MICROBIOLOGY AND IMMUNITY

THE EFFECT OF PAIN STIMULATION ON THE PHAGOCYTIC
POWER OF THE LEUKOCYTES IN HORSES

A. F.Rusinov

Department of General and Special Surgery (Head—Honored Scientist of the Ukr.
SSR, the late Prof, V. A, German) of the Khar'kov Veterinary Institute

{Presented by Active Member AMN SSSR V. V, Parin)

Translated from Byulleten® &ksperimental'noi biologii i meditsiny Vol, 49, No. 2,

pp. 81-85, February, 1960,

Original article submitted November 22, 1958

It is clear from data in the literature that the phago-
cytic function of the leukocytes is regulated by the nerv-
ous system and is increased by pain stimulation[4, 5, 1,
9, 11, etc.). Although the leukocytes are feed blood cells
and have no anatomical innervation, their phagocytic ac~
tivity is regulated by mediators secreted into the blood
stream by the nerve endings of the vegetative nervous
system. Sympathin causes increased phagocytosis and
"yagus-stoff” causes its depression,

METHOD

The changes in the phagocytic function of the leuko~
cytes during the healing of wounds were studied in 18
horses under various conditions: without anesthesia, with
ordinary lumbar paravertebral block, and with prolonged
lumbar paravertebral block,

The phagocytic index was determined by the follow-
ing method: Into two sterile agglutination tubes, each
containing 0,05 ml of a 6% solution of sodium citrate, was
poured 0.2 ml of whole blood obtained from the jugular
vein, After agitation of the contents of the tubes, to one
of them was added 0.25 ml of a standard suspension of
streptococci, and to the other, the same volume of a
standard suspension of Staphylococcus aureus. The suspen-
sions consisted of washings of a 24-hr culture of these mi-
croorganisms, and contained 2 x 10° bacterial cells/ml.
The blood was mixed with the suspension of the microor-
ganisms and then allowed to stand in the incubaror at 38°
for 30 minutes. It was essential that a fresh bacterial sus-
pension be prepared before the reaction by washing a 24~
hr culture of streptococci or staphylococci with physiologi-
cal saline. The bacterial suspension was prepared from
permanent strains of streptococcus and staphylococcus,
which we obtained from the 'Department of Microbiology
of the Khar'kov Veterinary Institute. The ingested bac-
terial cells were counted in 200 leukocytes,

During the experiments the animals were kept on the
same diet and in the same conditions, The phagocytic
index was investigated before the infliction of incised or
crushing wounds of the skin and muscles in the iliac re-~
gion, and subsequently after 15-30 min, 1-2-3-4-6-8 hr

and 1~2-3-4-5-6-7-10-12-15-20 days of the injury (only
individual examples are given in the tables). We inves~
tigated the phagocytic index so frequently because, in

our experiments, it was an indirect sign of the degree of
stimulation of the nervous system as the result of pain im-
pulses from the region of the wound.

RESULTS

In all the experiments the phagocytic index rose
sharply immediately after infliction of the wounds, being
1,5-2 times larger after only 15 minutes, After ordinary
anesthesia, the phagocytic index remained essentially un~
changed at the end of 4-6 hours by comparison with the
first and second hours, and it then began to increase grad-
ually again (Table 1), ‘

In the horses in which anesthesia was not used, the
index continued to rise during the next 2-4-6-8 hours, Us-
ually in these cases the phagocytic index rose until 24
hours. Occasionally the increase was less pronounced.
After 24 hours a fall in the phagocytic index was observed,
with a return to its initial value at the end of 4-5 days,
In animals in which prolonged anesthesia with a 5% solu-
tion of procaine in horse fat (or in peach oil) was used,
the phagocytic index rose only very slightly to 6-8 hours
by comparison with the first and second hours; it then
gradually fell and reached its initial level at 24 hours or,
occasionally, at 48 hours (see Table 1),

The phagocytic index changed especially demon-~

- stratively when an additional stimulus was used—the in~

stillation of concentrated sulfuric acid onto the wound
surface (Table 2).

After infliction of the wounds, as in the. previous ex-
periments, the phagocytic index increased sharply ~by
1.5-2 times in comparison with the initial values; then,
after instillation of sulfuric acid on the wound surface
without anesthesia, it continued to rise sharply for the
first two days.

With ordinary anesthesia, the increase in the phago-
cytic index was delayed immediately after anesthesia
and for the next 2-4 hours, and it then continued to rise
until 24-48 hours. In both cases the phagocytic index be-
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gan to fall at the end of the second day after infliction of
the wounds, and returned to its initial values at the end
of the fifth or sixth day. It remained perceptibly un-
changed during the next 10-15 days.

With prolonged anesthesia, the phagocytic index rose
only in the first 8-8 hours after infliction of the wounds
and instillation of sulfuric acid, after which it began to
fall and reached its initial values at the end of 24-48
hours, In the next 15-20 days it was almost unchanged.

What is the explanation of the changes in the phago-
cytic index after the infliction of wounds without anes-
thesia and with the subse quent use of ordinary and pro-
longed anesthesia ?

Pain is one of the factors causing excitation of the
sympathetic nervous system. It is well known that the
sympathetic nervous system is distinguished by its very
high excitability {81 It is pertinent to quote A, N. Beku-
lev's statement that "a wound is an extensive receptor
surface which is the source of pathological impulses to the
cerebral cortex, causing its exhaustion® [1].

Among the many pathological impulses, those due
to pain occupy a prominent place. From the data in the
literature and our personal investigations, we consider
that, immediately after the infliction of wounds, espe-
cially with the subsequent instillation of sulfuric acid
onto the wound surface, the intensity of pain in the re-
gion of the wound increases. The pain stimulation, act~-
ing reflexively through the nervous system, causes a
series of defensive reactions, including an increase in
the phagocytic power of the leukocytes. In our experi-
ments the increase in this power was observed for 48
hours, It may be suggested that, during this period, the
strongest pathological impulses (with pain dominant
among them) pass from the wound to the central nervous
system, and that these caused the well-marked increase
in the phagocytic index. As these pathological impulses,
including those due to pain, weakened, the phagocytic
power of the leukocytes diminished.

Bearing in mind the changes in the phagocytic in-
dex, it must be considered that the pathological im-
pulses (including those due to pain) were strongest in the
first phase of healing (5-7 days after infliction of the
wounds), especially when sulfuric acid was subsequently
instilled onto the wound surfaces. They later became
weaker, 5o that at the end of 5-7 days the phagocytic
index returned to its initial value; after 5-7 days, i.e.,
in the second and third phases of the healing process, it
remained substantially unchanged.

The ordinary or prolonged lumbar paravertebral
block which we used prevented the transmission of pain
stimulation to the central nervous system, Under local
anesthesia the peripheral receptors in the injured tissues
are blocked, so that the reflex influence of the "products®
of pain is decreased. Removal of the pain and other im-
pulses, passing from the region of the wound to the cen-
tral nervous systemm, delays the increase in the phagocy-
tic activity of the leukocytes,

With ordinary anesthesia the phagocytic index did
not change appreciably for two hours, and then continued
to rise. It must be assumed that this was due to the fact
that the peripheral receptors in the injured tissues were
blocked for two hours, as a result of which the humoral
“products” of pain were not formed, and their reflex in-
fluence was thereby prevented. With prolonged iocal
anesthesia, the block of the peripheral receptors contin~
ued longer; during this time no humoral "products™ of
pain were evidently formed, in consequence of which
the phagocytic index not only did not increase, but re~-
turned comparatively quickly to its initial level. In this
connection it has to be pointed out that most authors [2,
3, 8, 10, etc.] consider the opsono-phagocytic reaction
to be very sensitive, reflecting the condition of the body.

It will be apparent from the findings described that,
in animals in which no anesthesia was used, the phago~
cytic index rose sharply immediately after infliction of
the wounds and during the next two days, after which it
gradually fell and reached its inivial values at the end of
5-7 days, i.e,, when the acute inflammatory processes
had subsided and granulation tissue had begun to develop
in the wound. In the second and third phases of healing
of the wound the phagocytic index remained substantial-
ly unchanged,

Ordinary and prolonged anesthesia delayed the in-
crease in the phagocytic index. We may remark that
during this time the number of phagocytes in the wound
itself increased perceptibly, from our observations made
on impressions from the wound surface, in those animals
in which the phagocytic index was studied.

The method of taking impressions enabled us to
judge objectively the intensity of the measures taken by
the body to resist infection, and the course of cleansing
of the wounds from microorganisms and necrotic tissues,
both with and without anesthesia, For the sake of brevity
we will describe the comparative findings for the neutro-
phil group alone.

During the systematic analysis of the wound im-~
pressions in all the animals, we observed the following,
In horses in which especially prolonged anesthesia was
used during healing of the wounds, the cytogram during
the first 4-6 days showed a large number of neutrophils
in various stages of phagocytic activity. The number of
dead leukocytes in a state of disintegration was relative-
ly small, Free-lying microorganisms were almost non-
existent or were found as isolated specimens. The mi-
croorganisms were completely ingested by the neutro-
phils and showed a varying intensity of staining, indi-
cating the active bacteriolysis (digestion) of the micro-
organisms, a sign of the high protective power of the
animal. At the same period of wound healing without
anesthesia, the impressions showed a less marked phago-
cytosis, many neutrophils without signs of phagocytosis
and many dead leukocytes in various stages of disinte-
gration. Around the neutrophils were seen large collec-

tions of microorganisms that had not undergone phagocytosts,
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SUMMARY

As shown by investigations, the phagocytic index
may to a certain extent objectively reflect the removal
of pain and other pathological impulses coming from
the wound area into the central nervous system, Pro-
ceeding from the literature data and his own observations,
the author also considers that the phagocytic activity of
leukocytes is an objective indication of the condition of
the organism, the couise of the wound process, and the
efficacy of the therapeutic measures.
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