived its supply from capillaries, was unharmed. 
Insufficient nutrition of the periarterial tissue probably would damage the tissue 
structures first which normally showed strongest activity of oxidative enzymes; 
accordingly, nerve cells, neuropil and oligodendroglia disappeared, resulting in 
formation of a periarterial sear. I t  was interesting to note that  the walls of arteries 
with periarterial loss of enzyme activity usually did not show the enzyme changes 
accompanying" hyatinosis (see above). This seemed to stress the significance of 
some unknown mechanism of transport through the arterial wall, probably one 
of the earliest functions impaired in arteriosclerosis. 

Discussion 

The typical increase of oxidative enzyme activity in hypertrophic astroeytes 
described above has been observed in this laboratory in cases of multiple sclerosis, 
Alzheimer's disease, and in tissue adjacent to brain tumors (Fai]~m~ 1958). The 
association of acid phosphatase with microglia likewise was observed. Our obser- 
vations were in agreement with the experimental histoehemieal findings in 
selective neuronal necrosis of rat  brain (CoL~A~T 1961) and with data from a more 
complete histochemieal analysis of the enzyme changes in reactive astroeytes 
by RUBINSTEIN, •LATZO and MIQCEL 1961. 

Another interesting feature was the inverse relationship between fat ty  de- 
generation and oxidative enzyme activity. This inverse relationship was con- 
sistent in neuropathological material as well as in other organs, such as in experi- 
mental fa t ty  degeneration of the liver (FalEDE 1960). The most logical inter- 
pretation of this phenomena was that  impairment of the oxidative Krebs cycle 
resulted in the deviation into fat synthesis of metabolites normally burned by 
the Krebs cycle. The time-honored concept of incorporation of fat in phagocytes, 
removing necrotic tissue appears to be in need of revision. The deposition of fat 
in these cells probably indicates a damaged citric acid cycle (and impaired 



70 REINt~ARD L. FlCIEDE: 

oxidative metabolism) rather than the phagocytosis of fat  from the tissue. This 
concept received strong support from experimental studies of fa t ty  degeneration 
in tissue culture pursued at present in this laboratory: The data available confirm 
that  there is a correlation between oxidative enzyme activity and fa t ty  degenera- 
tion under conditions where removal of necrotic tissue was practically eliminated. 

The spotted decrease of oxidative enzyme activity in the neuropil in regions 
of incomplete tissue necrosis represents another remarkable pathological change. 
Experimental studies showed that  enzyme activity in the neuropil of the cerebral 
cortex may be decreased locally more than 50~ while the nerve cells in these 
regions showed no changes ff stained with conventional techniques (F~IEDE 1962). 
Conventional techniques, demonstrating the cell bodies, thus, may fail to show 
extensive pathological alterations of the cell processes in the ncuropfl, at least 
dm'ing the earlier phases of the pathological process. Since enzyme activity 
prevails in the neuropil in many, but  not all, nuclei of the brain, the information 
obtained by conventional techniques may present a distorted picture. 

The most logical interpretation of strong activity of oxidative enzymes but  
absent capillarization in the periarterial tissue seemed to be that  the arterial 
wall, despite its thickness, provided sufficient nutrition for the periarterial tissue. 
I t  was not clear whether this was accomplished by active transportation of sub- 
stances through the arterial wall, or whether the arterial wall had little resistance 
to the passive diffusion of substances through it. In any event, impairment 
of the transport through the arterial wall appeared to be one of the early changes 
of cerebral arteriosclerosis; this probably represented the mechanism responsible 
for the formation of periarterial scars. 

Summary 
The distribution of two oxidative enzymes (DPN-diaphorase and suecinic 

dehydrogenasc), two hydrolytic enzymes (acid and alkaline phosphatase) and 
data on mitochondria were described as to their relationship to the histopathology 
of cerebral arteriosclerosis. Incomplete necrosis of gray matter  was characterized 
by a patchy, irregular decrease of oxidative enzyme activity in the neuropil. 
Complete necrosis (infarcts) showed a loss of enzyme activity in the tissue except 
the walls of capillaries which still showed activity of oxidative enzymes and also 
alkaline phosphatase. Hypertrophic astrocy~es in the adjacent tissue were charac- 
terized by excessive increase of oxidative enzyme activity. Microglia showed 
little oxidative enzyme activity but  strong activity of acid phosphatase. Fa t ty  
degeneration of cells was consistently accompanied by decreased oxidative enzyme 
activity; there was no such inverse relationship for acid phosphatase. 

Study of capillarization, normal histochemistry, and of pathological changes 
of the periarterial tissue suggested that  the wall of thick arteries normally pro- 
vided sufficient nutrition of the periarterial tissue. Impairment of this function 
in arteriosclerosis was considered responsible for the formation of periarterial 
scars in arteriosclerosis. 

Zusammenfassung 
Die Verteilung zweier oxydativcr Enzyme (DPIW-Diaphorase und Succino- 

Dehydrogenase), zweier hydrolytiseher Enzyme (saute und alkalische Phospha- 
tase) und Befunde fiber Mitochondrien werden in ihrem Verhs zur Histo- 
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pa thologic  der  cerebralen Arter iosklerose  beschrieben.  Unvol l s t~ndige  Nekrosen  
der  grauen Subs tanz  waren  gekennzeichnet  durch  stellenweise ~uft re tende,  
unregelm~Bige Verminderung  der  A k t i v i t s  oxyda t i ve r  E n z y m e  im NeuropiI .  
Vol ls t~ndige Nekrosen  ( Infarkte)  wiesen einen Verlus~ der  Enzymakt iv i t /~ t  im 
Gewebe auf, m i t  Ausnahme  der  Capil larw/inde,  in denen noeh Ak t iv i t / i t  der  
o x y d a t i v e n  E n z y m e  und  aueh der  a lkal ischen Phospha tase  vorhanden  war.  
Hype r t roph i sche  As t roey t en  ira angrenzenden  Gewebe waren eharak te r i s i e r t  
dureh  fibermiiBige E rh6hung  der  A k t i v i t ~ t  der  o x y d a t i v e n  Enzyme .  Die Mikro- 
glia zeigte nur  geringe A k t i v i t ~ t  der  oxyda t i ven  Enzyme ,  jedoeh s t a rke  Aktivi t i~t  
der  s~uern Phospha tase .  Gleichzeit ig mi t  der  Ze l lver fe t tung  k a m  es immer  zu 
einer Akt iv i t /~ tsverminderung der  oxyda t i ven  E n z y m e ;  ffir die saure Phospha ta se  
konn te  ke in  derar t iges  reziprokes  Verh~ltnis  nachgewiesen werden.  

Un te r suehungen  der  Capfllarisierung, der  normalen  His toehemie  und  der  
pa thologischen Ver~nderungen des per iar ter ie l len  Gewebes lieBen die A n n a h m e  
gerech t fe r t ig t  erseheinen, dab  un te r  normalen  Verh~l tnissen die W/inde  der  
d ieken Ar te r i en  das  per iar ter ie l le  Gewebe gen/igend m i t  N~hrstoffen versorgen.  
Eine  StSrung dieser F u n k t i o n  bei  der  Ar ter iosklerose  wurde  als Grund  f/Jr die 
E n t s t e h u n g  per iar te r ie l le r  Na rben  bei  dieser K r a n k h e i t  angesehen.  
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