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Effect of Phenothiazines on Activated Macrophage-Induced
Luminol-Dependent Chemiluminescence

T TrRAYROV, V HADJIMITOVA, P GOLIYSKY AND S RIBAROV
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Abstract. The mhibitory effect of some phenothiazine necuroleptics (chloipro-
mazine, levomepromazine, thioridazine, promethazine and tiifluoperazine) on the
ability of rat peritoneal maciophages to produce O3 during phagocytosis was 1n-
vestigated The superoxide radical release was estimated by measuiing the luminol-
dependent chemiluminescence (CL) The effect of diugs was studied 1 the concen-
tration range of 0 1-100 pmol/1

Additional experiments to determine the ability of the diugs to scavenge Oy
were catlled out They mncluded measuiing the effect of phenothiazines on the
luminol-dependent CL 1n systems with enzymatically (xanthine-xanthine oxidase)
and non-enzymatically (KO) generated O; The ability of phenothiazimes to scav-
enge O; was additionally tested by a “non-luminescence” method wm which the
superoxide concentration was determined spectiophotometrically by the 1eduction
of mtro blue tetrtazolium to formazan

All diugs tested decreased significantly CL of stumulated macrophages at con-
centrations greater than 1 pgmol/l The Cso values were between 045 and 174
umol/i

Also phenothiazines were found to act as scavengers of O; However, this
effect occurred at sigmficantly higher diug concentrations The Cso values for 50%
scavenging of O n systems with different souices of O; were in the concentration
range of 5-160 pmol/l

These results suggested that phenothiazines predominantly affected the abihty
of macrophages to produce O; during phagocytosis The findings may provide some
msight into the untoward effects of the diugs tested
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Abbreviations: O;  superoxide 1adical, kO,  potassium superoxide CL
chemiluminescence Csg — drug concentiation which causes 50% reduction of the
parameter 1eflecting the concentiation of O; i the system PMNLs  polymor
phonuclear leukocytes, CPZ  chloipromazine, LVPZ - levomepiomazine TRDZ
thionidazine PMZ  piromethazine, TFPZ tufluoperazine, PBS phosphate buffer
solution HBSS  Hanhks balanced salt solutton, OZ  opsomzcd symosan CL-I
chemiluminescence index CL SI  chemiluminescence scavenging index SPh SI
spectiophotometiic scavenging mdex LP - lipid peroxidation

Introduction

It 15 well hnown (Johnston et al 1978) that macrophages activated by vaiious
stimuh 1elease 1eactive oxygen species, such as superoxide radical hydiogen per-
oxide, etc  which are thought to be major effector molecules mediating the kalhing
of micioorgamsms (Nathan et al 1979) On the other hand 1 practical medicine
treatment with different diugs could considerably affect the maciophages” ability
to generate reactive oxygen species, and consequently then bactericide activity
(Duncher and Ullman 1986 Itoh et al 1989) Phenothiasine denvatives are widely
used 1 contemporary medicine (Baldessarim 1992) and have heen extensively n
vestigated Thete 1s limited evidence for theur potential to modulate the generation
of 1eactive ovygen species by phagocytes Taniguchi et al (1988) 1eported that
tufluoperazine and chlotpromazine markedly immhibited superoxide production of
rabbit PMNLs at concentrations lugher than 10 pmol/1 Also 1t has been demon-
strated (kelder et al 1991) that chloipromazine ihibited the 1espnatory burst of
human PMNLs as 1ecorded by lucigenin dependent chemiluminescence

In all these mvestigations, however superonide production was determined by
measuring the superonide concentiation in the system Tlus 1s cotrect for svstems
only 1 which superoxide, once released, does not mteract with the diung tested

Thete was no dnect evidence that phenothiazines are scavengers of O; How-
ever, 1t has been shown that chloipromazine mhibited hipid peroxidation m hpo-
somes (Bindoli et al 1988), 1at synaptosomes (Sram and Bmbhova 1992) and hver
miciosomes (Rider et al 1988) Smce the mitiation of ipid peroxidation needs an
mcreased production of O3, these 1esults seem to 1mply that chlorpromazne (and
possibly also other phenothiazines) 1s able to scavenge Q,

In the context of these data, the aim of the present woik was to test the
possibility of phenothiazines scavenging O; generated m a system of activated
maciophages This mvestigation enabled us to estunate the real modulation effect
of phenothiasines on the ability of macrophages to produce O
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Materials and Methods

Chemacals and preparations

The following phenothiazines were studied chlorpromazine, levomepiomacine, thio
ridazine, promethazine and tiffluoperazine Chloipromazine, thiotidazine piromet
hazine hydrochlorides and ti11fluoperazine dihydrochlotide weie obtamed fiom Sig-
ma (St Lows, MO, USA) Levomepromazine (2-methoxy-10-[3-dimethylamino-2-
methylpropyl]-phenothiazine) hydiochloiide was kindly donated by Pharmachim
Co (Sofia, Bulgana) Zymosan was purchased fiom Serva Fembiochemical (Her-
delberg, Germany) Potassium superoxide (hO;) and most of the other 1eagents
were obtained from Fluka Chemie AG (Buchs, Switzetland), and weie of finest
grade

Hanks’ balanced salt solution without phenol 1ed and bicaibonate (Sigina)
was dissolved 1 1edistilled water to 290 mO-m and the pH value was adjusted to
74 with disodium phosphate

The chemiluminescence 1eagent was prepared by dissolving luminol m a small
amount of 0 01 mol/l NaOH Then the solution was diluted with 50 mmol/l PBS
to give lunmunol concentration of 1 mmol/l, aund the pH was adjusted to 7 4 with
0 01 mol/1 HCI

Drugs were dissolved mu PBS pH 74 Then final concentrations m the samples
mvestigated are given 1 the figure legends

KO, was dissolved m anhydious dimethyl sulfoside (Aldiich-Chemie Stein-
heim, Geimany) to concentiation of 1 mmol/l The solution was stored under ni-
trogen and was used not later than 2 hous after the preparation

Opsomzed symosan was prepared according to Allen (1986), and suspended
i HBSS to concentiation of 20 mg/ml

Preparation of peritoneal macrophage suspension

Male albmo Wistar rats (180 200 g) weie used The 1rats were mjected mtia-
pentoneally with 20 ml HBSS After 1 h the 1emainmng solution was suched out
from the peritoneal cavity The 1ed blood cells weie temoved bv a briet (20 seconds)
osmotic shock The peritoneal exudate cells were washed 3 times 1 HBSS, tested
for viability with tiypan-solution (4 g/1) and then resuspended to yield of 5 x 10°
cells/ml

Methods

O; was registered by measuring the luminol-dependent CL (Allen and Loose 1976
Itoh et al 1989) For this puipose, LIXB 1251 lummometer (Bioorbit Turku Fin-
land) set at 37°C was used It was connected to an AT-type computer via serial
mterface, and MultiUse progiam ver 1 08 (Biooibit) was used to collect data
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Thiee types of CL assays weie used
Assay I (luminol dependent CL of OZ stimulated macrophages)

In this case, the sample cuvette contained 100 gl luminol solution, 600 ul
HBSS 100 ul diug solution (100 ul HBSS for controls), and 100 ul cell suspension
Each sample (pH 7 4) was incubated for 10 min Then, 100 ul of OZ were added
using a programmed automatic dispenser and CL was 1egistered for 40 min
Assay IT (luminol dependent CL 1n a system of xanthine-xanthine oxidase gene-
rated superoxide)

One ml PBS pH 74 containing 0 1 mmol/! luminol, 1 mmol/]l xanthine and
the diug at concentrations as wndicated 1w the figure legends weie used In the
control sample diug was omitted Each sample was imcubated for 10 min at 37°C
Then 20 pl of xanthine oxidase (100 TU/1 in PBS) were added Subsequently the
CL signal was measured for 5 min
Assay ITI (luminol-dependent CL 1n a system of KO,-produced superoxide)

The assay was cariied out using 1 ml samples of PBS pH 7 4, containing 0 1
mmol/] lummol and the diug (in contiol sample drug was omitted) The CL was
measuted unmediately after addition of 20 u! KO, solution The telease of supet
oxide i this case 1s a fast process Therefore CL was measured using the ‘flash
assay” option of the MultiUse progiam, every 50 milhiseconds To get some addi
tional information, drugs were tested by the following non luminescence method
Assay IV (spectiophotometiic 1egistration of O, geneirated by LO;)

The mhibitory effect of the tested diugs on the teduction of NBT to formazan
in a system of kO,-generated OF was studied For this purpose, we added 20 pl
KO; solution to 1 ml of 50 mmol/1 PBS, pH 74 contamning 0 04 mmol/1 NBT and
the tested diugs The 1eaction mixture was vigorously mixed after the addition of
KO, solution and the absorbance at 560 nm was measured using a Shimadzu UV
260 spectiophotometer Assays wete repeated five times for each diug and contiol

Statistics

For multiple gioup compaiisons, one way analysis of varnance (ANOVA) was em
ployed followed by Bonferioni’s test for tiuly sigmficant differences Statistical sig-
nificance was defined at P < 0 05 The statistical proceduires were performed with
GiraphPad InStat software, version 2 04, USA Data are expressed as mean £ S D

Results

In owr mtial experiments, we studied the effect of drugs on the CL in a system
of zymosan activated pentoneal macrophages (assay I) The 1atio (1n percentage)
between CL 1n the piesence and in the absence of the tested drugs was termed
CL-I (CL index) (Fig 1) As1s well seen, at concentiations higher than 1 pmol/l
all diugs maikedly deciease the luminol-dependent CL 1n such a system At drug
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Figure 1. Decrease of the luminol-dependent ('L of peritoneal macrophages n the pies
ence of phenothiaszines (assay I) The sample cuvette contammed 100 gl lumiuol solution
(1 mmol/1) 600 pl HBSS (290 mOsm pH 7 1) 100 zd drug solution or 100 ul HBSS in
control and 100 ul cell suspension (5 x 10° cells/ml) After addrtion ot 100 ul OZ (20
mg/ml) the chenuluminescence was 1ecorded for 10 min The ratio (in percentages) of
CL 1n the presence and n the absence of the tested drugs was termed CI 1

concentration of 0 1 mmol/l the CL-I was m the 1ange of 07 3%

It 15 well known (Allen and Loose 1976) that lununol-dependent chemilumi-
nescence 1eflects the concentiation of superonide radicals in the 1eaction mixture
Therefore it may be suggested that phenothiazines somehow decrease the O, con-
tent 1n the system of activated maciophages At least two different mechanisms may
be mvolved drug induced changes of the ability of mactophages to produce O3
dutig phagocytosis (1eal modulation effect of the diugs on the bactencidal activ-
1ty of the macrophages), and/or diug induced scavenge of O, generated Imtially,
we studied the O -scavenging effect of phenotluazines The effects of diugs on the
luninol-dependent CL 1n a system with enzymatically generated O (assay II) are
shown i Fig 2 We believed that the CL 1atio m the presence and 1 the absence
of the tested drugs i this system would 1eflect the OJ-scavenging propeities of
the diugs Therefore, this 1atio was termed CL-SI (chemiluminescence scavenging
mndex)

It was established that, at concentiations above 1 pmol/}, all drugs decreased
moderately CL-SI 1in a xanthime-xanthine oxidase system The effect was most
distinet for chloipromazine while being vague for tiifluoperazine These 1esults
possibly mean that phenothiazines were able to scavenge OF

Diug mduced dectease of the lumimol-dependent CL i a system of xanthine-
xanthine oxidase-generated superoxide 1adicals may be due to the well known fact
(Lullmann-Rauch and Scheid 1975, Abdalla and Bechara 1994, Motohash1 1995)



8 Traykov et al

100 CPZ
£ LVPZ
—_ TRDZ
= 80
) 558 PMZ
— CITFPZ
»n 60
o
40 ]
20 i
1

Drug concentration (mol/l)

Figure 2. Effect of phenothiazines on the luminol-dependent C'L 1n a system of xanthine-
xanthine oxidase- generated O3 (assay I1) The 1eaction mixture contaned 1 ml PBS pH
74 01 mmol/l luminol, 1 mmol/l xanthine and diug at concentrations as indicated In
the contiol sample drug was omitted After addition of 20 ul xanthine oxidase (100 IU/I
mm PBS) the chemmluminescence was measured for 5 min The ratio of C'L in the presence
and 1n the absence of the drugs was termed CL SI

that phenothiazines are inhibitors of a numbei of enzymes Thetre ate no data show-
ing that xanthine oxidase 1s among them Nevertheless, the ability of phenothiazines
to scavenge O3 was tested also 1n a system with KO, generated O, (assay III) In
this case, the 1elease of O 1s an extiemely fast process, and CL was registered by
the “flash assay” option of the MultiUse program every 50 mulhiseconds Typical
time courses of the luminol-dependent CL i the system of kOy-generated OF ate
shown m Fig 3, and the 1esults obtained ate summarized in Fig 4 We did not find
any significant changes of CL-SI below drug concentiations of 10 pmol/l At bigher
concentiations, chloipromazine, promethazine and tiifluopetazine shghtly reduced
CL-SI At the concentration of 0 1 mmol/l, the tested diugs decreased CL-SI 25
to 6 5-fold

On the other hand, the effect of phenothiazines on the luminol-dependent CL
(assays II and III) may be due, at least in part to interaction of drugs with excited
luminol molecules and/o1 with the light emitted If this weie the case, the result
would be a diop mn CL 1n the presence of the diugs, even if they were not Oy
scavengers at all Therefore, a “non-luminescent” study (assay IV) was cariied out
In this case, the concentration of O 1 the system was measuied by a NBT-test
The 1atio0 (in percentage) of the wmcrease of absorbance at 560 nm 1 the presence
and 1 the absence of the diug was termed SPh-SI (spectrophotometiic scaveng-
g ndex), (Fig 5) The data obtained were similar to those obtained from the
“luminescent” experiments (assays I and III) The diugs had no effect below the
concentiation of 1 ymol/l Trifluoperazine did not cause any changes of the SPh-SI
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Figure 3. Typical luminol-dependent CL time courses 1n a system with KO;-generated
O3 (assay III) The sample cuvette contained 1 ml PBS (pH 7 4), 0 1 mmol/]l lummol
and drug In control sample the drug was omitted The chemiluminescence was registered
after addition of 20 pl KOz (1 mmol/l in dimethv! sulfoxide)
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Figure 4. Inhibition by phenothiazines of the luminol-dependent CL tn a system with
KO»-generated superoxide radicals by phenothiazines (assay III) The sample cuvette
contained 1 ml PBS (pH 7 4), 0 1 mmol/l luminol and drug In control sample the drug
was onuitted The chemiluminescence was registered after addition of 20 ul KO, (1 mmol/I
in dimethyl sulfoxide) The ratio of C'L 1n the presence and in the absence of the drugs
was termed CL-SI

even at 10 ymol/l At such concentration, the other caused msignificant decrease in
SPh-SI Fuither increase of the drugs concentiation led to well expiessed 1eduction
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Figure 5. Scavenging of superoxide radicals by phenothiazines, determined by the ‘non
luminescent” NBT test (assay IV) The sample cuvette contained 1 ml of 50 mmol/l1 PBS
(pH 74) 004 mmol/1 NBT and drug After addition of 20 ul KO, (1 mmol/l in dimethyl
sulfoxide) the change of absorbance at 560 nm was measured The ratio (in percentage)
of the change of absorbance at 560 nm in the presence and in the absence of the drugs
was termed SPh-SI

of this index Thus, 0 1 mmol/] chlorpromazine or levomepromazine decreased 1ts
value appioximately 3 fold wheleas there was a less than twofold decrease after
tufluoperazine

Discussion

The dose-effect 1elations in Figures 1, 2 4 and 5 are sigmoid for all tested drugs
To compate the 1esults obtained from the assays, we therefore calculated the values
of Csg, 1e drug concentiations causing a 50% decrease of the parameters (CL-I
for assay I, CL-SI for assays II and III, and SPh-SI for assay IV) 1eflecting the
concentiation of O 1n the respective reaction mixture (Table 1) The calculations
used fitting of the data to the “sigmoid” model

CL - I(CL - SI o0 SPh ~ SI) = 100/ [1 + 1oB<'%C—'%C5“>}

where B 15 the coefficient (hill slope), and C 1s the diug concentration

The results obtained 1n assays II, III and IV (columns 3, 4 and 5, 1espectavely)
clearly show that all the tested phenothiazines a1e able to scavenge O, However,
we cdid not find sigmficant differences between the 1esults obtamned Nevertheless,
1t seems that Cso (assay II) < Csq (assay III) < Csq (assay IV) These differences
and tendencies might be due to the different 1ates of O3 generation by the used Oy
sources For the xanthine — xanthine oxidase system, the results might also be mnflu-
enced by the diug-imnduced deciease of the xanthine oxidase activity Fuirtheirmore,
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Table 1. Concentrations (Cso) of phenothiazines leading to 50% decrease of the parameter
reflecting the O, content in the reaction mixtures of assays I-IV The calculations were
carried out by a non-hnear regression analysis The correlation coefficient values R? were
> 0995 which indicates a high goodness of fit and non-significant deviation from the used
model

Cso, pmol/1
Drugs
CL-1 CL-SI CL-SI SPh-SI
(assay 1) (assay II) (assay III) (assay IV)

Chloi promazine 105+£012 2170+020 2530+ 360 4490+ 600
Levomepromazine 045001 4964120 1330+ 480 27 20 £ 10 80
Thioridazine 174+018 7064218 1220+ 510 3240 £ 1860
Promethazine 0851+011 2170 +6 20 3720+ 810 86 10 + 21 50
Trifluoperazine 1024015 71504810 10700+£1200 157003300

phenothiazines seem to be able to 1eact with the excited luminol molecules and/or
with the enmutted light All these suggestions however. need further experimental
verifications

As 15 well seen fiom column 2 1n Table 1 {(assay I), phenothiazines canse a well
expressed decrease of the lununol-dependent CL 1 a system of activated macro-
phages In such a case, the Cs values teside within the 1ange of 045 1 74 umol/l
This effect seems to be due at least to two types of reactions of the diugs The
first one mvolves interactions with macrophages and as a 1esult, the cell ability to
produce O; during phagocytosis 1s reduced This 1s an actual modulation effect of
phenothiazines on the bactericidal activity of the maciophages The second inter-
action mvolves scavenging of O after 1ts generation by the activated maciophages

The contribution of the latter interaction seems negligible Thus, any of the
diugs have not shown O - scavenging properties at concentrations (0 45-1 74)
pmol/l (Figs 2, 4 and 5) In addition, as s seen fiom columns 3, 4 and 5 of
Table 1, the Cs values for 50% scavenging of O generated from different soutces
range within 5-157 umol/l Therefore, the Cso values for the system of activated
maciophages seems to be 10-100 times smaller than the Csy values for systems
with xanthine-xanthine oxidase or KO, souices of OF

The conclusion that phenothiazines at mictomolar concentration may inhibit
the ability of macrophage to produce O; dunng phagocytosis 1s 1n good agree-
ment with the data obtamned by other investigators Taniguchi et al (1988) found
that tnfluoperazine and chloipiomazine, at concentiations gher than 10 pmol/l,
marhedly 1nhibit superoxide production of 1abbit PMNLs Although their ob-
ject (rabbit PMNLs), stimulus (chemotactic peptide n-formyl-methionyl-leucyl-
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phenylalanine) and method for determining superoxide generation (ferricytochrome
¢ teduction) were different from ours, then results aie similar At concentration of
0 1 mmol/l, they found ze1o superoxide production for both diugs Similar to ours
are also the results of Kelder et al (1991) They found that chloipromazine inhibits
the respnatory burst of human PMNLs measuied with lucigenin-dependent CL
They speculated that the mmhibition was most probably due to some inteiference
with processes i the cell, leading to a respiratory buist 1ather than to scavenging
of the oxygen 1adicals generated that provoke luminescence Ou results show that
the scavenging properties of phenothiazines aie not neghgible and must be con
sidered when doing investigations with superoxide sources 1 the presence of these
drugs Theie has been a number of such studies published 1ecently (Dykstia et
al 1985, Wolff 1986, Taniguchi et al 1988, kelder et al 1991) n which, however,
possible scavenging and quenching pioperties of the drugs tested were not taken
mto account

So far, we have not heard of investigations of modulation capabilities of levo-
mepromazine, promethazine and thioridazine on the respiratory buist It could be
suggested that they have similar properties as chloipromazine and tufluopeiazine
but this would not be quite accmate Thus 1t was shown (Kelder et al 1991)
that phenothiazines with a similar structure (chloipromazine and chlorpromazine
sulfoxide) have completely different modulation capabilities CPZ strongly inhibited
the respiratory burst whereas chlorpromazine sulfoxide did not affect 1t at all
Theiefore 1esults for levomepromazine, promethaszine and thionidazine obtained n
our experiments are almost as much novel as those established by other authors
(Taniguchi et al 1988, Kelder et al 1991) for chloipromasine and tufluoperazine

We could not identify papers which would repoit on the ability of pheno
thiazines to scavenge superoxide 1adical Chloipromazine has been shown to mlibit
moderately Fe?* /ascoibate catalyzed LP 1n hiposomes (Bindoh et al 1988) and 1at
synaptosomes (Sram and Binkova 1992) for concentiations greater than 10 ymol/1
Since mitiation and development of LP mvolve reactive oxygen species these results
would suggest that chloiptomazine 1s able to scavenge them However, another
explanation 1s also possible It 1s well known (Slater et al 1985, Halliwell 1990)
that phenothiazines aire able to bind 11on 10ns Obviously, such a reaction could
also lead to a drop mm LP, even when the drug 1s not a scavenger Our 1esults
confitmed that phenothiazines have scavenging capabihties

The effect 1eported heremn was obtained for an n witro system So fa1, we can
not say 1if 1t takes place 1 vivo If it does, these 1esults could be important for prac-
tical medicine For a number of phenothiazines we found a sigmoid dose-dependent
mfluence on the CL of stunulated maciophages with Cyo within the 1ange 047~
174 pmol/l On the other hand, the therapeutic plasma concentiations of these
diugs ate 005-5 pmol/]l (Dahl and Strandjord 1977, Benet and Wilhams 1992,
Krushkov and Lambev 1993) Theiefore, the 1esults may give hints for untowaid
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effects of phenothiazine neuroleptics (Baldessaiini 1992 Hollister 1992 Ixiushkov
and Lambev 1993) which may be impoitant in the therapy of immunocompromized
patients Another 1mportant question 1s the antioxidant action of these drugs wn
vwo The scavenging effect established herein 1s not stiong enough for therapeu
tic plasma concentiations, but the abihity of hpophilic drugs to concentiate within
hydiophobic regions (such as membiane nterior) must not be ignored

The mechanism by which phenothiazines modulate the ability of maciophages
to produce O during phagotytosis 1s still not clear It may mvolve diug-induced
mhibition of calmodulin functions (Cuinutte et al 1984, Moimoto et al 1986)
Future studies that are underway will examine these possibilities
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