
morula or in blastula stage. Differences 
between the percentage of ova with 
two to four blastomeres and the per- 
centage of morulae and blastulas are 
not significant (P < .25), as in the first 

experiment. 
The lower percentage of developing 

ova in the second experiment can be 
accounted for by the lower fertility of 

superovulated ova of the H strain. 
From the total of 76 ova from mice 
of the H strain isolated after a 36- 
hour cultivation, only 46 percent de- 

veloped to two- to four-blastomere 
stage, and after an 84-hour cultivation 

only 49.2 percent developed to the 
morula and blastula stage from 67 
isolated ova of the same animals. 

Even though our experiment has not 
provided evidence for the dying of de- 

veloping fertilized ova in the period 
before implantation, nor for their slow- 
ing in development, the relatively small 
number of experiments does not allow 
us to generalize these results. The dis- 
turbances in development of ova in the 
period before implantation may be 
manifested in some other inbred strains. 
Differences in the occurrence of the 
lethal gene t12 (7) may serve as 

example. 
Part of the strain-H ova fertilized 

in vitro was left in organ culture for 
144 hours. After 120 hours we ob- 
served in some blastocysts a hernia- 
tion of their walls from one opening 
of the zona pellucida (Fig. 1B). Later 
this formation resembled a blastocyst 
(Fig. 1C). It was also possible to ob- 
serve a migration of cells in the form 
of an unorganized cell mass, a part 
of which reminded one of the giant 
trophoblastic cells. An analogous de- 

velopment of blastocysts in vitro has 
been observed elsewhere (8). Dickson 

(9) observed the structural changes of 
blastocysts after their passage into the 

uterus, but he did not find similar 
forms. 

The last test of the viability of 
oocytes fertilized in vitro and culti- 
vated 72 to 84 hours was their trans- 

plantation to recipient animals. Eighty- 
three morulae and blastulas were trans- 

planted to 19 female recipients that 
had been mated with fertile males. 
From nine pregnant females there 

were, however, only three with four 

developed transplanted embryos. Ge- 
netic control was assured by the use 
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morulae and blastulas implanted, the 
result may be regarded as being success- 
ful. 

The relatively high fertility and nor- 
mal development of the ova fertilized 
in vitro is a further advance on results 
of Brinster and Biggers (1) and made 
it possible to obtain, in some cases, 
normal embryos after transplantation. 
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During the course of immunologic 
studies on mice injected with isologous 
and horse macroglobulin labeled with 

125I, radiation damage from the iso- 

tope and subsequent spleen recovery 
was observed. On day 7 after injec- 
tion of isologous 125I-macroglobulin 
with high specific activity, a two- to 
threefold increase in spleen weight was 
measured. Histologically, there was a 
marked hyperplasia of hematopoietic 
cells in the spleens of these mice. Nor- 
mal animals injected either with horse 

macroglobulin labeled with 125I of a 

comparable specific activity or with un- 
labeled isologous macroglobulin did 
not show these changes. Therefore, we 

investigated the effects of various mac- 

roglobulin preparations on irradiated 

mice, and found that isologous and 
rat macroglobulin isolated by zonal 

ultracentrifugation significantly en- 
hanced radiation survival and acceler- 
ated the recovery rate of hematopoietic 
tissue. 

Macroglobulins were prepared by 
centrifuging 25 to 30 ml of whole se- 
rum on a 1000-ml sucrose-density grad- 
ient in the B-IV zonal ultracentrifuge 
(1). The separation and characteriza- 
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tion of the rat macroglobulin has been 
described (2). For separation of mouse 
and horse macroglobulins, the am- 
monium sulfate step cited in the pro- 
cedure for rat macroglobulin was omit- 
ted. The gradient was monitored at 
260 and 280 m,u as it passed through 
a 0.2-cm Oak Ridge flow cell; a Beck- 
man B spectrophotometer, modified as 
described by Anderson (3) was used. 
The separation showed two peaks. The 

gradient was collected in 40-ml frac- 
tions. After four to six runs were 

made, the material in the second peak 
was pooled and concentrated. Analyti- 
cal ultracentrifugation showed that it 
contained approximately 50 percent of 
19S protein (about 750,000 molecular 

weight). An ultracentrifugally homo- 

geneous 19S fraction was obtained by 
a second centrifugal separation in the 
B-IV zonal rotor. The 19S fractions 
were characterized as the alpha com- 

plex by acetate-strip electrophoresis in 
0.05M barbital buffer at pH 8.8 (Fig. 
1). Protein concentrations were esti- 
mated by the method of Lowry et al. 

(4). 
Initially, we studied survival of mice 

after whole-body irradiation. Random- 
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Serum Alpha Globulin Fraction: 

Survival-and-Recovery Effect in Irradiated Mice 

Abstract. An alpha macroglobulin fraction (19S) was isolated from the serum 

of rats and BCsFj mice by zonal ultracentrifugation. Both the isologous and 

heterologous macroglobulin fractions increased survival among BC3F1 mice x- 

irradiated with 750 roentgens. The mouse macroglobulin fraction also enhanced 

radiation recovery of hematopoietic tissue as measured by colony-forming assay 
and iron-59 incorporation into erythropoietic cells. The overall difference in 

hematopoietic activity in the irradiated (400 roentgens) mice treated with the 

macroglobulin fraction, in comparison with this activity in the controls, was 

three- to fivefold in the bone marrow and nine- to tenfold in the spleen between 

days 4 and 7 after irradiation. This effect was not obtained with the isologous 
serum protein fraction containing proteins of smaller molecular weight. 
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ized groups of 12- to 13-week-old 
male BC3FI, [(C57B1 9) X (C3H/ 
AN $)F1 Cum], mice were irradiated 
at approximately 145 roentgens per 
minute for a cumulative exposure of 
750 r. The cumulative 30-day mortality 
figures from seven separate experiments 
(10 to 35 mice per group) are shown 
in Fig. 2. Group 1 consisted of 205 
mice receiving 750 r and no treatment 
after irradiation; the cumulative mortal- 
ity was 83.4 percent. Group 2 consisted 
of 180 mice given 750 r and, within 
2 hours after irradiation, intravenously 
injected with 3 or 6 mg of proteins 
from the first peak. The cumulative 
mortality for this group was 75.3 per- 
cent. Group 3 was composed of mice 
given 750 r plus 3 or 6 mg of isologous 
macroglobulin (second peak). A total 
of 191 mice was used in this group. 
In the first two experiments these ani- 
mals received 3 mg of the purified 
macroglobulin (homogeneous 19S). The 

groups in the other experiments re- 
ceived 6 mg of the crude macroglob- 
ulin preparation (approximately 50 per- 
cent was 19S). There was no signifi- 
cant difference in survival between 
these two groups. The cumulative mor- 
tality for the seven different experi- 
ments was 31.9 percent. Group 4 con- 
sisted of 100 mice given 750 r and 
injected intraperitoneally with 25 cg 
of Salmonella typhimurium endotoxin 
(Difco) within 2 hours after irradia- 
tion. The cumulative mortality for 
these mice was 21.0 percent. Thus, 
isologous macroglobulin and endotox- 
in both caused a significant and com- 
parable increase in survival after 750 
r ofx-irradiation. 

Histologic studies were made of 
spleens from unirradiated mice in- 
jected with 6 mg of the fraction con- 
taining isologous macroglobulin or 
with 25 t/g of S. typhimurium endo- 
toxin. There was no morphological ef- 
fect in either spleen white or red pulp 
during the first 10 days in mice treated 
with macroglobulin. However, within 
the first 24 hours after the mice 
were given the endotoxin injection, 
there was a marked atrophy of the red 

pulp in the spleens and hyperplasia of 
the white pulp. Thus, whereas endo- 
toxin appears to be very cytotoxic in 
unirradiated mice, isologous macroglob- 
ulin does not produce any detectable 
histological effect. 

Changes in spleen weight were meas- 
ured in animals irradiated with 750 r, 
followed either by no injection, intra- 
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venous injection of 6 mg of isologous 
first peak material, 6 mg of second 
peak material (isologous macroglobu- 
lin), or intraperitoneal injection of 25 
vug S. typhimurium endotoxin. Five 
mice from each group were killed at 
various times during the 30-day inter- 
val after irradiation. At 1.5 days there 
was a twofold increase in the ratio 
of spleen weight to body weight 
(means) in the mice treated with mac- 
roglobulin and endotoxin, as compared 
with mice injected with the fraction 
from the first peak. At 20 days after 
irradiation, the ratio of spleen weight 
to body weight of the macroglobulin- 
treated animals was approximately 50 
percent above that of the uninjected 
and the first-peak-injected controls. 
The ratio of spleen weight to body 
weight of the endotoxin-treated mice 
was no different from that of the con- 
trols during this interval. Also at this 
time, there was an approximate two- 
fold increase in peripheral blood white 
cell count in the macroglobulin group, 
as compared with the two control 
groups. Increase in spleen weight in 
the macroglobulin-treated mice was a 
result of hematopoietic recovery. 

In order to determine the magni- 
tude of the enhanced recovery after 
macroglobulin treatment, we used the 
colony-forming assay (5) and meas- 
ured incorporation of 59Fe (6). Mice 
were irradiated with 400 r, and with- 
in 2 hours they were injected intra- 
venously with either 6 mg of second 
peak (isologous macroglobulin) or 6 
mg of isologous protein from the first 

ALBUMIN i 0 

r_ ; IIy'': 

- .. . . - .1.. . .. 

A B C D 

Fig. 1. Electrophoretic patterns of: (A) 
Normal BCGF1 male mouse serum; (B) 
ultracentrifuge fraction of mouse serum 
first peak (83.6 mg protein per milliliter); 
(C) ultracentrifuge fraction of mouse 
serum second peak (macroglobulin 48.4 
mg protein per milliliter); and (D) recon- 
centrated second peak (macroglobulin 6.9 
mg protein per milliliter). 

peak, or they were not injected. The 
mice were killed on day 4 or day 7 
after irradiation. Spleen weights and 
the number of nucleated cells per 
spleen and femur were determined. 
The bone marrow cells obtained from 
femurs of five donors were pooled. 
Cells obtained from the spleens of the 
same five donors were also pooled. 
Suspensions of bone marrow and 
spleen cell were then adjusted to the 
desired cell concentrations, and por- 
tions were transferred to lethally ir- 
radiated recipients. On day 9 after 
transfer 59Fe (0.1 ,uc) was intraperi- 
toneally injected into the recipients, 

Table 1. Effect of serum protein fractions on recovery of CFU and "Fe incorporation 
after 400-r x-irradiation. The transplanted cells were obtained from pooled spleen or femurs 
of five donor animals. Each CFU point represents the mean of 10 to 12 mice. 

aTime 
Recovered Cells Colonies* per CFU/106 CFU/ Treatment after x-irra- donor Treatment after x-irra- donor transferred recipient spleen donor femur or 

gros diton cells X 106 groups diation cells X 106 (No.) (Av. No.) cells spleen 
(days) (No.) 

Cells from femur 
None 4 3.2 1.5 X 10' 3.2 + 0.4 21.30 68.2 
First peak 4 3.1 1.5 X 10a 3.7 ? 0.5 25.00 77.5 
Macroglobulin 4 2.9 1.5 X 10- 9.3 ? 0.8 62.50 181.3 

None 7 10.3 5.0 X 104 1.3 ? 0.4 26.60 274.0 
First peak 7 18.6 5.0 X 10- 1.1 ? 0.4 22.00 409.2 
Macroglobulin 7 20.4 5.0 X 10" 3.4 ? 0.3 68.40 1395.4 

Cells from spleen 
None 4 22.9 1.0 X 107 0.70 ? 0.3 0.07 1.6 
First peak 4 25.2 1.0 X 107 2.50 ? 0.7 0.25 6.3 
Macroglobulin 4 33.8 1.0 X 107 3.20 + 0.5 0.32 10.8 

None 7 32.4 1.0 X 106 0.89 ? 0.2 0.89 28.8 
First peak 7 37.7 1.0 X 106 1.88 ? 0.6 1.88 70.8 
Macroglobulin 7 51.0 1.0 X 10 5.75 - 0.6 5.75 293.2 

* One standard error of the mean. 
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which were killed 6 hours later. ' 
were fixed in Bouin's fluid, and 
activity was measured in a P 
automatic gamma-counter; the r 
of colonies per spleen was then 
mined. A preliminary experimei 
bone marrow and spleen cells 
unirradiated mice and mice irr 
with 400 r was carried out to e, 
the relation between the num 
cells injected and the number 
onies or percentage of 59Fe inc 
tion for the various time point 
irradiation. To test the activity 
rum fractions, the cell dose tran 
at various times after irradiati 
determined from the above stuc 
results of studies of hematopoi 
covery after injection of serui 
tein fractions are given in Table 
Fig. 3. In Fig. 3, the hematc 
activity in the femur and splee 
irradiated mice with the differen 
ments is expressed as percent 
hematopoietic activity of unirr 
controls. On day 4 after irra 
there was no significant differel 
tained in the mean number 
cleated cells recovered per fez 
the three groups of donor mice 
1). However, at this time the 
about a threefold difference 
number of colony-forming units 
per 106 donor bone marrow ce 
the number of CFU per fer 
the irradiated mice injected wit 
roglobulin, as compared with 
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receiving other treatments. The same 
relative difference is detected when the 
CFU per femur of the macroglobulin- 
treated mice are expressed as percen- 

* ' tage hematopoietic activity of femurs 
of nonirradiated mice (Fig. 3). 

On day 7 (Table 1) there was ap- 
proximately a twofold difference in 
mean number of nucleated cells per 
femur between the first peak and mac- 
roglobulin-injected groups, as com- 

pared with the mice that received radia- 
tion only (400 r). The colony counts 

A a were approximately threefold higher in 
the macroglobulin-treated mice. Thus, 
a four- to fivefold difference is ob- 
tained in CFU per femur. 

26 30 In the hematopoietic recovery of 
the spleen at 4 and 7 days after ir- 

ent) of radiation there was a 50 to 60 per- 
e mice cent increase in mean number of re- 

group 
grationp covered donor spleen cells in the mac- 

nd-peak roglobulin group. This corresponded 
4 (A), to a 50 to 60 percent increase in 
n. mean spleen weight. In terms of CFU 

per 106 spleen cells and CFU per 
spleen, there was a significant in- 

Spleens crease when the group receiving the 
radio- first peak fraction was compared with 

'ackard the controls that were irradiated only. 
number However, this increase was not near- 

deter- ly as great as that obtained when the 
nt with macroglobulin group was compared 
s from with these controls. A five- to sixfold 
adiated difference was measured in CFU per 
stablish 106 cells, and a nine- to tenfold dif- 
ber of ference was measured in CFU per 
of col- spleen at the 4- and 7-day intervals. 
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the rate of hematopoietic recovery in 
bone marrow and spleen of BC3F1 
male mice irradiated with 400 r. In 
the bone marrow of the control 
groups between days 4 and 7, there 
was a four- to fivefold increase in 
CFU. The doubling time (T2) of the 
CFU was approximately 36 hours. In 
contrast, there was an eightfold in- 
crease (T2 -24 hours) in macroglob- 
ulin-treated animals. The spleen of 
the control groups increased about 15- 
fold in CFU (T2 -18 hours), and the 
macroglobulin-treated mice had a 27- 
fold increase (T2 < 18 hours) between 
4 and 7 days. 

We then tried to determine whether 
the 19S fraction from serums of dif- 
ferent species had the same recovery- 
enhancing properties in irradiated mice. 
The 19S macroglobulins were isolated 
from serums of horse and specific 
pathogen-free Sprague-Dawley rats. 
The cumulative survival of animals in 
two separate 30-day studies was re- 
corded for groups of 25 mice given 
750 r and then injected with 6 mg 
of rat macroglobulin, 6 mg of horse 
macroglobulin, and 6 mg of horse first- 
peak serum protein fraction, respec- 
tively. In comparison with the 86.0 
percent cumulative mortality obtained 
in the controls that received 750 r 
only, 32.0 percent mortality was ob- 
tained with rat macroglobulin. Injec- 
tion of the horse macroglobulin after 
irradiation resulted in 64.0 percent 
mortality, whereas 6 mg of first-peak 
fraction from horse serum was in- 
effective in providing enhanced survi- 
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Fig. 3. Relative hematopoietic activity in bone marrow and spleen of BCsF1, mice 4 
and 7 days after 400-r x-irradiation. Treatment after irradiation: I, none; ED, 6-mg 
first-peak fraction; [], 6-mg second-peak (macroglobulin) fraction. 
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val (80.0 percent cumulative mortality). 
Thus, rat macroglobulin is equally as 
effective as mouse macroglobulin in 
producing enhanced survival in irra- 
diated BC3F1 mice. Horse macroglob- 
ulin was only marginally effective. 

In recent years, the serum alpha 
globulins fractionated by various pro- 
cedures have been investigated. Mow- 
bry and Hargrave (7) described an im- 
munosuppressive effect of heterologous 
alpha globulins in mice injected with 
rat erythrocytes (RRBC). Repeating 
the experiments of Mowbry and Har- 
grave with our macroglobulin frac- 
tions (mouse, rat, and horse), we found 
no effect on the serum hemagglutinin 
response to RRBC as compared with 
controls that were not treated with 
macroglobulin. 

The increased concentration of a 
serum alpha-2 protein, often designated 
"acute phase macroglobulin," has been 
described in man, monkey, dog, rab- 
bit, rat, and chicken under various 
physiological and pathological condi- 
tions (8). Several hypotheses have been 
advanced to explain the appearance of 
this macroglobulin. One hypothesis is 
that the etiological agent stimulates a 
synthesis of the protein present ordi- 
narily in trace amounts (9). A survey 
of conditions in which the protein was 
detected reveals the common factor 
of tissue injury or cell death, or both. 
It is interesting to note that 24 hours 
after Salmonella sp. endotoxin injection 
into rats (8) and mice (10), an increase 
in this protein has been detected. Thus, 
endotoxin is one of the many agents 
that can stimulate the increased con- 
centration of this alpha-2 macroglobulin. 
It has also been well-established that 
endotoxin injected 24 hours prior to ir- 
radiation promotes optimum changes of 
survival (11). 

Since the active material which we 
have isolated is associated with the 
alpha macroglobulin fraction, further 
investigations are warranted to deter- 
mine if indeed we are concentrating 
the trace amounts of "alpha-2 (acute 
phase) macroglobulin" considered nor- 
mally present in rat and mouse. Also, 
this may prove to be a means of deter- 
mining whether the radiation-survival 
activity of the endotoxin is mediated 
through this macroglobulin. 

The recovery-enhancing effect of 

val (80.0 percent cumulative mortality). 
Thus, rat macroglobulin is equally as 
effective as mouse macroglobulin in 
producing enhanced survival in irra- 
diated BC3F1 mice. Horse macroglob- 
ulin was only marginally effective. 

In recent years, the serum alpha 
globulins fractionated by various pro- 
cedures have been investigated. Mow- 
bry and Hargrave (7) described an im- 
munosuppressive effect of heterologous 
alpha globulins in mice injected with 
rat erythrocytes (RRBC). Repeating 
the experiments of Mowbry and Har- 
grave with our macroglobulin frac- 
tions (mouse, rat, and horse), we found 
no effect on the serum hemagglutinin 
response to RRBC as compared with 
controls that were not treated with 
macroglobulin. 

The increased concentration of a 
serum alpha-2 protein, often designated 
"acute phase macroglobulin," has been 
described in man, monkey, dog, rab- 
bit, rat, and chicken under various 
physiological and pathological condi- 
tions (8). Several hypotheses have been 
advanced to explain the appearance of 
this macroglobulin. One hypothesis is 
that the etiological agent stimulates a 
synthesis of the protein present ordi- 
narily in trace amounts (9). A survey 
of conditions in which the protein was 
detected reveals the common factor 
of tissue injury or cell death, or both. 
It is interesting to note that 24 hours 
after Salmonella sp. endotoxin injection 
into rats (8) and mice (10), an increase 
in this protein has been detected. Thus, 
endotoxin is one of the many agents 
that can stimulate the increased con- 
centration of this alpha-2 macroglobulin. 
It has also been well-established that 
endotoxin injected 24 hours prior to ir- 
radiation promotes optimum changes of 
survival (11). 

Since the active material which we 
have isolated is associated with the 
alpha macroglobulin fraction, further 
investigations are warranted to deter- 
mine if indeed we are concentrating 
the trace amounts of "alpha-2 (acute 
phase) macroglobulin" considered nor- 
mally present in rat and mouse. Also, 
this may prove to be a means of deter- 
mining whether the radiation-survival 
activity of the endotoxin is mediated 
through this macroglobulin. 

The recovery-enhancing effect of 
serum macroglobulin in mice shown 
in these experiments has proved to be 
highly reproducible. The seven survi- 
val studies with isologous macroglobu- 
lin were carried out over a period of 

22 SEPTEMBER 1967 

serum macroglobulin in mice shown 
in these experiments has proved to be 
highly reproducible. The seven survi- 
val studies with isologous macroglobu- 
lin were carried out over a period of 

22 SEPTEMBER 1967 

1 year from four individual macro- 
globulin preparations obtained from 
separate batches of fresh mouse serum. 
We are confident that the active mate- 
rial is an intrinsic serum constituent 
associated with the 19S protein of mice 
and rats, and functions across species 
barriers. 

Bioassay for erythropoietin, in poly- 
cythemic C3H mice (12), showed that 
no detectable erythropoietin (>0.05 
units) was present in 3 mg of either the 
first or second peak of BC3F_ mouse- 
serum protein preparation. 

M. G. HANNA, JR., P. NETTESHEIM 

W. D. FISHER, LEONA C. PETERS 
MARY W. FRANCIS 

Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 

References and Notes 
1. N. G. Anderson, H. P. Barringer, E. F. 

Babelay, C. E. Nunley, M. J. Bartkus, W. 
D. Fisher, C. T. Rankin, Jr., in "The Devel- 
opment of Zonal Centrifuges," NCI Mono- 
graph 21, 137 (1966). 

1 year from four individual macro- 
globulin preparations obtained from 
separate batches of fresh mouse serum. 
We are confident that the active mate- 
rial is an intrinsic serum constituent 
associated with the 19S protein of mice 
and rats, and functions across species 
barriers. 

Bioassay for erythropoietin, in poly- 
cythemic C3H mice (12), showed that 
no detectable erythropoietin (>0.05 
units) was present in 3 mg of either the 
first or second peak of BC3F_ mouse- 
serum protein preparation. 

M. G. HANNA, JR., P. NETTESHEIM 

W. D. FISHER, LEONA C. PETERS 
MARY W. FRANCIS 

Biology Division, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee 

References and Notes 
1. N. G. Anderson, H. P. Barringer, E. F. 

Babelay, C. E. Nunley, M. J. Bartkus, W. 
D. Fisher, C. T. Rankin, Jr., in "The Devel- 
opment of Zonal Centrifuges," NCI Mono- 
graph 21, 137 (1966). 

lysergic acid diethylamide. 

The status of serotonin as a trans- 
mitter substance within the mammalian 
central nervous system remains uncer- 
tain despite its occurrence within the 
synaptic vesicles of certain nerve termi- 
nals (1) and the effects of its micro- 
electrophoretic application upon the 
activity of some neurons (2). Although 
biochemical and histochemical evi- 
dence of depletion of serotonin after 
electrical stimulation of specific neural 
pathways has been reported (3), there 
has been no direct demonstration of 
release of serotonin in response to 
nerve cell stimulation in the brain of 
the living animal. The difficulties as- 
sociated with the study of serotonin 
release in vivo have prompted the de- 
velopment of various techniques in 
vitro. Anden and co-workers (4) re- 
ported the enhanced efflux of endog- 
enous serotonin from isolated spinal 
cord by prolonged electrical excitation. 
The electrical stimulation of brain 
slices has been shown to liberate exog- 
enous catecholamines (5). We now re- 
port on the release of tritiated serotonin 
under similar conditions. 
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Brain slices, when incubated in a 
suitable medium, maintain their bio- 
electrical and biochemical activity for 
several hours (6). Electrical stimula- 
tion of such tissues has been shown 
to displace resting membrane poten- 
tials (7). Labeled serotonin is accu- 
mulated by brain slices (8) and, when 
administered in low concentrations, ap- 
pears to be largely concentrated with- 
in nerve terminals which normally con- 
tain serotonin (9). There is also 
electron - microscopic - autoradiographic 
and fluorescent histochemical evi- 
dence suggesting the uptake of sero- 
tonin within the synaptic vesicles of 
presumably serotonergic nerves when 
the amine is introduced into the cere- 
brospinal fluid of the living animal 
(10). Accordingly, we attempted to re- 
lease exogenous serotonin from slices 
derived either from animals which had 
received an intracisternal injection of 
labeled serotonin or from animals that 
were incubated with the amine in vitro. 
Similar results were obtained in both 
cases. 
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Serotonin Release from Brain Slices by Electrical 

Stimulation: Regional Differences and Effect of LSD 
Abstract. Slices of rat brain which had accumulated tritiated serotonin either 

in vivo or in vitro were superfused and electrically stimulated. There occurred 
a marked release of the exogenous amine and, to a lesser extent, its deaminated 
metabolites, which varied with the region of brain tested and was inhibited by 
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