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centrifuged for 10 min at 17,000 g. The sediment was re-
suspended and centrifuged in 6 N HCI 3 times and there-
after hydrolyzed in 6 N HCI for 7 h. The last supernatant
and the hydrolysate were examined for the following sub-
stances: A) Dopa, according to ANTON and SAYRE?. B) Ad-
renaline and noradrenaline, according to BERTLER et al.}t.
C} Dopamine, according to CarLssoN and WALDECK 2
D) 5-hydroxytryptamine, according to BERTLER and Ro-
SENGREN 12,

Results and comments. The determination of dopa and
the various biogenic amines showed that dopa and dop-
amine could be recovered in the hydrolysate of Substantia
nigra melanin. When hydrolysis was repeated 3 times, only
dopa was found. No dopa, dopamine or other amines were
present in the last supernatant after repeated washing of
melanin in 6 N HCL

Dopamine has not previously been found in naturally
occurring melanin, but under experimental conditions
dopamine may form melanin, and knowledge of this mela-
nin is to a considerable extent thanks to the work of
Swan14, According to the classic Raper-Mason concept,
melanin formed from dopa or dopamine should contain
only indole-quinones, but it is now thought that dopa or
dopamine can be incorporated in the melanin4-17,

The presence of dopamine in Substantia nigra melanin
is of great interest, since dopamine has been demonstrated
in considerable amounts in this structure?®. Dopamine is
believed to have a special function in the extra-pyramidal
system, and the dopamine-containing nerve terminals of
the putamen and of the caudate nucleus probably originate
in Substantia nigra?®. It is noteworthy that pigment forms
only in this structure, while the dopamine concentration
is 10-fold higher in the caudate nucleus and the puta-
men 18, 20_

Various explanations may be offered for the presence of
dopa and dopamine in Substantia nigra pigment. Pigment
granules may be formed by oxidation of tyrosin and dopa
and polymerization of the oxidation products. Then dopa
may be copolymerized with the polymerized indole-
quinones. Dopamine available in Substantia nigra cells
might then also be copolymerized. It is also possible that
pigment granules are formed by oxidation of dopamine
and polymerization of the formed indole-quinones. Dop-
amine, but also some still undecarboxylated dopa, may
then be copolymerized.

Finally, it cannot be excluded that the Substantia nigra
melanin is a mixture of dopa melanin and dopamine mela-
nin in which case dopa and dopamine should be present in
different granules,
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The finding of dopa only, after 3 hydrolyses of 7 h each,
favours the view that the primary nucleus of melanin for-
med is dopa melanin, while the dopamine melanin forms
a shell on the melanin particles?®,

Zusammenfassung. Hydrolysate der Pigmentpartikel
der Substantia nigra enthalten Dopa und Dopamin, je-
doch kein Adrenalin, Noradrenalin oder Serotonin.

L. NorpGrEN, H. RORSMAN 22,
A.-M. RosenGreN and E. ROSENGREN

Psychiatric Reseavch Centre, Department of Dermatology,
Depavtment of Biochemistry and Department of
Pharmacology, University of Lund,
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Inhibitory Effect of Proteolytic Enzymes on Platelet Aggregation Induced by ADP or Thrombin

Although a number of substances have been re-
ported to inhibit platelet aggregation or adhesion, most
of them should be inquired more to be approved as
reliable and available in clinical use on thromboembolism.
One of these categories includes proteolytic enzymes. The
present study describes alterations in the sensitivity of
unwashed and washed platelets with ADP and thrombin
when platelets were treated with proteolytic enzymes.

Matevials and wmethods. Human venous blood anti-
coagulated with 109, by volume of 8%, trisodium citrate
was centrifuged at 170g for 30 min at room temperature
to obtain platelet-rich plasma (PRP). The platelet con-
centration in PRP was adjusted by using platelet poor
plasma (PPP) as a diluent to 25x10*/mm? employing
BreCHER-CRONKITE method?!, All glasswares were sili-

conized. 50 mg of each proteolytic enzyme: protease
{1,900,000 U/g), by courtesy of Pacific Lab., Inc., Hono-
lulu, HI.; papain {1000 GDU (gelatin digesting unit)/g,
and bromelain (1200 GDU/g), provided by Dr. S. Tausik)
Director of Research, Dole Co., Honolulu, HI.; ficin
{200-800 U/g), obtained from Sigma Chemical Co.
(St. Louis, Mo.), was dissolved in phosphate buffered
saline (PBS) pH 7.2 to yield the concentration of 20 and
200 pg/ml. PRP was incubated with an equal volume
of each enzyme solution in a plastic tube at 37°C for
30 min. The mixture of PRP and PBS was used as a
control.

The ADP sensitivity test of platelets was performed
by method of Yamakipo et al.? as modified by Sano
et al3:4, The principle of the method is to obtain the
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minimum concentration of ADP required to induce
platelet aggregation by mixing equal volumes of PRP
and serially two-fold diluted ADP. The sensitivity was
expressed by the absolute value of the exponent of the
concentration (2-* mg/ml) of ADP required. For instance,
when the endpoint was 2-1% mg/ml, the value of sensitivity
was expressed as ‘13’

Bromelain Ficin

% Protease Papain

Value of plateler sensitivity

=2

N
\

Treatment
before after

Fig. 1. Effect of proteolytic enzymes on ADP-induced aggregation
of unwashed platelets.

PRP

IPJ_: L

o

Fig. 2. Aggregometric curve of platelet aggregation after treatment
with protease (ADP 5 pg/mi).

Effet of proteolytic enzymes on ADP induced platelet aggregation
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Five specimens were tested betore and after treatment
with each of the 4 enzyme preparations at each of 2
different concentrations. Changes in platelet aggregation
were tested for significance using a #test on the dif-
ference between the paired observations. Turbidimetric
observation of platelet aggregation® ¢ was also performed
on the effect of protease by an aggregometer (Chrono-
Log Corp., Broomall, Pa.).

In comparison with PRP analysis, experiments were
carried out using washed platelets. In this case, 159
by volume of hyperacid ACD (0.085 M trisodium citrate,
0.065M citric acid and 29, dextrose)? was employed
as an anticoagulant. Red blood cells in PRP was elim-
inated by an additional spinning at 260g for 5 min.
Washing and resuspension of platelet, obtained by cen-
trifuging PRP at 1000g for 30 min, was performed using
5.4 mM trisodium citrate in PBS pH 7.2. After washing
3 times, platelet suspension with a concentration of
25 X 10*/mm?® was treated by 200 pg/ml solution of pro-
tease for 5min in the same manner described above.
Then the samples were washed and resuspended in PBS
to restore the above concentration.

Human thrombin (‘Fibrindex’ Ortho Diagnostic, Rari-
tan, N.J.) was employed as an aggregating agent for
the washed platelet suspension. The thrombin was dis-
solved in physiologic saline immediately before use in
a concentration of 50 U/ml and diluted serially two-fold
with PBS yielding 50 x2-! through 50 x2-*® U/ml. The
procedure for aggregation study was followed by the
previous description.

Results. The sensitivity of unwashed platelets against
ADP decreased significantly at the 0.01-0.05 confidence
level by treatment with 10 and 100 pg/ml of protease,
papain, bromelain and ficin (Table and Figure 1).

An example of turbidimetric observation of ADP-
induced platelet aggregation is shown in Figure 2. The
decrease of optical density was minimized by treatment
with 10 pg/ml solution of protease.

Figure 3 shows the effect of protease on thrombin-
induced aggregation of washed platelets. The mean and
S.D. of the absolute values of the exponent in this con-
centration of thrombin (50 X 2-» U/ml) required to induce
platelet aggregation in control and treated samples were
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Enzyme Protease Papain Bromelain Ficin

pg/ml {final) 100 10 100 10 100 10 100 10

Control 134411 1344+ 1.1 13.6 4+ 0.9 13.6 4- 0.9 13.24 1.5 1324 1.5 1324 1.5 132415
Treated 9.0 4 1.2» 10.0 £ 1.7® 10.6 -+ 1.1+ 10.8 £+ 0.8* 9.6 + 0.9® 10.0 4- 1.0® 104 4 1.1 104 L 112

Value indicates mean 41 S.D. * $<C0.05. » < 0.01.
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8.5-1.3 and 5.5-1.7, respectively. The decrease by treat-
ment was statistically significant at the 0.05 confidence
level.

Discussion. The inhibition of ADP-induced platelet
aggregation by addition of Aspergillus enzyme to PRP
in vitro was reported by ByGpEMaN® and DE NicorLa
et al.?. The latter investigators also, observed this action
of the enzyme in vivo by i.v. infusion®.

Our results show that proteolytic enzyme counter-
acted the aggregation of unwashed as well as washed
platelets, induced by ADP or thrombin.

Hyperacid ACD? used as an anticoagulant, exclusion
of red cells by respinning and washing of platelets
with 5.4 mM sodium citrate!®, promoted the prepara-
tion of washed platelets without spontaneous aggregation
maintaining their proper aggregability.

Although the deprivation of platelet sensitivity to
ADP by washing had been reported !}, restoration of ag-
gregability by inclusion of calcium, magnesium, glucose

S
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before arter

Fig. 3. Effect of protease on thrombin-induced aggregation of
washed platelets.
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and albumin in the suspending fluid was described by
ARDLIE et al.12, But, because of unsuitability of providing
extraneous protein as a component of platelet suspending
solution in the present study, thrombin was chosen as an
aggregating agent instead of ADP. The enzymatically
treated platelets were rewashed prior to mixing with
thrombin to avoid further enzymatic action of thrombin.

The effectiveness of protease on washed platelets
would at least partially suggest that the inhibitory effect
of proteolytic enzymes on platelet aggregation could
be an effect of enzymes on platelet membrane.

Zusammenfassung. Behandlung ungewaschener und ge-
waschener Thrombozyten mit proteolytischen Enzymen
(Protease, Bromelain und Ficin) bewirkt eine Abnahme
der Aggregationsfihigkeit von Thrombozyten mit ADP’
oder Thrombin.
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Influences of Nystagmic and Spontaneous Oculomotor Activity on Superior Colliculus Neurons in

Curarized Cat

The influence of eye movement on neurons in primary
visual structures of cat has recently been studied by seve-
ral authors. Modifications of neuronal activity related to
eye movements have been described at the level of lateral
geniculate body! and tectum opticum?. The aim of the
present study was to investigate the influence of nystag-
mic and spontaneous oculomotor activity on superior
colliculus (SC) neurons in absence of actual eye movements,
thus avoiding possible retinal image shift or proprioceptive
input.

Material and methods. Cats were prepared under ether
anesthesia. A high cervical transsection was performed
(‘encéphale isolé’); expiratory CO, and body temperature
were monitored. After recovering from the surgical pro-
cedure, animals usually exhibited a satisfactory amount
of spontaneous and pursuit eye movement. Nystagmus
was induced by polarization of labyrinths. Horizontal eye
movements were recorded by electrooculography. A con-
centric bipolar macroelectrode was then introduced ste-
reotactically in or in the close neighborhood of nucleus
abducens. Correlation between eye movement and syn-
chronous oculomotor discharges was established for each
animal. Glass microelectrodes were introduced through the
cortex into the SC and the animal curarized with Flaxédil.
Visual stimuli consisted in switching on and off a diffuse
light, or hand-moving bright or dark objects. In absence
of these stimuli, the animal was facing a structureless
background (photopic conditions). Both eyes were left
open. Microelectrode tip, at the end of a penetration, was

localized by electrophoresis of pontamine®. The brain was
perfused with formalin, frozen and cut serially. Blue spots
were used to reconstruct the electrode track and the loca-
tion of the units within the collicular layers.

Results and discussion. The influence of nystagmic ocu-
lomotor activity on spontaneous firing pattern of 82 colli-
cular neurons was studied. Their visual characteristics were
determined by methods described above: 46 units (569%,)
were thus found to be unresponsive to visual stimulation.

The effects of nystagmic oculomotor activity may be
roughly divided into 2 categories. Spontaneous activity
of 9 collicular neurons {119, ; group I) was phasically mo-
dified in synchrony with nystagmic oculomotor discharges
recorded at the level of nucleus abducens (Figure, I). 2cells
were inhibited, the others were activated. 3 units were
found to be visually driven. A second set of 7 neurons
(9%, ; group 11} showed ‘tonic’ modifications of activity
during sequences of nystagmic oculomotor discharges.
These effects are rather complex and, most frequently,
consist of an increase of spike frequency (Figure, II). 2 of
these units were sensitive to movement of a visual stimu-
lus, others could not be driven by visual stimulation.
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