increased utilization of 0, from the blood, and this in turn led te exhaustion of the 0,
reserves and to a critical fall of pO; in the venous blood. This picture is evidence of a
congestive type of circulation and the development of circulatory hypoxia.
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ACTION OF VARIOUS DOSES OF PHYTOMITOGENS ON BLOOD
LYMPHOCYTE PROLIFERATION IN SCHIZOPHRENIA

A. I. Pivovarova and G. I. Kolyankina UDC 615.273.3.015.4:[616,.155.3:616.895.8

KEY WORDS: phytohemagglutinin; concanavalin A; proliferation of lymphocytes;
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It was shown previously [l-4] that lymphocytes in the blood of schizophrenic patients
are less able to proliferate in response to stimulation by phytohemagglutinin (PHA) and
concanavalin A (con A). This phenomenon may be based on a number of factors, including a
shift of the optimal dose of stimulator in this disease into the region of lower or higher
concentrations of mitogen, as is observed in ataxia-telangiectasia, Bruton's disease, and
systemic lupus erythematosus [5-7].

The aim of the present investigation was to compare the proliferative activity of
lymphocytes, stimulated by different doses of PHA and Con A, of healthy subjects and patients
with schizophrenia.

EXPERIMENTAL METHOD

Lymphocytes from 24 healthy subjects aged from 18 to 49 years and from 19 patients
with schizophrenia (10 with a continuous-progressive and 9 with an episodic-progressive
type of course), aged from 18 to 59 years, were tested. Blood was taken from the patients
and healthy subjects into test tubes with heparin (10 i.u./ml). After sedimentation of the
erythrocytes the plasma was drawn up into a Pasteur pipet and 1- 10° lymphocytes were cul-
tured in 1 ml of medium containing 20% autologous serum and 807 Eagle's medium with
glutamine, for 72 h at 37°C. To stimulate the lymphocytes the following concentrations of
PHA and Con A were used: 5, 10, 25, 50, 100, and 200 ug/ml. Two hours before the end of
culture 1 uCi thymidine-®H (specific radioactivity 19.6 Ci/mmole) was added to each flask.
The cells were transferred to membrane filters (Hawg, 0.45 u) and treated successively with
physiological saline, 5% TCA, and 96° alcohol. The radioactivity of the samples was measured
on a Mark II liquid scintillation counter. Proliferative activity was calculated on the
basis of radioactivity in three parallel cultures.
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Fig. 1. Proliferation of blood lymphocytes
stimulated by different doses of PHA. Ab-
scissa, dose of PHA (in pg/ml); ordinate, in-
corporation of thymidine-®H (in cpm/10%). 1)
Healthy subjects; 2) Patients with shizophre-
nia. *P < 0,05,

Fig. 2. Proliferation of blood lymphocytes
stimulated by various doses of Con A. Ab-
scissa, dose of Con A (in ug/ml). Remainder
of legend as to Fig. 1.

EXPERIMENTAL RESULTS

Data on the effect of different doses of PHA on DNA synthesis in lymphocyte cultures
from schizophrenic patients and healthy subjects are shown in Fig. 1. Clearly, in the ab-
sence of stimulator the lymphocytes from patients and healthy subjects incorporated thymi-
dine->H equally (2372 and 2354 cpm, respectively). After addition of PHA to the culture,
cells both from patients and from healthy subjects respond by increased synthesis of DNA;
the proliferative activity of the patients' lymphocytes, under these circumstances, was
significantly depressed (P < 0.05), compared with that of the healthy subjects over the
whole range of doses used, except 5 and 200 ug/ml. Maximal proliferative activity of blood
lymphocytes from the healthy subjects was found after stimulation with a dose of 25 pg/ml,
and a subsequent increase in the dose of mitogen led to a decrease in thymidine-*H in-
corporation into DNA of the cells in culture. Consequently, the optimal stimulating dose
of PHA for healthy blood lymphocytes was 25 pg/ml.

In schizophrenia the proliferative activity of the blood lymphocytes, stimulated by
PHA, increased gradually with an increase in concentrations of the mitogen, to reach a
maximum when 50 ug/ml PHA was used, and it was unchanged with a further increase in the
dose of the stimulator., In schizophrenia the optimal dose of PHA for stimulation of blood
lymphocytes was thus shifted toward higher wvalues. The same conclusion could be drawn from
subsequent analysis of individual dose-dependent curves, which showed that in schizophrenia
the optimal dose for stimulation of lymphocytes in 587 of cases was 100-200 pg/ml. In
healthy subjects the maximal proliferative response was recorded in 25% of cases. The re-
lations were correspondingly reversed when the maximal stimulating effect of small doses
(from 5 to 50 pg/ml) was analyzed: in the group of healthy subjects a maximal response to
small doses was recorded in 75% of cases, compared with 48% in schizophrenia. The distri-
bution of low and high optimal doses in the groups of patients and healthy subjects differed
statistically significantly (P < 0.01).

The results of a study of the action of different doses of Con A on lymphocyte pro-
liferation under normal conditions and in schizophrenia are shown in Fig. 2. It will be
noted that stimulation with 5 ug/ml Con A led to a sharp increase in proliferative activity
of the lymphocytes from healthy subjects. A further increase in the dose of Con A up to
50 ug/ml did not affect the level of proliferation of the cells in culture. However, the
addition of 100 pg/ml or, to an even greater degree, 200 ug/ml of the mitogen to the lym-
phocyte culture inhibited incorporation of thymidine-®H into DNA by the cells in culture.

In schizophrenia stimulation of lymphocytes with increasing concentration of Con A
(from 5 to 50 pg/ml), just as in the case with PHA, led to a gradual increase in DNA~syn-
thesizing activity of the cells. The proliferative response reached a maximum in this case
when a dose of 50 ug/ml was used. Within the dose range of the stimulator from 50 to 100
ug/ml the level of lymphocyte proliferation was virtually unchanged, and only an increase
in the dose to 200 ug/ml Con A led to inhibition of the proliferative response. It will be
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clear from Fig. 2 that blood lymphocytes from the patients, just as when stimulated by PHA,
incorporated thymidine-®H much less intensively within the whole range of doses of Con A
used than lymphocytes from healthy subjects. Significant differences between the dose-
dependent curves of the two groups of subjects were observed when small doses of mitogen
(from 5 to 50 ug/ml) were used; when larger doses of mitogen (from 100 to 200 pg/ml) were
added, the differences were substantially less and were not significant.

The experiments thus showed that in schizophrenia the maximal response of the lympho-
cyte to both PHA and con A is shifted into the region of higher doses. Nevertheless, the
response of lymphocytes to optimal doses of phytomitogens was much lower in schizophrenia
than in normal subjects. It must be emphasized that the greatest difference between the
two groups of subjects studied was obtained by the use of small doses of the mitogens.

The mechanism of the differences observed between the responses of patients' lympho-
cytes to stimulation by different doses of mitogens is not yet clear. It may perhaps be
the result of the action of an inhibiting factor in the patient's blood serum [4]. Con-
sidering data showing that Ty-subpopulations respond to small doses of mitogen, and the
Tu~subpopulation of lymphocytes respond to large doses [8], the results of the present in-~
vestigation can be regarded as evidence of disturbance of the balance between suppressor
cells in the body, and in turn, this could lead to changes in immunologic homeostasis. 1In
this connection, identification of the above-mentioned lymphocyte subpopulations would help
to solve the problem of the mechanism of origin of immunologic disturbances in schizophre-
nia,
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