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Summary

Activation of polymorphonuclear (PMN) leukocytes is known to generate oxygen free radicals (OFR).
However the fate of activated PMN leukocytes is not known. We investigated the OFR producing (chem-
iluminescence) activity and the survival of the activated PMN leukocytes. The study was divided into two
groups. Group I, In vivo study (n= 7): zymosan (8.4mg/kg) was administered intravenously in the
anesthetized dogs and the blood samples were collected before and after 5, 15, 30, 60 and 120 min of zymosan
administration. This group represents the in vivo pre-stimulated PMN leukocytes; Group 11, In vitro study
(n= 7): the blood were collected from dogs and further divided into two groups. Group A (n= 7):
non-stimulated, without any added zymosan and group B (n = 7): zymosan was added to stimulate PMN
leukocytes. Blood samples from group A and B were also collected at various time intervals similar to in vivo
studies. Oxygen free radical producing activity of PMN leukocytes was monitored by measuring luminol-
dependent chemiluminescence (CL). Opsonized zymosan was used to activate PMN leukocytes. The studies
in which the PMN leukocytes were stimulated in in vivo, both oxygen derived free radicals and superoxide
dismutase (SOD) inhibitable oxygen free radical CL decreased significantly for 60 min and tended to reach
thereafter to the pre-stimulated values. The resting chemiluminescence (chemiluminescence without zymo-
san stimulation in the assay medium) increased significantly for 15 min reaching to pre-stimulated values at
30 min and thereafter. In in vitro studies, oxygen derived free radicals CL of pre-stimulated PMN leukocytes
(Group B) was depressed for the whole duration of investigation while SOD inhibitable CL was depressed
for only 60min. There was approximately a two-fold increase in the resting CL within Smin of PMN
leukocyte activation and it remained high for the whole duration of study. The chemiluminescence of
non-stimulated PMN leukocytes in vitro (group A) remained practically normal throughout the period of
observation. In in vivo studies, total white blood cells (WBC) and PMN leukocyte counts decreased initially
and tended to approach towards pre-stimulated values at the end of the protocol. There were no changes in
these counts in in vitro studies. These results indicate that the capacity to generate OFR is decreased in the in
vivo and in vitro pre-stimulated PMN leukocytes. However this activity recovers with time. This study also
suggests that the activated PMN leukocytes are not destroyed.

Introduction (O7), hydrogen peroxide (H,0,) and hydroxyl rad-
ical (- OH), have been implicated as mediators of
Oxygen-derived free radicals, superoxide anion tissue injury in several pathological conditions such
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as heart failure, inflammation, irradiation, ische-
mia/reperfusion, circulatory shock injury and re-
spiratory distress syndrome [1-7]. There are vari-
ous sources of oxygen free radicals including xan-
thine-xanthine oxidase system [7, 8], polymorpho-
nuclear leukocytes [6, 9] and arachidonic acid
metabolism [10]. Activation of polymorphonuclear
(PMN) leukocytes initiates a ‘respiratory burst’
with a sudden and large increase in oxygen-derived
free radicals (OFR) [11] and hypochlorous acid [9]
which would have deleterious effects on the various
organ systems in the body [1, 2, 4, 7]. The questions
regarding the fate of the activated PMN leukocytes
remain unanswered. These questions include: a)
what happens to the OFR releasing activity of the
pre-stimulated PMN leukocytes? It is possible that
activated PMN leukocytes would have less capacity
to produce and release oxygen free radicals with
subsequent stimulation. b) Are these PMN leuko-
cytes destroyed after activation? Luminol-depend-
ent chemiluminescence would provide a contin-
uous method for monitoring the rate of production
of oxygen free radicals by PMN leukocytes and the
PMN leukocyte counts will determine if they are
destroyed when activated.

We, therefore, studied 1) the effects of stim-
ulation of PMN leukocyte on the PMN leukocyte
counts. However, the decrease in the PMN leuko-
cyte count would not necessarily reflect destruction
of the PMN leukocytes. A decrease in the circulat-
ing PMN leukocyte may be due to aggregation of
PMN leukocytes in the pulmonary and other vascu-
lature and 2) the chemiluminescence activity of
pre-stimulated PMN leukocytes. Opsonized zymo-
san was used to activate PMN leukocytes. Oxygen
free radical producing activity and survival of acti-
vated PMN leukocytes may differ in in vivo from in
vitro. Therefore, the studies were conducted both
in in vivo and in vitro.

Materials and methods

Two series of experiments were conducted. In in
vivo series, mongrel dogs of either sex weighing
between 16 to 20 kg were anaesthetized with sodi-
um pentobarbital (30 mg/kg) given intravenously.

The animals were ventilated with room air through
endotracheal tube using a Harvard respirator with
a volume of 20ml/kg and a respiratory rate of 20/
min. An indwelling venae-catheter was positioned
in the forearm vein for administration of zymosan
and collection of blood samples for chemilumi-
nescence and total white blood cells (WBC) and
PMN leukocyte counts. In in vitro series, the blood
samples were collected from unanaesthetized dogs
for studies.

Preparation of opsonized zymosan

The method for preparation of opsonized zymosan
was essentially similar to that of Kato et al. [12] and
as described in the manual of LKB Wallac for
luminescence [13]. In short, zymosan A from sac-
charomyces cerevisiae obtained from Sigma Chem-
ical Company was opsonized by addition of 1 ml of
zymosan suspension (50 mg/ml) in Hank’s bal-
anced salt solution (HBSS) to 3ml of serum. The
HBSS solution of the following composition (pH
7.4): CaCl,, 0.14g; KCl, 0.4g; KH,PO,, 0.06g;
MgCl,. 6H,0, 0.1g; MgSO,. 7H,O, 0.1g; NaCl,
8.0g; NaHCO,, 0.35g; Na,HPO,. 7TH,0, 0.09g;
distilled water, 1 liter was used. The mixture was
incubated for 40 min at 37° C with continuous ag-
itation and then centrifuged at 3000 rpm for 10 min
at ambient temperature (18-20° C). The superna-
tant was removed and the pellet resuspended in
4ml of HBSS. This pellet suspension was centri-
fuged at 3000 rpm for 10min at ambient temper-
ature. The pellet was, then, resuspended in 5 ml of
HBSS to give a final concentration of 10 mg/ml of
Zymosarn.

PMN leukocyte counts and chemiluminescence

The venous blood was collected in EDTA (ethyl-
enediaminetetraacetic acid) containing tubes for
measurement of chemiluminescent activity of
PMN leukocytes. Total white blood cell and PMN
leukocyte counts were made using a Technicon
H6000™ system. The method for chemilumines-
cence measurement was essentially similar to that



of Tono-oko et al. [14] and Prasad et al. [6] and as
described in the manual of LKB Wallac for lumi-
nescence [13]. In short, for the measurement of
luminol-dependent chemiluminescence, 0.05ml
(approximately 2.5x 10° PMN leukocytes) of
blood were added to a counting vial containing
0.25ml of Hank’s balanced salt solution, pH 7.4
and 0.1ml of luminol (10~*M). Samples were
placed in a luminometer and the background chem-
iluminescence were recorded for 10min. Phago-
cytosis was initiated by the addition of 0.1ml
(10mg/ml) of opsonized zymosan. The final vol-
ume of the mixture was 0.5ml. In those tubes
where zymosan or SOD were not used, the final
volume (0.5 ml) of the test mixture were made up
by adding appropriate amount of HBSS. The
chemiluminescence was monitored using a LKB-
Wallac 1251 luminometer. The counts were made
for four seconds every four minutes for a period of
sixty minutes. Luminol-dependent chemilumines-
cence (CL) for each sample was determined a)
without activation by zymosan (resting), b) with
activation by zymosan, and c) with activation by
zymosan in the presence of 0.1 ml superoxide dis-
mutase (SOD) (1 mg/ml; 3050 U/mg protein). The
area under each curve was integrated to give total
CL response during the period of monitoring. The
difference in areas under zymosan activated and
resting curves is designated as ‘oxygen-derived free
radicals’ CL while that under zymosan activated in
the absence and in the presence of SOD is desig-
nated as SOD inhibitable oxygen free radicals CL.
The integrated area under the curve isin mV - min.
The unit for chemiluminescence is mV - min per 106
PMN leukocytes. The results are expressed in ab-
solute values (mV - min/10° PMN) or as percent
change in CL activity.

Experimental protocol

1. PMN leukocytes stimulation in in vivo

Seven anaesthetized dogs in this group received
opsonized zymosan in the dose of 8.4mg/kg in-
travenously to stimulate PMN leukocytes in in vi-
vo. Blood samples for total WBC and PMN leuko-
cyte counts, and PMN leukocyte chemilumines-
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Fig. 1. Typical tracing of zymosan induced chemiluminescence
of PMN leukocytes of blood from dogs in the presence and
absence of superoxide dismutase (SOD). O, resting chemilumi-
nescence (without zymosan activation); O, zymosan-induced
chemiluminescence in the absence of SOD; @, zymosan-in-
duced chemiluminescence in the presence of SOD.

cence were collected before and after 5, 15, 30, 60,
90 and 120 min of zymosan administration in in
vivo. The chemiluminescence of pre-stimulated
PMN leukocytes in the blood samples were mea-
sured without activation by zymosan, with activa-
tion by zymosan (0.1 ml of 10 mg/ml) and with acti-
vation by zymosan in the presence of SOD (0.1 ml
of 1 mg/ml).

II. PMN leukocytes stimulation in vitro

This group comprised of 7 unanaesthetized dogs.
Thirty ml of venous blood from each dog was col-
lected in EDTA containing tube. This blood was
divided into two groups. Group A: non-stimulated,
without any added zymosan; and Group B: Zymo-
san-stimulated, zymosan in the concentration of
150 ug/ml was added to the blood of this group.
The blood of these two groups were kept at room
temperature (18-20°C). Samples of blood for
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Fig. 2. Changes in chemiluminescence of pre-stimulated polymorphonuclear (PMN) leukocytes of blood from dogs treated with
zymosan (in vivo). The chemiluminescence was determined before (A), and after 5 (B), 15 (C), and 120 (D)min of zymosan
administration. Abscissa shows the duration of chemiluminescence measurement for each sample while ordinate indicates the
chemiluminescence (mV). [, resting chemiluminescence (without additional zymosan activation); O, zymosan-induced PMN chem-
iluminescence; B, zymosan-induced chemiluminescence in the presence of SOD. Note the decrease in the chemiluminescence induced
by added zymosan at 5 and 15 min and a recovery towards control values at 120 min in the pre-stimulated PMN leukocytes (zymosan

administered in vivo) of blood.

WBC and PMN counts and PMN leukocyte chem-
iluminescence from group B were collected at 0, 5,
15, 30, 60, 90 and 120 min after zymosan addition.
Blood samples from group A were also collected at
similar time intervals. The chemiluminescence of
non-stimulated (group A) and pre-stimulated
(group B) PMN leukocytes in the blood samples
were measured without any further addition of zy-
mosan, with activation by zymosan (0.1ml of
10mg/ml) and with activation by zymosan in the
presence of SOD (0.1ml of 1 mg/ml).

Statistical analysis

Statistical analysis of the results was made using
paired and unpaired student ‘t’ test and non-para-
metric statistical test (Mann-Whitney Rank Sum
Test, BMDP Statistical Software). Mann-Whitney
Rank Sum Test was used for percent change analy-
sis only. A ‘P’ value < 0.05 was considered signif-
icant. All results were presented as mean + SEM.
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Fig. 3. Changes in the SOD inhibitable chemiluminescence of in
vivo pre-stimulated PMN leukocytes of blood from dogs. The
values at zero time represent the chemiluminescence of the
non-stimulated PMN leukocytes and the values at subsequent
intervals are from in vivo stimulated PMN leukocytes. Each
point on the curve represents the mean = SEM from seven
dogs. The results are expressed in absolute values (mV - min/10°
PMN). * P< 0.05, comparison of the values at different time
intervals with respect to the values before zymosan treatment
(‘0’min). Note a marked decrease in the oxygen derived free
radical chemiluminescence in pre-stimulated PMN leukocytes.

Results
Chemiluminescence studies

Luminol-dependent chemiluminescence provides
a highly sensitive and continuous method for mon-
itoring the rate of production of oxygen free rad-
icals by PMN leukocytes. A typical tracing of the
zymosan-induced chemiluminescence of PMN leu-
kocytes in blood in the presence and in absence of
superoxide dismutase (SOD) is shown in Fig. 1.
The chemiluminescence was determined a) with-
out activation by zymosan (resting), b) with activa-
tion by zymosan and c) with activation by zymosan
in the presence of SOD. The area under each curve
was integrated to give chemiluminescence (CL)
response during the period of monitoring. The
chemiluminescence increased rapidly with the ad-
dition of zymosan and reached a peak value within
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Fig. 4. Changes in the chemiluminescence due to oxygen-de-
rived free radical of in vivo stimulated PMN leukocytes of blood
from seven dogs. The results are expressed as percent of the
values before zymosan treatment (‘0’ time) taken as 100 per-
cent. Note a marked decrease in the oxygen derived free radical
chemiluminescence in pre-stimulated PMN leukocytes. * P <
0.05, comparison of the values at different time intervals with
respect to the values before zymosan treatment (‘0’ min).

8-12min after which it decreased slowly for the
duration of the observation period. The integrated
area for chemiluminescence was high in the pres-
ence of zymosan as compared to that in its absence.
The zymosan-induced CL was lower in the pres-
ence of SOD than in its absence.

Chemiluminescence studies in pre-stimulated PMN
leukocytes in in vivo

Chemiluminescent activities of PMN leukocytes of
blood before and after 5, 15, 30, 60 and 120 min of
zymosan administration in vivo were studied in 7
dogs to determine if oxygen free radical-producing
activity of pre-stimulated PMN leukocytes are af-
fected. Typical tracings of one such study before
and after 5, 15 and 120min of zymosan adminis-
tration in dog are shown in Fig. 2 and the results of
these studies are summarized in Figs 3-5. Before
zymosan administration (0 min), the resting curve,
which represents the oxygen free radicals in the
blood in the absence of PMN stimulation by zymo-
san, shows very low chemiluminescence. There
was a marked increase in the zymosan induced
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Fig. 5. Changes in the resting chemiluminescence of non-stim-
ulated PMN leukocytes in ir vitro blood; and in vivo and in vitro
pre-stimulated PMN leukocytes. The PMN leukocytes in vivo
and in vitro were stimulated by administering (adding) zymo-
san. The results are expressed as mean + SEM of absolute
values. O, non-stimulated PMN leukocytes in ir vitro; @, in
vitro pre-stimulated PMN leukocytes; O, in vivo pre-stimulated
PMN leukocytes. * P < 0.05, comparison of the values at vari-
ous time course with respect to the values before zymosan
treatment (‘0’ min) in the respective groups. T P< 0.05, non-
stimulated vs pre-stimulated PMN leukocytes in in vitro or in
vivo.

chemiluminescence. PMN leukocyte activation by
zymosan in the presence of SOD had lower CL as
compared to that in the absence of SOD. In pre-
stimulated PMN leukocytes, the resting CL re-
mained low throughout the 2 hour period of obser-
vation except at 5 and 15min where there was a
significant increase in CL (Fig. 5). The SOD inhib-
itable chemiluminescence activity of pre-stimulat-
ed PMN leukocytes (Fig. 3) decreased significantly
at S5min. The activity thereafter began to increase
to reach almost towards values at Omin but still
significantly lower till 60 min when compared the
values at ‘0’min. Oxygen derived free radical
chemiluminescence (Fig. 4) decreased significantly
in the pre-stimulated PMN leukocytes within 5 min
and remained decreased till 60min. The activity
tended to reach towards the values at ‘O min’ after

90min of pre-stimulation. These results suggest
that there is a decrease in the capacity of the pre-
stimulated PMN leukocytes to release oxygen free
radicals. The activity of PMN leukocytes to release
oxygen free radicals tends to return to near normal
values at the end of 2 hours of observation period.

11. Chemiluminescence studies in pre-stimulated
PMN leukocytes in in vitro

As given in the experimental protocol, this study
consisted of two groups of blood: A) Non-stimulat-
ed, without zymosan stimulation and B) zymosan
stimulated (pre-stimulated). Typical tracings of
chemiluminescence of non-stimulated and stimu-
lated PMN leukocytes in blood at 0, 15 and 120 min
are shown in Fig. 6 and the results are summarized
in Figs 5, 7 and 8. While the resting CL in blood of
non-stimulated PMN leukocytes was low, the rest-
ing CL in blood of pre-stimulated PMN leukocytes
was high throughout the period of observation.
Zymosan activated PMN chemiluminescence ac-
tivity in the absence and in the presence of SOD
was normal and was almost unchanged throughout
the period of studies. Activation of pre-stimulated
PMN leukocytes by zymosan produced a lower
chemiluminescence as compared to that of non-
stimulated PMN leukocytes. Superoxide dismutase
(SOD) inhibitable chemiluminescence (Fig. 7) in
the pre-stimulated PMN leukocytes decreased sig-
nificantly up to 60min. There was no significant
change except at 30min in the SOD inhibitable
chemiluminescence of the PMN leukocytes that
were not pre-stimulated. Superoxide dismutase in-
hibitable chemiluminescence of pre-stimulated
PMN was significantly lower than that of non-stim-
ulated PMN at 5 and 15min only. The oxygen
derived free radical chemiluminescence (Fig. 8) of
pre-stimulated PMN leukocytes decreased signifi-
cantly within 5 min and remained depressed through-
out the period of observation. Oxygen derived free
radical chemiluminescence of non-stimulated
PMN leukocytes did not change throughout the
experiment except at 30min period where there
was a decrease in the CL activity when compared to
the values at ‘0’ min. Oxygen derived free radical
chemiluminescence activity of pre-stimulated
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Fig. 6. Changes in chemiluminescence of non-stimulated (upper pannel) and in in vitro pre-stimulated (lower pannel) PMN leukocytes.
The chemiluminescence was determined before (A), and after 15 (B) and 120 (C)min of zymosan treatment (lower pannel).
Chemiluminescence of the non-stimulated PMN leukocytes (upper pannel) was determined at time intervals similar to that of stimulated
PMN leukocytes. O, resting chemiluminescence; O, zymosan induced chemiluminescence; B, zymosan-induced chemiluminescence in
the presence of SOD. Note the decrease in the chemiluminescent activity of the in in vitro pre-stimulated PMN leukocytes. Also note a
marked increase in the resting chemiluminescence of the blood of in vitro pre-stimulated PMN leukocytes.

PMN leukocytes was significantly lower than that
of the non-stimulated PMN leukocytes throughout
the 2 hour period of observation.

Resting chemiluminescence of pre-stimulated blood

The resting chemiluminescence of blood from pre-
stimulated PMN leukocytes was high throughout
the 2 hour period of observation. Chemilumines-
cence of such blood in the absence and in the pres-
ence of SOD without activation of PMN leukocytes
by zymosan in vitro was measured to see if this
resting chemiluminescence was due to superoxide

anions. In all seven experiments SOD markedly
inhibited the resting chemiluminescence suggest-
ing that the major component of resting CL is due
to superoxide anion. A typical tracing from one
such study is shown in Fig. 9.

Total WBC and PMN leukocyte count

The total WBC and PMN leukocytes for in vitro
and in vivo studies are shown in Table 1. Total
WBC and PMN leukocyte counts of blood with and
without zymosan stimulation in ir vitro studies re-
mained unchanged throughout the period of obser-
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Fig. 7. Changes in the SOD inhibitable chemiluminescence of in
vitro non-stimulated and stimulated PMN leukocytes. The re-
sults are expressed as mean + SEM in absolute values from 7
experiments. The values at ‘0’min represent the chemilami-
nescence of non-stimulated PMN leukocytes in both groups. O,
non-stimulated PMN leukocytes; @, stimulated PMN leuko-
cytes. * P< 0.05, comparison of the values at various time
course with respect to the values at ‘0’ minute in the respective
groups. T P <0.05, stimulated vs non-stimulated group.

vation. The PMN leukocyte and WBC counts de-
creased in in vivo studies where PMN leukocytes
were stimulated by administration of zymosan.
However the decrease in PMN leukocyte counts
were significant only at 5 and 15 minutes after
zymosan administration. These results of in vivo
and in vitro studies indicate that PMN leukocytes
when activated by zymosan are not destroyed. The
lower values in in vivo groups may be due to some
other reason.

Discussion

Opsonized zymosan was used to stimulate PMN
leukocytes in the present studies. Opsonized zymo-
san has been used by other investigators to stim-
ulate PMN leukocytes [6, 7, 15-17]. Itis to be noted
that whole blood was used to investigate the PMN
chemiluminescence in this study. No attempt was
made to isolate PMN leukocytes. However, the
chemiluminescence of the blood was expressed in
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Fig. 8. Changes in the chemiluminescence due to oxygen de-
rived free radicals of in vitro non-stimulated and stimulated
PMN leukocytes of blood. Results are expressed as mean *
SEM in absolute values from seven experiments. O, non-stim-
ulated PMN leukocytes; @, stimulated PMN leukocytes. * P <
0.05, comparison of the values at various time course with
respect to the values at ‘0’ minute in the respective groups. T
P< 0.05, stimulated vs non-stimulated group.

terms of PMN leukocyte content of the blood.
Whole blood has been used by various investiga-
tors in the past for chemiluminescence studies [6, 7,
14, 18]. PMN leukocyte stimulation is accompanied
by increased oxygen consumption [19] leading to
the production of superoxide anion (O5) and hy-
drogen peroxide (H,0,) which may react to form
hydroxyl radical (- OH) and singlet oxygen (*O,)
[1].

The chemiluminescent activity (the SOD inhib-
itable oxygen free radicals and oxygen derived free
radical) of the in vivo stimulated PMN decreased
significantly for 60 min and the activities thereafter
tended to return towards the values at Omin (pre-
stimulated). This type of response in stimulated
PMN leukocytes might be expected if zymosan ad-
ministration in dogs had already stimulated PMN
leukocytes to release oxygen free radicals and
hence additional zymosan (for stimulation of PMN
leukocytes for luminometer study) would release
less oxygen free radicals. The activity of PMN leu-
kocytes presumably recovers with time to provide
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Fig. 9. Typical tracings of the resting chemiluminescence of in vitro stimulated PMN leukocytes of blood in the presence and absence of
SOD. The chemiluminescence was determined before (A), and after 15 (B), 90 (C), and 120 (D) min of in vitro PMN leukocytes
stimulation. [J, resting chemiluminescence in the absence of SOD; M, resting chemiluminescence in the presence of SOD.

chemiluminescence equivalent to the pre-stimulat-
ed level. If a decrease in the chemiluminescence
activity of in vivo stimulated PMN leukocytes is
due to the release of OFR from the PMN leuko-
cytes, then the resting blood chemiluminescence
would be higher when compared to that of the
non-stimulated blood. Indeed the resting CL was
higher in the beginning in zymosan treated dogs
when compared to the pre-treatment values. The
values were high only till 15 min and returned to
pre-stimulated values at 30 min and after. These

findings suggest that the oxygen free radicals me-
tabolizing agents (SOD and catalase), which are
normally present in the tissue, might have metabo-
lized the superoxide anion and H,0, [20, 21].

The resting chemiluminescence of blood was ve-
ry high in those studies where the blood samples
were collected from dogs and subsequently treated
in vitro with zymosan. Also there was a marked
decrease in the SOD inhibitable OFR and oxygen
derived free radical chemiluminescent activity of in
in vitro stimulated PMN leukocytes. However
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there were practically no changes in the chem-
iluminescent activity of the non-stimulated PMN
leukocytes. The decrease in the PMN chemilumi-
nescent activity of in vitro stimulated PMN leuko-
cytes in the early stage and the recovery thereof in
the later stage might be due to reasons similar to
those stated in the studies for in vivo stimulated
PMN leukocytes. The decrease in the chemilumi-
nescent activity of pre-stimulated PMN leukocytes
may not be due to the loss of cell viability at room
temperature for two reasons. Firstly there was a
recovery of chemiluminescence of the pre-stim-
ulated PMN leukocytes at the end of two hours.
Secondly the chemiluminescent activity of non-
stimulated PMN leukocytes in vitro practically re-
mained unchanged for similar period of observa-
tions. There was, however, a decrease in the activ-
ity at 30min in the non-stimulated PMN leuko-
cytes. The reason for such finding is not known at
present.

The resting chemiluminescence of the zymosan
treated blood increased markedly at 5 min of zymo-
san treatment and remained increased throughout
the period of observation. Opsonized zymosan re-
leases oxygen free radicals from the PMN leuko-

cytes. The high values of resting chemilumines-
cence, then may be because of a decrease in the
metabolism of released oxygen free radicals. The
decrease in the metabolism might be due to a)
absence or low values of oxygen free radical metab-
olizing agents (SOD and catalase) in the blood and
b) non-circulation of blood through the various
organs in the body that contain large amounts of
metabolizing agents (SOD, catalase, glutathione
peroxidase) [20, 21]. Blood and extracellular fluid
contain SOD and catalase [22, 23] hence the possi-
bility that the absence of these enzymes may play a
role can be ruled out. The second possibility might
be more plausible because in the studies of the in
vivo stimulated PMN leukocytes, the resting chem-
iluminescence was not as high as in the studies of
the in vitro stimulated PMN leukocytes.

The finding that most of the resting chemilumi-
nescence (approximately 70%) in blood of pre-
stimulated PMN leukocytes in vitro was SOD in-
hibitable is interesting. This finding suggests that
superoxide anion is present in high quantity in the
blood of in vitro pre-stimulated PMN leukocytes.
However it is known that the half life of superoxide
anion is few milliseconds. This high persistant val-

Table 1. Changes in the total white blood cells (WBC) and polymorphonuclear (PMN) leukocytes counts in blood with and without

zymosan treatment in in vivo and in vitro

Time (min) PMN counts (Giga/L) (n= 7)

WBC counts (Giga/L) (n= 7)

Non stimulated Zymosan stimulated Zymosan stimulted Non stimulated Zymosan stimulated Zymosan stimulated

in vitro in vitro in vivo in vitro in vitro in vivo

0 4.70 3.93 4.25 6.73 5.77 6.30
+1.00 +0.98 +0.52 +1.30 +1.38 +0.44

5 4.70 3.68 1.14* 6.71 5.59 1.76*
+1.00 +0.85 +0.20 +1.30 +1.25 +0.44

15 4,73 3.65 1.35% 6.71 5.54 2.32*
+1.00 +0.85 +0.40 +1.30 +1.23 +0.92

30 4.74 3.55 3.03 6.61 5.57 3.84
+1.00 +£0.83 +0.55 +1.30 +1.18 +0.97

60 3.90 3.74 2.58 5.40 5.59 2.63*
+1.00 +0.85 +0.70 +0.90 +1.24 +0.40

90 4.90 3.82 2.78 6.93 5.84 2.89
+1.10 +0.86 +0.82 +1.40 +1.22 +0.74

120 5.00 3.91 2.30 6.97 6.04 2.37*
+2.10 +0.90 +0.78 +1.30 +1.25 +0.81

Values are expressed as mean = SEM.

* P < 0.05 comparison of values at different time intervals with respect to the values before zymosan treatment (0 min).



ues of superoxide anion can be explained if the
dismutation of superoxide anion in the studies of in
vitro stimulated PMN leukocytes is very slow.
However such phenomenon have not been report-
ed in the literature.

The circulating WBC and PMN leukocytes de-
creased in those studies where zymosan was admin-
istered in in vivo while there were no changes in
WBC and PMN leukocyte counts in the studies
where zymosan was added to the blood in in vitro.
The decrease in the PMN leukocyte counts in in
vivo studies might suggest their destruction after
activation with zymosan. However the in vitro
studies indicated that PMN leukocytes are not de-
stroyed after activation with zymosan. Other possi-
bility for a decrease in the PMN leukocytes in in
vivo studies would be the trapping of neutrophils in
the vasculature of various organ systems and there-
fore a decrease in the circulating PMN leukocytes.
This possibility is supported by the fact that neutro-
penia occurs with complement activation [24].
Complement exposed PMN leukocytes are stim-
ulated both to adhere to other surfaces [25] and to
aggregate [26]. Pulmonary microvascular stasis of
leukocytes have been shown to occur from comple-
ment activation [27, 28]. Several studies have in-
dicated that PMN leukocytes are attracted to the
myocardium by chemotactic factors released from
ischemic heart [29-31]. These changes in the total
WBC counts were similar to those of PMN leuko-
cytes indicating that PMN leukocytes were the ma-
jor component in decreasing the total WBC counts.

This study demonstrates that the pre-stimulated
PMN leukocytes have decreased capacity to fur-
ther produce and/or release oxygen derived free
radicals with subsequent stimulation with zymo-
san. However, this activity recovers with time. The
precise mechanism of decreased chemilumines-
cence is not known. It might be that zymosan ad-
ministration had already released oxygen free rad-
icals and hence additional zymosan (for stimulation
of leukocytes for chemiluminescence study) would
release less oxygen free radicals leading to a de-
crease in the chemiluminescence. The recovery of
chemiluminescence with time may be related to the
recovery of the activity of the PMN leukocytes.
This study also indicates that the PMN leukocytes
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are not destroyed when stimulated to release ox-
ygen-derived free radicals.
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