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Introduction 
The i n t e r p r e t a t i o n  of  the  " d a r k "  neuron is p r o b a b l y  one of  the  mos t  contro-  

vers ia l  subjec ts  in  neuropa tho logy .  Despi te  the r epea ted  demons t r a t i on  t h a t  the  
occurrence of  the  " d a r k "  neuron is caused b y  pos t -mor t em trauma, t i za t ion  of  
nervous  t issue aa,4a-aT,lag-141,155, this  cell change has been a t t r i b u t e d  to such a 
genesis in  r e l a t ive ly  few neuroana tomica l  and  neuropathologicM studies*. I-Iow- 
ever, a review of  the  overwhelming l i t e ra tu re  deal ing wi th  th is  neuronal  type ,  to 
which m a n y  names  have  been a t t ached ,  reveals  consis tent  exposure  of  the  ma- 
ter ia ls  to pos t -mor t em t r a u m a  ~5. I f  such an ex t raneous  fac tor  could be avoided,  
much  of  the  d i spute  abou t  these cells would be resolved;  the  current  procedure  of  
a two s tep perfusion followed b y  a de layed  au topsy  offers such an o p p o r t u n i t y  ls,~~ 
This will  be of  benefi t  to the  ent i re  t issue because the  whole "a r t i f ac t  complex" ,  
including the " d a r k "  neuron,  can be avoided.  W h e n  it is present ,  any  cytological  
inves t iga t ion  is impeded ,  bu t  when absent ,  research of subt le  cytological  charac te r -  
ist ics is invi ted .  I n  order  to  apprec ia te  these opposed experiences,  the  following 
two series of  observa t ions  are r epo r t ed :  one is based  on ma te r i a l  wi th  " d a r k "  
neurons,  and  one wi thout .  

Material and Technique 
Various normal and experimental animals have been prepared by different histologieM 

techniques, the procedure of which is indicated for each material studied because it forms an 
integral part of the subject under discussion. Some of the present material, as well as details of 
the histological technique and karyometrie method, has been described elsewhere2~ 25. 

Presentation o~ Material 

1. Material with "Dar]~" Neurons 
a) Characteristics o/"Dark" Neurons. The "dark" cell type discussed in this paper is noted 

for its shrunken cytoplasm containing compacted basophil material causing the dark hue, and 
for its separation from surroundings by a space of varying length and width. The shrunkerL 
nucleus usually blends with the "dark" cytoplasm, but it is sometimes surrounded by a rim of 
clear cytoplasm. The rmcleolus is noted for its relatively large size; this nucleolus ir~ fact is 
unaltered because it belongs not to the small "dark" rmuron but to a much larger cell a,  the 

* s. L i t .  10,12,15--18,20,21,25--27,51,86,101,102,118,121~122,144,161,162. 
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boundaries of which correspond to the outer limits of the perivascular space 7s. The processes, 
because of shrinkage, assume an irregular corkscrew-like shape (next to o in Fig. 1 C; Fig. 2 C). 

The size and shape of "dark" neurons will vary according to the cell type involved. They 
are triangular in the pyramidal cell layer of the cerebral cortex or brain stem nuclei (d in 
Fig. 1 A) ; elongated and irregular among the small elements in the deep layers of the cerebral 
cortex (Fig. 1 C) ; polygonal or laneeform in the Purkinje cell layer (Fig. 1 E) ; multifaceted in 
the sympathetic and sensory ganglia. 

The number and distribution of "dark" neurons vary greatly; sometimes numerous neu- 
rons are afflicted bilaterally and at other times only a few unilaterally (Fig. 1 D). Under all 
circumstances, there is a rather haphazard intermingling of the "dark" and "clear" cell types 
(Figs. 1 C and 2 C). 

b) Other Histological Abnormalities Associated with "Dark" Neurons in the "Arti/act 
Complex". The transformation of neurons to "dark" cells in a traumatized region depends on 
the amount of their basophll material;  if a cell contains, in addition to the basophil material, 
a large amount of fat, then it will appear as a fat filled contracted neuron, "liposclerosis", but 
if it has no cytoplasmic material, only the nuclear shrinkage will show the evidence of damage, 
as so-called nuclear "pyknosis". The last type of change is noted in granule cell layers of the 
cerebral cortex and spinal cord. The neuroglial cells will respond in a similar maimer with 
nuclear "pyknosis";  otigodendroeyte nuclei exhibit a characteristic "halo" (o in Fig. 1 C) or 
what has become known as "acute swelling" 120. Typically, blood vessels with distorted lumen 
and course are surrounded by wide spaces (v in Fig. 1 C). Myelin sheaths and axons are of 
uneven diameters and no longer arranged in strMght parallel bundles*; the former may undergo 
"pseudomarchi" degeneration. The cerebellum suffers by a loosening of the molecular layer 
from the granule cell layer leaving along the base of Purkinje cells an irregular cleft, so-called 
"lamina dissecans sire separans" (Fig. 1 E). 

Neurons imperfectly fixed by the perfusion of CA~oY's  solution may resemble so-called 
"Wasserver/~nderung" ~1; their cytoplasm is attached only to that  part of the cellular membrane 
nearest the blood vessel (Fig. 1 B comparable to Fig. 5 F in21). 

e) Occurrence el "Dark" Neurons. The conditions under which "dark" neurons and asso- 
ciated changes occur, vary greatly. The most common one is at autopsy with removal of the 
organ for subsequent immersion in a fixative. The compression by a rongeur, or other instru- 
ment for exposure of the brain, the incision by a knife, the pull on blood vessels or nerves 
during the autopsy will all produce numerous "dark" neurons nearby. These cell changes 
develop even when the brain is removed as quickly as possible and immediately immersed in 
rapid fixatives like HEIDENHAIN'S Susa or BouIN's solutions, or in a slow fixative like 10~ 
formalin. Guinea pigs (GP7, 8, 11 and 12-112957C) were narcotized and killed with chloro- 
form, the skull removed and the brains submerged at varying intervals, as 7 or 8 min, and 
31/2 hrs. After the necessary length of fixation, the tissues were embedded in paraffin. Numerous 
"dark" neurons are demonstrated in all preparations. Neither immediate nor delayed autopsy 
is of any help21, 25 (Fig. 1, A, C, D and E). 

If an at tempt be made to minimize the trauma, still the "dark" neurous form. Both hemi- 
spheres were exposed in an adult male cat (C 1-020960 C) in deep pentobarbital narcosis. Small 
pieces of one hemisphere were cut free and allowed to drop directly from the hanging head, 
one into H~IDE~ArN'S Susa solution and one into Bomb's  solution. The animal was killed 
by an overdose of pentobarbital. The remaining head, after ligation of the neck to avoid 
venous congestion, was placed upside down in a jar filled with H : ~ I D E N ~ ' S  Susa solution for 
4 hrs. Then the brain was removed and the fixation of the freed organ continued for 6 hrs. 
Paraffin sections of the biopsy specimens, as well as the operated brain, contain numerous 
"dark"  neurons. None appears in the exposed non-operated hemisphere. These results indicate 
neurons are extremely sensitive to trauma. 

In  an at tempt to demonstrate when the neurons acquire such sensitivity to trauma, the 
hemispheres of a cat were traumatized by an even and gentle stroking prior to and after inter- 

* The tortuosity of fibers is most severe in material fixed by immersion in 10~ formalin; 
it is still present in rootlets, but less developed in spinal cords after two step perfusion with 
10o/0 formalin in a gum acacia-saline solution; and fibers are of even course and thickness in 
both rootlets and spinal cords prepared by the current Travenol-Susa perfusiou procedure 
(compare p. 251). 
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F ig . l .A  A "dark"  (d)and "clear"  neuron with a distinct "peripheral zone" (arrows). Reticular formation of 
guinea pig. Fixed by immersion in HEIDENHAIN'S Susa solution 6 min after death. Periodic acid Schiff and 
gaUocyanin-chromealum (PASG). GP12-112957C. Green filter( x 1200). D Cells resembling"Wasscrver~nderung" 
with separation of perinuclear cytoplasm from ~uembrane (arrows). Vestibular nucleus of oat. Two-step perfusion 
using CAI~NOY'S solubion as the fixative. PASG. C 1-050958 C. Green filter ( x 1200). C Cortical "dark"  neurons (d) 
of varying shape, normal "clear" neurons (n). acute "swollen" oligodendroeyte (o) and perivascular space (v). Cere- 
bral cortex of guinea-pig. Same as Fig. 1 A ( • 399). D Groups o f "da rk"  neurons between arrows on one side. Brain 
stem of guinea pig. Same as Fig. 1 A ( • 82). E Separation of molecular layer from granule cell layer. Cerebellar cortex 
of" guinea pig. Immersion fixed in 10~ formalin 7 rrdn after death. PASG. GPl1-112957C. Green filter ( •  
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rupted blood circulation. One side was touched while the animal was narcotized, 4 rain prior 
to cannulation of the heart, and the other side 3 min thereafter. An adult male cat (C 1-011261C) 
was kept in deep pentobarbital narcosis. Within 30 rain the skull was removed on the left 
side, the dura opened and 2 rain later a metal spatula used to stroke gently several times the 
cortical surface without severing blood vessels. The cat was turned on its side and the thorax 
opened 1 rain Mter the left cerebral cortex had been touched. Another I rain passed before 2 ml 
of 1~ heparin was injected in the heart, and 2 rain were required to insert a glass cannnla in 
the ascending aorta and attach it with a ligature. Thus, the systemic blood circulation was 

Fig.2. A Cortical "dark" neurons subjacent to the edge of skull opening performed during narcosis. Left cerebral 
hemisphere of eat. Traveno]- Susa perfuslon (compare p. 248), autopsy delayed 11 hrs. PA S G. C 1-011261C ( • 82). 
B Normal neurons of cortex exposed during narcosis. Same as in Fig. 2 A ( • 82). C "Dark" neurons of varying size 

throughout cortex exposed post-mortem. Same as in Fig. 2A ( • 82) 

interrupted 4 rain after compressing the left hemisphere. The skull over the right hemisphere 
was removed quickly, the dura opened, and 3 rain after canaulation of the heart, a spatula was 
used to stroke the cortical surface, as on the left side. Again special care was taken to avoid 
rupture of blood vessels. After another minute the blood vessels were flushed with a complex 
salt solution (Elliott's "B" Travenol, Baxter Laboratories) with 0.5~ formalin and after 2 rain 
a modified HEIDE~AnC'S Susa solution was perfused (hereinafter, this procedure is referred 
to by the term Travenol-Susa perfusion). Although the perfusate bottles were only 67 cm 
above the heart, the surface of the left hemisphere bulged slightly and abutted the medial 
edge of the skull opening. The fixed body was not touched for 10 hrs. The autopsy revealed 
perfect fixation of the brain. The microscopic study of the left hemisphere discloses tha t  the 
exposed part  of the cerebral cortex is entirely free of "dark" neurons (Fig. 2 B), and only a few 
neurons subjacent to the medial skull edge are "dark" (Fig.2A); in contrast, the cerebral 
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cortex of the exposed right hemisphere has a vast numJoer of small, medium ~ud large "dark"  
neurons (Fig. 2 C). This experiment points out that  combined trauma due to removal of skull 
bones and the direct touch of a spatula is tolerated by the neurons of a narcotized animal, but 
no longer by those in a tissue with interrupted systemic blood circulation or in the dead 
animal. If  during fixation1 the brain is inadvertently touched, as when it abuts the skull edge, 
the neurons react abnormally. I t  should be remembered, when an organ is being fixed by per- 
fusion it must not be touched until fixation is complete, which requires several hours. According 
to these results, the neuron assumes vulnerability to a traumatic insult at the moment of heart 
arrest and then transforms to a cell with "dark" perikaryon and/or "pyknotic" nucleus. 

The perfusion procedure has long been adopted with the understanding that  
this is an ideal means of fixation for various purposes and mainly to avoid artifactual 
changesS,S,s,2Ls2,s~ 142. Unquestionably, the "dark" neurons have been ignored by many 
of the authors studying materials fixed by perfusion; they have been regarded as normal cell 
structures by some, pathological by others, and their causation by failures of the procedure has 
scarcely been discussed, except by COTTE 27. If the fixative did not reach the capillaries, then 
neurons in the unfixed soft tissue would be just as vulnerable as in brains removed for sub- 
sequent immersion in a solution. Several factors could account for such a failure or spotty 
absence of tissue fixation, as e.g., air bubbles, impurities of the perfusates, coagulation of 
blood, tow hydrostatic pressure, and short interval between death and perfusion21, 25. If the 
blood vessels were torn by an operation or exhibited abnormal permeability due to an acute 
pathologic process with edema, the perfusates would not be properly dispersed, and there 
would be focal lack of fixation; again, "dark" neurons would be developed within the soft 
regions. Another recently discovered important factor is the time needed for the perfused 
fixative to complete the attachments of cellular membranes to surrourtdings so they no longer 
detach as the consequence of post-mortem traumatization during the autopsy. If in such a 
critical period the skull is removed, the brain frozen, or part of the surface scratched, as may 
occur when the brain touches the edge of a trephine opening during perfusion (Fig. 2 A), then 
the "dark" neurons will be present within the afflicted areas. This critical period begins with 
the arrest of blood circulation, and its length can empirically be determined for several of the 
routinely used fixatives by performing the autopsies at various intervals after perfusion; for 
H~IDE~HAI~'S Susa and BomN's solutions, 4 and 6--8 hrs are required2~ 2~. For 10% for- 
inulin either alone or with admixtures of gum-acacia in saline, after the lapse of 24 hrs the 
neurons are not yet quite fixed and many of them will react to trauma. Sulfosalicylic acid and 
para-toluene sulfonic acid have reportedly been used with exceller~t results 9s. 

Through these studies, it was noted that  formalin was not foolproof in fixing the cellular 
membranes in such a manner that  the neuron would no longer react to post-mortem trauma- 
tization with the fmTaation of a "dark" cell  This failure is apparently also responsible for 
changes seen in tissues exposed to extreme refrigeration or frost. In a series of experiments, 
23 cats were killed by chlorofomn and each hemisphere was placed in a "deep freeze" com- 
partment (-- 15 or --20~ for varying lengths of time (6, 12 or 24 hi's) prior to fixation and at 
different intervMs after being either immersed in or perfused with 10~ fm~nalin. Whether the 
freezing took place immediately or after aa interval of several days up to 2 weeks, the frozen 
brains are pierced by numerous holes of varying size, except for a narrow subpiaI zone. The 
septae separating the holes contain either normal neurons or compressed "dark" neuror~s 
lined up like "schools of fish". Many of the neuroglia cell nuclei are pyknotic. Also the white 
matter shows changes either as small holes or irregular zones of condensed tissues. These 
holes are often filled with a granular metachromatic substance, resembling the material of 
Buscaino "plaques" of ordinarily fixed brains. The holes are relatively small and often continue 
deep into subcortical white matter  in brains frozen simultaneousIy with immersion in 10~ 
formalin (Fig.3A). If freezing was delayed, the gray matter is heavily cavitated and the 
white matter  unaffected (Fig.3B). Perfusion with 10~ formalin in saline had no alleviating 
effect on the freezing damage; however, the white matter is less altered than after immersion 
fixatiorl for the same length of time (l~ig.3C). If the brains were frozen immediately after 
removal and then allowed to thaw in 10~ formalin, numerous "dark" neurons are present, 
however, no clefts (Fig.3D). No vacuoles are demonstrable if the organ was frozen few or 
several hours after the Travenol-Susa perfusion. Such tissues show minor abnormalities in the 
nuclei of Purkinje cells and around astrocyte nuclei, i. e., a disarrangement of nuclear ehromatin 

17" 
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Fig.3. A Fixed by immersion in 10~/o formalin and frozen simultaneously, 41 min after death. Hemisphere of eat. 
Galioeyanin-ehrome alum. C2-110756 CII  (•  B Fixed by immersion in 10~162 formalin 20 rain after death and 
frozen 4 days later for 24 hrs. ttemisphere of cat. Gallocyanin-chrome alum. 0 1-112056 CI I  ( • 82). C :Fixed by 
perfusion of 10~ formalin with 5.6~ gum acacia in saline and frozen 1 hr later, ~emisphere of cat. Gallocyanin 
chrome alum. C 1-113056 C I ( • 82). D Frozen 42 min after death for 24 ln's and then thawed in 10~ formalin. 
Hemisphere of eat. C2-110756 CI (• E Purkinje cell (p) and astrocyte nucleus (a). Cerebeliar molecular layer 
of cat. Travcnol-Susa perfusion, autopsy delayed 7 hrs, and 17 hrs thereafter frozen. PASG. C 8-051359 CB ( • 1200) 
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and cytoplasmic periodic acid Schiff (abbreviate([ PAS) stained materials, respectively 
(p and a in Fig. 3E)*. Because of these changes, tissues exposed to freezing are no longer useful 
for histological studies. The changes are severe enough to overshadow pathological changes, 
but  they are characteristic enough to permit aa exact diagnosis of the artifactual cause of 
tissue vacuolization and cellular changes (compare ~,35,7a,~3). 

As a fmal test, only the skull was removed from a narcotized animal, and then all pre- 
cautions taken to obtaiu a perfect fixation by perfusion and to delay the autopsy to avoid 
"dark"  neurons. An adult cat (C 1-021060C) was narcotized with pentobarbital. The skull was 
removed over the right hemisphere and the 4ura split. The brain surface, moistened with 
saline, fell in below the skull edges. 10 rain later, the cat was turned carefully over on the 
right side and after opening of the chest given 1 ml 10~ heparin intracardially. After a~other 
2 min the first step of the Travenol-Susa perfusion was begun, and 4 min thereafter, the second 
step. The bottles with perfusates were placed 68 cm above the heart, sufficient to avoid 
bulging of the brain; it was entirely blanched within 30 sec after circulation of the fixative. 
The head was not touched and the autopsy was delayed 6 hrs. The microscopic sections are 
entirely free of "dark" neurons, again demonstrating that  the living neurons can tolerate 
both the exposure to atmospheric pressure and a trauma, as the simple removal of skull, 
which in the dead would inevitably result in the formation of "dark" neurons. 

2. Material Free o /"Dark"  Neurons 
a) Principle o] Preparation whereby the "Arti/act Complex" i8 Avoided. After having 

reviewed the conditions which contributed to the formation of "dark" neurons, the ensuing 
problem became imminent: to ascertain the conditions under which "dark" neurons can be 
prevented 2~. This being achieved, the principle of what might be called perfect fixation for 
studies with the compound microscope was establishedlS,P~ 2~ and thus answered the in- 
triguing question: What  is the objective of fixation ? 

If following the flushing of blood vessels, a rapid fixative either HEIDEI"TI~AIN'S Susa or 
BouLw~s solution is used, and the autopsy is delayed several hours, then not only are all 
neurons of the same appearance, but  "dark" neurons and associated changes are absentP~ 25. 
One of the striking features is the elimination of clefts or spaces around neurons and blood 
vessels when scrutinized with the compound microscope**. In  other words, cellular and 
vascular membranes had become permanently affixed to surroundings and this enabled them 
to resist the unavoidable trauma incurred during autopsy. This then will be the criteria of 
perfect fixation for histological material studied with the conventional microscope. 

Other unique features of the current technique will enhance the quality of the histological 
material. The entire organ is evenly fixed. A relatively small amount of a solution, introduced 
via the capillary network for a short length of time, produces rapid fixation of adjacent 
elements, and both the change in its concentration and the loss of substances from tissue to 
solution are minimized. The total amount of each perfusate in milliliters is usually determined 
in advance as 14~ of body weight in grams, and the perfusion is usually terminated in 2--4rain 
or in 6--8  rain after the intravenous injection of pentobarbital mixed with heparin~~ ~. 

Besides the proper fixation of the various cellular elements, the procedure must control 
distortions of the organ and separations of regional areas. If the structure is fixed with a 
minimum of change, it follows that  volume is retained. The different diameters should be 
unchanged, and the axis through various parts unaltered. However, the strong acidity of 
many fixatives would preclude such a goal1% In a strong acid, as well as in a strong alkaline 
milieu, the connective tissue fibers retract Ge. 

b) Application ol the Principle o/ Per]ect Fixation to Obtain Reproducible Neuroanatomical 
and -pathological .Results. The advantage and importance of utilizing material prepared in such 
manner that  "dark"  neurons and associated changes are absent will be illustrated by the 
following observations. 

* Since the body (C3-051359C), 12 rain after the perfusion, was moved and allowed to fall 
on the floor from a height of 100 cm, some of the cellular changes may be due to a traumatic 
tearing u~. 

** Occasional separation of the neuronal membranes and vascular wails from their surround- 
ings must be blamed on incidental errors during dehydration, embedding and cutting. 
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If the histological techniques are to be controlled for the purpose of dete~vnining the opti- 
mal procedure, the need for an even fixation is paramount. The presence of both "dark" and 

Fig. 4. Companion sections of  r abb i t  b ra in  s tem.  Travenol -Susa  1)erfusion and  au topsy  delayed 41/4 hrs. Ra2-  
122057C. a, b, c Gallocyanin-chrome alum. pH 2, a t  room tem!oerature for 24 and 48 hrs, and  at  42~ for 48 hrs,  
resI~ectively ( • 399). d - - k  Gallocyanin-chronle alum, 48 hrs at  42 ~ C, wi th  var ious  p~, 1.5, 1.7, 2.0, 2.5, 3.0, 3.5, 4.0 
and 4.5, respect ively ( • 399). L, ~ ,  1~. Gallocyanin-chrome alum, 24 hrs at  room tempera ture ,  wit.h p~  2.0, 3.0 and  

4.0, respect ively  ( •  i200) 
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'~ cell types will lead to an arbitrary or biased selection of cells. This problem of selection 
is acute in a comparison of sections stained in solutions of different p~. A rabbit (l~a 2-122057 C) 
was prepared by the Travenol-Susa perfusion followed by a delayed autopsy after 41/4 hrs. 
Then three series of paraffin sections were obtained and stained with gallocyanin-ehrome alum 
of p~[ at 1.5, 1.7, 2.0, 2.5, 3.0, 3.5, 4.0 to 4.5; one series was stained at room temperature 
(23--26~ for 24 hrs and one for 48 hrs, and one in a paraffin oven (42~ for 48 hrs. As a 
whole, the neurons of the two former series (Fig.da and b) stain just slightly more in~ensely 
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Fig.5. Karyometric studies of astroeyte nuclei. A Comparison between materials fixed by immersion in 10~/0 for- 
malin (C 2-022355 C; 7.1 nil) and Travenol-Susa perfusion, autopsy delayed 5 hrs (C i-111557 C; 6.9 ml). Cat spinal 
cords of almost same size (Compare =o). ]~ Comparison between sections of paraffin and celloidin embedded ma- 
terials and frozen sections, t tuman 3rd cerebral cortex of liver cirrhosis, t t  1-011656 C (Compare ~). C Comparison 
between longitudinal sections of cervical and thoracic regions. Cat spinal cord, Travenol-Susa perfusion, autopsy 
delayed 5 hrs. C2-001658C (Compare ~). D Comparisons between cross and longitudinal sections of same spinal 
cord (C2-111557C) and between longitudinal sections of small (C2-111557C; 6.2 m]) and large spinal cords (C1- 

071858 C; 7.9 ml). Cat spinal cords. Travenol-Sasa perfusion, autopsies delayed 5 hrs. (Compare =~) 

than. those of the third series (Fig.4c).  With change of the acidity, the basophil materisl  of 
neurons appears to be equally well stained in all three series (F ig .4d- -k) ,  in agreement with 
the original conclusion of EI~ABso~ ss. The staining variations indicated in the photographs 
are regarded as due to differences in thickness of neurons. However, the tissue between the 
neurons has a distinct gray hue which is more apparent with decreasing acidity, i .e. ,  co- 
staining of tissue surrounding neurons described by EINABSO~ 3s. The interneuronal material 
which stains at p}{ 3 .5- -4 .5  has the same appearance as that  which can be demonstrated by 
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the PAS treatment  (Fig.8). Staining of this material aids in identifying the cytoplasmic 
membrane as well as the peripheral neuronal zone poor in basophil material (compare Fig.4d 
through k and L through N). This peripheral zone should not be confused with a perineuronM 
space; phase contrast studies reveal various structures in this zone 21,e5. 

Karyometric methods are often utilized in order to assess the response of nuclei to an 
experimental agent. There will be four major advantages in using perfused fixed material: the 
fixation is instantaneous, the organ is evenly fixed, the cellular or nuclear characteristics 
are retained to assure exact classification, and the elements attain their greatest size 2~ 
Indeed, the even action of the fixative is a requisite "sine qua non" for a comparison of nuclei 

Fig.6. A Reduction in width of brain cut from the side, indicated by arrow. Travenol-Susa perfusion, autopsy 
delayed t03/4 hrs. Paraffin. I'A S G. C 1-01.1260 C. B :Reduction in height of companion section to Fig. 6 A cut fi'om 
top, indicated by arrow. C Motor neuron in cross section. Ventral horn of C4-segrnent of cynomolgus monkey. 
Travenol-Susa perfusion, autopsy delayed 41/4 hrs Paraffin. I,ASG. M1-092358C. Green filter (• D 3Iotor 
neuron of longitudinal section ~dth boundaries of perikaryon and processes indicated by arrows; included are 
adjacent blood vessel (v) and basophil cone at dendritic bifurcation (c). Ventral horn of C 7-segment of cynomolgus 

monkey in Fig.6C. Paraffin. PASG. Green filter (x399) 

in different regions. Several cues were fixed by the Travenol-Susa perfusion and the autopsy 
was delayed several hours. Karyometrie studies of the astrocyte nuclei disclose that ,  for the 
same animal, the nuclei are larger in longitudinal sections (central curve L.S. in Fig.5D) 
than in cross sections (left curve in Fig. 5D). When longitudinal sections are studied, the nuclei 
are larger in the cat with the spinal cord volume of 7.9 ml than in the one of 6.2 ml (right and 
central curves in Fig.5D). Also, in longitudinal sections of individual animals, the largest 
nuclei occur in the thoracic region (Fig. 5 C). The same figure includes a comparison between 
perfusion and immersion fixed materials of cats of almost same size (Fig. 5A). The significance 
of embedding procedures is demonstrated, too (Fig.5B). I t  is concluded from these results 
that  a karyometric study requires perfectly fixed material and a homogeneous material which 
is obtainable by the careful selection of embedding, region, animal size, and plane of cutting. 
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Although the two-step perfusion procedure using HEInE~HAI~'S Susa solution for the 
fixation will assure constant size of an organ, the embedding will cause considerable changes. 
A more important cause of distortion is the compression due to the microtomelSL The degree 
of distor*ion is demonstrated by cutting the tissue block first ill one direction (Fig. 6A) and 
then after turning the block 90 ~ (Fig. 6 B). After flattening on the slide, the height of the coronal 
section is maintained with the former cutting direction and the width with the latter cutting 
direction. The compression of paraffin embedded material in each direction amounts to approx- 
imately 10%, and this can not be adjusted by the flattening of the microscopic section; to 
avoid excessive flattening the sections are stretched on lukewarm water of less than 37~ 
(Fig.6A and B). This reduction could lead to an impression of cerebral atrophy ~1,1~0, and it  
also precludes measurements of paraffin embedded elements, as blood vessels and intervasouIar 
connective tissue strands ~9. Another feature which should be considered in an estimation of 
cell size is its variation in different directions. The astrocyte nuclei are smaller in cross than in 
longitudinal sections of the spinal cord (smaller spinal cord in Fig. 51)). The spinal cord neurons 
are also strikingly dissimilar (Fig. 6 C and D). Not only is the perikaryon greater, but its processes 
are more promiI~ent in longitudinM than in cross sectionsSS, TM. The nuclei of the two illustrated 
neurons arc of different size, but whether this is a valid difference remains unknown as long as 
it has not been determined whether the nucleus in each figure is seen in its maximum size. 

Another abnormality frequently noted in paraffin sections of materiM obtained even after 
Travenol-Susa perfusion and the delayed autopsy, is the displacement of nucleoli. Such nudeoli  
in their new positions on top of nuclear membranes and cytoplasm retain their staining 
qualities, shape and size. They were possibly mobilized during cutting and transported a short 
distance while the paraffin melted, or the microtome dislodged the nucleolus for a longer 
distance into the cytoplasm. In many instances, the original site of the nueleolus is recognized 
by a clear round empty area of identical size which would discount another possibility, namely 
that  the nucleolar expulsion occurred intra vi tam ~6. The expulsion follows the direction of 
cutting. 

Since regional subdivision of the central nervous system is based on the varying number 
and distribution of neurons, neuroglia and blood vessels, topographic studies must utilize 
material where spatial relationship of cells an d arborization of vasculature have been preserved 
by the most critical fixation procedure. Paramount is the retention of neurons and blood 
vessels in inflated state (Fig. 7A), which cannot be preserved by routine fixation (compare 1~6). 
This particular field of the motor cortex demonstrates two capillary systems (x-x-x and y-y in 
Fig.7) connected by an intervaseular strand of connect,ire tissue fibers (s in Fig.7). The 
scattered astrocyte nuclei, often with a ]uxtanuclear PAS~staincd body, are marked with 
arrows. More intriguing are the oligodendrocytes aggregated at points of vascular arborization, 
indicated by a line marker with a thickened head. Thanks to the retained relationship, not 
only the distribution of ceils can be assessed, but also the intimate association between blood 
vessels and both neurons an4 oligodendrocytes2~, 2a. I~egional pecmiarities are expressed by 
differences in these arrangements 24. 

The non-equivocal classification of tissue elements is called for not only in topographic 
studies but also in quantitative studies on size and relative number of cells, and in the diagnosis 
of ceil types involved in an experimental or pathologic condition. Therefore the criteria by 
which different cells are identified must be as precise as contemporary techniques will allow. 
Only the mos~ rigorous selection of criteria cam assure sampling of a homogeneous ceil popu- 
lation for comparative studies. The development of histological techniques should aim towards 
the constancy of such a selection. After an examination of material fixed either by immersion 
or by perfusion procedures, only the latter was found to give consistent results, that  is, if 
a coagulant fixative was introduced and the autopsy delayed several hours. The uniform 
appearance of cells throughout the brain and spinal cord of different species is of particular 
significance for studies based or, appearance of nuclei for the identification of various neuroglia 
cells. The chinchilla would be best suited for such studies because its astrocyte nuclei are 
everywhere extremely pleomorphic and large in contrast to the sphere-like oligodendrocytes 
(Fig. 7 B). However, differences between cell types may be so insignificant in certain regions 
and species to elude correct identification. In the monkey, as well as the cat, the upper part of 
the cerebral cortex contains astrocyte nuclei which can only be distinguished from oligodendro- 
cytes by the juxtaposition of a conspicuous PAS-stained mass (arrows in Fig. 7A; a in Fig. 713). 



Fig. 7. A Motor  region wi th  two capil lary sys tems  ($, x, x and  y, y) connected by  a s t r and  of  in tervascular  con- 
nect ive  tissue fibers (s), scat tered as t rocyte  nuclei (arrows) wi th  jux tapos i t ion  of PA S-stained body, and oligoden- 
droeyte  nuclei (line wi th  pointed end) clustered near  vascula r  arborizat ions.  Composite  of  two photomicrographs  
taken  a t  different focal planes f r o m  the same section of  the cynomolgus monkey  in Fig.  6C. Paraff in .  PASG.  Green 
filter ( • 899). B Dis t inc t  difference between nuclei of  as t rocyte  (a), h is t iocyte  or microgl ia  On), and  oligodendro- 
cyte (o). F i r s t  cortical  layer  of  chhlchilla. Travenol -Susa  perfusion,  au topsy  delayed 4~]~ hrs.  :Paraffin. P A S G .  
Chin2-092558C. Green filter ( x  1200). C Ast roeyte  nucleus (a) w i th  jux tapos i t ion  of  :pAS-st~ined granule  and  
per ivascular  ol igodendrocytc nuclei  (o, o). Fi r s t  cortical  layer of eynomolgus monkey  in :Fig. 6 C. Paraff in .  :PAS G. 
Green filter ( x 1200). D Large  as t rocyte  nucleus (a) and  per ivaseular  o]igodendrocyte nucleus (o). :First cortical 
layer  of  ra t .  Travenol -Susa  perfusion, au topsy  delayed 41/2 hrs. :paraffin. R 1-122258 C. :PASG. Green filter ( x 1200). 
E Unidentif iable neuroglia  cell nuclei. :First cortical layer  squirrel.  Travenol -Susa  perfuson,  au topsy  delayed 5 hrs.  

:Paraffin. Sq 1-010259 C. :PASG. Green filter ( x 1200) 
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Fig. 8. A Large pyramidal  cell (Betz type) with varying distribution of basophil material  through l~crikaryon, poor 
around nucleus (~z) and  almost none in peripheral zone (z). PAS-stained granules (g) aggrega,ied on cytoplasmic 
surface help to identify boundaries of perikaryon and  processes. Blood vessels contact  neuron Jn two places. 
Cerebral cortex of cynomolgus monkey in Fig. 6 C. Paraffin. I?A S G. Green filter ( • 1200). B Purkinje ceils (p) with 
identifiable cell membranes h~ve relatively sma.tl amount  of basophil granules except along nuclear membra.ne. 

Cerebellar cortex ofcyuomolgus  raonkey it1 Fig. 60, Paraffin. PASG. Green filt.er ( • ~.20I)) 



258 JA~ CAMM~YE~:  

Fig. 9. Comparison between motor  netn'ons of  companion sections s t o n e d  in  the left  row with gallocya~in-chrome 
alum, DE 2.0, room temperature,  24 hrs, and in  the r ight  l'ow with PASG.  ]3oundaries of  perikaryon indicated by 
arrows. Nucleus of  the facial nerve in a male rabbit ,  2 years 9 months  of age, 14 days after severance of the left  
facial nerve. TravenoI-Susa perfusion, autopsy delayed 4 hrs. Paraffin. 1~a12-072657C. Green filter (x1200) .  
A, B Normal motor neuron on non-operated side. C, D Retrograde "pa le"  neurons~ and E, F :  " ac t iva t ed"  neurons 

from the nucleus of facial nerve on the operated side 
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In the rat (Fig.7D) and mouse the differences are less striking than in the chinchilla, and in 
other rodents, as the guinea pig, hamster and glider squirrel (l~ig. 7 E), the nuclei arc quite alike. 

Should the objective of an i~vestigation be to classify neurons according to size of peri- 
karyon, content and distribrttion of basophil material, and arrangement of processes, only such 
methods should be used whereby all cells appear fully inflated and can be delineated correctly. 
The use of a staining method whereby the surroundings will stand out will help to outline the 
cytoplasmic membranes, as e.g., by the combined use of PAS and gMlocyauin-chrome alum, 
pH 1.7--2.0 (Fig. 8A). The gMlocyanin-chrome alum method Moue, p~ 3.5--4.5 (Fig. 4f--k, N), 
or the conventional hematoxylin and eosin method will be equally useful when tissues are 
prepared by the present two-step Travenol-Susa perfusion procedure using HEID~I~HAIN'S 
Susa solution as the fixative. In the inflated ueuron, the basophil material, attached to vaguely 
basophil lines, is less compact than in neurons fixed by immersion (Fig. 4A, D in ~0) ; the distri- 
bution in the perikaryon is irregular, limited rmar the nucleus (n in Fig. 8) and minimal in 
a"peripherM zone" (z in Fig.8). A variation in its width, ascribed to a reactive change of 
the neuronPS, 99, is normal This "peripheral zone" is noted over the dendrons, too (compare 
Fig. 1 in m). Artother often overlooked large basophil structure is situated near the bifurcation 
of dench'ons, "Verzweigungskegel" of NIssL in, 127 (c in Fig. 6I)); it is separated from the cyto- 
plasmic membrane by the "peripheral zone" (Fig.23 in ~a Fig.32 in ~). The total amount of 
basophil material varies in different cell types. The normal Purkinje cell has a very scant 
amount of basophil material concentrically arranged around the nucleus (p in Fig. 8 B). Again, 
in these cells the peripheral zone is very faintly stained. Such cells should not be mistaken for 
pathologic or affected specimens with a reduced content of basophi] substanceV% 

It  is unavoidable, when microscopic sections are stained by any of the popular modifications 
of the NIssL technique, to overemphasize the neuronal perikarya because of their conspicuous 
content of basophil material. The damage to a brain is judged by estimating the appearance of 
these pcrikarya, their distribution and numerical concentration. Another objection is that in 
such preparations, because the contour of a neuron is too vague to be seen, the outer limit of the 
basophil material becomes equivalent to the cell boundary (Fig. 9A). This neuron, from the 
unaffected VIIth nucleus of a rabbit (Re 12-072657C), prepared by the Travenol-Susa per- 
fusion and delayed autopsy, is comparable to one with a classical polygonal shape and several 
concave sides. Similar neurons in a eompanioI~ section, stained by the combined method of 
PAS and gaIlocyanin-chrome alum apparently have a larger perikaryon, because here the 
membrane is identified outside the "peripheral zone" which is almost free of basophil material 
(arrows in Fig.9B). Under pathologic conditions, as e.g., 12 days after severance of the 
rabbit's ipsilateral facial nerve (I~a12-072657C), most neurons display an abrtormal distri- 
bution of basophil material. It  may permeate the "peripheral zone" and deposit along the 
cytoplasmic membrarte (Fig.9C and D). The size of such a neuron, therefore, is correctly 
judged with both staining methods, but in comparison with normal ones stained by gallo- 
cyanin-chrome alum alone, this cell gives the impression of being enlarged. When all the 
microscopic sections are stained by the dual technique, no change in size is demonstrated. 
Another cell reaction consists of the rearrangement of basophil material, which has massively 
accumulated near the nucleus; the basophil material is packed closer together than ever seen 
in a normal ~euron. Because of these peculiar arrangements, the neurons in galloeyartin-ehrome 
alum stained sections would give the impression of being smaller than normal (Fig.9E); 
however, the dual staining procedure makes it possible to estimate both the size of perikaryon 
and the content of basophil material (Fig. 9 F). The "peripheral zone" with scattered minute 
basophil granules and vaguely stained lines is wider than nolznal. These lines are more con- 
spicuous with phase contrast optic and resemble endoplasmic reticulum. The presence of these 
structures will help to rule out art artifactual perineuronal space. The large well formed nucleus 
with identifiable chromatin and nucleolus of normal size would be other features distinguishing 
these cells from "dark" neurons. 

The eccentric position of nuclei, as seen in Fig. 9 C and D, is typical of acute retrograde 
changes of the neuron99, t~ Experiments were carried out to test whether the changes in posi- 
tion are influenced by extraneous factors as the terminal narcosis, the fixation, procedure or the 
paraffin cutting. Two male, 6-month-old New Zealand rabbits, 5 days after severance of the 
left facial nerve 2--3 mm distal to the stylo-mastoid foramen, were deeply narcotized with an 
intravenous injection of pentobarbital mixed with heparin to prevent blood clotting. One 
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Table 

Position of 400 Neuronal Nuclei 5 Days after Severance o/Left .Facial Nerve i~ Young Rabbits 

Accession 
Number 

(Age) 

ga1-122860C 
(4 rues.) 

Ra 2-122860 C 
(4 mos.) 

Ra f-021561 C 
(6 rues.) 

Length Length 
of FinM of Body 
Narcosis Perfusion Turned 

n]in rain 

:Block 
Cut 
from 

Position of Nuclei 

Dorsal Lateral VentraI Medial 
% % /~ % 

5 

4 

(63) 
+37 

gight  
(Medial)* 

Left 
(Lateral) 

Eight  
(Medial) 

Ventral 

Dorsal 

Dorsal 

Average 

8.0 
(17.7)** 

12.3 
(26.6) 

9.3 
(20.6) 

9.8 

17.3 
(38.1) 

12.3 
(26.6) 

14.8 
(32.8) 
14.8 

Central 
~ 

9.5 10.5 54.8 
(21.0) (23.2) 

9.5 12.0 54.0 
(20.7) (26.0) 

11.5 9.5 55.0 
(25.6) (21.1) 
10.2 10.7 54.6 

* When animal rests on right or left side, the operated neuron's medial or lateral segment 
faces downward, respectively. 

** The pereentage distribution of eceentrie nuclei, only. 

animal was kept oil the left side (ga 2-122860 C) and one animal on its right side (Ra 1-122860 C). 
As quickly as possible without change of positions, the Travenol-Susa perfusion procedure was 
performed and then the animals kept on the table untouched for 12 hrs. After parMfin em- 
bedding, ~he brain stem of the former was cut serially from the dorsal aspect and the one of 
the latter from the ventral aspect. Then a third rabbit of the same age was operated in a 
similar manner and at the end of 5 days intravenous narcosis was induced (ha 1-021561 C). The 
animal was left on its right side for 1 hr, but because it moved its head, a second injection was 
given; the narcotized animal was quiet for another 30 min. The Travenol-Susa perfusion 
procedure was performed and the animal left for 12 hrs. with its head always on the right side. 
The paraffin embedded brain stem was eut serially from the ventral aspect. The displacement 
of a nucleus towards the dorsal, lateral, ventral or medial part of the neuron was determined 
in 400 cells selected from every second section in the central part of the left facial nucleus. 
Only those cells were studied which showed a central disappearance and a peripheral accumu- 
lation of basophil material as in Fig. 9 C and D. A nucleus was classified as eccentric when it 
touched the basophil peripheral border or the cytoplasmic membrane; the others were assem- 
bled in one group with central position. The average number of nuclei in each position is 9.80/0 
dorsally; 14.8~ laterally; 10.2~ ventrally; 10.7~ medially; and 54.60/0 centrMly. The slight 
differences are probably due to the over all shape of the neurons which will modify the posi- 
tioning, fewer aceumulating in the smallest dorsal segment, and more in the laNest lateral 
segment. In conclusion, the direction of cutting is of no significance (Table 1); when eut from 
the ventral aspect 9.5~ of the nuclei are seen in the ventral segment and 8.000/0 in the dorsal 
segment (Ra 1-122860 C). gegardless of whether the animal, perfused immediately after death, 
was kept immobile with the operated side down (i%32-122860C) or up (~a 1-122860 C), neurons 
with laterally placed nuclei always exceed those with medially placed nuclei by 0.3 and 6.8%, 
respectively (Table). Prolonged narcosis (gal-021561C does not seem to alter significantly 
the distribution of nuclei ; the number with central position remains the same (Table). Thus, 
the eccentric position of nuclei during acute retrograde neuronal reaction does not appear to be 
influenced by factors involved in the histological preparation. 

D i s c u s s i o n  

The  i d e n t i c a l  a p p e a r a n c e  o f  " d a r k "  neu rons  in  a l l  r eg ions  a n d  species,  as 

desc r ibed  in  t he  first  p a r t  o f  th is  paper ,  is t h e  o u t s t a n d i n g  f ea tu re  u p o n  which  

m u c h  of  t h e  d iscuss ion hinges.  These  cells e x h i b i t  an  u n u s u a l  a f f in i ty  for  d i f fe ren t  

dyes  a n d  an  a b n o r m a l  d i s t r i b u t i o n  o f  h i s t o c h e m i c a l l y  a c t i v a t e d  enzymes25,a~, 52. 
Th is  p e r m i t s  an  u n e q u i v o c a l  diagnosis .  I t  sugges ts  a m o n o t o n y  in  ce l lu lar  d a m a g e  
caused  b y  a s ingle fac to r .  T r a u m a t i z a t i o n  o f  an  o rgan  a f t e r  d e a t h ,  as s t r o k i n g  i t s  
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surface, instructs about the manner of action. Characteristic of the tissue so 

traumatized is an "all or nothing" response : the neurons react with similar changes 

whether  a moderate  or severe pos t -mor tem t rauma is applied, the cellular sensi- 
t iv i ty  becomes manifest  immediately  after arrest of  the systemic blood circulation, 
and once damaged none of  the commonly  used fixatives can restore the original cell 
type.  Present ly  there is little or no doubt  about  the ill effect of  such a t r auma  and 
no one will deny  the t raumat ic  origin of  these cells when they  localize along the 
pa thway  which is in cont inui ty  with the locus of  t r auma a3,~5-47,1ag-141,15s. However,  
it has been difficult to associate those ubiquitously occurring "da rk"  neurons with 
such a t r a u m a  because neither can a pa t te rn  of  distr ibution be established nor can 
the directions of  t r auma  transmission be predicted. Also NIssL 11~, who identified 
the "chromophi l"  neuron with an ar t i factual  factor  concerned with the histological 
preparat ion of  the tissue was uneasy  about  the classification of  the diffusely 
developed and widespread "a t rophic"  cell changes. I n  one of  the present experi- 
ments,  the profuse occurrence of  "da rk"  neurons was confined to the area being 
stroked. The ident i ty  of  cell changes is demonst ra ted  by  the complete suppression 
of  their genesis when the organ is fixed by  the perfusion procedure followed by  the 
delay of  au topsy;  during this delay, the cellular texture is t ransformed sufficiently 
so tha t  the cell membranes  can resist the effects of  the inevitable traumalS, m*. 

None of  the other  proposals concerning the genesis of  the ar t i factual  "da rk"  
neurons can be adopted because they  are inadequate  both  in explaining the varied 
conditions under  which these cells occur and in formulat ing a principle for avoid- 
ing them. Since these theories have been discussed elsewhere 25, merely a listing 
of  pert inent  theories will be given. The dual origin of a "da rk"  cell type  has had 
the greatest  appeaISS,Sg,los,loT,l~,l~8,158.*, al though the prepara tory  faetor  was 
emphasized repeatedly  b y  NISSL 1~ Others have paid more a t tent ion to post- 
mor tem autolysis11, sg, the combined effect of  hypoxia  and autolysis 6a***, 92+, the 
labile condition of  protein molecules27,119, the unwanted  effect of  the fixativeS~, 72, 
77,s5,90,94,108, the hyper tonic  act ion of  fixativesT, 46++, 47+++, so,8~,8~,136,~46,~59, the 
different funct ional  conditions of  cells at  the moment  of fixation a, 8,8e-8~,~o4, or the 
histochemieal substrates used for incubat ion 5~ To dismiss "da rk"  neurons 

* Under certain conditions an extraordinary cell change takes place, namely one resembling 
the so-called "Wasserver~nderung "~-1, which has been identified with a pathologic cell changeaL 

** Influenced by contemporary opinions, Se ga g~g  in 1933 ~ ,  the strongest proponent of 
the post-mortem traumatic origin, could not entirely reject the possibility of a pathologic cell 
process. The weakness in the original argumentation compelled E ~ n s o ~ ,  also in 1933 ~, to 
express dogmatically that his "ehromophily" and "chromophoby" represent different functio- 
nal s t ages" . . . ,  keeping well in mine[ that these conditions have nothing to do with the pheno- 
mena of artificial shrinking and swelling" (lot. cir., p. 145), a statement repeated on several 
oceasior~s ~~ The uncertain classification is reflected in the inconsistent conclusions that 
various authors have arrivecl at in the course of investigations ~s and over periods of few ~9-'~ 
or many years~S, ~9. 

*** "Morphotropie necrobiosis" is regarded as a function of prolonged premortem hypo- 
xemia and post-mortem autolysis by H~sr~24~g et M. (~5, p. 25), and "pyknotie" and "hyper- 
chromatic cells" both "are regarded as an expression of morphotropie neerobiosis occurring 
post mortem" (loe. cir., p. 26) and are identified with "damaged cells" (lot. cir., p. 155--156). 

+ "Morphotropie neerobiosis" of L ~ r ~ s ~ .  
++ "Cellule no~-gonfl~e" of FO~TU~ ~ 

+++ "Non-inflated ceil" and "wound phenomenon" of FO~TU~ ~. 
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because of  their widespread occurrence in both  control and experimental  or clinical 
materialsSS,s~,v~,:s,s% T M  can not  help solve the problem of genesis. 

Proposals tha t  cell types identical with the "da rk"  neurons are due to physio- 
logic and/or  pathologic processes are not  relevant,  because the present s tudy  was 
made on normal  animals at  rest, and are invalidated by  the current experience of  
the effect of  post -mortem t rauma on the staining qualities of  cells*. Because of  the 
misleading assumption tha t  rapid removal  of  an organ is essential for obtaining 
optimal histological preparations, "da rk"  neurons were classified as specific cell 
types in material  t ha t  had been carefully removed short ly  after death, followed by  
the rapid submersion in a fixative ~ss-~s's, or removed immediate ly  after perfusion 
of  a fixative ss,sv-~~ I f  the presumption were correct tha t  the "da rk"  cells are 
normal  representatives of  the neuronal  populat ion of  a region~,~,~~176 ~ss, 
~s, then precautions to prevent  them would be preposterous. 

The "dark"  neuron as a non-equivocal sign of  pos t -mortem t rauma to an organ 
acquires greater significance as a representative of  the "ar t i fact  complex" which 
the tissue harbors as a sequelae of  the traumaS~ ~. This is consti tuted of  "da rk"  
neurons, "pykno t i c"  nerve cell and neuroglia cell nuclei, "liposelerosis" of  neurons 
filled with lipid materials, "a typical"  small nerve cell forms, irregular axons, 
abnormal  myelin sheaths, perivascnlar spaces, and divided cerebellar cortex. The 
usefulness of  such a tissue is limited because of  the presence of  these changes, bu t  
their random distribution makes it still possible to scrutinize the remaining 
neurons, nerve fibers and neuroglia ceils**. The m a n y  successful clinical neuro- 
pathological studies will bear this out, and carefully performed experimental  in- 
vestigations have achieved far reaching results. On the other hand, similar 
material  with irregular preservation of  both  the histological elements and their 
spatial relationship will lend itself poorly to such critical studies as those concerned 

* Identical "dark" neurons have been labelled differently, but these names, given in the 
order of publication date, should be regarded as synonymous, as e.g., "dunkle" and "chromo- 
phile Zellen" of KO~EFF s2,s3, "chromophile", "osmophile" and "argyrophile Zellen" of 
KOTLARI~WSKY s4, "pyknomorphe Zelle" of NISSL u3, "cellule retract6e" and "cellule obscure" 
of RAN6~ Y CAJAn 12s, "Zellschrumpfung", "einfache Sehrumpfung" and "sklerotische 
Ganglienzelle" of SPI~LMEu 14s and othersa~, 14a, "hyperchromatie cell" of NISKOLCZY l~ 
"specialized" cortical neurons of yon EeONONO a~,la0, "contracted cortical cell" and "retracted 
cell of sensory ganglion" of l~A~6~ g CA JAn 129, "shrunken homogeneous cell" of GILD~A and 
COBBSG, 5~, "sympathetic ceils of cranial and spinal ganglia" of Kms 75, "Fischzelle" of STE~)r 1.9 
"Purkinje cell type I I"  of I-IYDIN ~2, "chromophilia", "hyperchromasia", "extreme chromo- 
phily", "chromophily of initially increased activity" and "chromophily of depressed activity" 
of EI~rA~SO~4~,% "multiangular formalin sensitive ganglion cells" of BACSIC~ and WYBC~N a, 
"siderophile Zelle" of HXGOQWST 63, and "primary axonal reaction" of G~/~-'~THAL and 
WALTm~-Bi2EL 6~ The "shrunken homogeneous cell" of G~LDSA and Co]~Bs6, 57 should not 
be confused with "ischgmisehe Zellerkrankung" of SPI~L~i~YER ~*s. 

** Tissues are evenly fixed only by the perfusion procedure followed by the delayed 
~utopsy. Any other routine procedures whereby the neurons do suffer from post-mortem 
traumatization, result in the uneven appearance of neurons; this exposes the inefficiency of the 
principle of "equivalent cell pictures" proposed by NISSLne, 115,1~6 and the fallacious claim 
that the procedure is standardized by having used the same fixative for submerging the 
organ~O,9~,~s~,~as,~s,~s,~sL Few have heeded the wanxing words of experienced investigators 
~hat even if the working principle of "equivalent cell pictures" were followed, not all histolo- 
gical abetTations are specific or pathologic ~es. In order to avoid inconsistencies it should be 
dismissed as a guide in neuropathological researcheS, ~9,e~. 
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with concentrations of cytoplasmic compounds :~, the shape of cortical neuron 4,i50, 
the quanti tat ive characteristics of cerebral regions 6~, the submieroscopical com- 
position of nervous tissue~5,~G, ~47, or the distribution of neurosecretory material  1~3. 
An unawareness of the profuse admixture of artifactual changes caused by post- 
mor tem t rauma has led to many  controversial interpretations, as e.g., the acute 
swelling of oligodendroeytes44,95,~6, ~2~ the opt imum p~ of gallocyania-chrome 
alum solutions 42, the separation of neurons from blood vessels as, the susceptibility 
of the eerebellar Purkinje cell layer to an edematous separationY,Ys,i~ i65, and 
the perineuronal vacuolization or luminary microeavitation29,30, ~52. These con- 
ditions were selected because they can be checked by  a recapitulation of Presen- 
tation o/Material with and without the histological abnormahties. 

When tissues are free of "dark"  neurons or the "art ifact  complex", as a whole, 
two important  conclusions are drawn, namely tha t  the fixation is perfect and the 
effect of a post-mortem t rauma is eliminated*. I f  the fixative is rapid in action, 
the tissue has these additional qualifications, the cellular elements are preserved 
identically and instantaneously. Such a tissue lends itself to sophisticated cyto- 
logical studies, but  because of its exclusive appearance, normal cytological details 
must  be investigated anew and experimental results re-evaluated by  the compari- 
son of tissues prepared in like manner. The second group of material  gives examples 
of tissues prepared according to specified conditions of perfusion and autopsy, and 
discusses the need for utilizing such procedures in studies of the regional topo- 
graphy, the identification of cells, and the estimation or measurement both of size 
of neurons and of their amounts of basophil material.  A staining procedure should 
be chosen whereby the boundaries of neurons are readily visible. The prehminary 
use of such material  has revised the concepts about the spatial relationship 
between, blood vessels and neurons as well as o]igodendroeyte nucleiY~-~a, and i~ has 
provoked a renewed interest in the classification of normal neurons and in the 
reactive changes of pathological neurons as "swelling" and "a t rophy" .  

Smnmary 

The significance o f " d a r k "  neurons has been discussed from two points of view: 
a) When present, they  unequivocally signify tha t  the tissue has suffered from 

post-mortem traumatizat ion and tha t  a number of other cellular elements are 
severely damaged, too. Because the effect of t rauma is widespread, such material  
is of limited value for detailed microscopical studies. 

b) When absent, the tissue has usually been perfectly fixed by  the perfusion of 
a coagulant fixative followed by  the delayed autopsy. Because of the strictly stand- 
ardized conditions of preparations, only such material  should be used for studies 
of regional characteristics and the appearance of normal and pathologic cell types. 

* The perfusior~ procedure will not hamper the post-mortem examination except in cases of 
embolism. At the moment of heart arrest, a complete shift in the distribution of blood takes 
place and an ensuing increased pressure in the superior vena earn66,12s, 131,132 will have a retro- 
grade action on the intraeranial veinsia, li. The degree of vascular dilation or blood filling in 
the brain becomes, ~herefore, a rather unreliable posbmortem observation. Whereas measure- 
merits of the blood vessels in immersed fixed brains are obsolete, in perfused fixed brains, such 
measurements will provide irKormation about the differences in width along the vascular 
"tree". The use of perfused fixed material for a study of the capillaries has been recommended 
because they all appear inflated 55. 
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R6sum6 
Deux  s6rics microscopiques,  l 'une  comprenan t  les cellnles sombres  et  l ' au t r e  

d @ o u r v u e  de ces ce lh les ,  ont  ~t6 6tudiges para l l~ lement  pour  micux  souligner  la 
n6cessit6 de p r @ a r e r  les ma t6 r i aux  ana tomiques  de tel le  fa~on qu 'on  en 6vite la 
fo rma t ion  au m o m e n t  du  pr61gvemcnt de l 'organe.  

Les ma t6 r i aux  con tenan t  ees cellules sombres  do iven t  gtre dtudids avec prd- 
caut ion,  parce  que ce ne sont  pas  seulement  les neurones  mais  aussi  les au t rcs  
cellules de la neuroglic e t  des va isseaux  qui  sont  t raumat i s6s .  Le cy top lasme  et  le 
noyau  rdtract6s  m o n t r e n t  aux  colorants  his tologiques une afflnit6 ex t reme,  
r6act ion qui  se manifes te  dgs l ' a r rg t  de la c i rculat ion.  

Au  contra i re ,  si l ' au tops ie  est  effeetu~c plusieurs  heures apr~s une f ixat ion p a r  
perfusion on nc t rouve  plus ni  eellules sombres  ni  au t res  ddformat ions  artifieielles. 
Cette m6thode  appor t e  i m m d d i a t e m e n t  aprgs la mor t  une f ixat ion par fa i t e  des 
cellules dans  l 'organe tou t  entier .  Aussi  l '6mploie  d 'une  quant i t6  la plus min ime 
de cet te  solut ion empgchera  la per te  de substance.  A cause de Fac t ion  nni forme 
du  f ixateur ,  les cellules des organes ne rveux  conservent  leur  forme, leur fai l le et  
leur  colora t ion  ce qui  est  ind ispensable  aux  6tudes de cytologic  eompar6e et  aux  
6tudes cy tom6tr iques  et  topograph iques .  
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