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A B S T R A C T  

No significant change was found in the electrolytes and lipids of the brain analyzed after 
glutaraldehyde fixation by perfusion of laboratory animals; such fixation also satisfactorily 
preserves neural tissues for electron microscopy. The brains of normal and tumor-bearing 
C3H mice, Wistar rats, and New Zealand rabbits were studied. Little difference was found 
in the dry weight and the content of sodium, potassium, total lipid and lipid fractions, and 
in the sulfate space ($3~O4) between specimens from unperfused and perfused animals, 
whether normal or tumor-bearing. The results suggest the possibility of using selected 
regions of the nervous system, dissected after fixation, for chemical study and at the same 
time characterizing similar regions morphologically with the electron microscope. 

The importance of the fixation procedure in the 
results of electron microscopic study of normal and 
pathologic neural tissues is now well known. 
Recently, perfusion technics with OsO4 (1) or 
formalin (2) have been used with advantage for 
fixing these complex and labile structures in situ. 
New fixatives, such as acrolein (3), glutaraldehyde, 
and other dialdehydes (4, 5) have been found to 
preserve the cell structures most satisfactorily and, 
to some extent, several enzymatic activities 
detectable histochemically. In  the work reported 
here, glutaraldehyde perfusion has been utilized 
as a method of fixation of the nervous system of 
mice, rats, and rabbits. We have determined 
quantitatively the degree to which water and 
electrolyte exchange can occur, and the lipid 
structural components be retained, after perfusion 
fixation. 

M A T E R I A L S  A N D  M E T H O D S  

The animals were normal and tumor-bearing C3H 
mice, 1 Wistar rats, 2 and New Zealand rabbits? The 
tumor tissue for intracerebral implantation in the 
respective species was mouse mammary carcinoma 
and rat Walker carcinosarcoma, both carried sub- 
cutaneously, and rabbit Brown-Pearce carcinoma 
carried in the anterior chamber of the eye. The 
technic used has been described in our earlier 
reports (6, 7). It was essentially the same for the 
three species. 

1Obtained from Roscoe B. Jackson Memorial 
Laboratories, Bar Harbor, Maine. 
2 Obtained from Dr. O. Seguira, Sloan-Kettering 
Institute, New York. 
3 Obtained from Dr. H. Greene, Department of 
Pathology, Yale University Medical School, New 
Haven, Connecticut. 
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T h e  control  an imals  were anesthet ized wi th  
Nembu ta l ,  sacrificed, and  dra ined  free of blood. 
Tissue samples  were obta ined as in the  perfused 
animals .  

Per fusion 

All animals  were given an  inject ion of labeled 
sod ium sulfate ($3504) 4 to 6 hours  before pcrfusion. 
The  mice received an  injection of 80 #% rats, 200 #c, 
and  rabbits,  500 #c. I n  one group of studies, a biopsy 
spec imen was obta ined from the rabbi t  before per-  
fusion. 

T h e  perfusate was a 3 per  cent  g lu ta ra ldchydc  
solution in 0.1 M sod ium phospha te  buffer,  p H  7.3, 
conta in ing  0.01 per cent  CaC12 (8, 8a ) .  T h e  os- 
molal i ty  of  the  perfusate was approx imate ly  650; the  
sod ium content ,  205 mEq/ l i t e r .  T he  volumes of 
perfusate and  dura t ion  of pcrfusion were de te rmined  
by  trial a n d  error on the  basis of the  satisfactory 
qual i ty  of  the  electron mlcrographs  and  the  possi- 
bility of  per forming  biochemical  analyses. 

Perfu- Perfu- 
Weight sate sion 

gm ml rain 

M o u s e  (de scend i ng  20-30 6 4 
a o r t a  u n e l a m p e d )  

R at  150-200 30 100 
R a b b i t  2500-3000 50 10 

Na  24 and  K 42, 5 to 15 #e /100  ml, were added  to the  
perfusate of  a group of mice, rats, and  rabbits,  
respectively. 

After in t raper i toneal  N e m b u t a l  anesthesia,  the  
chest  was opened in the  midline,  the  pe r ica rd ium and  
r ight  auricle were incised, and  blood samples  ob- 
tained. T h e  left ventricle was t hen  incised; the  
ascending aorta  was th readed  with a glass cannu la  
connected  to a plastic tube, the  descending  aor ta  
being c lamped  jus t  above the  d i aphragm.  Perfusion 
began  wi th in  1 minu te  of the  chest  incision. 

For  a successful perfusion, care should be taken  
not  to bypass the  brachiocephal ic  t runk  or tear  the  
aorta, and  a c l amp  should be properly placed on the  
descending aorta. 

The  tumor -bea r ing  an imals  were perfused as soon 
as signs of t umor  growth  became evident,  usual ly  9 

to 15 days after implan ta t ion  in mouse  and  rabbi t  
and  14 to 18 days in the rat. 

Tissue Sampling 
O n  removal ,  the  brains  were placed in a h u m i d  

c h a m b e r  (90 to 100 per  cent  sa turat ion) .  Mouse  
cerebral  tissue samples  were usual ly  t aken  f rom 
whole brain.  R a t  and  rabbi t  samples  of  g ray  and  
white mat te r ,  weighing 15 to 60 rag, were ob ta ined  
unde r  the  dissecting microscope at a sevenfold 
magnif icat ion.  Thc  samples  of white and  gray  ma t t e r  
f rom tumor -bea r ing  an imals  were taken  f rom areas  
adjacent  to the lesion and  at a distance f rom it. 

Biochemical Analyses 

W e t  weights were obta ined  in the  h u m i d  c h a m b e r  
in order to reduce evaporat ive  loss of water  f rom the 
small  tissue samples.  The  samples  were t hen  dried at  
100°C for 12 hours ;  the  difference be tween wet and  
dry weights  is expressed as a percentage.  

Sod ium and  potass ium contents  were de te rmined  
by internal  s t anda rd  f lame pho tome t ry  on  nitric 
acid digests of tissue samples  (9); N a  24 and  K 42 
activity, in a well-type g a m m a  scintil lation counter ;  
S 35 in a gas-flow counter .  

T h e  "uncorrec ted  sulfate space"  was ca lcula ted  
f rom these data ,  according to the  fo rnmla  of  Barlow 
et al. (10). If  the  sulfate space is a measu re  of b ra in  
cxtracel lular  space, the  calculat ion should bc 
corrected for the  incorpora t ion of S 35 into organic  
compounds .  However,  it has  been found tha t  approxi-  
ma te ly  one- thi rd  of the  sulfate is organical ly  b o u n d  
within  6 hours  of  perfusion, in  bo th  the p l a sma  and  
normal  and  edematous  brains  (11, 12). T h e  sulfate 
space is thereforc not  appreciably altered by  this 
correction. 

T h e  lipid de te rmina t ions  included total lipid, 
gangliosides, cholesterol, phosphat ides,  and  cerebro-  
sides. T h e  samplcs  were homogenized  with 19 
volumes  of ch loroform-methanol  (2 : l ,  v /v)  (11), and  
filtered th rough  a sintercd glass funnel  to remove  the 
insoluble residue. T h e  extract  was par t i t ioned with 
1/3 vo lume of 0.88 per  cent  potass ium chloride, and  
the lower phase was washed  twice wi th  the  theoretic 
uppe r  phase.  T h e  initial upper  phase  was combined  
with the washings  of the  lower phase,  and  dialyzed 
against  water.  T h e  sialic acid content  was de te rmined  

FIGURE 1 Normal  mouse;  cerebral cortex; glutaraldehyde fixation. Note closely packed 
neuropil. X 7000. 

FIGURE ~ Tnmor-bear ing mouse;  cerebral cortex adjacent  to tumor;  glutaraldehyde 
fixation. Mitoehondria (M), Golgi appara tus  (G), and endoplasmic reticulum (ER)  well 
preserved. X 19,000. 
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by the thiobarbituric acid method (13), and the 
gangliosides were calculated from it by a conversion 
factor of 4.35. 

The amounts of cholesterol, cerebrosides, and 
phosphatides were estimated on the lower phase after 
separation of the proteolipids and drying and 
filtration. The cholesterol was determined by the 
method of Searcy and Bergquist (14); the cerebrosides 
were calculated by a conversion factor of 4.7 from 
the total lipid hexose determined by the orcinol 
method (15) after hydrolysis of the total lipids in 
ethanolic sulfuric acid. The phosphatides were 
estimated by a conversion factor of 25 from the 
phosphorus content determined by the method of 
Chen and coworkers (16). 

Electron Microscopy 

The samples initially fixed by glutaraldehyde 
perfusion were washed in phosphate buffer with 10 
per cent sucrose, postfixed for 90 minutes in osmium 
tetroxide, dehydrated with acetone, embedded in 
Epon 812, and sectioned on a Porter-Blum microtome 
with glass knives. The electron microscope used was 
a Hitachi HS7. 

R E S U L T S  

Morphologie 

I n  all successfully pcrfuscd animals, the cortical 
vessels were free of blood. T he  brains  were yellow 
and  firm and  were easily sectioned with a razor  
b lade  wi thout  crushing of tissue. Dissection of the 
gray and  white  ma t t e r  under  the dissecting micro- 
scope was accomplished wi thout  difficulty. This  is 
one of the advantges of g lutara ldehyde perfusion- 
fixation for small animals, in which the a m o u n t  of 
white ma t t e r  is minimal .  T he  edematous  tumor-  
adjacent  areas were ne i ther  watery nor  soft and 
were also easily dissected. 

Electron Microscopic 

The  electron micrographs  of pcrfused normal  
cerebral  cortex and  white mat te r  of mice, rats, and  
rabbi ts  showed good, uni form preservat ion of 

ent ire  tissue blocks. The  cellular e lements  were 
t ightly fitted together,  and  the extracellular  space 
was not  distended (Fig. 1). There  was no dis- 
in tegra t ion  of tissue elements, nor  shrinkage of 
cells. The  l imit ing membranes  of the cellular com- 
ponents  were unbroken  and  sharp;  the in ternal  
cellular s tructure was well preserved, with  dense 
cytoplasm and  mitochondr ia .  The  endoplasmic 
re t iculum did  not  have distended or d isrupted 
sacs, and  the mi tochondr ia l  cristae and  double  
l imit ing membranes  were sharp. One  or two 
mi tochondr ia  of every second or third neuron  or 
astrocyte showed an  art ifactual  bal looning 
generally occupying one- thi rd  of the organelle 
(Figs. 3, 4). Wi th in  this area there was no matrix,  
bu t  the double  l imit ing m e m b r a n e  was intact .  
The  Golgi complex was well preserved, bu t  oc- 
casionally an art ifactual bal looning,  closely 
resembling tha t  of the mi tochondr ia ,  was seen 
(Fig. 5). The  nucleus was not  surrounded by  a 
halo, and  the nuclear  ch romat in  was dense and  
evenly dispersed. Compact ,  fine granules (pre- 
sumably RNA)  were present  in the nucleolus. 
Ballooning of the synaptic vesicles was not  

observed. The  neuroglial  cell processes conta ined  

densely a r ranged  organelles. 

The  deep white ma t t e r  was well preserved. The  

myel inated nerve fibers were close together,  wi th  

evenly spaced myel in  lamellae (Fig. 7). "Ex -  

plosions" within the myelin sheaths were not  seen. 

The  axonal  fi laments and  mi tochondr ia  were 

evenly distr ibuted.  

The  edematous  tissue was also well fixed. In  

the cortex, distended vacuoles or clear spaces sur- 

rounded  by  an  in tac t  m e m b r a n e  were frequently 

found (Figs. 2, 4, 6). In  the white  matter ,  the 

extraeellular  edema  was del ineated by  well pre 

served cellular elements (Fig. 8). The  art ifactual  

bal looning of mi tochondr ia  and  Golgi appara tus  

was easily dist inguishable f rom the intracel lular  

vesicles of edematous  tissue (Fig. 2). 

FIGURE 3 Normal rat; cerebral cortex; glutaraldehyde fixation. Cellular organelles well 
preserved; minute vacuoles present in Golgi apparatus (G), and mitoehondria (M); dis- 
tended, membrane-lined vesicle (V). X 21,500. 

FIGURE 4 Tumor-bearing rat; cerebral cortex; glutaraldehyde fixation. Intraeellular 
edema; structures within edematous cell and neuropil well preserved. )< 9500. 
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B i o c h e m i c a l  

Judging by the results of analyses of samples 
from normal and tumor-bearing animals, glutar- 
aldehyde perfusion of these small animals in vivo 

had litde effect on the chemical parameters 
studied (Tables I through VI). Since the os- 
molality of the perfusate (650 osmolals) is high, 
dehydration might be expected. This is in fact 
observed with increasing volumes of the perfusate 
and duration of perfusion (Table 1). However, 
with the volumes and perfusion times routinely 
used, the dehydration was minimized, and there 
was no consistent difference in the average (per 
cent) dry weight of similar specimens obtained 
from perfused and non-perfused animals (Tables 
I and II). The sodium content did not increase 
with perfusion, although the perfusate contained 
205 mEq/liter of Na, nor was there any consistent 
loss of $3N)4, or total lipid or lipid fractions from 
the cerebral tissues (Table IV). However, the 
value for potassium in the perfused specimens was, 
on the average, 4.5 per cent less than in control 
specimens and was above the variation to be ex- 
pected from the errors in the method. 

Although the net sodium content was un- 
changed, it seemed desirable to determine whether 
Na exchange had occurred. This was done by 
adding Na ~4 to the perfusate (Tables V and VI). 
The relative activity (or Na ~4 space) of the brain 
was found to be less than 2 per cent, and less than 
3.5 per cent of the sodium was labeled by the 
procedure. Similarly, the uptake of K 4~ from the 
perfusate was small (Table VI). 

D I S C U S S I O N  

Detailed investigation of diseases of the nervous 
system has made clear the nced for adequately 
fixed tissues which can be used for both electron 
microscopy and biochemical studics. In order to 
prcscrve the ultrastructure of deeper portions of 
the brain, perfusion fixation has been widely 
adopted. The osmium tctroxide perfusion technic 
of Palay and coworkers (1) gives cxcellent electron 
microscopic results, but the presence of osmium 

tetroxide in the tissues precludes biochemical 
analyses. Another good fixation method for 
electron microscopy of neural tissues is the for- 
malin perfusion-fixation technic of Gonzalez 
Aguilar, and De Robertis (2). Their report gave 
only the water content of the fixed tissues; whether 
or not biochemical analyses are possible remains 
to be seen. 

The perfusion method we have used is based on 
the work of Sabatini et al. (4), who introduced 
glutaraldehyde as a first-stage fixative. Glutar- 
aldehyde had been found by leather chemists to 
be a useful tanning agent. Sabatini et al. found that 
this molecule penetrates tissue rapidly and fixes 
the tissue sufficiently for routine histologic and 
histochemical procedures as well as for electron 
microscopic cytochemistry. By the use of osmium 
tetroxide as a second-stage fixative, the tissue then 
meets the criteria of preservation for electron 
microscopy previously established by Palade (8, 
17) and Palay et al. (1). Originally, Sabafini et al. 

(4) immersed their tissue fragments in glutaralde- 
hyde; but perfusion of glutaraldehyde through the 
blood vessels also fixes tissue, as shown by Webster 
and Collins (18) for the peripheral nervous sys- 
tem. The advantage of perfusion fixation for the 
central nervous system lies in the uniform pres- 
ervation of such structures as the basal ganglia 
and deep white matter. This is especially important 
in pathologic processes, particularly in regions 
where preexistent injury and edema may lead to 
factitious disruption of cell membranes if fixation 
is incomplete. One disadvantage of glutaralde- 
hyde perfusion is the presence of occasional minor 
artifacts, such as the sporadic ballooning of a 
single mitochondrion or of vesicles in a Golgi 
complex. However, they were easily identified and 
differentiated from the changes produced by the 
pathologic process. 

The glutaraldehyde-perfused tissue was firm, 
even though the perfusion lasted only 5 minutes. 
It was therefore easy to handle and dissect, and 
we found that minute lesions were easily identified. 
Suitable samples for chemical determinations 

FmuR~ 5 Normal rabbit; cerebral cortex; glutaraldehyde fixation. Slight vacuolation 
within Golgi apparatus (G) and mitochondria (3/).)< ~1,000. 

FIGURE 6 Tumor-bearing rabbit; cerebral cortex; glutaraldehyde fixation. Perivascular 
edema within cellular processes limited by well-outlined membranes. X 14,500. 
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T A B L E  I 

Effect of Varying Perfusion Conditions on Cerebral 
Tissue of Normal Mice 

Sodium- Sulfa~ 
Perfusate Perfusion Dry wt potassium space* 

m l  m i n  per  cent molar  ratio 

0 0 22.0 0.51 
2 2 23.5 0.54 
4 2 22.5 0.51 
6 2 24.0 0.54 
6 4 23.0 0.50 
8 4 24.5 0.54 

10 2 26.5 0.52 
10 4 25.0 0.53 

per  cent 
. ,  ++¢ 

3.1 

4.6 

4.9 
5.6 

3.2 

* Expressed by the formula: per cent sulfate space 
(uncorrected) 

(opM/gm wet tissue) X 100. 

CPM/ml plasma 

could therefore be selected, which were weighed 
and analyzed immediately;  the samples for 
electron microscopy were immersed in osmium 
tetroxide. 

Our  most important  finding is that glutaralde- 
hyde perfusion caused little change in the water, 
electrolyte, and lipid contents of normal and 
pathologic tissues. I t  is evident from the tables 
that the standard perfusion did not  change brain 
water content, although prolonged perfusion may 
have a deleterious effect (Table 1). The  perfusate 
used contained glutaraldehyde and buffer con- 
centrations optimal for tissue preservation. The  
total osmolaiity of the perfusate was 650, a 
markedly hypertonic solution. Approximately 
haif of the osmolaiity can be accounted for by the 
buffer, half by the glutaraldehyde; nevertheless, 
dehydration did not occur. If  the capillary wall 
were impermeable to this molecule, there would be 
appreciable changes in the water content, even 
within a few minutes. Brain water has been shown 
to exchange within seconds with labeled plasma 
water (19). Moreover,  half of the change in water 

content produced by hypertonic urea, a partially 
permeable solute, occurs within 15 minutes (20) 
The  absence of rapid dehydration thus suggests 
that the capillary wail is freely permeable to 
glutaraidehyde and that the significant tonicity of 
the fluid is due to the buffer which is approxi- 
mately isotonic. In favor of this assumption is the 
observation that the tissues hardened appreciably 
during brief glutaraidehyde perfusion, and thus 
the glutaraldehyde must have diffused rapidly. 

The lack of change in tissue electrolyte con- 
centrations (Na, K, and SO4) may be related to 
the normal slow exchange of these ions between 
blood and brain. The uptake of isotopes of these 
electrolytes by cerebral tissue has been shown to be 
slower than by other tissues (9). The  half-time of 
the exchange between brain Na and parenteral 
Na :4 is about 11~ hours (21); for K, 36 hours (22). 
The uptake of $3~O4, which some authors consider 
a measure of brain extracellular space, reaches a 
peak in about 2 hours and then levels off, the brain 
concentration being only 2 to 6 per cent of the 
blood level (10). 

The exchange of these isotopes during perfusion 
is shown for Na ~4 and K 42 influx in Table VI ;  for 
$3504 loss, in Tables I I  and I I I .  Part  of the ap- 
parent uptake of Na 24 and K e may represent per- 
fusate remaining in intravascular spaces. How- 
ever, even if this is not  taken into account, the 
values obtained for K 42 are less than those observed 
in dog brain after 15 minutes of intravenous per- 
fusion (23); for Na ~4, the uptake is similar to that 
observed in vivo in the rat by Woodbury (21). Thus 
the blood-brain barrier to Na 24 and K 42 exchange 
remains intact during glutaraidehyde perfusion. 
Similarly, $3504 was not washed out except in the 
single instance shown in Table II ,  in which the 
$3504 content of perfused samples of mouse brain 
adjacent to implanted tumors appeared to be de- 

creased. In  those brain areas, breakdown of the 

blood-brain barrier was shown by dye uptake (6). 

The  failure of glutaraldehyde perfusion to in- 

crease the permeability of brain to these ions 

FIGURE 7 Normal rabbit; white matter; glutaraldehyde fixation. Axon and myelin 
lamellae well preserved. X 30,000. 

FIGURE 8 Tumor-bearing rabbit; white matter; glutaraldehyde fixation. Edema; dis- 
tended intracellular spaces outlined by well preserved membranes. X 7000. 
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T A B L E  II  

Effect of Perfusion on Water and Electrolyte Content of Cerebral Tissue 

Control* Perfused~ 

Dry weight, pe~ cent 
Mice 22.0 (20.4--24.2) 22.9 (21.8-24.0) 
Rats  

Gray mat te r  24.2 (19.0-29.1) 24.0 (16.0-32.0) 
Whi te  mat te r  26.5 (22.1-33.3) 28.0 (21.3-37.4) 

Rabb i t s  
Gray mat te r  19.2 (16.4--22.5) 18.5 (16.1-20.5) 
Whi te  mat te r  28.3 (22.4-33.2) 29.6 (26.5-32.4) 

Sodium, mEq/kg wet wt 
Mice 51 (43-63) 50 (44-58) 
Rats  

Gray mat te r  56 (46-68) 57 (45-80) 
Whi te  mat te r  51 (46-82) 55 (45-64) 

Rabb i t s  
Gray mat te r  60 (48-69) 61 (48-77) 
Whi te  ma t t e r  57 (49-67) 57 (43-65) 

Potassium, mEq/kg wet wt 
Mice 102 (93-128) 100 (93-112) 
Rats  

Gray mat te r  107 (98-108) 93 (88-105) 
Whi te  mat te r  96 (92-104) 91 (82-103) 

Rabb i t s  
Gray ma t t e r  91 (79-102) 91 (79-102) 
Whi te  mat te r  83 (75-94) 82 (73-99) 

N a ' K ,  molar ratio 
Mice 0.51 (0.354).60) 0.50 (0.45-0,60) 
Rats  

Gray mat te r  0.51 (0.47-0.58) 0.53 (0.51-0,86) 
White  mat te r  0.53 (0.47-0.61) 0.61 (0.51-0,86) 

Rabb i t s  
Gray mat te r  0.64 (0.51-0.79) 0.66 (0.51-0.84) 
White  mat te r  0.71 (0.58--0.92) 0.69 0 .53-0 .80)  

Sulfate space, per cent 
Mice 3.1 (1.6-5.4)  4.9 (2.3-9.0)  
Rats  

Gray mat te r  7.1 (4.3-11.1) 6.0 (5.2-8.1)  
White  mat te r  7.5 (5.5-14.3) 4.8 (3.4--6.7) 

Rabbi t s  
Gray mat te r  3.3 (1.8-5.2)  2.8 (0.7-9.5) 
White  mat te r  2.3 (0.4-4.3)  1.7 (0.7-6.0) 

* Mice, 14 control,  40 perfused; rats, 4 control,  7 and 8 perfused for gray and white mat ter ,  respectively; 
rabbi ts ,  11 control,  18 perfused. 

Perfusate : 6 ml for 4 rain. for mice; 30 ml for 5 rain. for rats;  100 ml for 10 min. for rabbits .  
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T A B L E  IV 

Effect of Perfusion on Lipid Content of Whole Brain Tissue 

Lipid fractions 
Proteollpid 

Total lipids proteins Gangliosides Cholesterol Phosphatides Cerebrosides 

Mice 
Control  
Perfused 

Rats  
Control  
Perfused 

Rabbi t s  
Control  
Perfused 

per cent of wet weight per cent of total lipids 

8.22 0.585 0. 187 21.0 56.5 17.8 
6.63 0. 562 0. 207 20.9 58.8 15.7 

8.07 0.354 0.183 15.8 59.7 18.3 
9.20 0.433 0.202 16.8 57.9 20.1 

7.65 0.562 0.222 19.4 C2.8 15.7 
7.75 0.558 0.196 19.7 60.7 17.3 

T A B L E  V 

Example of Na 24 Uptake from Perfusate by Mouse Intracerebral Tumor and Cerebral Tissues 

Gray matter White matter 

Perfusate Tumor Adjacent Distal Adjacent Distal 

Activity,  c v ~ / m l  or gm 
wet wt  178,000 

Relat ive  activity, 

X 100 100 
Sodium, #Eq/gm wet wt 207 
Specific activity, 

cpM/p~Eq Na 
Relat ive specific activity* 

30,800 1531 3050 2420 2070 

17.30 0.85 1.71 1.36 1.1 
61 65 101 46.5 71.5 

0.86 0.28 0.013 0.017 0.029 0.016 
32.5 1.51 1.98 3.37 1.86 

* Rat io  of specific activity of b ra in  to specific activity of perfusate. 

might  seem anomalous,  in view of the widespread 
al terat ion in protein tha t  is taking place. How- 
ever, it migh t  be argued r_hat dena tu ra t ion  of 
m e m b r a n e  protein migh t  reduce ra ther  than  
increase m e m b r a n e  permeabil i ty,  provided the 
lipid structure of membranes  is not  disrupted. The  
electron micrographs  demonst ra te  the integrity of 
the lipid s tructure of membranes  after glutaralde-  
hyde perfusion. Muel ler  et al. (24) have found tha t  
the electrical resistance is exceedingly h igh in a 
m e m b r a n e  model consisting of a bimolecular  
layer of b ra in  lipids; these membranes  permit  little 
water  and  electrolyte to pass. Only  upon addit ion 
of specific protein is the electrolyte resistance re- 

duced and permeabi l i ty  increased. Dena tu ra t ion  oI 
this protein then reduces permeabil i ty.  

Al though glutaraldehyde,  like formaldehyde,  is 
a t ann ing  agent  which reacts with  m a n y  funct ional  
groups of proteins, producing cross-linking and 
render ing them iner t  to digestion with trypsin, 
not  all funct ional  groups are so altered (25, 26). 
Thus,  formaldehyde- t reated toxins may  lose their  
potency yet serve as excellent antigens. Wi th  
glutaraldehyde,  Sabat ini  et al. (4) have shown a 
wide range of preservation of enzyme activity, 
from acetylcholinesterase to cytochrome oxidase. 
Such preservation of the adenosine t r iphosphata-  
ses, enzymes in t imate ly  related to Na and  K 
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T A B L E  VI  

Uptake of Na ~4 and K 42 from Perfusate in 
Normal Animals* 

Relative activity 
(cPM/gm wet wt tissue) 

(cPu/ml perfusate) X ioo 

Na 24 K4~ 

Mice 
Whole bra in  samples 

Rats  
Gray mat te r  

White  mat te r  

Rabbi t s  
Gray mat te r  

White  mat te r  

1.2 4.1 
(0.8-2.9) (3.5-5.4) 

3.7 1.2 
(0.6--5.0) (1.2-1.3) 

4.2 2.8 
(1.2-8.0) (1.9-3.7) 

1.1 4.3 
(0.4-4.6) (3.8-4.9) 

0.5 2.6 
(0.1-0.8) (1.6-3.1) 

* 4 m i c e ;  4 rats;  4 rabbi ts  for gray matter ,  5 rabbi ts  
for white mat ter .  

t ransport ,  may  also play a role in the conservation 
of these electrolytes dur ing  perfusion. ' 

The  integri ty of the lipid s tructure of mem-  
branes  after g lutara ldehyde perfusion is consistent 
with  the finding tha t  the perfusion did not  alter 
the concent ra t ion  of complex lipids. In  part icular ,  
cholesterol, which is the bra in  lipid most  easily 
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