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Tuftsin* has been shown to affect the functions of various cells of the immune system
[9]. The action of tuftsin on macrophages and lymphocytes, which play an important role in
reactions of specific and nonspecific immunity, is particularly interesting. Tuftsin in-
creases the bactericidal activity of macrophages in wive and in vitro [8], stimulates phago-
cytic activity of peritoneal macrophages [4], and activates movement of polymorphonuclear
leukocytes in vitro [10]. The antitumor action of tuftsin has been demonstrated: it prevents
inhibition of macrophage migration by melanoma factors [6] and increases the cytotoxicity of
macrophages against tumor cells both in vive [5) and in vitro {10].

The action of tuftsin was studied in the present investigation on activity of enzymes
of energy metabolism in peritoneal macrophages of rats at rest and during phagocytosis. Ac-
tivity of enzymes of glycolysis, the tricarboxylic acid, and the pentose phosphate shunt —
lactate dehydrogenase (LDH), succinate dehydrogenase (SDH), and glucose-6-phosphate dehydro-
genase (G6PDH) — was estimated.

EXPERIMENTAL METHOD

Noninbred male albino rats weighing 200 g were used. Macrophages were isoclated 1 week
after intraperitoneal injection of 10 ml of a 4% solution of peptone in 0.9% NaCl solution
intraperitoneally, The cells were flushed out of the peritoneal cavity with phosphate buffer
(10 ml, pH 7.4), containing D(+)-glucose (2 mg/ml), bovine serum albumin (2 mg/ml), benzyl-
penicillin, and streptomycin (200 ug/ml of each)., All subsequent manipulations were con~
ducted in this same medium. The number of cells was counted in a Goryaev's chamber and was
about 2.5°10° cells/ml medium. The proportion of viable cells was determined by staining
with trypan blue, for which purpose the cells were incubated in a solution of the dye (1%
solution in 0.9% NaCl solution) at 37°C for 30 min. The fraction of living cells in the
suspension was 85%. THe cell suspension (0.5 ml) was applied to a slide and incubated at
37°C for 2 h to obtain a cell monolayer. The slides were washed twice, 0.1 ml of tuftsin
solution (Serva, West Germany) was applied, and they were incubated at 37°C for 15 min.
Phagocytosis was induced on the slide by application of 1 ml of a suspension of latex (d =
1.26, concentration 2:10° particles/ml) and the cells were incubated at 37°C (30 min), after
which the slides were washed. Activity of SDH, LDH, and G6PDH was determined by the method
in [2]. Activity of the three dehydrogenases was estimated in accordance with Kaplow's
principle [7], The phagocytosis-stimulating activity of tuftsin was characterized, first,
by the ratio between the fraction of cells containing latex particles in the presence of
tuftsin and the fraction of those cells in the absence of tuftsin, and second, by the ratio
of the mean number of latex particles ingested by one call in the presence of tuftsin to
the number of particles ingested in the absence of tuftsin. The significance of differences
between the experimental and control data, when 250 cells were counted, was evaluated by the
Mann—Whitney or Wilcoxon tests for independent sets [1].

*The tetrapeptide Thr-Lys-Pro-Arg.
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Fig. 1. Effect of tuftsin on LDH activity in macrophages at rest (1) and dur-
ing phagocytosis (2). Abscissa, tuftsin concentration (in ug/ml, logarithmic

scale); ordinate, mean number of formazan granules per cell. Differences sig-
nificant at P < 0,01,

Fig. 2. Effect, of tuftsin on G6PDH activity in macrophages at rest (1) and
during phagocytosis (2). Abscissa, tuftsin concentration (in iig/ml, logarith-
mic scale); ordinate, mean number of formazan granules per cell. Differences
significant at P < 0,01.

Fig. 3. Effect of tuftsin on phagocytic activity of macrophages. Abscissa,
tuftsin concentration (in ug/ml, logarithmic scale); ordinate, ratio charac-
terizing phagoeytic activity. 1} Ratio of fraction of cells containing latex
particles in presence of tuftsin to fraction of those cells in control; 2) ra-
tio of mean number of latex particles ingested by one cell in presence of tuft-
sin to corresponding number in control.

EXPERIMENTAL RESULTS

In the absence of tuftsin SDH and G6PDH activity in phagocytic and resting macrophages
was identical. LDH activity was higher in phagocytic than in nomphagocytic macrophages (Fig.
1). Cells isolated after intraperitoneal injection of peptone solution, incidentally, were
used in the experiments under review. These cells are called "stimulated" or "nonspecifi-
cally activated" by contrast with "activated" cells whose activation was the result of specif-
ic immunologic processes, This nonspecific activation of macrophages actually during iso-
lation is probably responsible for the absence of any considerable changes in activity of the
three enzymes studied during phagocytosis, observed above.

Under the influence of tuftsin in various concentrations on resting macrophages, activ-
ity of the test enzymes was unchanged (Figs. 1 and 2).

However, under the influence of tuftsin on phagocytic macrophages LDH activity fell
even with tuftsin in the minimal concentration (0.25 ug/ml), and when the peptide was used
in a concentration of 8 ug/ml LDH activity was only 38% of its control level (Fig. 1), In
phagocytosis a special role is ascribed to glycolysis: It supplies the cell with energy to
ingest particles to be phagocytosed [11]. The phagocytosis-stimulating capacity of tuftsin,
described in the literature [4], may perhaps be realized at this stage. However, the fact
that LDH is depressed and not activated by tuftsin is unexpected in the light of these views.,

On the contrary, tuftsin had a stimulating action on G6PDH activity of phagocytic cells
(Fig. 2). The difference in G6PDH activity of phagocytic and resting macrophages increased
with an increase in concentration of the peptide, and at a concentration of 8 ug/ml G6PDH
activity in phagocytic macrophages was 278% of the control level. Activation of G6PDH by
tuftsin is in good agreement with the views that stimulation of the pentose phosphate shunt
is connected with the presence of detoxication of the phagocytosed material with the aid of
active compounds of oxygen.

Tuftsin did not affect SDH activity of macrophages during phagocytosis.

Evidence of the biological activity of the tuftsin used in these experiments was given
by data confirming its phagocytosis-stimulating ability. The fraction of cells taking part
in phagocytosis was increased by 1.5 times under the influence of tuftsin, and the number of
phagocytosed latex particles was doubled (Fig. 3).
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The results of an investigation of the effect of tuftsin on SDH, LDH, and G6PDH activity
of peripheral blood lymphocytes of albino rats after intraperitoneal injection of the peptide
in a dose of 300 ug/kg body weight were published by the writers previously [3]: After intra-
peritoneal injection of tuftsin a decrease in SDH activity and an increase in G6PDH activity
of the lymphocytes were observed. The effect was maximal 6 h after injection of the peptide,
and enzyme activity returned to its initial level after 24 h.

Tuftsin thus changes the level of activity of some enzymes of energy metabolism of pha-
gocytic macrophages and peripheral blood lymphoeytes. The minimal effective concentration
of tuftsin in experiments with macrophages (0.25 ug/ml), incidentally, was close to its usual
blood concentration. So far as the tuftsin concentration in the blood after intraperitoneal
injection into rats in a dose of 300 ug/kg body weight is concerned, in this case its increase
could not exceed tenths of a microgram per milliliter, The effects of tuftsin observed can
therefore be interpreted as close to those existing under ordinary conditions of activity of
the animal.

Differences in the effect of tuftsin on the macrophagal and lymphocytic enzymes studied
are interesting: marked inhibition of LDH activity in macrophages but no change in lympho-
cytes, inhibition of SDH activity in lymphocytes but no effect in macrophages. Only the
effect on G6PDH activity was identical in direction. The interpretation of these results is
difficult at present. It is not clear why LDH activity is inhibited in macrophages, if gly-
colysis is one of the main sources of energy for phagocytosis by these cells. There is like-
wise no explanation of inhibition of SDH activity in lymphocytes. Only activation of G6PDH
is in harmony with existing views on the role of the pentose phosphate shunt in the formation
of detoxicating factors. The high degree of activation of this last enzyme in macrophages
also is in harmony with this view.
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