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Cytochemical determination of alkaline phosphatase (AlP) and acid phosphatase (AcP) ac-
tivity in some cases can be a reliable laboratory test of the character and course of the
pathological process in surgical patients [2, 4, 8]. However, the dynamics of changes in the
phosphatase activity of blood and wound exudate cells during healing of aseptic wounds has
not - been adequately studied [1, 8].

In this investigation the phosphatase activity of blood and wound exudate leukocytes was
studied during healing of an aseptic experimental wound.

EXPERIMENTAL METHOD

Altogether 110 male Wistar rats weighing 190-200 g were used. Models of skin wounds were
created by the method described previously {3]. Fiims of peripheral blood taken from the caudal
vein and squash preparations of wound exudate were used as the test objects. Blood-and wound-exu-
date leukocytes were studied daily from the ist through the 10th days, and again on the 1Zth and 15th
days of the experiment; besides the times mentioned above, the cells also were studied before
the operation (background). At each point of time 8-10 rats were used, and were decapitated
after specimen taking. The leukocyte formula was determined on films stained by the Romanov-
sky—Giemsa method. AlP activity was detected by the method in [7] and AcP activity as in [10].
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Fig. 1., Changes in phosphatase activity of peripheral blood
neutrophils during healing of aseptic wounds in rats. Ab-
scissa, time after wounding (in days); ordinate, ALP (in op-—
tical density units) and AcP (in conventional units [11])
levels: scale on right shows absolute number of neutrophils
in 1 ul blood * 10%). 1) AlP, 2) AcP, 3) number of neutrophils.,
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Fig, 2. AcP activity in peripheral blood lymphocytes (a)
and monocytes (b) during healing of aseptic wounds in rats.
1) AcP level in small lymphocytes, 2) in large lymphocytes,
3) absolute number of lymphocytes in 1 pl blood (x103), 4)
AcP level in monocytes, 5) absolute number of monocytes in
1 ul blood (%10%). Remainder of legend as in Fig. 1.

AlP activity was determined quantitatively by a cytophotometric method, using the MIF-k cy-
tophotometer [6]. The content of the final reaction product in 50 cells was measured in each
film. AlP activity was determined by a semiqualitative method {11] in neutrophils, lympho-
cytes, and monocytes. At the same time, and on the same days the wound tissues were studied
histologically (stained with hematoxylin and eosin, by Van Gieson's method, with toluidine
blue, and by Brachet's reaction). The significance of differences was determined by Student's t
test.

EXPERIMENTAL RESULTS

The absolute number of neutrophils in the blood (Fig. 1) increased progressively after
wounding to reach a maximum (7000 in 1 ul) on the 7th day, after which it fell, and by the
15th day it had almost regained its initial level (about 2000 in 1 pl). AlP activity in the
blood neutrophils (Fig. 1) increased even on the first day, and reached a maximum on the 2nd-
3rd days: during this period 1.5 times more of the end product of the reaction was detected
cytophotometrically than initially. Starting with the 4th day AlP activity gradually declined,
and by the 10th day it was lower than initially. Virtually all the blood neutrophils were
AlP-positive. These data confirmed the results obtained by other workers [7, 12], and are
evidence of high AlP activity in rats. The increased AIP activity in the blood cells during
the first two days after wounding was evidently connected with the outflow of younger neutro-
phils, in which AlP activity is higher, from the bone marrow into the peripheral blood [12].

AcP activity in the blood neutrophils also increased starting with the first day after
wounding (Fig. 1); until the 5th day inclusive, the curve of its changes almost completely re-
produced the shape of the AlP curve, although the latter rose much more rapidly. However,
the shape of these two curves later diverged: on the 6th-7th day AcP activity rose again,
but later it fell below the control level, and thereafter remained unchanged until the end of
the experiment.

AcP activity in the small blood lymphocytes (Fig. 2a) increased a little after the oper-
ation and remained higher than initially throughout the experiment. Starting with the first
day after wounding the absolute number of lymphocytes in the blood was increased by 1.5 times
and large lymphocytes with a wide cytoplasm containing azurophilic granules, and sometimes
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Fig., 3. Phosphatase activity of neutrophils (a)
and ‘macrophages (b) of wound exudates during heal-
ing of aseptic wounds in rats. Legend as to
Fig. 1.

with a bean~shaped or segmented nucleus, appeared. They did not exceed 10% of the total lym-
phocyte population, but AcP activity in them was an order of magnitude higher than in the

small lymphocytes. The appearance of large lymphocytes was an indicator of activation of the

lymphoid immune system, which usually is accompanied by increased AcP activity [5].

High AcP activity also was observed in the peripheral blood monocytes: it was increased
on the 3rd day, then fell to a minimum on the 5th day, after which it again increased and
thereafter remained much higher than initially until the end of the experiment (Fig. 2b).
The absolute number of monocytes in the blood also followed a wave-like course. The rise of
this parameter on the first day was probably attributable to operative trauma, and that on
the 5th day to increased release of monocytes into the tissue (the macrophagal phase of in-
flammation), leading to an increase in their migration from the bone marrow into the blood.
Clear negative correlation also was observed between the absolute number of monocytes in the
blood and AcP activity in them until the 8th day of the experiment (Fig. 2b). This was evi-
dently connected with the fact that lysosomal enzyme activity is lower in immature monocytes
released from the bone marrow into the blood.

The principal type of cells in the wound exudate was neutrophils, the relative propor-
tion of which decreased from 77.6% at the beginning of the experiment to 48.,1% toward the end.
Starting with the 2nd day, degenerative forms of neutrophils with extensive areas of translu-
cency of the cytoplasm, loss of granules, pycnosis of the nucleus, and so on, predominated in
the exudate. From the first and until the last day of the experiment macrophages were pres-
ent in the wound exudate: the proportion of them increased from 5.5% at the beginning of the
experiment to 29.3% on the 8th day, after which it fell a little. The number of lymphoid
cells in the exudate did not exceed 10% in the course of the experiment, until the last day,
when it rose to 307%. The number of fibroblasts varied from O to 1.8% between the lst and 9th
days, but on the 10th and 12th days it increased to 4.1 and 6.0% respectively.

Enzyme activity was determined only in morphologically intact neutrophils. AlP activity
in neutrophils of the wound exudate fell progressively until the 6th day, and then rose a lit-
tle (Fig. 3a). This increase was perhaps caused by contamination of the film with blood neu=~
trophils. Attention is drawn to two circumstances: first, AlP activity virtually through-
out the experiment was observed in 90-1007% of neutrophils, and second, it was discovered not
only in morphologically intact cells, but also in degenerating cells, The role of this
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persistent AlP activity in dying neutrophils of the wound is mnot yet clear. Some workers {[8]
have emphasized the important role of AlP in regulating the rate of repair processes in tis-
sues: it inactivates glucocorticoids, which inhibit proliferation of fibroblasts and colla-
gen synthesis by them. ,

AcP activity of the neutrophils fell a little during the first five days, and thereafter
remained at between 50 and 60 conventional units until the end of the experiment. AcP activ-
ity in the macrophages was high and in the morphologically intact cells it remained through-
out the experiment at between 200 and 300 conventional units (Fig. 3b). The high AcP activ-
ity in the cells of the monocytic-macrophagal system is in good agreement with data in the
literature [9].

Comparison of the results of the cytochemical study of blood and wound exudate leuko-
cytes with the results of a parallel histological study of tissues from the wound regions shows
that the first rise of AlIP activity in the blood neutrophils coincided closely with the dura-
tion of the inflammatory phase of wound healing. During this period neutrophilic infiltra-
tion of the tissues reached a maximum, when the outflow of neutrophils from the blood into
the tissues evidently led to the greatest release of young cells with high AlP activity from
the bone marrow into the blood stream. It is an interesting fact that AlP activity of the
leukocytes responded earlier to a decrease in the intensity of the local inflammatory proc-
ess than the absolute number of neutrophils in the blood, which continued to rise until the
7th day. AlP activity in the blood neutrophils must evidently be regarded as an important
prognostic sign in wound healing.

Distinct patterns of AlP and AcP activity are thus observed in leukocytes in the blcod
and wound exudate during aseptic wound healing. These patterns reflect complex reactions of
the body to surgical trauma, they are evidence of activation of different components of the
immune system of the body, and they can be used both to develop more effective ways of stimu-
lating wound healing and of evaluating them,
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