in the gray matter of the spinal cord
and that 5-HIAA formed from 5-HT
in that tissue has to diffuse across pe-
ripherally located white matter and the
pia-glial membrane to reach the perfus-
ate, in what seems to be a time-con-
suming process.

Our experiments exclude the possi-
bility that 5-HIAA in the spinal fluid
derives from the cisternal fluid (Fig. 1)
or blood (see above) and show that
changes of 5-HIAA in the spinal cord
are followed by similar changes of 5-
HIAA in perfusate of spinal subarach-
noid space (Fig 2). We conclude,
therefore, that S-HIAA in the spinal
fluid derives from the spinal cord itself
and reflects metabolic changes of 5-HT
in the spinal tissue. Consequently, we
suggest that the concentration of 5-
HIAA in the spinal fluid of patients
(2) cannot give insight into metabo-
lism of 5-HT in the brain as previously
supposed (4). However, the concentra-

tion of 5-HIAA in the cerebral fluid ;

may reflect brain 5-HT metabolism.
Despite promising indications that a cor-
relation between ‘the concentrations of
5-HIAA in the brain and cerebral fluid
exist (3), a clear-cut relationship, like
that of 5-HIAA in the spinal cord and
in perfusate (Fig. 2), is still lacking.
Our experimental model of spinal
cord superfusion seems to be suitable
for investigation of the origin of other
substances present in the spinal fluid
and spinal cord. In view of the general
use of spinal fluid analysis for diagnos-
tic purposes in medicine such investi-
gations may be not only of academic
but also of practical significance.
M. BuULAT
B. Zivkovié
Institute Ruder Bo¥kovié, Bijenicka 54,
41000 Zagreb, Yugoslavia
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Decreased Systolic Blood Pressure through Operant Conditioning

Techniques in Patients with Essential Hypertension

Abstract. Operant conditioning—feedback techniques were employed to lower
systolic blood pressure in seven patients with essential hypertension. In five of
the patients, meaningful decreases of systolic blood pressure were obtained in the
laboratory, ranging from 16 to 34 millimeters of mercury. The therapeutic value
of such techniques remains to be established.

Arterial blood pressure in animals
can be made to rise and fall predictably
when environmental stimuli are sched-
uled according to variations in blood
pressure (I, 2). Further, unanesthetized
squirrel monkeys with behaviorally in-
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duced hypertension can be trained by
operant conditioning techniques to
lower their mean arterial blood pres-
sure to control levels (2). Normoten-
sive human subjects can also be trained

" to raise and lower arterial systolic and

diastolic blood pressure by the use of
similar procedures (3). The present re-
port describes the lowering of systolic
arterial blood pressure through operant
conditioning—feedback techniques in
seven patients with essential hyperten-
sion.

The diagnosis of essential hyperten-
sion was established by exclusion of
the known causes of hypertension. The
patients had moderate or severe hyper-
tension. All had complete medical eval-
ulations, including renal arteriography
in patients Nos. 2 and 6. The patients
were ambulatory and were attending
the Hypertension Clinic of the Boston
City Hospital. The average age of the
patients was 47.9 years (Table 1).
There were five males and two females.
Six of the seven were taking antihyper-
tensive medications. Medications were
not altered during the experimental ses-
sions, and all patients had maintained
constant medication regimens for at
least 2 weeks prior to any laboratory
sessions. Informed consent was ob-
tained from each patient. They were
told they would be paid $5.00 per ses-
sion to come to the behavioral labo-
ratory and have their blood pressure
measured automatically for approxi-
mately 1 hour while they sat quietly.
They were also informed that no other
medications or invasive techniques
would be employed and that the pro-
cedures might be of value in lowering
their blood pressure.

Median systolic blood pressure was
recorded by use of an automated con-
stant cuff-pressure system (3). A stan-
dard, 13-cm wide blood pressure cuff
was wrapped around the left arm and
inflated to a given pressure by a reg-
ulated, low-pressure, compressed-air
source. The cuff was connected by
plastic tubing to the air-filled chamber
of a Statham P23Db strain gauge pres-
sure transducer. The electrical output
of the strain gauge was recorded on
one channel of a Beckman type RM
polygraph. The output of a crystal
microphone, placed under the cuff and
over the brachial artery, recorded Kor-
otkoff sounds on a second channel of
the polygraph. The electrocardiogram
was recorded on a third channel. By
setting the cuff at a constant pressure,
close to systolic blood pressure, in-
creases or decreases in systolic pressure
with each heart beat relative to the cuff
pressure could be ascertained. When
cuff pressure exceeded brachial artery
systolic pressure, no Korotkoff sound
was produced; when cuff pressure was
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Table 1. Patient characteristics and effects of operant conditioning on systolic blood pressure.

Antihypertensive . .
- . medications administered No. of No. of Median systolic blood pressure (mm-Hg)
atient e . oo
No. (y%) Sex throughout the study control  conditioning  Last five Last five  Conditioning
.. Amount sessions sessions control conditioning minus
Medication (mg/day) sessions sessions control
1 30 M None 5 8 139.6 136.1 — 35
2 49 F Spironolactone 100 5 33 213.3 179.5 —33.8
Methyl dopa 1500
Guanethidine 30
52 M Methyl dopa 500 5 . 22 162.3 133.1 —29.2
4 54 M Chlorothiazide 1000 16 34 166.9 1504 —16.5
Spironolactone 100
Methyl dopa 1500
5 44 M Chlorothiazide 1000 15 31 157.8 141.7 —16.1
6 53 F Chlorothiazide 1000 15 12 165.7 166.6 + 0.9
Spironolactone 100
Methyl dopa 1000
7 53 M Hydrochloro-
thiazide 100 15 12, 149.0 131.7 —17.3
Spironolactone 100
Methyl dopa 1000
Mean 479 10.9 21.7 164.9 148.4 —16.5

less than brachial artery systolic pres-
sure, a Korotkoff sound was present.
During each trial, the cuff was inflated
for 50 consecutive heart beats (re-
corded automatically from the electro-
cardiogram) and then deflated. The
presence or absence of a Korotkoff
sound was noted within 300 msec after
the R-wave of the electrocardiogram.
Median systolic blood pressure during
the trial was equal to cuff pressure
when 14 to 36 Korotkoff sounds per
cycle of 50 heart beats were present
(3, 4). If less than 14 Korotkoff sounds
were present, indicating cuff pressure
exceeded systolic arterial pressure for
most of the trial, the cuff pressure was
decreased by 4 mm-Hg for the next
cycle. If more than 36 Korotkoff
sounds were present, indicating cuff
pressure was lower than arterial pres-
sure for most of the trial, the cuff pres-
sure was increased by 4 mm-Hg. Thus,

median systolic pressure was tracked

throughout each session.

The patients were studied on consec-
utive weekdays. During all sessions,
median systolic blood pressure was
measured for 30 trials. Between trials,
the cuff was deflated for 30 to 45 sec-
onds. There were 5 to 16 control ses-
sions for each patient during which
median systolic blood pressure was re-
corded with no feedback or reinforce-
ment of lowered systolic pressure. Thus,
the control pressures represented me-
dian systolic blood pressure of between
7,500 and 22,500 heart beats.

In each of the following conditioning
sessions, the first five trials had no re-
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inforcement presented. However, in the
subsequent 25 conditioning trials, rela-
tively lowered systolic pressure, indi-
cated by the absence of a Korotkoff
sound, was fed back to the patient by
presentation of a 100-msec flash of
light and a simultaneous 100-msec tone
of moderate intensity. The patients
were told that the tone and light were
desirable and they should try to make
them appear. As a reward, after each
20 presentations of tones and lights, a
photographic slide, equivalent to $0.05,
was shown for 5 seconds. The slides
consisted of scenic pictures and re-
minders of the amount of money
earned. The conditioning sessions con-
tinued until no reductions in blood
pressure occurred in five consecutive
sessions.

Blood pressures did not change
within the first five control sessions. In
the four patients with 15 or 16 control
sessions, no decreases in blood pressure
were noted after the initial five control
sessions (5). Average median systolic
blood pressure during the last five con-
trol sessions in the seven patients was
164.9 mm-Hg (Table 1). Pressures in
the last five conditioning sessions were
used as an index of the effectiveness of
training. During these sessions, average
median systolic blood pressure was
148.4 mm-Hg (P < .02) (6). In the in-
dividual patients, systolic blood pres-
sure decreased 3.5, 33.8, 29.2, 16.5,
16.1, 0, and 17.3 mm-Hg.

Systolic blood pressure did not
change significantly within each control
session. However, it decreased an aver-

age of 4.8 mm-Hg (P < .001) (6) within
each conditioning session. This within-
session decrease is equivalent to that
observed in normotensive subjects with
similar training (3). In the two patients
with little or no decrease in systolic
blood presure, patient No. 1 did not
have elevated systolic blood pressure,
while patient No. 6 had renal artery
stenosis. No consistent changes in heart
rate were present in any of the patients
during the blood pressure changes.
Elevated arterial blood pressure in-
creases the risk of coronary artery dis-
ease and cerebrovascular accidents (7).
This increased risk is lessened by low-
ering blood pressure (8). At the present
time, the means of lowering blood pres-
sure are pharmacological or surgical or
both. In the present experiments, sys-
tolic blood pressure could be decreased
by operant conditioning techniques in
six of seven patients with essential hy-
pertension. Since the decrease in sys-
tolic pressure was measured only in the
laboratory and no consistent measure-
ments were made outside the labora-
tory, the usefulness of such methods in
the therapeutic management of hyper-
tension remains to be evaluated (9-12).
HERBERT BENSON
Harvard Medical Unit, Boston City
Hospital, Boston, Massachusetts 02118
and Department of Medicine,
Harvard Medical School, Boston 02115
DAVID SHAPIRO
BERNARD TURSKY
GARY E. SCHWARTZ
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Cell Dissociation: Univalent Antibodies as a
Possible Alternative to Proteolytic Enzymes

Abstract. Univalent antibody fragments directed against special membrane anti-
gens dissociate multicellular bodies of the cellular slime mold Dictyostelium
discoideum completely into single cells. This provides a gentle method for cell
dissociation and demonstrates that a nonenzyme protein can disintegrate a tissue

by binding to specific cell surface sites.

Proteolytic enzymes have been shown
to be the most effective agents for dis-
sociating tissues into single cells (7).
Enzymes or other macromolecules may
interfere with cell-to-cell binding in two
ways, either by sterically blocking or
by degrading cell surface sites. It is

open to question whether enzymatic ac-
tivity is absolutely essential for a protein
to dissociate cells. Therefore we tried
nonenzyme proteins which specifically
bind to certain cell surface structures.
Univalent antibody fragments (Fab)
prepared by papain digestion of im-

munoglobulin G (see 2) were selected
because of their specificity, because of
their relatively low molecular weight
(50,000) which restricts their direct
action to a small target area, and be-
cause each Fab molecule binds to only
one antigenic site. Furthermore, use of
Fab avoids cell agglutination and other
side effects of complete antibody action
which follow from cross-linking of cell-
membrane structures (3).

As a test tissue, fragmented multi-
cellular bodies of the cellular slime
mold Dictyostelium discoideum were
used. In the “slug” stage of this or-
ganism, cells are intimately associated
forming a tissue that can be dissociated
only partially by ethylenediaminetetra-
acetic acid (4), and by proteolytic en-
zymes only in presence of 2,3-dimer-
captopropanol or other sulfhydryl
compounds (5, 6). Earlier (7, 8), we
reported that, in D. discoideum, cell
aggregation that precedes slug forma-
tion can be completely inhibited by
Fab directed against special membrane
sites. These sites are thought to be
identical with structures that partici-
pate in cell adhesion.

The aggregation-inhibiting Fab was
prepared from an antiserum produced
by immunizing rabbits with a particu-
late fraction of aggregation-competent
D. discoideum cells. To ascertain
whether this Fab dissociates the slug
tissue, slugs were cut into pieces of ap-
proximately 50 um in diameter and in-
cubated in barbital buffer, pH 7.3, con-
taining 32 mg of Fab per milliliter (8).
Dissociation was observed in 10-ul sam-
ples spread on a cover slip and covered
with a thin, O,-permeable Teflon mem-

Fig. 1 Dissociation of D. discoideum slug tissue by Fab from immunized rabbits. (a) Single cells and groups that remained after in-
cub.:mon‘ for 3 hours; (b and c) completely dissociated slug fragment after an additional 3-hour incubation period; (d) control:
undissociated slug fragment incubated for 6 hours with Fab from nonimmunized rabbits. White scales, 50 um; black scales 10 um.
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