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SUMMARY

Effects of nicotine on migration, extracellular
release of lysosomal enzymes, and superoxide
anion {0, } production of buman polymorpho-
nuclear leukocytes (PMN) were studied. Nicotine
(5%107 to 5x 107* M) had no effect on random
migration, chemotaxis to N-formyl-methionyl-
leucyl-phenylalanine (fMet-Leu-Phe), nor on
chemokinesis induced by fMet-Leu-Phe. Nicotine
did, however, inhibit extracellular release of
B-glucuronidase and myeloperoxidase from PMN
which had been exposed to fMet-Leu-Phe and
cytochalasin B (CB). Nicotine also inhibited
the O,  production of PMN induced by fMet-
lLeu-Phe and CB. The nicotine inhibitions of
enzyme release and O,  production were not
affected by atropine, hexamethonium, or acetyl
f-methylcholine, suggesting a direct action of
nicotine on PMN functions. Nicotine, in concen-
trations of Sx10°% to 5x10™* M, was not
cytotoxic to PMN. It may be presumed that
although nicotine does not affect PMN migration
to inflammation sites, it inhibits the ingestion
and killing of foreign substances. When tobacco
is smoked, PMN circulating in the respiratory
organs will be exposed to a high concentration
of nicotine. This could suppress PMN func-
tion and result in harmful influences on the
host defense mechanism, including antitumor
function.
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INTRODUCTION

PMN phagocytose and kill invading micro-
organisms, and play an important role in the
host defense mechanism.!™ These are primary
roles of PMN. Recently it has been reported
that PMN kill tumor ceils.*® Thus PMN are
recognized as one of the important components
in the surveillance and protection mechanisms
for a broad spectrum of host defenses.

Smoking has been shown to be a contributing
factor in various diseases. It causes a high inci-
dence of bronchopulmonary diseases, including
obstructive lung disease and emphysema.b™® Its
carcinogenic potential is especially noted, since
smoking is widely known to be a risk factor in
the development of lung cancer.®’!® Smoking
causes a decrease in the number of leukocytes
and depresses their functions.!'™® It has been
reported that tobacco smoke extracts inhibit
the functions of normal human PMN and that
nicotine is a potent inhibitor.* Tobacco smoke
contains a large number of components such as
nicotine, aldehydes, benzopyrenes, tar, and
phenols.1®¥®  Nicotine is a principal tobacco
alkaloid and it is known as a cholinergic agonist.
It may be assumed that nicotine could suppress
the role of PMN in host surveillance and defense
mechanisms.

In this report, the effects of nicotine, a principal
component of tobacco, on human PMN functions
of migration, lysosomal enzyme release, and Oy~
production in vitro are presented. The effects of
nicotine are also analyzed pharmacologically.

MATERIALS AND METHODS

fMet-Leu-Phe (Protein Research Foundation,
Osaka) was dissolved in phosphate-buffered
saline (PBS). CB (Sigma Chemicals, St. Louis,
Missouri) was dissolved in dimethyl sulfoxide
(DMSO) and diluted with distilled water immedi-
ately before use. The final concentration of
DMSO in the reaction was 0.1%. Nicotine
bitartrate,. atropine sulpbate, and acetyl f-
methylcholine chloride (Wako Pure Chemical
Industries, Osaka), and hexamethonium bromide
(Sigma Chemicals) were dissolved in PBS.

Preparation of PMN. Heparinized peripheral
blood (20 U/ml of blood) was obtained from
healthy volunteers (age 25-35) who were not
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smokers. A pellet containing PMN and erythro-
cytes was separated from whole blood on a
Lymphoprep (Nyegaard Co., * Oslo) density
gradient by the method of Boyum.'” A PMN
fraction was obtained by sedimentation of the
pellet in a 1.5% (w/v) dextran (MW 177,000)
PBS solution. Contaminating erythrocytes in
the PMN fraction were removed by lysis with a
0.75% ammonium chloride solution containing
20 mM Tris-HCl buffer (final pH 7.2) and 0.25%
autologous plasma, for 10 minutes at 37°C, with
gentle shaking. Viability of PMN was tested by
trypan blue exclusion and was greater than 96 %.

Measurement of Migrating Activity. Migration
was measured by a modification of Boyden
chamber method'® involving incubation for
45 minutes at 37°C in a CO, incubator. PMN
were suspended at a concentration of 2X
10° cells/m! in Hank’s balanced salt solution
(HBSS) which contained 1% bovine serum
albumin and 0.3% NaHCO;. The migration
distance (um) of the leading front of cells into a
Millipore filter (3.0pum pore size; Millipore,
Bedford, Massachusetts) was measured. This
filter separated the upper PMN from the stimulant
below in a Boyden chamber (Bio-Rad Lab,
Richmond, California). The resulting value was
used to determine random migration, and chemo-
taxis and chemokinesis in response to fMet-Leu-
Phe (10~% M). Following the method of Zigmond
and Hirsch,'® duplicate chambers were used in
each experiment and five fields were examined in
each filter. Nicotine in each concentration was
added both to the upper and lower compartments
of the chamber immediately before assay.

Lysosomal Enzyme Release from PMN. Exira-
cellular release of lysosomal enzymes, (-
glucuronidase (8-GL), and myeloperoxidase
(MPOQ) was effected in 200 ul of PMN suspension.
The PMN suspension at a concentration of
2% 10% cells/ml in HBSS was incubated at 37°C
for 15 minutes, immediately after the addition
of fMet-Leu-Phe (107° M) and CB (5 pg/ml).
Nicotine (5x107% to 5x107% M), atropine
(107 M), hexamethonium {10™% M), and acetyl
p-methylcholine (10™* M) were also added to the
cells, together with fMet-Leu-Phe and CB. The
exposure time of PMN to nicotine, atropine,
hexamethonium, or acetyl S-methylcholine was
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Figure 1. Time course of lysosomal enzyme release from PMN exposed to fMer-Leu-Phe and
CB. To 200 ul of PMN suspension (2 x10% cells/mi) was added fMer-Leu-Phe {10°5M) and CB
(5 pg/ml), and then incubated at 37°C for various times. The supernatant and PMN were
separated by a centrifugation at 3,000 rpm for two minutes at 4°C. The p-GL released from
PMN to surrounding medium was measured. FEach point and vertical bar represents the mean
and SE of four experiments. **p<0.01

B1 fMet-Leu-Phe & CBIZE 5 2N PMNALAR T vV~ LB HOBEE{L. PMN
{ 2%10% {f /ml ) 20041 i fMet-Leu-Phe(10 5 M) & CB( Spg/ml) %ML, 37°CCH4D
BERIA vE 2 ~N—bL 2. 4°C 25 M3,000rpm OFEOICED LiEE PMN ¥ SBEL 2. PMN
PEAF I AhARBERABGCLARMEL L. BHELATHRIE 4 FD EEOFHM L Lt
mEsfT.  *rp<0.0l

set at 15 minutes, since $-GL release from PMN
induced by fMet-Leu-Phe and CB reached a
plateau in 15 minutes (Figure 1). The super-
natant and PMN were separated by centrifugation
at 3,000 rpm for two minutes at 4°C. To the
PMN pellet was added triton X-100 (0.1%,v/v)
and homogenized. After centrifugation of the
homogenate at 10,000 rpm for 20 minutes at
4°C, the supernatant (cell supernatant) was
provided to measure the remaining enzyme
activities in PMN,

Measurement of Enzyme Activity. B-GL released
into the supernatant and that remained in
the cells were measured according to the
microassay method.?®  The reaction mixture
consisted of supernatant (or cell supernatant),
1 mM 4-methylumbelliferyl-3-D-glucuronide, 0.1%
triton X-100, 100 mM acetate buffer (pH 3.5)
in a total volume of 100l was incubated at

DOCT(EL), PMNz FEEE#HHEIC& 5 THREIE
155 & LA, E#EPMNIZ4°C, 2578, 3,000
rpm PELIC LD SEELA. PMNLy FIZHY
b X-100(0.1%, v/v) B AKREYF4 L LE.
FEVA— FE4°C, 05 M, 10,000rpm TR O
L, s hi FiF (M0 £i) %2 PMN Q&N
BEMEEEOWE A7

BEIHOUE. LEPCRBEHE AGLAY
MBHAREASGLEMRERS” L EVIWEL L.
LiE (X MR, 1mM4e-AFLT ¥R T
Yu.gD-Frru=F 0.1%+Y > X.100, 100
mM BERHEEHE (pH3 .5 ) A S 3 RIS & #0041



37°C for 60 minutes. The reaction was termi-
nated by addition of. 2.4 mi of 50mM glycine
buffer (pH 10.4) containing ' 5 mM EDTA.
Fluorescence was measured in a fluorometer at
an excitation wavelength of 365nm and an
ermmission wavelength of 450nm. The enzyme
activity was expressed as 4-methylumbelliferone
formation in pmol/min/ml of 2x10®° PMN
supernatant (units). MPO was measured according
to a sensitive and simple assay method.?! The
reaction mixture consisted of supernatant (or cell
supernatant), 1.6mM tetramethyl benzidine,
03mM H,;0,, 30mM sodium citrate buffer
(pH 5.4), 8% N,N-dimethyl formamide, and 40%
PBS in a total volume of 5Q0pl; which was
incubated at 37°C for three minutes. The
reaction was terminated by cooling in an ice
bath and by adding 1.75 ml of 200 mM sodium
citrate buffer (pH 3.0). The MPO product was
measured in a spectrophotometer at a wavelength
of 655nm. The activity was expressed as
AA655/min/ml of 2x10° PMN supernatant
(units).

Total enzyme activities of both §-GL and MPO
were evaluated as the released activity from PMN
and the one remaining in PMN. Presence of
nicotine, atropine, hexamethonium, or acetyl
B-methylcholine up to 5% 107> M in the reaction
mixtures of both B-GL and MPO did not affect
the measurements of enzyme activities.

Measurement of O~ Production. O, was assayed
continuously by the reduction of ferricytochrome
¢, using a spectrophotometer at a wavelength of
550nm.?> The PMN suspension, at a concen-
tration of 1x10% cells/ml in HBSS, was pre-
incubated for 10 minutes at 37°C in 1 ml poly-
styrene cuvettes, which respectively contain
atropine (107 M), hexamethonium (107* M),
and acetyl f-methylcholine (107* M).  After
the addition of ferricytochrome ¢ (66 uM, Sigma
Chemicals, Type VI) and nicotine, then fMet-
Leu-Phe (107°M ) and CB (5 yg/ml) were added
to the cuvetie to initiate the reaction, and the
maximum reduction was recorded as AAS350.

One unit was expressed as AA550/min/1 x 10°

PMN.

Cytotoxicity Test of Nicotine on PMN. PMN
were incubated at 37°C for 15 minutes with each
level of concentration of nicotine. Extracelular
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release of cytoplasmic enzyme, lactate dehydro-
genase (LDH), through the damaged cell
membrane was determined by the method of
Wacker et 31,23 in order to examine whether
nicotine induces damage to PMN. Enzyme
activity in the supernatant of the cell suspension
to which had been added the detergent, triton
X-100 (0.1%, v/v) was expressed as percent of
the total activity. The trypan blue exclusion
test was carried out by microscopic count of
cells. The outcome involved counting cells not
stained by 1% trypan blue, and was expressed
as percent of unstained cells to total cell number.

Statistical Analysis. The data were represented
as the mean with standard error (SE) of the
combined experiments and differences were
analyzed for significance using t-test,

RESULTS

Effects of Nicotine on PMN Migration. Figure 2
shows the effects of nicotine on the migration
of PMN. Random migration, chemotaxis to
fMet-Leu-Phe (10° M), and chemokinesis
induced by fMet-Leu-Phe (107® M) had respective
migration distances of 40.4%*3.4pum, 79.8=%
53um, and 45.9%6.5um (mean* SE), into
Millipore filters. Addition of nicotine, in
concentrations from 5x107° to 5X 107 M,
to the PMN did not effect migration activities.

Effects of Nicotine on the Extracellular Release
of Lysosomal Enzymes. Lysosomal enzymes
were released extracellularly from PMN which
had been exposed to fMet-Leu-Phe (107> M) and
CB (5ug/ml). The activities released were
2722.98+17.53 units for f-GL, and 20.93 +3.89
units for MPO. Nicotine (5x 107° to 5x 107 M)
inhibited release of B-GL from PMN, and nicotine
(107 to 5x10~* M) inhibited release of MPO
from PMN (Figure 3). On the other hand, Table
1 shows that the remaining enzyme activities in
PMN tended to increase in contrast to the
decrease in release of enzymes. Total enzyme
activities in both f-GL and MPO, however, did
not differ between control and nicotine-treated
groups (Table 1). These results indicate that
extracellular release of lysosomal enzymes from
PMN is interfered by nicotine, but both enzyme
activities released from PMN and remained in
PMN are not affected by nicotine.
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Figure 2. Effects of nicotine on PMN migration. PMN in a Boyden chamber were incubated
at 37°C in a CO5 incubator for 45 minutes. The distance migrated into a 3.0 ym pore-diameter
Millipore filter was measured. a-f indicate concentration of nicotine; a: OM, b: 5 X106 M,
c: 1075M, d: S5X107M, e: 1074 M, f: 5%107# M. Each column and vertical bar represents
the mean and SE of five experiments.
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Figure 3. Effects of nicotine on the extracellular release of lysosomal enzymes from PMN.
Left: 8-GL. Right: MPO. Nicotine was added to PMN together with fMet-Leu-Phe (I 07 M)
and CB (5ug/ml). After incubation at 37°C for 15 minutes, enzymes released from PMN were
measured. Each enzyme activity was expressed in units. a-f indicate concentration of nicotine;
a: OM, b: 5X1076M, ¢c: 105M, d: 5X1075M, e: 1074 M, f: SX107#M. Each column and
vertical bar represents the mean and SE of five experiments. *p<0.05, **p<0.01
M3 PMN#A 6034y /—afEdfasmbicd+s=—aFr0iE. K: 8-GL. H: MPO,
=3 F 1|3 fMet-Leu-Phe (10 M) & CB( 5 pg/ml) & & & 12 PMNIZ@ ML . 37°C, 155 R
{v%a~—bLAH, PMNASHBEN-ZEEFELNEL 2. FHEEERIHALTEL £.
a~fli=aF v D@EEERT. a: OM, b: 5X1I0°¢M, ¢: 10°5M, d: 5X10°°M, e:
1074 M, f: 5X10* M. BREHLATHISANESGOFYM & HEREL £+,  *p<0.05,
. p<0.01
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TABLE 1 LYSOSOMAL ENZYME ACTIVITIES OF NICOTINE-TREATED PMN

#1 .::r-‘J"t/ﬁLL_IEPMNG’J"J‘/f‘/‘f—AﬁiiE'ﬁ

e o o+
Concentration g-GL {units £SE} MPO (units £SE)
M) Remaining Total Remaining Total
0 371.9 594.9 33.65 54.58
* 0.4 + 737 + 7.27 +10.57
5%10°% 337.1 539.0 26.90 45.00
+ 91.8 £121.2 i 5.23 + .58
107 335.5 538.1 3235 52.41
t 821 £126.9 + 6.00 E 946
5%107° 372.0 515.3 34.02 47.43
% 76.6 + 98.2 + 557 + 731
1074 4816 533.5 50.04 55.65
+153.6 +158.0 *9.12 t 927
sx10™ 490.1 522.5 56.56 57.45
£ 997 £102.6 £7.93 + 8.0

To PMN (2)(106 cells/mD) in a volume of 200 xl were added each concentration of
nicotine together with fMet-Leu-Phe (10_5 M) and CB (5 pg/ml), and then incubated
at 37°C for 15 minutes. After centrifugation at 3,000 rpm for two minutes at 4°C,
remaining enzyme activities in the cells were measured. Total enzyme activity was
evaluated as the sum of released and remaining ones. Each value is the mean with SE of

five experiments.

200x @ PMN( 2 X10° ff /mi }io fMet-Leu-Phe

(105M)& CB(Spg/ml) & EbIZBE B

H=TF > EEML, 37°C, 1554 ¥ & 2~— b LA 3,0000pm T 4°C, 25 M, E DR
L2, MENCEETIHESEEREL . SEETEMN R LES L RFEEON CHE
L. BHRSEOEROFHH L PRRETSH 5.

In order to analyze the inhibition of enzyme
release due to nicotine, atropine (acetyicholine
muscarinic antagonist), hexamethonium (nico-
tinic antagonist), and acetyl f-methylcholine
(cholinergic agonist) were used. They were added
in concentration of 10™* M to PMN in both the
presence and absence of nicotine (107* M).
These agents did not prevent the inhibition by
nicotine, which was determined to be 21.9%
for 8-GL and 29.5 % for MPO release, in compari-
son to the control (Table 2). They also did not
affect enzyme release induced by fMet-Leu-Phe
and CB in the absence of nicotine (Table 3).

Effects of Nicotine on O~ Production. 0O,
production induced by fMet-Leu-Phe (107° M)
and CB (5ug/ml) was 0.093+0.011 units.
Nicotine (5x10™° to 5x 107 M) inhibited Q,~
production (Figure 4).
nicotine was also analyzed using the above-
mentioned two cholinergic antagonists and
one agonist. Addition of atropine (107 M),
hexamethonium (107™* M), or acetyl S-methyl-
choline (107 M) to PMN did not affect the

This inhibjtion by.

—oFroBEERENEER RT3 LD,
TEFLIYrOLAN Y Y HEEREOT PO,
—aF v EEREOAX AV A, RUTYY
EEgEEOTFEF VA AFVIY vEAVE. =2
FL(104 M) DEETRUHFETCERTIMM
OBETPMNICIRIALA. Zh 5 o, R
I HAT A-GL OB TIE21.9%, MPO T1429.5%
AL, —3FOMMEREREL 2ok (H2).
g5 EBETIE TS Met-Leu-Phe &
CBAROBERU-LBBERIES A2 (3 ).

O, BEICHTEI=3F - DOFE. Met-Leu-Phe
{1076 M) BRUFCB( 5 pg/ml) THEERL 07 ELE
[£0.003 0.0l L Ch -7 =2 F ¥ (5 X105 ~
X107 M) O B EHHL L (ML) 20
—aFrofE{ER: EE2BOTEFIT Y
eABMER U 1 BOR@EEEs He-TRLE. T
gy (104 M), ~FHFA VA0 M),
HEWETEFLE AFALIY Y (1074 M) & PMNZ



TABLE 2 EFFECTS OF CHOLINERGIC AGONISTS AND ANTAGONISTS ON
NICOTINE INHIBITION OF ENZYME RELEASE FROM PMN

£2 =—aFvoPMNASLOBEERENEICET 53 ¥ EEEE
BURMEORE
GL MPO
Agent

Units *SE Units £ SE
None 48.73 £ 8.04 5.18 £0.96
Atropine (107 M) 53.20 £ 8.64 457 +0.58
Hexamethonium (107 M) 56.75£8.89 467 £0.66
Acetyl B-methylcholine (107 M) 52.45+3.31 4.87 +0.47

To a 200 pl velume of PMN (2X 10% cells/ml) each agent was added together
with fMet-Leu-Phe (10°°M) and CB (5 pgfmD) in the presence of nicotine
(10_4 M). After incubation at 37°C for 15 minutes, the enzyme activities
released from the PMN to the surrounding medium were measured., Each value
is the mean with SE of four experiments.
ARMIE=TF ¥ (10 ¢ M)HET T Met-Leu-Phe (10 5M) & CB( 5 pg/ml )z & bil
PMN( 2 X105 {8 /ml ) 20041 IZERM L . 37°C, BBFMA ¥ Fa~—-F L foi%, PMN
PO AT T ARIRHE ARG S BEL 2. B4 B0 RROFHIE LRI
BETHD.
TABLE 3 EFFECTS OF CHOLINERGIC AGONISTS AND ANTAGONISTS ON
THE ENZYME RELEASE FROM PMN
#3 PMN#5OBERBIIHT ST L EBIER

BUHSHEORE
8-GL MPO
Agent
Units £ SE Units * SE
None 253.15 £22.15 22.27 +2.16
Atropine (107* M) 263.60 £24.24 21.69£3.11
Hexamethonium (10~ M) 243.60 £ 24.98 2279+179 .
Acetyl 8-methylcholine (107 M) 250.23 £19.95 23.80 £2.12

To a 200 x4l volume of PMN (2 %10° cells/ml) each agent was added together
with fMet-Leu-Phe (10"5 M) and CB (5 ug/ml) in the absence of nicotine.
After incubation at 37°C for 15 minutes, the enzyme activities released from
PMN to the surrounding medium were measured. Each value is the mean with

SE of four experiments. -
AMBH I F LT ETT fMet-Leu-Phe(10 M) & CB( 5 ug/ml) & & &2 PMN

(2X106 {8 /ml )2000) {ZRAML 2. 37°C, 1SAMA ¥ % a~<—FLAK, PMNAG
AF AP HMENAERSESZREL L. FHIE4BOIROTHM L FHERE
THB.

RERF TR 7-84

inhibition due to nicotine (107* M) which
reduced O, production to 30% of the control
{Table 4). In the absence of nicotine, they did
not affect 0,~ production (Table 4),

Cytotoxicity of Nieotine on PMN. Table 5
shows the effect of nicotine on LDH leakage and
trypan blue exclusion from PMN. There was no
difference in LDH leakage and trypan blue
exclusion between the PMN exposed to nicotine
(5x107% to 5x10°*M) and the nonexposed
control cells, which suggests that nicotine is not
cytotoxic to PMN.

WILTE, Oy BErxlE030% IHLs¢5
ZaF Y {0 M) DG ERACIRELEL e 0
B(#E4). 2aFryEFETIIENTH O EEE
BELE: ol (F4).
ZaAFOPMNICH T B#BEE.  #53 PMN
5O LDHBHRE U M) Sy FHEIINT S
FLyOBEARLTVSE., 23F v {5XI107¢ ~
EXI0SM)IcE 5 EhAPMNEE, 358hT
WhALHEBREOMIIZEREBES W G- L. T
FYHFPMNES LAREEEZ AT S L RS
Ehiwn.
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Figure 4. Effects of nicotine on PMN O production. Nicotine was added to PMN together
with ferricytochrome ¢ (66 uM). After two minutes, fMet-Leu-Phe (1076 M) and CB (5 ug/mi)
were added to PMN to initiate the reaction. Reduction rate of ferricytochrome ¢ at A550 was
expressed in units. a-f indicate eoncentration of nicotine; a: OM, b: SX107°M, c: 1075 M,
d: 5X10°5M, e: 1079M, [+ 5X1074 M, Each column and vertical bar represents the mean and
SE of five experiments. *p<0.05, *¥p<0.01

M4 PMNO, BAu#T 337 0RE. =aF @370 Fho0—Ahe(BuM) bl
PMN DRI L . 2 5%, fMet-Leu-Phe{10 ® M) & CB{5 pg/ml) % PMNIZHML K%
HELA, ASSOILE U2 7Y F 70— L REMER YR THLE. o~ FORE
EWF. a: OM, b: 5X10M, e 105M, d: 5X10%M, e: 107* M, f: 5 X101 M.
ARMEETHRSEOEROPHM L EEAE Y HT. H<0.05, **p<0.01

TABLE 4 EFFECTS OF CHOLINERGIC AGONISTS AND ANTAGONISTS ON
NICOTINE INHIBITION OF O, PRODUCTION IN PMN

£4 —I3FH PMNO,” ELIEICKT 5 2) v (EEERE

EUEHEORSE
Units
Agent
With nicotine Without nicotine
None 0.031 +0.006 0.093 £0.011
Atropine (107% M) 0.028 £0.006 0.093 £0.006
Hexamethonium (10”4 M) 0.031 £0.010 0.096 £0.015
Acetyl g-methyleholine (107 M) 0.028 £0.006 0.097 £0.011

PMN (1 %X10% cells/ml, 1 ml volume) were preincubated with each agent at 37°C
for 10 minutes. After the addition of nicotine (10™* M) and of ferricytochrome
c (66M), the PMN were stimulated by fMet-Leu-Phe (107 M) and CB {5 pg/ml)
to produce Oy . Each value is the mean reduction rate of ferricytochrome ¢ at
A550 with SE of four experiments.

PMN(1X10S{B/ml, Bl )52 RHREL & H1237°C, WML ¥ Fa—-FL1A.
—aF {10 MBI 7 2 F by O—Ahc(66uM) 2FEML 28, tMet-Leu- Phe(10 "#M)
L CB(Sug/ml)Imk P PMN £RI#L Oy BEEBREL £, &flI2 4 HORED ASSO
TO7 eV FhoO—he BUHEDTHE L HMMRTH 3.
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TABLE 5 CYTOTOXICITY OF NICOTINE ON PMN

%5 PMNIcxT 2=oF»0iifaEt
Nicotine LDH leakage Trypan blue exclusion
concentration

(M) % + SE % *3E

0 8.6+ 09 96.3 * 0.5
5%1078 83 % 09 96.0 £ 0.9

1078 9.1 %04 96.0 + 1.1
5x107° 9.1 % 0.5 95.3 = 1.3

10 8.6 * 0.3 96.0 £ 1.1
5x107% 88 * 06 97.3 £ 0.9

PMN (2 %x10° cells/mD) in a 200 ul volume were exposed to gach concentration
of nicotine. Each experimental trial lasted for 15 minutes at 37°C. LDH
leakage was expressed as percent of the leaked amount in relation to the total
amount. Trypan blue exclusion was expressed as percent of the unstained cell

number in relation to total cell number.

four experiments.

Each value is the mean with SE of

PMN(2Z X106 B /mi)200p] GEBEQ=TF¥I2E58hi. FHBERIC, 1550

Zshx LDHEMH2 LDHR:MT3BLEEOEIRTHL L.

ISURAIFE &3 14

KT AEI A4 vHMOKOEFETHRLL. BER4EORROTHIEL

FAETH 5.

DISCUSSION

In our findings, nicotine did not affect the
migrating activities of PMN, their random
migration, chemotaxis to fMet-Leu-Phe, or
chemokinesis induced by fMet-Leu-Phe, all of
which were assessed using the modified Boyden
chamber method. Bridges et al®* showed that
the water-soluble fraction (WSF) of the particle
phase of tobacco smoke inhibited both direc-
tional and random migrations. Corberand et al'*
reported that the WSF obtained from tobacco
smoke and nicotine depressed the capillary tube
random migration of whole blood, but that
agarose random migration of purified PMN
exposed to WSF was normal. Results obtained
using whole blood may reflect the effect of
a plasma factor, as Corberand et al*® indicated.
And these results may indicate the effect of
tobacco smoke on PMN in vivo."® OQur results,
obtained using pure nicotine solution and
purified PMN, are in agreement with the results
of Corberand et al™ using WSF and purified
PMN. Tobacco smoke components, including
nicotine, do not seem to be effective as an
influence on PMN migrating activities. Moreover,
assay methods andjor test agents may be
important factors, influencing the experimental
Tesults.

Z B

FEBRIIEWTZTF viE, BREE, Met-Leu-
Phe 23T 34 €% % ¥ AKRU Met-Leu-Phe 3
DrEENLFVAN PMN OEER Mo HELE L
Lo, BIEETXT Boyden F = ¥ /4 — B
ltkoTHaik, Bridges 5213, #/520HD
BFHEOAGEESE (WSF) MhmEtEE & o itk &
HEEOmG A ME T 5 2 L 2 H%5 L. Corberand
SWig, s A 5 BAEWSFRUZIFVH
LNOERERAREE LR T 34, WSFiZ& 5
Shi-BHlEPMNO7Hu—-ABREEXIERTH S
Z e REE L. Corberand 5¥ ATt &)z, &M
CHRABERUNSEFOREEEMLTLEAE
L, Eio, ERANTOPMNIZH TS5 /33
OEOREBELRKE T30 LAER. P 20
FUEBCIEBEPMNZHVTEASEOFE R,
WSF & Bt PMN-% B\ % Corberand 5" R
L—BLTWwWE. =3 F Y280y a0B0ORS
i, PMNOBERIIHLBVEERR TS ZVE
Eibha Bz, HEEeRBIERGREESR

T AEFLENEBESD.
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It has been reported that human PMN release
B-GL, acid phosphatase, and elastase and that
they fail to exclude trypan blue when mcubated
in vitro with cigarette smoke condensate,?
This smoke contains various toxic components.
Such substances (other than nicotine) might
induce releass of lysosomal hydrolases from
PMN and show cytotoxicity to PMN, since in
the present study nicotine showed neither
enhanced §-GL and MPO 1elease from PMN in
the absence of fMet-Leu-Phe and CB, nor
cytotoxicity to PMN. In leukocyte cytochemical
tests, alkaline phosphatase, and MPO activities
of smokers’ neutrophils are not different from
those of mnonsmokers.®®  This report from
Corberand et al®® suggested that lysosomal
enzymes contained in the PMN are not changed
by smoking. Nicotine does not appear to change
the activities of 8-GL and MPO, because nicotine
did not affect the measurements of both enzyme
activities in the present experiment, and because
the total enzyme activities in nicotine-treated
groups were the same as in the control group
(Table 1). However, the lysosomal enzyme-
releasing . activity responsible for bactericidal
function of PMN is preswmed to be different
between smokers and nonsmokers. Nicotine’s
suppression of lysosomal enzyme release from
PMN exposed to fMet-Leu-Phe and CB, as
shown in this study, may show that nicotine
aids PMN through binding of PMN to nicotine-
specific affinity sites,”” and inhibits PMN
activation by stimulants. Moreover, it is possible
that nicotine permeating into the cell influences
the process in which PMN are converted to
secretory cells by CB.2® Thus, nicotine could
suppress the lysosomal enzyme-releasing activity
of PMN.

Corberand et al'* demonstrated a suppressive
effect of WSF on nitroblue tetrazolium reduction
in the case of both stimulated and resting PMN in
vitro; this effect was not nicotine dependent.
However, nicotine showed marked suppression
of O,” production in the present study. T his
suggests that nicotine impairs the O,  producing
system in PMN which have been stimulated by
fMet-Leu-Phe and CB. Nicotine could impair
the NAD(P)H-oxidation enzyme system in the
plasma membrane of PMN?*3 directly by
permeated nicotine andfor indirectly through
membrane-bound nicotine. |

12

a%ﬁWtbPMNﬁaﬂ:@ﬁﬁﬁﬁdv#;

— P EhABE, AGL, BERAT > 5F—-ERT
vay—{&mmb,bUNV%#@ﬁﬁ%&<
Rz EARESNTY 25 T A OB
BHEEATWS., FWET=IF ¥ Met-Leu-
Phe & CB #RINE fz vy PMN €, 8-GL R U MPO
HMOTES PMN o+ sz REaro &
T, AOE) HBHEHE (=3 F Y AD) KA
vV —LkBERKLEREL, MizEEEEHRT 2
ZEHHEENS. AORMRERBRTE, Bl
HrEBEEOFRHRTLAYVEAT > ¥ ¥RV
MPO @ BT 2D 5 T v 4. ™ Corberand
SDOZDWES TR, PMNRG 74 v /- LBE
BB L TEREET 4w EFRBEENT
VWi FEBRTR, D 3FYIEAGLEFMPOD
EEEEICBELY, $LaF Y UEFOSREE
EE A HBBOINIRAE TS ROT(F]
FriaMEEEELELsSEEvEELISRS. L
VBRI v V- ABEOK R, R
e RWBHEOMEIERASH B SRS S
AHmETRLALIIZ, =3F »d {Met-Leu-Phe
LCBizEL5&ENAPMNA LD T4 ¥/ — LER
BEEHELAZEE, SaF YA PMNO 2O F >
o B A ST A0S AL T PMNIZ{EH
L, BIEHC kB PMN OfF k2B F 32 L %
FH®TaAE LA, B, #EAIIEELL
ZaFyH, CBIz&->T PMN A iz &t
T A2HE® CRBLTVATRENELSHS. 2ok F I
ZaF VI PMND T4 v/ — & B BB RE % 0
L3 LfEEREsh S,

), =3

Corberand & IIEBREFHNTHINE R/ PMN RV
BHREEG PMN 0B4, WSFHztu7h—F b
SN ARBICHHNBREEET ST LERLE
M, CORREZIFVIEKETILOTE LS
oo LALEMARECR-IF VIR0 BEE2HEL
maEl L. Z@Zkii._iﬂ%yﬁ*fMet-Leu-Phe
L CBlk-Th#ahs PMN® O BERICHEE
PHRBIEERTRT . ﬁﬂﬁ@ﬂlféiﬁttﬂﬂf-/
12 & - T EEBRIT, ﬁéwdﬁt#ALtmﬂ+/
itk o THEMNIC, BERAO NAD(P)H-&&’E%%
RE FEES T ETRENS S,



Nicotine, a tobacco alkaloid, binds to the
nicotinic acetylcholine receptor sites of ganglia
and neuromuscular junctions, and is involved in
stimuli transmission.® Human blood cells,
lymphocy’ces;32 and granulocytes33 are known
to possess cholinergic receptors. Davis et al??
demonsirated that noncholinergic nicotine
receptors exist on human PMN, and that these
receptors can be occupied in solutions with the
same concentration of nicotine as is found in
the blood of smokers.

Nicotine’s inhibitory effects on enzyme release
and O,” production were analyzed using atropine,
hexamethonium, and acetyl S-methylcholine in
the present study. Atropine is acetylcholine
muscarinic  antagonist (muscarinic receptor
blocker), hexamethonium acethylcholine nico-
tinic antagonist (nicotinic receptor blocker),
and acetyl f-methylcholine acetylcholinergic
agonist (receptor stimulant). Nicotine effects
were not affected by these agents. It is presumed
that nicotine acts directly on PMN through the
nicotine-specific affinity sites. Furthermore,
the evidence that the above three agents had no
influence themselves on enzyme release and O,
production of PMN induced by fMet-Leu-Phe
and CB indicates little or no responsibility of
cholinergic effects in these functions of PMN.

Thus, the result here implies that nicotine is one
tobacco component which could impair sub-
stantially the functions of PMN, but it was not
cytotoxic to PMN, although tested concentration
ranges in the present study were higher than the
average nicotine level (203 nmol/1) in the blood
of smokers.*® During smoking, PMN circulating
in the lung might be exposed to the nicotine
permeating the lung parenchyma. Such PMN
could be suppressed in their defense function,
not only against foreign-invading substances
but also against neoplasia which are reported to
be involved in PMN surveillance.®> Nicotine
introduced by smoking thus could provide
conditions favorable for infection and cancer.

13
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