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clawzitans pituitary extract. Undoubtedly? 
many factors enter into potential capacity of 
any ovary to ovulate on being stimulated by 
pituitary hormones, and without extensive 
study, a meaningful evaluation is difficult. I t  
is for this reason that individual percentages 
of ovulation have been omitted from Table I. 

I t  should be noted particularly that R. 
pipiens ovary has now been induced to ovu- 
late in vitro during every month of the year. 
The ovary of a freshly-caught specimen ovu- 
lated Aug. 29th, and September ovulation has 
been induced on several occasions in freshly- 
collected frogs. Animals kept in forced hiber- 
nation in the laboratory may be used routine- 
ly from mid-October into early June (no ovu- 
lation in Ringer controls) and on 2 occasions 
ovulation was induced in vitro in mid-July 
from specimens held in cold room since the 
previous April. 

Negative results have been obtained with 
R. pipiens ovary in vitro when pituitary ex- 
tracts from the following animals were added: 
sexually immature Ambystoma maculatum 
(Nov. 19), 2 sexually mature turtles (Pseu- 
demys scripta troosti and Chrysemys picta, 
Mar. 29), and normal and castrated labora- 
tory white rats of both sexes (Dec. and Mar.? 
on several occasions). Human chorionic 
gonadotropin ( Antuitrin-S, Parke-Davis) and 
combinations of this urinary factor with mam- 

malian FSH (Synapoidin, Schering) failed to 
induce ovulation either in vivo or in vitro in 
repeated assays, nor have they increased sig- 
nificantly the responses obtained with frog 
pituitary extract. In  every instance poten- 
tial responsiveness of ovarian tissue was veri- 
fied simultaneously by exposure of other 
ovarian fragments to R. pipiens pituitary ex- 
tract. 

Summary. Ovulation in vitro has been in- 
duced in a variety of anurans using homo- 
plastic and heteroplastic pituitary extracts, 
indicating (1) that the reaction as induced in 
excised ovarian tissue is truly physiological 
and normal, and ( 2 )  that there is a general 
lack of specificity of pituitary hormones for 
this response. 
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Studies on distribution of enzyme activity 
in mammalian brain have been carried out by 
histochemical and microchemical methods. 
These technics have proved suitable for de- 
tailed study of small portions of the nervous 
system, i e . ,  Amman's horn( 1) and limited 
areas of cerebral cortex( 2 ) .  There have been 
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no systematic studies of normal enzymatic ac- 
tivity on the human central nervous system. 
The present work was undertaken to define 
normal enzyme distribution in human gross 
material and to serve as a baseline for similar 
studies of various neuropathological entities. 
Lactic dehydrogenase and malic dehydroge- 
nase activities were chosen because they of- 
fered the possibility of comparing information 
obtained by this method with histochemical 
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and microchemical data now available. These 
enzymes are also widespread in their distrihu- 
tion in nervous tissue. 

Mutrriul  nnd iiwthods. Human brains were 
obtained from Dept. of Pathology. Peter Bent 
Krigham Hospital. Fresh material obtained 
within 3 hours of death was used. Strominger 
and Lowry ( 3 )  have shown. in rabbits, little 
change in lactic dehydrogenase and malic tie- 
hydrogenase activities after death in this time 
interval. The  brain was taken directly from 
cranial cavity. brought in iced container to 
the laboratory and then placed in the deep 
freeze for 24 to 36 hours. Previous euperi- 
rnents had shown this increased the yield of 
enzymatic activity. This has also been noted 
by Strominger and Lon.ry(3). The brain was 
then thawed a t  24°C‘. and samples between 
20-90 mg of tissue were dissected with care to 
insure homogeneity of tissue ( i . ~ . ,  all gray 
matter, no blood vessels, tissue from various 
nuclei, etc.) and immediately weighed. The 
tissue was then finely ground and chopped in 
3 ml of metal-free double distilled water, by 
use of glass stirring rods. This solution was 
then allowed to stand for 36 to 48 hours at 
24”C, centrifuged a t  3000 rpm and the super- 
natant used for further tests. Both lactic de- 
hydrogenase and malic dehydrogenase activi- 
ties were measured by disappearance of 
DI’NH measured a t  340 mp using a “Coenzo- 
meter.” A unit of activity of both malic and 
lactic dehydrogenase was defined as a change 
of 0.001 optic density unit/’minute/cc of so- 
lution. The  reaction mixture for lactic de- 
hydrogenase consisted of 1.8 ml metal-free 
doubled distilled H20, 1 ml of 0.1 11 PO4 buf- 
fer a t  pH 7.4 (Mallinclmx~t A.R.) : 0.1 nil of 
0.002 DPKH (Sigma) adjusted to pH 7.3. 
0.1 ml of 0.001 31 pyruvate (AIathieson. 
(‘oleman and Bell) and a 0.1 ml solution of 
enzyme. All reagents were prepared freshly 
each day. The reaction was initiated by at l -  
clition of pyruvate solution and readings were 
taken over a 3 minute period. Control reac- 
tions without addition of substrate showed no 
measurable decrease in DPNH concentration 
in 3 minutes. The  reaction mixture far 
malic dehydrogenase consisted of 0.3 ml of 
0.2 &l Sodium Pyrophosphate (J. T. Baker 
(’hemica1 (”0. analyzed reagent) a t  pH 8.3? 

0.2 ml of 0.002 IIT’NH (Sigma) prepared as 
ahove, 2.3 ml of metal-free distilled H2, 0.1 
ml of enzyme and 0.1 ml of 0.0076 NI oxalo- 
acetic acid (H. Nl. Chemical Co., L td) .  The  
reaction was initiated by addition of oxalo- 
acetic acid and readings taken for 2 minutes, 
(’ontrol reactions without addition of sub- 
strate showed no measurable decrease in 
DPNH concentration in 3 minutes. Enzyme 
activities were given/mg wet weight of sam- 
ple studied. Protein content of gray matter 
was also roughly estimated by E280 absorp- 
tion of solution on Beckman spectrophotome- 
ter. I’alues of enzyme activity olbtained were 
confirmatory of enzyme activity as calculated 
on wet weight basis. Presence in white mat- 
ter extracts of a slight opalescence interfered 
with E280 measurements and prevented corn- 
p r i s o n  of white and gray matter extracts. 
Ii’et weight was used since i t  appeared to be 
a mcre specific, accurate and reproducible 
baseline and i t  allowed comparison. There- 
fore data are reported on this basis. Purified 
enzyme solutions of lactic dehydrogenase and 
nialic dehydrogenase obtained from Nutri- 
tional Biochemicals Coirp. were used as stand- 
ards. All samples for comparison frolm differ- 
ent areas were run in one batch to) prevent un- 
due variation in time permitted for enzyme 
extraction. All measurements were made in 
triplicate on individual samples. nlultiple 
samples were taken from each area. 

A number of experiments were 
performed using H20, isotonic saline, YO4 
buffer p H  7.4, and veronal buffer pH 8.6 as 
extracting medium for LDH in both gray and 
white matter. H20 consistently proved to be 
the most efficient extractolr of enzyme activity. 
\\‘hen ground up brain tissue was placed in 
the solvent there usually was a slow increase 
in LL)H enzyme activity over 4-8 hours. 
From 12 hours to 48 hours most preparations 
showed constant activity which did not vary 
more than 10-15yc. About 207L of prepara- 
tions showed a peak activity a t  24 hours that 
was within 20% of the activity measured at 
12 hours and 72  hours. After 72  holurs all 
preparations showed a slow decline in activity 
(when kept a t  room temperature) which re- 
sulted in about 50% activity loss in 10 days. 

Extracticms were run at 4”,  24*, 37”. Op- 

Results. 
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timal extractions occurred at  24" for both 
white and gray matter. Finely chopped and 
homogenized material gave roughly the same 
LDH values oln 2 samples. 5.5 t 1.8 units 
per mg wet weight for finely chopped brain; 
6.0 -t 1.3 units/mg wet weight for homoge- 
nized (12 determinations of each). It was 
therefore elected to use chopped material for 
the assays reported. 

In the range of 0-100 mg of brain tissue/ 
3 cc of solution, there is a linear extraction of 
enzyme activity. Above 200 mg of tissue 
there is some decrease in efficiency of extrac- 
tability of enzyme activity. Both gray mat- 
ter (cortex) and white matter (centrum 
ovale) were used in demonstration of linear 
extraction with increasing amounts of tissue 
(Fig. 1 ) .  

Malic dehydrogenase was extracted with 
H20 at  room temperature. Analysis oQ a 
sample 12 times gave a value of 9.2 t 2.43 
for white matter and 20.4 -L: 5.19 for gray 
matter. In the range of 0-250 mg of both 
white and gray matter there is a linear extrac- 
tion of enzyme activity. The range above 250 
mg of tissue/3 cc solution was not tested 

BRAIN TISSUE (mgm. we1 weight) 

(Fig. 2 ) .  When in contact with the extract- 
ing solvent malic dehydrogenase activity rap- 
idly increased for the first 6-8 hrs and then 
stabilized. In one typical experiment there 
was no significant change from 8 to 82 hrs, 
then up to 10% rise was gradually noted 
through 196 hrs. 

All data reported here were obtained on 
material extracted by water a t  24". Since 
values were reasonably constant from 24-48 
hours, no attempt was made exactly to stand- 
ardize time of activity determinations, but all 
were performed between 36-48 hours. The 
most striking result was the clear presence of 
more enzyme activity in all gray matter as 
compared to all white matter (Fig. 3 and 4 
and Table I for both enzymes). Average 
value for 43 assays of gray matter for lactic 
dehydrogenase was 6.1 t 1.1 units/mg wet 
weight and for white matter was 3.5 ~fi 0.6 
units (27 assays). A similar finding was 
noted folr malic dehydrogenase with 21.2 t 
4.6 units noted for 39 assays of gray matter 
and 11.7 2 2.3 units (21 assays) noted in 
white matter. In  both cases more variation 
was noted in gray matter samples than in 
white matter. This suggested the possibility 
that certain areas of brain might be even more 
highly concentrated than others. Table IT 
shows a breakdown of the source of gray 
matter . 

Lactic dehydrogenase. The level of enzyme 
activity extracted from inner part of globus 

a ions pallidus is moire than 2 standard devi t' 
below mean value of all gray matter assays. 
This probably reflects the great amount of 
white fibers passing through this nucleus. The 
caudate and outer part of the globus pallidus 
show significantly higher extractable enzyme 
activities than the rest of the gray matter, 8.5 
and 9.2 units/mg wet weight respectively. In 
white matter (Table HI), there is less varia- 
tion. The white tracts of the cerebral hemi- 
spheres seem to be reasonably similar in ac- 
tivity. Optic tracts and the septic pellucidum, 
fornix and cerebellar white matter all tend to 
run higher than hemispheral values. The 01- 
factory bulb and tract ctrlnsistently had the 
lowest lactic dehydrogenase values. Fig. 3 
is a graphic representation of lactic dehydro- 
genase distribution in a typical experiment. 
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Samples were taken from representative areas 
as noted and their activity is pictured on the 
graph. For purpose of illustration activity 
ranges were used rather than individual val- 
ues. It can be clearly seen that gray matter 
values were consistently higher than white 
matter values. Variations between adjacent 
activity ranges are probably not significant. 
Caudate and globus pallidus were consistently 
among the highest activities in all 3 brains es- 
amined. 

Malic dehydrogenase. nlalic dehydroge- 
nase has a much more uniform distribution 
in gray matter (Fig. 4) and variation between 
various anatomical sites is not  as striking as in 
lactic dehydrogenase. Again enzyme ac tivi- 

ties are plotted as “activity ranges” for pur- 
poses of illustration. Changes in adjacent 
activity ranges are probably not significant. 
Range in gray matter was 16-23 units/mg 
wet weight, whereas range in white matter was 
10-15 unitsimg wet weight. The  differences 
noted with lactic dehydrogenase, i.e., excess of 
enzyme activity in the optic tracts, septum 
pellucidum and fornix, and decreased amounts 
in olfactory bulb and tract are no longer ap- 
parent (Table 111). 

Distribution of 2 enzyme ac- 
tivities, extracted under similar conditions 
from human material, showed certain phe- 
nomena in general, as well as individual varia- 
tions. Both tend to occur predominantly in 

Discussion. 

* MDH and LDH uiiits/mg wet wt. Each exp. was dolie OIL differellt human brain. 
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TABLE 11. Eneynie Distributioii in Various Areas 
of Gray Mattcr. 

LTnits/nig wit, wt 
TiDH MI)H 

Frontal cor t r s  ’7.3 22.1 
Temporal ” 6.1 19.4 
Parietal ” 6.2 20.3 
Occipital ” ‘7.1 19.8 
P u t  aniiii (i.8 21.2 
Caiida te 8.5 23.1 
Globus p:illiiluni, iiiiier part  3.2 20.3 

” , outer ” 9.2 22.0 
(:lalIstrurll 4.6 20.0 
Thalamus 5.9 20.7 
Brain atem rc1ticuluni 6.8 21.4 
Arnygdala nucleus 4.5 11.8 
C~rcbcllar cortex 6.2 21.1 

7 9  

gray matter. In  individual nuclei lactic de- 
hydrogenase varied independently of malic de- 
hydrogenase, however. It has been suggested 
that these enzymes are more concentrated in 
nerve cells and/or synaptic areas ( 2 ) . 

Robbins et a L ( 4 )  found more malic dehy- 
drogenase and lactic dehydrogenase in cortex 
than in white matter of rabbit and monkey 
brain and noted that the malic dehydroge- 
nase/lactic dehydrogenase ratio is slightly 
higher for cortex than for white matter. We 
could confirm these observations. They 
also noted areas where the correlation 
of enzyme Concentration was not parallel. 
Lactic dehydrogenase showed more variation 
than malic dehydrogenase in central white 
matter and optic nerves. Strominger and 
Lowry (3) previously have noted increase of 
lactic dehydrogenase in optic nerve and tracts 
by their microtechnics, and their coworkers 
have commented on the marked differences 

TAI{LE 111. Eiizynie Distribution in V:irious 
Are:is of White Matter. 

Units/mg wet wt 
TiDH MDIT 

Fr  011 t a1 3.6 12 
‘1’enipor:il 3.6 1 2  
Oc c i pi t a 1 3.5 13 
(:orpus callosllnl 3.6 11 
Cere1)ellar white 4.4 15 
Optic  tracts 4.5 L O  
Beptuni pelluciclum am1 4.2 10 

Olfactory h L I l 1 ~  ~tllti t r av t  2.9 13 
fornix sJ-steiri 

noted in histologically different areas of brain, 
and they have spoken of enzymatically dif- 
ferent types of tracts. 

The higher concentration of lactic dehydro- 
genase in the caudate nuclei and other central 
gray areas is of interest in that it correlates 
with the observations of Himwich and Faze- 
kas(5) that the caudate nucleus has one of 
the greatest oxygen consumptions found in 
brain tissue. 

We were unable to find significant differ- 
ences between the various areas of cortex, a 
finding noted by Bennett et  a L ( 6 )  to be true 
of cholinesterase. He noted that cholinester- 
ase activity differed in motor and visual som- 
esthetic colrtices, but that this was not true of 
lactic dehydrogenase. Our observations con- 
firm his observations on lactic dehydrogenase 
and show similar diffuse distribution for malic 
dehy dr ogenase. 

Surnnzary. Distributions of enzymatic ac- 
tivities of lactic dehydrogenase and malic de- 
hydrogenase have been studied in human 
brain. Their activities are increased in gray 
matter as compared to white matter. There 
are areas where concentrations of these en- 
zymes seem consistently elevated, with higher 
concentration olf lactic dehydrogenase in cau- 
date nuclei, as compared to other gray matter, 
and optic nerve as compared to other white 
matter. In  some areas lactic dehydrogenase 
activity shows no correlation with malic de- 
hydrogenase activity. The significance of 
these variations is not as yet apparent. 
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