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patients on whom repeated determinations
were made, the character of the curve has re-
mained essentially unchanged over periods as
long as 2 years. The time between myocardial
infarction and when the initial curve was ob-
tained, also varied from a few months to over
a year. The fact that the abnormal features
of the lipoprotein curve can disappear might
account for the 3 patients (out of 228) with
normal curves with a history of previous myo-
cardial infarction. Our observations would
therefore indicate that the character of the
curves is relatively constant. At present we
cannot state whether such curves occur prior
to myocardial infarction. Lipoprotein curves
were made from 2 elderly patients who died
within a few days after a myocardial infarc-
tion. The results showed relatively normal
curves, suggesting abnormal lipoprotein dis-
tribution occurs at some interval after in-
farction. Our results, however, are based al-
most entirely on patients who have survived
myocardial infarction as compared with those
who have not had one.

Summary and conclusions. Data are pre-
sented which indicate that an abnormal type
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of cholesterol lipoprotein curve is associated
with a history of recovery from a previous
myocardial infarction. The type of curve ob-
tained from a given individual is relatively
constant over years. As yet we are unable to
say whether the abnormal type of curve de-
velops prior to, or after, initial infarction, or
whether degree of abnormality is of any prog-
nostic value. The relationship which exists
suggests the need for further studies as to di-
agnostic and prognostic value of this method
in the study of myocardial infarction.
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In investigating some physical and bio-
chemical properties of brain mitochondria, it
seemed desirable to know whether any neuro-
humoral amines present in the brain were at-
tached to mitochondria and involved in their
physiology. There is evidence to suggest that
histamine (1), nor-adrenalin(2) and acetyl-
choline(3) are associated with mitochondria
elsewhere in the organism; but no comparable
study has been made with brain mitochondria.
Since recent interest in possible role of 5-hy-
droxytryptamine (HT)' in brain function,

* This research was supported by grants from Dept.
of Public Welfare, State of Ill, and with Office of
Naval Research.

and an extremely sensitive bioassay was avail-
able, such study was undertaken with this
neurochumoral amine. OQur report deals with
localization of HT in rat brain mitochondria
and its possible relationship to mitochondrial
metabolism. A preliminary account of this
work has been presented(4).

Methods. Mitochondria were prepared from
whole rat brain by methods comparable to
those described previously(4), with special
precautions to eliminate blood cells and cellu-

t The following abbreviation were used: HT, 5-hy-
droxytryptamine; P/O, oxidative phosphorylation.
HT was kindly supplied by Dr. R. K. Richards of
Abbott Labs., Chicago.
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TABLE 1. Distribution of HT in Cellular Frac-
tions of Whole Rat Brain. Values are expressed in
terms of ug/HT/g wet wt of whole brain and are
an average of 3 experiments agreeing within 6%.

Cellular fraction AmtHT, ug/g % total

Supernatant 027 12
Nuelear-debris .052 22
Mitochondria, 149 63
Mierosomes .0n2 0
Whole brain 235 100
% recovery 98

lar debris. A 59 homogenate of brain in 0.25
M sucrose. containing 10+ M sodium ver-
senate was subjected to 3 successive centrifu-
gations at 1200 x g, to remove nuclei, erythro-
cytes, and cellular debris. The carefully de-
canted supernatant was then centrifuged at
10,000 x g for 20 minutes, to yield the mito-
chondria fraction. The mitochondrial residue
was washed once by homogenizing in 0.25 M
sucrose-versene and centrifuging at 12.000 x
g for 20 minutes. Sedimentation at 75.000 x
g then vielded the “microsome” residue and
“supernatant” fraction. All operations were
performed at 0°. For a given experiment.
mitochondria were prepared from 4 rat brains
and usually divided into 8 parts. FEach frac-
tion was then incubated with a particular drug
in ice bath 30 minutes. After centrifugation
at 15,000 x g and washed once in 10 ml of
isotonic sucrose-versene, the mitochondria
were treated with 20 volumes of acetone to ex-
tract HT. The residue was again extracted
with 90% acetone, and extracts combined and
dried in vacuo. After the dried residue was
suspended in 2 ml distilled water, the lipids
TABLE IT. Effect of Rescrpine and Other Agents
on HT (ug) Content of Mitochondria from 1 g Rat
Brain. Mitochondria were incubated with reserpine
for 20 min. at 0°, then centrifuged at 15,000 X g

and washed once. HT was then extracted from
supernatant and mitochondria.

Supernatant  Mitoehondrin

Control 027 200

060 200
010 120
035 135
Reserpine 150 020
075 015
125 020
135 045
Dist. water - .080 100
Detergent® 25 010

*.029% sodium lanryl sulfate.

were removed by extracting twice with 10 ml
of petroleum ether. The water layer was then
dried in vacuo and ready for bioassay. Esti-
mation of concentration of HT was made by
the method of Amin et al.(6), using isolated
rat uterus at 29° and compared to standard
solution of 5-hydroxytryptamine creatine sul-
fate. Some samples were assayed on the iso-
lated rat uterus in superfusion(7) for greater
sensitivity. Measurement of P/O' of brain
mitochondria was described previously(5).
All agents were homogenized with the mito-
chondrial preparations and preincubated at
0° 20 minutes before determining P/0O. Mito-
chondrial preparations were tested for P/O
before use, and those not of optimal activity
were discarded.

Results. Results on distribution of HT
among various cytoplasmic fractions of rat
brain are presented in Table I. The mito-
chondrial fraction contained 63% of total HT
in rat brain, while the nuclear-debris fraction
contained 22% and supernatant 12%.

TABLE TIL. Release and Binding of IT in Rat

Brain Mitochondria. Concentration of reserpine

and IIT was 10° M. Results are average of 2 ex-
periments agreeing within 10%.

Original Net change

HT in HT
(ng/g) ~ % change
Control 15
After reserpine .02 —87
After HT .40 .25 255
Reserpine, then HT .30 .28 300

Reserpine at concentration of 10% M almost
completely released HT from mitochondria
(Table II). Suspending mitochondria in dis-
tilled water for 15 minutes caused only a par-
tial release of the bound HT, while exposure
to .02% solution of a detergent resulted in
almost complete loss of mitochondrial HT
(Table IT).

Freshly prepared mitochondria exhibited
the capacity to bind over twice their original
content of HT (Table 1IT). After depletion
of HT by pre-treatment with reserpine, mito-
chondria absorbed twice the original amount
of HT; however, this value of 0.30 ug/g was
0.10 pg less than total amount of HT ab-
sorbed without treatment with reserpine.

Various agents other than reserpine were



SEROTONIN IN MITOCHONDRIA 39

TABLE IV. Effect of Various Agents on HT Binding of Rat Brain Mitochondria. Values are
expressed in terms of pg/HT/g wet wt of whole rat brain, and represeut avg of 2 experiments
P j 24 L s 13
with each agent.

Agent + HT

After agent  after reser-

Agent Cone., m Control  After agent —+ HT pine depletion
L.8D-25 10-° .09 .09 18 .10
Reserpine 10-* .09 003 .18
Phenyl ether ” 15 14 .30 .02
Dibenamine 10-° .09 .09 13
DNP ” 15 16 .40 .38
None 15 42 .30

tested for possible effect on binding and re-
lease of HT in rat brain mitochondria (Table
1V). LSD-25, phenyl ether, and dinitrophe-
nol were without effect on mitochondrial con-
centration of HT. Dinitrophenol did not af-
fect binding of HT, while LSD, reserpine, and
phenyl ether produced some inhibition. After
pre-treatment with reserpine, binding of HT
by mitochondria was almost completely in-
hibited by phenyl ether, and inhibited over
50% by dibenamine, while LSD and dinitro-
phenol produced no change.

The various agents were tested for effect
on oxidative phosphorylation of rat brain
mitochondria (Table V). SKF 501, phenyl
ether, and dibenamine all produced about
50% inhibition at concentrations slightly over
10% M. LSD-25% and reserpine caused some
inhibition at 5 x 10 M, while HT produced
26% inhibition at 10-* M. The more potent
inhibitors compared in effectiveness with dini-
trophenol.

Discussion. Binding of HT by rat brain
mitochondria is not unexpected, since other
neurohumoral amines, such as adrenaline(1),
histamine(2), and acetylcholine(3) are like-
wise present. Although the role of various
neurochumoral amines in the central nervous
system is uncertain, their effects on peripheral

nervous system and smooth muscle have been
extensively studied(8,9,10).

That dibenamine, phenyl ether, and reser-
pine interfere with HT binding by mitochon-
dria is interesting, since some of these agents
block contraction of smooth muscle by HT
(11). All 3 agents will inhibit oxidative phos-
phorylation at concentrations of 105 M; but
since substances exist which do not affect phos-
phorylation but block HT, and other inhibi-
tors of oxidative phosphorylation (such as
dinitrophenol) do not block HT, there seems
to be no distinct relationship between ‘“un-
coupling action” and HT blockade. On the
other hand, the mechanism of inhibition of
phosphorylation by substances such as reser-
pine, dibenamine, and phenyl ether is differ-
ent from that of dinitrophenol, which fails to
block the action of HT (12). It is conceiv-
able, therefore, that some overlapping exists
between the phosphorylative portion of mito-
chondria and receptor sites for HT. Further
evidence for a possible relationship between

TABLE V. Inhibition of Oxidative Phosphoryla-

tion (P/0O) of Rat Brain Mitochondria by ¢‘Di-

phenyl’’ Agents Affecting HT Contraction of

Smooth Musele. Homogenation of agent with mito-

chondria and pre-ineubation at 0° for 20 min. was

necessary for maximal inhibition. Results are avg
of 3 experiments agreeing within 7%.

} Studies with LSD-25 were performed with crys-
talline form of LSD-25, generously supplied by San-
doz Pharmaceutical Co. With respect to oxidative
phosphorylation of brain mitochondria, the solution
preparation supplied in 100 pg amounts in sealed
vials by Sandoz proved 30 times more potent an in-
hibitor. Dr. Julia Apter has personally communi-
cated that entirely different results are obtained in
electroretinogram studies employing crystalline and
solution preparations of LSD-23.

)
AO, AP, inhib.

Agent Cone., M patoms ymoles P/O P/O
Control 6.1 16.6 2.7
Reserpine 2 X 10 5.5 128 23 12
SKE-501 3 7 3.8 46 1.2 56
LSD-25 5 7 5.8 120 22 18
Phenyl ether 5 4.0 41 1.0 67
Dibenamine 2 7 5.2 91 17 37
Dinitrophe- 5 7 6.1 9.0 15 45

1ol
Hr 10 5.8 29 2.0 26
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phosphorylation and binding of HT is that
concentration of HT in platelets is partly de-
pendent upon the ATP present(13).

That the major fraction of HT is bound to
the mitochondria appears to conflict with the
report of Hughes ¢f al.(14) that the amine is
not specifically bound to any cytoplasmic
fraction. Whether this difference can be due
to the fact that these authors used rabbit in-
stead of rat brain remains to be determined.
Since the slightest mistreatment of mitochon-
dria during isolation alters both their phos-
phorylative efficiency and HT binding, pre-
cautions were necessary to obtain good results.
Our experience has been that oxidative phos-
phorylation of rabbit brain mitochondria has
appreciably lower specific activity than rat
brain, in addition to being more labile. Baker
(15) reported that most of the HT of the
gastric mucosa is present in the mitochondrial
fraction, and that HT is released upon expo-
sure to a hypotonic medium.

The following can be stated with regard to
the mitochondrial “receptor site” and the na-
ture of the binding of HT. From the point of
view of chemical constitution, the similarity of
action to reserpine of such agents as SKF 501,
dibenamine, and phenyl ether, is not unex-
pected(12). It had been previously reported
that oxidative phosphorylation could also be
restored after brain mitochondria were washed
free of reserpine(12). In isolated mitochon-
dria, reserpine does not appear to produce al-
teration in “receptor sites,” whereas in vivo,
capacity of brain to bind HT was inhibited
long after elimination of administered reser-
pine(16). As far as isolated mitochondria are
concerned, the only agent studied which
brought about irreversible change in either
HT binding or oxidative phosphorylation(12)
was SKF 501. Although the nature of the
binding is obscure, it appears that either mito-

chondrial structure or some peculiar constitu-
ent is in some way involved.

Summary. Distribution of S-hydroxytryp-
tamine (HT) in various cytoplasmic fractions
of rat brain has been determined, and the
neurchumor was confined almost exclusively
to the mitochondrial fraction. Numerous in-
hibitors of oxidative phosphorylation were
tested for ability to release HT from mito-
chondria or to prevent binding. Reserpine
completely depleted mitochondria of HT, but
did not alter their ability to reabsorb HT,
while phenyl ether and LSD partly prevented
mitochondrial fixation of HT.
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